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Abstract. Basyuni M, Wati R, Sagami H, Sumardi, Baba S, Oku H. 2018. Diversity and abundance of polyisoprenoid composition in 
plant species from North Sumatra, Indonesia. Biodiversitas 19: 1-11. The distribution and abundance of polyprenols (pol) and dolichols 
(dol) in the leaves and roots of fourteen coastal plants from North Sumatra, Indonesia were analysed using two-dimensional thin layer 
chromatography. In the leaves, with respect to the distribution of pol and dol were detected and categorized into three-types. In type-I, 
the predominance of dol over pol, was observed in Barringtonia asiatica, Calophyllum inophyllum, Pandanus odoratissimus, and 
Stachytarpheta jamaicensis. In type-II, the presence of both pol and dol, was observed in Casuarina equisetifolia, Melastoma candidum, 
Morinda citrifolia, Scyphiphora hydrophyllacea, Sesuvium portulacastrum and Terminalia catappa. In type-III, the predominance of pol 
over dol, was observed in Acacia auriculiformis, Hibiscus tiliaceus, Ricinus communis, and Pongamia pinnata. However, in the roots, a 
type-I distribution was observed in eleven species, while three species, A. auriculiformis, M. candidum, and M. citrifolia, corresponded 
to a type-II distribution instead of type-III. The diversity of polyisoprenoid composition in the leaves was noted, whereas 79% of root 
tissues indicated that dol occur more abundantly than pol. The range of the contents of polysioprenoid was 12-300 mg/g dw. The present 
study indicated that pol and dol could be useful in the classification of mangroves and other coastal forests and in phylogenetic studies. 
The diversity and presence of polyisoprenoids in coastal plants suggested that plant polyisoprenoids are chemotaxonomically important. 

Keywords: Chemotaxonomy, coastal plant, polyisoprenoid, semi-mangrove, two-dimensional thin layer chromatography  

Abbreviations: 2D-TLC: Two-Dimensional Thin Layer Chromatography, Bom: Bombiprenone, Dol: dolichol, dw: dry weight, MVSP: 
Multivariate Statistical Package, PI: polyisoprenoid, Pol: polyprenol, TL: total lipid, UPGMA: Unweighted-Pair Group Method with 
Arithmetic mean 

INTRODUCTION  

Mangroves are woody plant communities that grow in 
the intertidal coastal zone in tropical and subtropical 
climates. Indonesia has the largest area, comprising 22.6% 
of the world’s mangroves (Giri et al. 2011). Mangrove 
plants are generally divided into two groups, namely, true 
or exclusive mangroves and non-exclusive mangroves. The 
non-exclusive species are mainly distributed in the 
terrestrial or coastal environment but also within other 
mangroves and are considered associated mangroves, semi-
mangroves, or coastal plants. True mangrove species grow 
in a limited environment and do not extend into other 
coastal plant communities (Tomlinnson, 1986; Wang et al. 
2011). The lipid and isoprenoid content of Indonesian 
mangroves has been previously reported (Basyuni et al. 
2012a; 2013). Polyisoprenoid (PI) alcohols are secondary 
metabolites that constitute a group of hydrophobic 
polymers widely distributed among living organisms, both 
in eukaryotes and prokaryotes (Swiezewska and 
Danikiewicz 2005; Skrorupinska-Tudek et al. 2008). The 

occurrence and distribution of polyisoprenoids in 14 true 
North Sumatran mangroves from Indonesia have been 
described (Basyuni et al. 2017). 

Two main types of polyisoprenoid alcohols have been 
reported with respect to the OH-terminal (α-) isoprene unit. 
These include polyprenol (α-unsaturated) and dolichol (α-
saturated) compounds (Figure 1). The occurrence of 
polyisoprenoids has been reported in tropical and sub-
tropical plants (Swiezewska et al. 1994; Basyuni et al. 
2016), bacteria (Wolucka et al. 1994), yeast (Grabinska and 
Palamarczyk 2002), fungi (Wojtas et al. 2004), and animals 
(Sagami et al. 1992; Rezanska and Votruba 2001; Ishiguro 
et al. 2014). Despite the ubiquitous diversity of 
polyisoprenoids in the plant kingdom, their biological role 
in plants is poorly understood, particularly in coastal plants.  

A number of studies have shown that the occurrence 
and distribution of lipids, as well as polyisoprenoids, may 
be considered as a plant chemotaxonomic marker (Hogg 
and Gillan 1984; Swiezewska et al. 1994; Basyuni et al. 
2007). These studies demonstrated that lipid, isoprenoid, 
and polyisoprenoid compounds exhibit a distinct character 
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and pattern that can be used to distinguish plants, including 
coastal plants, into systematic genera and families. To get 
more insight into the biological function and 
chemotaxonomic significance of polyisoprenoids, it is 
important to understand the distribution and occurrence of 
polyisoprenoids in coastal plants. However, few studies 
have focused on the distribution of polyisoprenoids in 
coastal plants. The present study on coastal plants extends 
the previous work on North Sumatran mangroves and 
describes the distribution and occurrence of 
polyisoprenoids in fourteen species of North Sumatran 
coastal plants in Indonesia for the first time, with an 
emphasis on chemotaxonomic significance. 

MATERIALS AND METHODS  

Plant materials 
The leaves and roots of fourteen coastal plants, 

including mangrove associates, from Sembilan Island, 
North Sumatra, Indonesia, were collected in August 2016: 
Acacia auriculiformis Cunn. ex Benth. (Fabaceae), 
Barringtonia asiatica (L.) Kurz (Lecythidaceae), 
Calophyllum inophyllum L. (Guttiferae), Casuarina 
equisetifolia L. (Casuarinaceae), Hibiscus tiliaceus L. 
(Malvaceae), Melastoma candidum D. Don 
(Melastomataceae), Morinda citrifolia L. (Rubiaceae), 
Pandanus odoratissimus (Pandanaceae), Pongamia pinnata 
(L.) Pierre (Fabaceae), Ricinus communis Linn. 
(Euphorbiaceae), Scyphiphora hydrophyllacea Gaertin. f. 
(Rubiaceae), Sesuvium portulacastrum (L.) L. (Aizoaceae), 
Stachytarpheta jamaicensis (L.) Vahl (Verbenaceae), and 
Terminalia catappa L. (Combretaceae). 30-40 leaflet 
samples were collected from single trees of coastal plants. 
(not clear what this means)  

In this study, the classification of coastal plants, 
including mangrove associates, belong to evergreen plants 
was derived from a number of reports. A. auriculiformis is 
classified as a coastal plant by (Boland et al. 1990). Baba et 
al. (2013) classified the following species as coastal beach 
and dune (coastal) plants, whereas Tomlinson (1986), 
Kitamura et al. (1997) and Wang et al. (2011) classified 
them as mangrove associates. These species are B. asiatica, 
C. inophyllum, C. equisetifolia, H. tiliaceus, M. candidum, 
M. citrifolia, P. odoratissimus, P. pinnata, R. communis, S. 
portulacastrum, S. jamaicensis, and T. catappa. 
Furthermore, S. hydrophyllacea was included as a minor 
element of mangroves (Tomlinson 1986).    

All of the fresh samples were kept at -20 °C until use. 
The age of the leaves was estimated to be approximately 2-
5 months. The age of trees was about 2-3 years old. The 
light exposition of all the analyzed leaves was similar 
among species and naturally exposure to natural sunlight. 
The average temperature in the month of the collection was 
29 °C with an average humidity of 74%. 

Instrumentation 
The instrumentation used in this study included a mass 

spectrometry equipped with electrospray ionization (ESI-
MS, Burker Daltonix), chamber chromatography (Sigma-

Aldrich), a water bath (Scientific laboratory), and an oven 
(Memmert). 

Chemicals 
A mixture of dolichol (C90-C105) standard compounds 

was isolated from horse testicles together with a mixture of 
polyprenol (C90-C100) from Malus sp. (Swiezewska and 
Danikiewicz 2005). A mixture of dolichol (C95-C110) 
standards derived from skipjack tuna livers (Ishiguro et al. 
2014) was also used in this study. The identification of the 
family corresponding to polyprenols or dolichols was 
performed in at least three independent experiments. 
Bombiprenone (C43) (Figure 1), as described by Irvine et al. 
(1972), was purified by the silica-gel chromatography of 
unsaponifiable lipids of the CHCl3/CH3OH (2:1) extract of 
dry perilla leaves, and the purified fraction was confirmed 
by mass spectrometry equipped with electrospray 
ionization (ESI-MS), sodiated molecules with [M + Na+] 
ions were detected with m/z 625.53183, corresponding to 
C43H70O (bombiprenone). Silica gel 60 TLC plates and 
reversed-phase silica RP-18 HPTLC plates were obtained 
from Merck. All of the other chemicals and solvents were 
of reagent grade (Merck). 

Procedures 
Isolation of polyisoprenoid alcohols 

The procedure for the isolation of polyisoprenoids was 
performed as previously described (Sagami et al. 1992; 
Basyuni et al. 2016; Arifiyanto et al. 2017). The leaves and 
roots were dried at 60 °C for 2 days. The dried tissue (2 g 
each) was crushed into a fine powder and immersed in 30 
mL of chloroform/methanol (2/1, v/v) solvent for 48 h. The 
total lipid (TL) extract of the leaves and roots was 
saponified at 65 °C for 24 h in 50% ethanol containing 2 M 
KOH. TLs are defined as a fraction of a crude lipids 
estimated gravemetrically. The unsaponifiable lipids of 
each tissue sample were extracted with hexane, and the 
organic solvent was evaporated and re-dissolved in hexane. 
The leaf (≈100 ug) and root (≈200 ug) extracts were 
applied to each TLC plate.  

 
 
 

HOn

Polyprenol

OHn

Dolichol

O7
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Figure 1. Structure of polyprenol, dolichol, and bombiprenone. n 
shows the number of internal isoprene residues 
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Analysis by two-dimensional thin layer chromatography 
(2D-TLC)  

First-dimension TLC was carried out for 45 min on a 
silica gel glass plate (20 × 3 cm) with a solvent system of 
toluene-ethyl acetate (9:1) as previously described 
(Basyuni et al. 2016; 2017). The second-dimension 
reversed-phase C-18 silica gel TLC was performed with 
acetone as the solvent for approximately 45 min. The 
position of the separated polyisoprenoid alcohols being 
developed by 2D-TLC was identified and visualized with 
iodine vapour (Basyuni et al. 2017). To determine whether 
the family corresponds to dolichols or polyprenols, in the 
case of the one family that was observed on 2D-TLC, a 
dolichol or polyprenol reference was added to the sample 
line of the first-dimension TLC and developed with a 
solvent system, as previously described (Basyuni et al. 
2016). The developed chromatographic images were 
obtained and digitally scanned with a Canon E-400 series 
printer. The polyisoprenoid family was identified by the 
comparison of mobility on TLC with that of authentic 
standards of dolichol or polyprenol that were applied in the 
second-dimension development. The polyprenols and 
dolichols that were detected on RP-18 HPTLC plates were 
semi-quantified using ImageJ ver. 1.46r (Schneider et al. 
2012) with dolichol and polyprenol standards as references. 
The scan chromatogram was grey scale mode analyzed to 
obtain plot lines and label peaks. This peak area was copied 
and pasted to the program Microsoft Excel 2010. 

Data analysis 
Cluster analysis was performed on selected subsets of 

leaf data consisting of 41 variables, including polyprenols 
and dolichols from 23 species. In this analysis, 13 species 
were from this study and 10 species were from Basyuni et 
al. (2016); all data were log (10) transformed. For root 
data, 31 variables of polyprenols and dolichols from 23 
species (14 species from this study and 9 species from 
Basyuni et al. (2016) were also log (10) transformed. Two 
dendrograms representing the leaf and root data were 
drawn by cluster analysis using the unweighted-pair group 
method with arithmetic mean (UPGMA) and MVSP 
(multivariate statistical package) ver. 3.22 (Kovach 2010). 
Euclidean distance was chosen as the criterion for cluster 
combination.  

RESULTS AND DISCUSSION 

Occurrence and profile of polyisoprenoids in coastal 
plants  

Table 1 summarizes the quantitative analysis of pol and 
dol content in fourteen North Sumatran coastal plant leaves 
and roots. The total lipids are expressed as a fraction of 
crude lipids gravimetrically estimated. The quantity of total 
lipid was largest in R. communis leaves and C. inophyllum 
roots. The quantity of polyisoprenoids was highest in S. 
hydrophyllacea leaves and P. odoratissimus roots. The 
lowest content of polyisoprenoids was in the leaves of P. 

pinnata and the roots of M. citrifolia (Table 1). 
Chloroform/methanol extract-derived lipids were analysed 
by 2D-TLC.  

Table 2 summarizes the occurrence and distribution of 
pol and dol with the carbon-chain lengths given for each 
family. The structural groups of pol and dol in the leaves 
were classified as previously described (Basyuni et al. 
2016; 2017) into three types (I, II, and III). In type-I, the 
predominance of dol over pol (nine-fold) was observed in 
B. asiatica, C. inophyllum, P. odoratissimus, and S. 
jamaicensis. In B. asiatica, a trace amount of pol with 
chain-lengths similar to those of dol was detected. Dol that 
were much longer than pol in chain-length were also found 
(Figure 2.A). 

However, in the leaves of P. odoratissimus, C. 
inophyllum, and S. jamaicensis (Figure 2.B, and Figures 
S1.B and S1.F, respectively), polyprenols with chain-
lengths similar to those of dolichols were not detected, as 
these species only contained 100% dolichols (Table 2). In 
type -II, the occurrence of both pol and dol was observed in 
C. equisetifolia, M. candidum, M. citrifolia, S. 
hydrophyllacea, S. portulacastrum and T. catappa (Table 
2). In the leaves of M. candidum, M. citrifolia, S. 
hydrophyllacea, and T. catappa, pol (ficaprenols and 
longer polyprenols) with a chain-length similar to that of 
dol were detected, as shown in Figures 2.C, 2.D, and 
Figures S1.E and S1.H. In S. portulacastrum leaves, chain 
length differed between polyprenols and dolichols, i.e., 
ficaprenol (C60-C65) and dolichols (C75-C90), as shown in 
Supplementary Figure 1G. In the leaves of M. candidum, 
M. citrifolia, S. hydrophyllacea, and T. catappa, 
polyprenols much longer than dolichols (>C100 and more) 
in chain-length were also detected, as shown in Figures 2.C 
and 2.D and Figures S1.E and S1.H (See Table 2).  

As for type-III, the occurence of pol over dol (more 
than nine-fold), which was observed in the case of 
Okinawan mangroves (Basyuni et al. 2016), was observed 
also in this study of North Sumatran mangrove associates. 
Interestingly, as shown in Figures 2.E and 2.F and Figure 
S1.D, the leaves of species A. auriculiformis, R. communis, 
and P. pinnata were distinguished from the others in that 
these species contained shorter-chain polyprenols only, 
ficaprenol-like chain length (C60-C65) and that dolichols 
and longer polyprenols were present in no detectable level. 

In the roots, the predominance of dol over pol (more 
than nine-fold) was observed in eleven species (B. asiatica, 
C. equisetifolia, C. inophyllum, H. tiliaceus, P. 
odoratissimus, P. pinnata, R. communis, S. hydrophyllacea, 
S. jamaicensis, S. portulacastrum, and T. catappa), similar 
to that found in the type-I leaves. In these eleven species, it 
is noteworthy that dol with no pol were observed (Figures 
3.A-C, and Figures S2.A-H, respectively). A significant 
amount of polyprenols and dolichols was observed in the 
roots of three species (A. auriculiformis, M. candidum, and 
M. citrifolia) (Figures 3.D-F), similar to that in type-II 
leaves. The distribution of predominance of pol over dol, 
similar to that in type-III leaves, was not observed in any 
mangrove root species. 
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Tabel 1. Occurrence and distribution of polyprenols and dolichols in North Sumatran coastal plants. TL was presented as means of 
triplicate analyses ± SD. TLs are expressed as a fraction of a crude lipids estimated gravimetrically 
 

Species Plant 
code Tissue 

TL 
(mg/g 
dw) 

Pl 
(mg/g 
dw) 

Pol 
(mg/g) 

Dol 
(mg/g) 

% in 
total lipid 

% in 
polyisoprenoid Type 

Pl    Pol Dol Pol Dol  
A. auriculiformis Aa Leaves 651±50 28 28 nd 4 4 nd 100 nd    III 
B. asiatica Ba Leaves 630±26 133 11 122 21 2 19 8 92 I 
C. equisatifolia Ce Leaves 576±23 65 18 47 11 3 8 28 72 II 
C. inophyllum Ci Leaves 132±11 25 nd 25 4 nd 4 nd 100 I 
H. tiliaceus* Ht Leaves 100±6 14 14 nd 14 14 nd 100 nd III 
M. candidum Mca Leaves 589±89 140 95 45 23 16 7 68 32 II 
M. citrifolia Mci Leaves 611±71 119 58 61 19 9 10 49 51 II 
P. odoratatissima Po Leaves 556±65 23 nd 23 4 nd 4 nd 100 I 
P. pinnata Pp Leaves 654±27 12 12 nd 2 2 nd 100 nd III 
R. communis Rc Leaves 861±15 20 20 nd 2 2 nd 100 nd III 
S. hydrophyllacea Sh Leaves 631±4 138 65 73 22 10 12 47 53 II 
S. jamaicensis Sj Leaves 658±55 19 nd 19 3 nd 3 nd 100 I 
S. portulacastrum Sp Leaves 650±27 53 24 29 8 3 5 45 55 II 
T. catappa Tc Leaves 572±82 65 35 30 11 6 5 54 46 II 
A. auriculiformis Aa Roots 514±25 54 25 29 11 5 6 47 53 II 
B. asiatica Ba Roots 556±55 47 nd 47 8 nd 8 nd 100 I 
C. equisatifolia Ce Roots 516±26 23 nd 23 5 nd 5 nd 100 I 
C. inophyllum Ci Roots 645±65 29 nd 29 4 nd 4 nd 100 I 
H. tiliaaceus Ht Roots 517±39 27 nd 27 5 nd 5 nd 100 I 
M. candidum Mca Roots 546±23 34 15 19 7 3 4 44 56 II 
M. citrifolia Mci Roots 565±43 23 8 15 5 2 3 35 65 II 
P. odoratatissima Po Roots 549±147 300 nd 300 54 nd 54 nd 100 I 
P. pinnata Pp Roots 562±9 25 nd 25 5 nd 5 nd 100 I 
R. communis Rc Roots 529±19 31 nd 31 6 nd 6 nd 100 I 
S. hydrophyllacea Sh Roots 603±69 30 nd 30 5 nd 5 nd 100 I 
S. jamaicensis Sj Roots 538±10 27 nd 27 5 nd 5 nd 100 I 
S. portulacastrum Sp Roots 523±45 25 nd 25 5 nd 5 nd 100 I 
T. catappa Tc Roots 555±70 28 nd 28 5 nd 5 nd 100 I 

Note: *data was taken from Basyuni et al. 2016. nd = not detected  
 
 
 
 
Cluster analysis of polyisoprenoid data 

The cluster does not show species relationship; 
however, it shows the similarities of species based on 
isoprenoids data.Figure 4 depicts the species similarities 
from the leaf polyisoprenoid carbon-chain lengths from 23 
true mangrove and mangrove associate species. These data 
revealed that the 23 mangrove species largely fell into two 
groups (Figure 4). One group was a cluster of nine species 
including five true mangroves (Avicennia marina, Phempis 
acidula, Lumnitzera racemosa, Sonneratia alba, and S. 
hydrophyllacea). Three mangrove associates (M. 
candidum, M. citrifolia, and T. catappa) with long-chain 
polyprenols are also included in this group. It is interesting 
to note that a mangrove associate (B. asiatica) belongs to 
this group and was close to A. marina. Both species had 
longer-chain dolichols. On the other hand, this group was a 
clustering of seven species (L. racemosa, M. candidum, M. 
citrifolia, P. acidula, S. alba, S. hydrophyllacea, and T. 
catappa) that showed the occurrence of polyprenols that 
were much longer than dolichols in chain-length (Basyuni 
et al. 2016).  

The other group was a cluster of fourteen species, in 
which major mangrove associates form this branch (79%). 
Major mangrove species from Rhizophoraceae tribes were 

included in this group. Only three true mangroves (the 
Rhizophoraceae family, B. gymnorrhiza, K. obovata, and 
R. stylosa) are included in this group. It is interesting to 
note that shorter-chain polyprenols (ficaprenol-type) were 
detected in three mangrove associates (A. auriculiformis, P. 
pinnata, and R. communis), which are also included in this 
group. These species, along with H. tiliaceus, H. littolaris, 
and E. agallocha (Basyuni et al. 2016), also form a distinct 
branch in this group (Figure 4).  

The species similarities from the root data of carbon-
chain lengths for 23 species also revealed two major groups 
(Figure 5). The first group contained only two species, 
namely, P. acidula and L. racemosa, both true mangrove 
species known to produce longer dolichols (Basyuni et al. 
2016). The second group comprised of 21 species, 
including major mangrove species such as Rhizophoraceae, 
Acanthaceae, and Sonneratiaceae. A. marina (Acanthaceae, 
previously known as Avicenniaceae) formed a branch with 
K. obovata, possibly due to the similarity of the dolichol 
carbon-chain length C80-C95. The Rhizophoraceae tribe 
formed a distinct branch consisting of the true mangroves, 
K. obovata, R. stylosa, and B. gymnorrhiza. In the case of 
Sonneratiaceae, which consists of only S. alba, it was 
scattered among mangrove associate branches in the cluster 
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analysis. It is noteworthy that the largest branch included 
13 mangrove species, where 92% were mangrove 
associates. Only one species, S. alba, was joined with this 
branch. H. littolaris was categorized as a mangrove 
associate (Wang et al. 2011) when grouped in this branch. 
However, three mangrove associates, namely, E. agallocha 
(Wang et al. 2011), M. citrifolia (Kitamura et al. 1997), and 
M. candidum (Kitamura et al. 1997), were scattered among 
the true mangroves (Figure 5). 

Discussion 
The analysis of polyisoprenoids in the leaves of 

Indonesian coastal forests indicates that the occurrence of 
both polyprenols and dolichols is less prevalent than that of 
pol or dol. These observations are slightly opposite to the 
leaves and roots of mangrove forests, where the major 

polyisoprenoid alcohols are dolichols rather than 
polyprenols. Dolichols were found in all tissues of North 
Sumatran mangroves (Basyuni et al. 2017). In the case of 
Okinawan mangrove leaves, types I, II, and III are found, 
and in the same mangroves roots, roots types I and II are 
found (Basyuni et al. 2016). We reported that dolichols 
were predominant in mangrove leaves and roots (Basyuni 
et al. 2016; 2017). On the other hand, in the analysis of 
polyisoprenoids in the leaves of mangrove plants, the major 
polyisoprenoid alcohols are not polyprenols but dolichols. 
However, consistent results were obtained in the roots of 
coastal plants, where 79% of root tissues indicated that 
dolichols were dominant over pol, as similarly found in 
mangrove roots in Okinawa and Indonesia (Basyuni et al. 
2016; 2017). 

 
 
 
 
 
Table 2. Carbon-chain lengths of polyprenol and dolichol occurring in 14 Indonesian coastal plants* 
 

Species Tissue Bom 
(C43) Polyprenol Dolichol 

     
A. auriculiformis Leaves   o         60 65  
B. asiatica Leaves   o                   80 85 90 95    55 60 65 70 75 80 85 90 95 100 105 110 

115 120 125 130 135 140 
C. equisetifolia Leaves   o                 75 80 85             70 75 80 85 90 
C. inophyllum Leaves                75 80 85  
H. tiliaceus* Leaves   o         60 65  
M. candidum Leaves   o  45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 

120 125 130 135 140 
 50 55 60 65 70 75 80 85 90 95 100 105 110 
115 

M. citrifolia Leaves         60 65 70 75 80 85 90 95 100 105 110 115 120 
125 130 135 140 

      60 65 70 75 80 85 90 95 100 105 110 
115 120 125 

P. pinnata Leaves         60 65  
P. odoratatissima Leaves                75 80 85 90 95 
R. communis Leaves         60 65  
S. hydrophyllacea leaves     o         60 65 70 75 80 85 90 95 100 105 110 115 120 

125 130 135 140 
      60 65 70 75 80 85 90 95 100  

S. jamaicensis Leaves                75 80 85 90 95 100  
S. portulacastrum Leaves         60 65               75 80 85 90 
T. catappa Leaves   o              70 75 80 85 90 95 100 105 110 115 120 125 

130 135 140 
           70 75 80 85 90 95 100 105 110 115 
120 

     
A. auriculiformis Roots       55 60                 80 85 90 
B. asiatica Roots                 75 80 85 90 95 100 
C. equisetifolia Roots                 75 80 85 90 95 
C. inophyllum Roots                   80 85 90 
H. tiliaceus Roots                 75 80 85 90 95        
M. candidum Roots                    80 85 90               75 80 85 90  
M. citrifolia Roots  o   50 55 60                                 50 55 60 65 70 75 80 85 90 95 100 
P. odoratatissima Roots                  80 85 90 
P. pinnata Roots                  80 85 90 95 
R. communis Roots                                     80 85 90 
S. hydrophyllacea Roots                                 65 70 75 80 85 90 95 100 
S. jamaicensis Roots             70 75 80 85 90 
S. portulacastrum Roots o            70 75 80 85 90 95 
T. catappa Roots                75 80 85 90 
     
Note: *The numbers refer to the carbon-chain length of the polyisprenoid alcohols. Bom: Bombiprenone. The chain length of the main 
polyisoprenoid alcohols is indicated in bold. O = detected. 
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Figure 2. 2D-TLC chromatograms of hexane extracts of polyisoprenoids from: A. B. asiatica leaves, B. P. odoratissimus leaves, C. M. 
candidum leaves, D. M. citrifolia leaves, E. A. auriculiformis leaves, and F. R. communis leaves. The number indicates the carbon-chain 
length of the polyisoprenoid alcohols 
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Figure 4. Dendrogram depicting the similarities of species based on carbon-chain length leaves data of polyisoprenoids by log (10) 
transformation using the Euclidean distance of 13 North Sumatran coastal plants and 10 Okinawan mangrove species. UPGMA: 
unweighted-pair group method with arithmetic mean. For species name, see Table 1. Am, Avicennia marina; Bg, Bruguiera 
gymnorrhiza; Ea, Excoecaria agallocha; Hl, Heritiera littoralis; Ht, Hibiscus tiliaceus; Ko, Kandelia obovata; Lr, Lumnitzera 
racemosa; Pa, Pemphis acidula; Rs, Rhizophora stylosa; and Sa, Sonneratia alba. 
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Figure 3. 2D-TLC chromatograms of hexane extracts of polyisoprenoids from: A. H. tiliaceus roots, B. S. portulacastrum roots, C. S. 
jamaicensis roots, D. M. candidum roots, E. M. citrifolia roots, and F. A. auriculiformis roots. The number indicates the carbon-chain 
length of the polyisoprenoid alcohols 
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Figure 5. Dendrogram depicting the similarities of species based on carbon-chain length roots data of polyisoprenoids by log (10) 
transformation using the Euclidean distance of 14 North Sumatran coastal plants and 9 Okinawan mangrove species. For species name, 
see Table 1 and Figure 4 
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It has been suggested by Tateyama et al. (1999) that the 

chain length of dolichols varies from tissue to tissue, even 
in the same species, and appears to form distinct families 
with dominating molecular species. Pol also occurred as 
one or two polyprenol families, specifically ficaprenol-type 
polyprenols (shorter polyprenols) and longer polyprenols, 
depending on the plants and tissues. The type-III contained 
only shorter-chain polyprenol, this distribution pattern is 
similar to the case in the families of Euphorbiaceae, 
Lauraceae, Magnoliaceae, and Moraceae (Swiezewska et 
al. 1994; Skorupinska-Tudek et al. 2003). 

Two polyprenol families were detected in the leaves M. 
candidum, M. citrifolia, S. hydrophyllacea, and T. catappa. 
Our current results, therefore, support our previous findings 
of two polyprenol families in the yellow leaves of K. 
obovata and the leaves of L. racemosa and P. acidula 
(Basyuni et al. 2016). In contrast, dolichols, which are 
largely detectable in mangroves and may be regarded as 
typical in mangrove and coastal plant roots, occurred as 
one dolichol family in all tissues observed, with a variety 
of carbon-chain lengths depending on the coastal plant 
species and tissue. These results are in agreement with 
previously reports that dolichols were highly dominant 
over polyprenols of the same chain-length in the roots of 
Hevea brasiliensis (Tateyama et al. 1999), Coluria geoides 
(Skorupinska-Tudek et al. 2003), and mangroves (Basyuni 
et al 2016; 2017).  

A distinctive feature of polyisoprenoids is their 
occurrence in leaf tissues as a mixture of homologous, 
more complicated polyprenols (ficaprenols; medium and 
longer prenols). In contrast, dolichols in the root family are 
quite "narrow" (6-8 dolichols) when accumulated in this 
tissue (Surmacz and Swiezewska 2011). However, as has 
been reported recently (Basyuni et al. 2016; 2017) and in 
the present study, dolichols also occurred as longer-chains 
in several mangrove and coastal leaves, Avicennia marina 
(C65-130), Lumnitzera racemosa (C60-C140), Phempis acidula 
(C50-C140), Sonneratia alba (C65-C130), Acanthus ilicifolius 
(C60-C125), Aegiceras corniculatum (C60-C140), S. caseolaris 
(C50-C120), A. auriculiformis (C55-C140), M. candidum (C50-
C115), M. citrifolia (C60-C140), and T. catappa (C70-C120). In 
higher plants, the biosynthesis of polyisoprenoids is one of 
many fascinating reactions found in nature, and their 
biosynthetic pathway has been shown to be a complicated 
and divergent system of connections between different 
cellular metabolisms and metabolic pathways (Swiezewska 
and Danikiewicz 2005; Skorupinska-Tudek and 
Swiezewska 2008). Moreover, the occurrence of multiple 
families of polyisoprenoids in plant tissues, including in 
mangroves and coastal forests, could be a product of 
different biosynthetic pathways either simultaneously or 
sequentially active in a different condition of plants 
(Chouda and Jankowski 2005). These results, therefore, 
suggest that the formation of shorter-chain polyprenols, 
longer-chain polyprenols, shorter-chain dolichols, and 
longer-chain dolichols are independently regulated in 
higher plants, including coastal plants.  

Dol were predominant in 11 of 14 coastal root tissues 
and mangrove plants (Basyuni et al 2016; 2017). Therefore, 

the occurrence of dolichols in the tissues examined implies 
that polyprenols may not play an important role in coastal 
plants, although the function of polyprenols in the plant 
world remains obscure. The apparent predominance of 
dolichols may be the result of either the coastal or 
mangrove zone in tropical or sub-tropical climatic 
conditions (Basyuni et al. 2016).  

Cluster analysis using the polyisoprenoid carbon-chain 
lengths leaf data revealed that the 23 mangrove species fell 
into two groups: the true mangrove group and the 
mangrove associates/coastal group. Major coastal species 
were included in the second group. It is very plausible that 
the presence polyprenol or dolichol family is responsible 
for the formation of polyisoprenoids in this group. As a 
result, the composition of polyisoprenoids may be a 
reflection of the distribution of tissues in these plants. Our 
results supported the previous report on the differed 
reliability between true mangroves and mangrove 
associates in leaf traits and osmotic properties (Wang et al. 
2011). Furthermore, the majority of coastal 
forests/mangrove associates clustered into one group is in 
good agreement with the classification by Tomlinson 
(1986) to distinguish true mangroves from mangrove 
associates. Coastal plant species in this study generally 
belong to the Barringtonia formation, which occurs behind 
the pes caprae formation. These tree species are B. asiatica, 
T. catappa, M. citrifolia, H. tiliaceus, and C. equisetifolia 
(Baba et al. 2013). Further inland, the shrub P. 
odoratissimus occurs alongside the trees C. inophyllum and 
P. pinnata (Baba et al. 2013). These results suggest that the 
occurrence of polyisoprenoids in leaf tissues served as a 
plant chemotaxonomic criterion and was effective for the 
classification of true mangroves and mangrove associates 
growing in tropical regions.  

In this regard, the circumstance of Rhizophoraceae is in 
agreement with our previous results on the molecular 
evolution of the Rhizophoraceae family (Basyuni et al. 
2007). Kandelia is more similar to Rhizophora than to 
Bruguiera or Ceriops, even though they originated from 
the same tribe of Rhizophoraceae. A number of 
phylogenetic studies on the Rhizophoraceae tribe based on 
molecular markers and morphological characters support 
this view (Parani et al. 1998; Setoguchi et al.1999). 

Rhizophoraceae also form a distinct branch, as 
demonstrated from the root data of the carbon-chain 
lengths of polyisoprenoids. These three species, 
representing four genera (Kandelia, Rhizophora, Ceriops 
and Bruguiera) of Rhizophoraceae, are characterized by 
viviparous propagules, which is the most distinguishing 
feature of mangroves (Setoguchi et al.1999; Basyuni et al. 
2016). They also belong to non-secretor species based on 
salinity management and do not have salt glands or salt 
hairs to remove excess salt (Tomlinson 1986). However, 
they do have an ultra-filtration mechanism in the roots for 
excluding salt. The different distribution between 
polyprenols and dolichols including chain length in this 
study may reflect on their salt tolerance and zonation 
(Basyuni et al. 2012b; 2016). 
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We considered the possibility that the presence of the 
three branches of coastal plants was due to an evolutionary 
tree of mangrove plants. The reasons for the generation of 
this cluster are not yet known, although the characterization 
of polyisoprenoids from other coastal plants and mangrove 
associates may provide an explanation. Therefore, the 
species-specific reproducibility of the polyisoprenoids in 
leaf and root tissues resulted in its consideration as a 
chemotaxonomic marker and tissue-specific variation 
should also be taken into consideration (Swiezewska and 
Danikiewicz 2005). This present results therefore agreed 
with previous report on the concept of long-chain 
polyprenols serve as the chemotaxonomic markers 
(Roslinka et al. 2002; Basyuni et al. 2016)  

These findings suggest that the distribution of lipid 
analysis, including polyisoprenoids, may provide clear 
chemotaxonomic markers in mangrove and coastal plant 
leaves and roots allowing the classification into appropriate 
genera and families. These findings also support view that 
the lipids of mangroves are chemotaxonomically 
significant (Hogg and Gillan 1984; Basyuni et al. 2007a,b; 
Basyuni et al. 2016). Future studies are needed to 
understand whether dolichols in mangrove plants function 
as sugar-carrier lipids in the biosynthesis of N-
glycoproteins and whether the existence of polyprenol 
reductases in coastal plant leaves, which catalyze the 
conversion of polyprenol to dolichol and corresponds to the 
SRD5A-3 protein in animals, differs from those of other 
coastal plants in reduction activity (Pattisom and Amtmann 
2009; Jozwiak et al. 2015). Further experiments are also 
necessary to clarify the physiological significance of 
polyisoprenoid alcohols under environmental stresses. 

In conclusion, the present study, together with our 
previous results on Okinawan and Indonesian mangroves 
using the 2D-TLC technique, indicated that pol and dol 
could be useful in the classification of mangroves and other 
coastal forests and in phylogenetic studies. Simplicity and 
reproducibility provide this approach with an edge over 
traditional TLC. Cluster analysis demonstrated that 
polyisoprenoid patterns in the leaves and roots generally 
form a separation between true mangroves and coastal 
plants/mangrove associates, suggesting that plant 
polyisoprenoids are chemotaxonomically important.  
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Figure S1. 2D-TLC chromatograms of hexane extracts of polyisoprenoids from: A. C. equisetifolia leaves, B. C. inophyllum leaves, C. 
H. tiliaceus leaves, D. P. pinnata leaves, E. S. hydrophyllacea leaves, F. S. jamaicensis leaves., G. S. portulacastrum leaves, and H. T. 
catappa leaves. The number indicates the carbon-chain length of the polyisoprenoid alcohols 
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Figure S2. 2D-TLC chromatograms of hexane extracts of polyisoprenoids from: A. B. asiatica roots, B. C. equisetifolia roots, C. C. 
inophyllum roots, D. P. odoratissimus roots, E. P. pinnata roots, F. R. communis roots, G. S. hydrophyllacea roots, and H. T. catappa 
roots. The number indicates the carbon-chain length of the polyisoprenoid alcohols.  
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Abstract. Lelana Ne, Wiyono S, Giyanto, Siregar IZ. 2018. Genetic diversity of Falcataria moluccana and its relationship to the 
resistance of gall rust disease. Biodiversitas 19: 12-17. The use of cultivars that are resistant to a particular disease is one strategy that 
could mitigate the incidence of gall rust disease on Falcataria moluccana. Previous studies on the genetic diversity of F. moluccana did 
not attempt to link that genetic diversity to gall rust disease resistance. This research was carried out using RAPD analysis to determine 
the preliminary information on the association between different markers and the resistance to gall rust disease. The analysis evaluated a 
total of 20 pairs of healthy and infected F. moluccana trees that were classified based on their disease severity level. The RAPD primers 
used in this study were as follows: OPA-05, OPA-08, OPA-10, OPA-13, OPA-18, OPB-07, OPD-13, OPF-02, and OPG-05. The results 
showed that each RAPD primer produced a varying number of polymorphic bands, ranging from 3 to 12 bands, with a total of 80 
polymorphic bands. Despite the number of loci analyzed, however, no specific polymorphic bands were found that could distinguish 
between healthy and diseased trees. This was supported by principal component analysis, which showed that healthy and diseased 
populations were not distributed separately. The structure analysis also showed that the healthy and diseased populations were not 
different. 

Keywords: Diseased, healthy, pairing, polymorphic band, RAPD 

INTRODUCTION 

Falcataria moluccana (Miq.) Barneby & J. W. Grimes, 
also known as sengon in Indonesia, is native to Indonesia, 
Papua New Guinea, and the Solomon Islands (Soerianegara 
and Lemmens 1993). Since the 1870s, Falcataria 
moluccana has spread throughout Southeast Asia from 
Burma to the Philippines (NAS 1979). Currently, F. 
moluccana is the most prevalent tree found in small-scale 
community (private) forests and its population is 
increasing. Based on the results of the agricultural census 
of 2013, the population of F. moluccana increased almost 
five times since 2003 (BPS 2013). Its rapid growth rate and 
stable market availability is the reason why this species is 
preferred by farmers. F. moluccana is widely grown as a 
shade tree for reforestation, afforestation, and wood 
production (Soerianegara and Lemmens 1993). The wood 
of F. moluccana can be used for various purposes, such as 
veneer, plywood, light construction, lightweight packaging 
material, toys, firewood, and pulp (Soerianegara and 
Lemmens 1993; Krisnawati et al. 2011). Recently, the use 
of this wood for bare-core industry has been preferred 
because of demands for exports (BPS 2014). 

Various pests and diseases are known to be associated 
with F. moluccana trees. Of these, the most recent major 
disease attacking the F. moluccana plantation is gall rust 
disease. The gall rust pathogen was first identified as the 
fungus Uromycladium tepperianum (Sacc.) McAlpine 

(Rahayu et al. 2010). In 2015, Doungsa-ard et al. (2015) 
proposed a new name for this fungus as Uromycladium 
falcatarium. This disease has become a serious threat to F. 
moluccana plantations in Indonesia. The disease not only 
causes significant economic losses, but also makes farmers 
worried. In Indonesia, gall rust disease was first reported 
on Seram Island, Moluccas (Maluku). In Java, the disease 
was first detected in Eastern Java in 2004. Since then, the 
disease has spread throughout Java (Anggraeni 2008). 

In addition to environmental factors and pathogenic 
virulence, the resistance or susceptibility of plants to 
pathogens is also important in influencing the epidemic rate 
of the disease (Burdon and Thrall 2008). Susceptible plants 
will support the spread of the disease, while plants that 
show high resistance to the pathogens will inhibit the 
spread of the disease. Therefore, the use of resistant 
genotypes is often proposed as the first line of defense for 
controlling diseases. 

Identifying molecular markers associated with host 
resistance to disease is typically the first step applied in the 
breeding strategy for resistant varieties for plant disease 
control. Some markers, such as random amplified 
polymorphic DNA (RAPD), restriction fragment length 
polymorphism (RFLP), amplified fragment length 
polymorphism (AFLP), microsatellites, single nucleotide 
polymorphism (SNP), and next-generation sequencing 
(NGS), have been widely used in studies related to plant 
resistance (Zhang et al. 2013; Asad et al. 2015; Klosterman 
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et al. 2016; Quesada-Ocampo et al. 2016; Vaghefi et al. 
2016).  

Despite the rapid development of genetic markers, 
information concerning the resistance of a variety or the 
provenance of F. moluccana to gall rust disease is still 
limited. Therefore, studies that identify molecular markers 
related to the resistance of F. moluccana to gall rust disease 
are indispensable. As a first step, RAPD is suitable for this 
study. RAPD is a molecular marker based on the 
amplification of random segment of DNA with single 
primers of arbitrary nucleotide sequences (William et al. 
1990). The major advantages of this technique are that 
there is no requirement for a DNA sequence, it is relatively 
quick and easy to perform, and it is efficient to screen DNA 
polymorphisms at a very large number of loci (William et 
al. 1990; Kumari and Thakur 2014). Unfortunately, this 
technique has some limitations, such as low reproducibility 
and it only produces dominant markers. Several studies 
using RAPD to identify molecular markers linked to plant 
resistance genes have formed the foundation of plant 
breeding programs. Mumtaz et al. (2009) and Dhillon and 
Dhaliwal (2011) used RAPD markers to identify the 
presence of resistance genes against rust in wheat. 
Meanwhile, Salah et al. (2016) used RAPD markers to 
identify genes related to maize resistance against stalk rot 
disease caused by Fusarium moniliforme. Thus, this study 
aimed to identify molecular markers related to the 
resistance of F. moluccana against gall rust disease using 
RAPD markers. 

MATERIALS AND METHODS 

Study area 
The study area covered 10 districts distributed among 

three provinces in Java, Indonesia. The districts were 

Bogor, Cianjur, Sukabumi, and Majalengka (West Java 
Province); Batang, Purbalingga, Banjarnegara, Salatiga, 
and Boyolali (Central Java Province); and Lumajang (East 
Java Province) (Figure 1). The number of samples 
collected from each district and their geographical 
locations are presented in Table 1.  

 
 

Table 1. List of Falcataria moluccana leaves samples that were 
collected from various locations in Java, Indonesia 
 

Location Latitude Longitude 
Healthy 

plant 
code 

Infected 
plant 
code

     
Bogor -6.66196 106.79884 H01 D01 
Bogor -6.66721 106.80596 H02 D02 
Bogor -6.66721 106.80596 H03 D03 
Bogor -6.53107 106.42696 H04 D04 
Cianjur -7.10665 107.09946 H05 D05 
Cianjur -6.99676 107.12364 H06 D06 
Cianjur -6.93218 107.12387 H07 D07 
Majalengka -7.06058 108.39017 H08 D08 
Majalengka -6.99158 108.30591 H09 D09 
Sukabumi -7.02644 106.80064 H10 D10 
Purbalingga -7.22007 109.33750 H11 D11 
Purbalingga -7.27352 109.34550 H12 D12 
Boyolali -7.55987 110.52350 H13 D13 
Banjarnegara -7.30036 109.80983 H14 D14 
Batang -7.05156 109.78780 H15 D15 
Batang -7.30530 109.78454 H16 D16 
Batang -7.08680 109.76557 H17 D17 
Salatiga -7.36890 110.45323 H18 D18 
Lumajang -8.12772 113.14735 H19 D19 
Boyolali -7.56382 110.53833 H20 D20 
Boyolali -7.56382 110.53833 H21 D21 
     

 
 

 
 
 
 

 

 
 
 
Figure 1. Location of sample collection covered 10 districts distributed among three provinces in Java, Indonesia. The black square ( ) 
indicated location of sample collection 
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Procedures 
Sample collection 

Forty-two F. moluccana were sampled from various 
locations on a F. moluccana plantation (Table 1). To 
analyze F. moluccana resistance, sampling was carried out 
using a pairing method (Figure 2). Samples were taken 
from healthy and diseased trees that were located side-by-
side. Healthy trees were categorized as trees with no 
disease or low severity of disease (severity score: 0 or 1). 
Meanwhile, infected trees were categorized as trees with 
high disease severity (severity score: 4 or 5). The criteria 
for the disease severity score were as follows: 0: There was 
no disease recorded; 1: There were up to 20% gall on the 
leaves, twigs, or branches; 2: There were 21-50% of galls 
on the leaves, twigs, or branches; 3: There were more than 
50% of galls on the leaves, twigs, or branches, and one or 
more on the top trunk; 4: There were up to two galls on the 
branch-free trunk, and 5: There were three galls or more on 
the branch-free trunk. 

We only sampled one sample or some pairs of samples 
in one population. There were two considerations for this 
sampling. First, it was difficult to find many health-
diseased pairs of trees in one location. Therefore, we can 
only find one or some pair samples in one population. 
Second, the population of F. moluccana in Java was not 
structured. Suharyanto et al. (2002) used the RAPD marker 
approach and found that Java provenances of F. moluccana 
were not genetically differentiated. Similar results were 
also reported by Seido and Widyatmoko (1993). By using 
isozyme analysis, they reported that Java provenances of F. 
moluccana possess a similar genetic composition. Samples 
of F. moluccana were taken from young leaves. The 
collected samples were placed into individual plastic bags 
with silica gel (1: 5 v v-1) and kept in an icebox for 
transport to the laboratory.  

 DNA extraction 
DNA was isolated from leaves using the CTAB method 

of Doyle and Doyle (1987) with some modifications. Using 
liquid nitrogen, 1 mg of leaves was ground using a mortar 
into a fine powder. The powder was then transferred into a 
fresh tube containing 500 μL of cetyltrimethylammonium 
bromide (CTAB) extraction buffer [1.4 M NaCl; 100 mM 
Tris-HCl, pH 8.0; 20 mM EDTA; 2% CTAB; 2% 
polyvinylpyrrolidone (PVP); 1% β-mercaptoetanol] 
preheated to 65°�. The sample was then vortexed and 
incubated for 2 h at 65°�. The mixture of chloroform-
isoamyl alcohol (24: 1) with the same volume was then 
added and vortexed. The tube was centrifuged for 15 min at 
11,000 RPM. The supernatant was transferred into a fresh 
tube, and 2.5× volumes of absolute ethanol and a 1/10 
volume of 3 M sodium acetate were added. The tube was 
then incubated overnight at -20°� to precipitate the DNA. 
The DNA was collected by centrifugation for 15 min at 
14,000 RPM and rinsed with 500 μL ice-cold 70% ethanol. 
Finally, the DNA was resuspended in 100 μL of Tris-
EDTA (TE). 

RAPD amplification 
The RAPD reaction was performed using nine primers 

(Operon Technology) (Table 2). The reaction was 
performed using Dream Taq Green PCR Master Mix 
(Thermo Scientific). The reaction mixture consisted of 200 
μM of each dNTP, 1× GC Buffer, 0.5 μM of each primer, 
0.02 unit μl-1 of Dream Taq DNA Polymerase, and 100 ng 
of the DNA template. The reaction conditions were as 
follows: pre denaturation at 94°� for 5 min; 45 cycles of 
denaturation at 94°� for 1 min, annealing at 34°� for 1 min, 
and polymerization at 72°� for 1 min; and a final 
polymerization at 72°� for 5 min. The resulting PCR 
product was then visualized using electrophoresis of a 1% 
(w v-1) agarose gel stained with SYBR®SAFE (Invitrogen) 
in 1× TAE buffer (40 mM Tris-acetate, 1 mM EDTA) at 
100 V for 40 min. 

Data analysis 
The DNA bands were visualized using electrophoresis, 

scored, and translated into binary data. Scoring was 
completed manually. If the DNA band appeared in the gel, 
it was scored as 1. If the DNA band did not appear, it was 
scored as 0. The genetic diversity and principal component 
analysis (PCoA) was carried out using the Genalex 6.5 
program (Peakall and Smouse 2012). A structure analysis 
was performed using STRUCTURE version 2.3.4 software 
(Hubisz et al. 2009). 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Pairing method by taking healthy and diseased trees 
side by side 
 
 
Table 2. The list of RAPD primers 
 
Primers Sequence 
OPA-05 AGGGGTCTTG 
OPA-08 GTGACGTAGG 
OPA-10 GTGATCGCAG 
OPA-13 CAGCACCCAC 
OPA-19 CAAACGTCGG 
OPB-07 GGTGACGCAG 
OPD-18 GAGAGCCAAC 
OPF-02 GAGGATCCCT 
OPG-05 CTGAGACGGA 
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RESULTS AND DISCUSSION 

Genetic diversity of Falcataria moluccana  
A total of nine RAPD primers were used to analyze two 

populations of F. moluccana, which included a healthy and 
diseased population grouped by their severity of gall rust 
disease. All primers used produced polymorphic bands. An 
example of the RAPD amplification results using OPA-05 
and OPD-18 primers is presented in Figure 3. Each primer 
produced a varying number of polymorphic bands, ranging 
from 3-12 bands. The total number of polymorphic bands 
produced were 80 bands. Most polymorphic bands were 
produced by the OPA-19, OPD-18, and OPG-05 primers, 
while the fewest bands were produced with the OPA-05 
primer. 

The genetic diversity value of the F. moluccana plants 
is presented in Table 3. The value of genetic diversity in 
the infected tree's population was 0.299. This value was 
higher than the healthy tree population, which was 0.262. 
We expected that the genetic diversity of healthy tree 
populations was higher than diseased tree populations. 
Commonly, host populations with high genetic diversity 
suffer less from pathogens (Lively 2010). Meanwhile, 
another study found that the host’s genetic diversity for 
resistance to infection may depend on the level of genetic 
diversity in the parasite population (Ganz and Ebert 2010). 
Therefore, there may not be a definite pattern for genetic 
diversity values for F. moluccana in relation to gall rust 
resistance, and the pattern of values may change depending 
on the gall rust pathogen population. 

The values for genetic diversity were similar to those 
obtained in a previous study by Siregar and Olivia (2013). 
Using RAPD markers, they reported that the genetic 
diversity for some provenances of F. moluccana in Java 
varied from 0.133-0.295 with an average score of 0.235.  

The value of genetic diversity from their study was largely 
contributed within the population and this was about 82%. 
Meanwhile, the variation among populations was only 
18%. The distribution of the F. moluccana population in 
Java was random and revealed no relationship between 
genetic and geographic distance. Similar results were also 
obtained by Suharyanto et al. (2002), who used RAPD 
markers as well. They reported that populations in Java 
were not genetically differentiated. They also reported 
lower genetic diversity for F. moluccana populations in 
Java compared to populations outside Java. Several studies 
discussed the history of the spread of F. moluccana in Java. 
According to the Heyne (1987), F. moluccana was first 
introduced in Java by Teysmann from Banda Island, 
Moluccas. It was planted in Bogor Botanical Garden, and 
since 1871, F. moluccana was planted throughout Java. 
Another study showed that populations in Java may not 
have been introduced from only one provenance, but also 
from some provenances in Papua and Moluccas 
(Suharyanto et al. 2002). 

Our RAPD analysis results showed that no specific 
bands can distinguish between healthy and diseased 
populations. This was supported by PCoA analysis, which 
showed that healthy and diseased populations were not 
distributed separately (Figure 4). This result was also 
confirmed by structure analysis. Structure analysis is a 
model-based clustering method using multi-locus genotype 
data to infer population structures and assign individuals to 
populations (Hubisz et al. 2009). The results of our 
structure analysis are presented in Figure 5. The calculation 
of delta K values of 1 to 10 showed that K: 3 (Delta K: 
146.37) had the highest score. Thus, three genetic groups 
were resolved. The results of this structure analysis showed 
unclear separation between the healthy and diseased 
populations.  

 
 
 

 
 

Figure 3. RAPD amplification results using OPA-05 and OPD-18 primers 
 
 
Table 3. The genetic diversity of F. moluccana trees from healthy and diseased populations in Java, Indonesia 
 
Population N Na Ne I he P (%)
Health 21 1.815 ± 0.064 1.428 ± 0.037 0.406 ± 0.025 0.262 ± 0.018 90.12 
Diseased 21 1.827 ± 0.063 1.502 ± 0.038 0.454 ± 0.023 0.299 ± 0.018 91.36 
Note: N: no. of samples, Na: no. of different allele, Ne: no. of effective allele, he: genetic diversity, P: percentage of polymorphic loci 

OPD‐18

OPA‐05
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Figure 4 Principal coordinate analysis of individual sengon from Java, Indonesia. The first and second coordinate contributed 20.93 and 
8.87% for the variation respectively. The blue (  ) marker indicated healthy population and the orange (  ) marker indicated diseased 
population 
 
 

 

 
 
Figure 5. STRUCTURE analysis results from healthy and diseased F. moluccana (21 samples each) with K: 3 clusters 
 
 
 
 
 

The absence of specific bands that can distinguish 
between healthy and diseased populations may due to two 
possible reasons. First, the markers used cannot distinguish 
between healthy and diseased populations. The primers 
used may be ineffective for this purpose or the number of 
loci may be too few. Second, field observations may not 
make clear classifications between resistant and susceptible 
trees. Some susceptible plants may remain free from 
infection or symptoms and, thus, appear resistant. The 
apparent resistance to diseases in plants known to be 
susceptible is generally a result of disease tolerance (Agrios 
2005). The F. moluccana that were free of gall rust disease 
might not have true resistance, but only have apparent 
resistance. This result is in contrast to the study conducted 
by Mumtaz et al. (2009), Dhillon and Dhaliwal (2011), and 
Salah et al. (2016). These three studies used two distinct 
varieties with clear phenotypes related to disease resistance 
or susceptibility, so some polymorphic bands could be 
identified as candidate genes for plant resistance. 

Implication for gall rust disease control strategies 
The findings of this research could be used as a basis 

for improving plant disease management in the future. The 
epidemic of gall rust disease that has spread quickly in 
almost all of the F. moluccana plantations from East Java 
to West Java is possibly related to the genetic diversity of 
the F. moluccana among the populations in Java. 
Suharyanto et al. (2002) and Seido and Widyatmoko 
(1993) reported F. moluccana populations were not 
genetically differentiated in Java. Rust fungi are obligate 
pathogens well-known for their ability to undergo long-
distance dispersals (Helfer 2014). Improving F. moluccana 
resistance to gall rust disease could be the key to curbing 
future epidemics of gall rust disease.  

In conclusion, based on the results of our RAPD 
analysis, the number of polymorphic bands produced from 
each primer varied from 3-12 bands, and the total number 
of polymorphic bands produced was 80 bands. However, 
there were no specific polymorphic bands found that 
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distinguish healthily versus diseased F. moluccana trees. 
The resistance to gall rust disease shown by F. moluccana 
on plantations is probably due to the tolerance of the 
disease. In the future, genetic diversity studies of F. 
moluccana related to its resistance to gall rust disease 
needs to include the provenance from its center of origin 
because no reports of gall rust infestations have been 
reported for this region, except in Moluccas. 
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Abstract. Henderson A, Pitopang R. 2018. Short Communication: The rattans (Arecaceae) of Wallacea. Biodiversitas 19: 18-21. 
Rattans are spiny, climbing palms whose long, flexible stems provide the canes of commerce. Three rattan genera occur in Wallacea, 
Calamus, Daemonorops, and Korthalsia. We give a brief review of the geology and biogeography of Wallacea. We follow this with a 
review of the Wallacean rattan flora in Sulawesi, the Maluku Islands (Moluccas), and Nusa Tenggara. We emphasize how poorly known 
the rattan flora of Wallacea is. While recent discussions of the rattan flora of the Asian tropics have noted the paucity of species in 
Wallacea, we consider that the number of species present may be considerably higher.  
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INTRODUCTION 

Rattans are spiny, climbing palms found throughout the 
African and Asian tropics. Their long, flexible stems 
provide the canes of commerce, used to make rattan 
furniture. According to Sunderland and Dransfield (2002), 
the rattan furniture industry is worth approximately USD 
6.5 billion per year, and provides employment for many 
thousands of people. Almost all rattan is collected from the 
wild, but recently demand has outstripped supply and led to 
over-exploitation of wild canes, especially those species 
producing the highest quality canes. This, coupled with 
extensive deforestation in countries where rattans occur, 
has threatened the survival of the industry as well as the 
species on which it depends. Siebert (2012) has given a 
general introduction to the rattan trade, with emphasis on 
Sulawesi, and Myers (2015) has given a recent discussion 
on the current status of the Indonesian rattan sector. 

Rattans are collected from several genera of palms, but 
the principal source in the Asian tropics are the genera 
Calamus and Daemonorops. These two genera are closely 
related and are both included in the subfamily 
Calamoideae, tribe Calameae, subtribe Calaminae 
(Dransfield et al. 2008). This subtribe contains four genera 
of spiny, dioecious, mostly climbing plants (Calamus, 
Daemonorops, Ceratolobus, Pogonotium). Calamus is by 
far the largest genus of palms, and contains approximately 
400 species. It is widely distributed from India eastwards to 
Fiji, with one disjunct species in tropical Africa. The only 
monograph of Calamus was published over 100 years ago 
by Beccari (1908, 1913, 1914). Beccari (1911, 1912) also 
published a revision of Daemonorops. These works are 
unrivalled for their clarity and detail, but are now 
completely out-of-date. Recent systematic work on both 
genera has consisted mostly of various field guides and 

manuals. However, this has been a piecemeal approach, 
with different authors using different species concepts, and 
with some regions lacking any kind of treatment. One of us 
(Henderson) is currently involved in a revision of Calamus. 

The only other rattan genus in Wallacea is Korthalsia, 
from subtribe Korthalsiinae. We include this in our 
discussion, although canes from this genus are much less 
used because of their poor quality. Korthalsia comprises 
approximately 27 species (Dransfield 1981a) although only 
one species occurs in Wallacea. 

 
 

MATERIALS AND METHODS 
 
Data for numbers of species of Calamus, Daemonorops, 

and Korthalsia were taken from study of herbarium 
specimens in the Herbarium Bogoriense (BO), the Kew 
Herbarium (K), and the Herbarium of the New York 
Botanical Garden (NY). We also used data from recently 
collected specimens in Sulawesi as part of the authors’ 
project on the “Rattans of Sulawesi”. We reviewed the 
literature on the geological history of Wallacea, and all 
relevant papers on the biogeography of the rattan flora of 
the area.  

RESULTS AND DISCUSSION 

Geology and biogeography of Wallacea  
Wallacea comprises three more or less distinct islands 

or groups of islands. Sulawesi is the largest island in the 
region. To the south of Sulawesi, Nusa Tenggara, the 
Lesser Sunda islands, consist of an inner island arc 
comprising Lombok, Sumbawa, Komodo, Flores, Alor, and 
Wetar, and an outer island arc comprising Sumba, Timor, 



HENDERSON & PITOPANG – Rattans of Wallacea 

 

19

and the Tanimbar islands. To the east of Sulawesi, the 
Maluku Islands (Moluccas) comprise numerous smaller 
islands, the principal ones of which are Morotai, 
Halmahera, Sula, Obi, Buru, and Seram. Wallacea is 
traditionally demarcated in the west by Wallace's Line and 
in the east by Lydekker's Line, marking the eastern margin 
of the Sunda continental shelf and the western margin of 
the Sahul continental shelf, respectively. Wallacea can thus 
be seen as a transitional area not only geologically 
speaking, between the Sunda and Sahul shelves, but 
biogeographically speaking, between the Asian biota to the 
west and the Australasian biota to the east.  

Wallacea has had a complicated geological history 
(Audley-Charles 1981; Moss and Wilson 1998; Hall  
2012). The region is a center of convergence not only of 
the Eurasian and Australian/New Guinea plates, but also to 
a lesser extent the Philippines Sea and Pacific plates. 
During the Tertiary, the Australia/New Guinea plate 
separated from Gondwana and moved in a northwesterly 
direction. This plate comprised not only Australia and New 
Guinea, but also elements that would become part of 
southeast Sulawesi, some eastern parts of Nusa Tenggara, 
and the Maluku Islands. Other elements of Wallacea were 
part of the Asian plate, Laurasian in origin. In the middle 
Eocene, the straits of Makassar opened and led to the 
separation of west Sulawesi from east Borneo. The 
Australia/New Guinea plate collided with the Asian plate in 
the middle Miocene, approximately 15 million years ago, 
leading to continental fragments being accreted or 
rearranged such that the islands of the Wallacea region are 
composite in origin from once widely separated parts. This 
complicated geological history also means that theWallacea 
biota has a complex history (Whitten et al. 1987; van 
Balgooy 1987; Richardson et al. 2012). 

 
Rattans of Sulawesi 

In Sulawesi, 26 species of Calamus are currently 
recognized (C. boniensis, C. didymocarpus, C. inops, C. 
kandariensis, C. kjelbergii, C. koordersianus, C. leiocaulis, 
C. leptostachys, C. macrosphaerion, C. minahassae, C. 
moseleyanus, C. ornatus, C. orthostachyus,C. 
scleracanthus, C. siphonospathus, C. suaveolens, C. 
symphysipus, C. tolitoliensis, C. usitatus, C. zollingeri, as 
well as six undescribed species). However, Sulawesi is 
poorly known and the number of Calamus species on the 
island is unclear. Rustiami (2011) recognized 35 species 
for the whole island, but recent work suggests the number 
may be higher. In Lore Lindu National Park in western 
Central Sulawesi, Stiegel et al. (2011) found 33 species of 
Calamus, 24 of which they were unable to identify (see 
also Mogea 2002). In Lambusango Forest Reserve in 
southeast Sulawesi, Powling (2009) recorded 19 species of 
Calamus, two of which he was unable to identify. In the 
Paguyaman Forest in North Sulawesi, Clayton et al. (2002) 
recorded 24 rattan species, only four of which they were 
able to identify. Furthermore, Clayton et al. considered that 
within their study site, rattan communities were highly 
diverse from location to location. Our own estimate, based 
on specimens in European and Indonesian herbaria, is that 
there may be up to 50 species of Calamus in Sulawesi, 

many of which are undescribed. Seven species of 
Daemonorops occur in Sulawesi (Rustiami 2009) and one 
of Korthalsia (Dransfield 1981a). 

Rattans of The Maluku (Moluccas) Islands 
There are eight species of Calamus currently 

recognized from the Maluku Islands: C. aruensis, C. 
robinsonianus, C. rumphii, C. symphysipus, C. vitiensis, 
and three undescribed species. All of these are endemic 
except for C. aruensis and C. vitiensis, both reaching the 
Maluku Islands from New Guinea, and C. symphysipus, 
presumably of Philippines origin. One species of 
Daemonorops, D. robusta, and one of Korthalsia, K. 
celebica, also occur in the Maluku Islands. 

Rattans of Nusa Tenggara 
The rattan flora of these islands is very poorly known. 

Although there are unlikely to be many species, the 
specimens that do exist indicate some endemism. In fact, 
there are so few specimens of rattans from Nusa Tenggara 
that it is possible to discuss them individually. (i) A sterile 
specimen at BO (Tobe 1267) from Lombok appears to 
represent a flagellate species of Calamus (although the leaf 
could be a juvenile Daemonorops). (ii) A specimen 
(Rensch 649) collected in 1927 from Sumbawa (Batu 
Dulang) was described by Burret (1943) as Calamus 
sumbawensis. The type, originally at B, was destroyed. The 
protologue describes a probable juvenile leaf with 
numerous, narrow pinnae. It is not clear if this comes from 
a Calamus or Daemonorops. The name is treated as one of 
uncertain application. (iii) A specimen at BO (Wiriadinata 
HW 13951) from Sumba has been tentatively identified as 
Calamus zollingeri. This may turn out to be a new species. 
(iv) Another specimen from Sumba at BO (Damayanto 
IPGDP 56) will key to C. vitiensis, although there are some 
differences in leaf sheath spines. (v) A specimen at BO 
with a duplicate at K (Mogea 1000) from Flores is a sterile, 
flagellate Calamus. This specimen is annotated as 
“Calamus (probably new)” by John Dransfield. (vi) A 
specimen at BO (Teijsmann 10791) from Timor (precise 
locality not given) was described by Beccari (1913) as a 
new species, Calamus timorensis. The specimen is 
incomplete and sterile. Beccari reported that the leaf was 
“apparently cirriferous” but the apex is missing from the 
type specimen. It is thus unclear to which species group it 
belongs, or even if it is a Calamus and not a Daemonorops.  

Discussion 
Forty-three species of rattan (Calamus, Daemonorops, 

Korthalsia) are known from Wallacea, but the number is 
likely to be higher. Thirty-four species occur in Sulawesi, 
10 in Maluku Islands, and two in Nusa Tenggara. The 
largest genus by far is Calamus, with 35 species in 
Wallacea.  

Seventy-eight percent of Wallacea rattans are endemic 
to the region. There is a 2% overlap with Borneo (Sunda 
shelf), 11% with the Philippines, and 4% with New Guinea 
(Sahul shelf). These figures agree somewhat with those of 
van Balgooy (1987) who considered that, at both species 
and genus level, the strongest affinities of the Sulawesi 
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flora were with the Philippines, with much less affinity 
with Borneo. Within Sulawesi, van Balgooy found a strong 
affinity of northeastern Sulawesi and the Philippines and 
between southwestern Sulawesi and Nusa Tenggara.  

Phylogenetic relationships of Wallacea rattans are 
unknown, and there remains the interesting question of the 
origin of the Wallacea rattan flora. Baker and Dransfield 
(2000) considered that the ancestors of the Asian calamoid 
palms dispersed from southern Laurasia into Malesia 
during early Tertiary and there diversified. Recently Baker 
and Couvreur (2012) have reviewed palm distributions 
across Wallace’s Line. They considered that Calamus had a 
bimodal distribution and was most diverse west of 
Wallace’s Line, especially in the Sunda region, declined 
sharply through Wallacea before reaching a second peak of 
diversity in New Guinea. In support of this, they cited 
figures of 82 species of Calamus in Borneo, 27 in 
Sulawesi, 11 in the Maluku Islands, and 52 in New Guinea. 
They noted that this pattern had been used as evidence of a 
secondary radiation in New Guinea following dispersal 
across Wallace’s Line from west to east following Miocene 
collision of the Asian and Australian plates (Dransfield 
1981b), and that current phylogenetic evidence indicated 
multiple independent lineages of Calamus are present in 
New Guinea, an argument against a single origin. 

Our current estimates are 73 species of Calamus in 
Borneo (68% endemic), 26 in Sulawesi (80% endemic), 
eight in the Maluku Islands (55% endemic), and 53 in New 
Guinea (<90% endemic). However, we believe the figure 
of 26 species greatly underestimates diversity in Sulawesi, 
and the figure is more likely to be nearer 50. This does not 
indicate a sharp decline in Wallacea; in fact, considering 
the much smaller size of Sulawesi compared to New 
Guinea, it indicates the third peak of diversity. Taking into 
account the relative size of the islands, Sulawesi has 
proportionally more species of all palms than New Guinea 
(using date from Baker and Couvreur 2012), and just for 
Calamus Sulawesi is more or less equal to Borneo and also 
greater than New Guinea. Furthermore, there seems to be a 
marked difference in the species composition of Calamus 
of Sulawesi and New Guinea, given the high rates of 
endemism of the two islands and that 85% of Sulawesi 
species are cirrate and 87% of New Guinea species are 
flagellate. However, in both islands there appears to have 
been a radiation in species, suggesting relatively recent 
speciation (Dransfield 1981b). 

Although we do not find evidence of a sharp decline in 
Wallacea in terms of the number of Calamus species, we 
do find evidence of multiple dispersals across Wallace’s 
Line. Henderson (unpublished data) recognized four 
species groups of Calamus that occurred in New Guinea, 
the C. adspersus group (3 species in New Guinea), the C. 
erinaceus group (3 species), the C. heteracanthus group (1 
species), and the Sahul flagellate groups (56 species). The 
first two groups are also present and more diverse in 
Sundaland and Wallacea, the third group only in Wallacea, 
and the fourth group only in New Guinea. The presence of 
these four groups in New Guinea could argue for four 
separate dispersal events across Wallace’s Line, with 
subsequent radiation of at least the Sahul flagellate group.  
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Abstract. Siregar M, Undaharta NKE. 2018. Tree standing dynamics after 30 years in a secondary forest of Bali, Indonesia. 
Biodiversitas 19: 22-30. Tree standing dynamics in 0.5 ha plot after 30 years in Bukit Tapak secondary forests, Batukahu Nature 
Reserve, Province 0f Bali was studied by using plot method. The results showed that the tree species richness is same, 33 species, but 
there are six species disappear and be replaced by another species as a newcomer. Eight species persist as major species based on the 
importance value, namely: Homalanthus giganteus, Vernonia arborea, Dendrocnide stimulans, Meliosma angustifolia, Saurauia 
reinwardtiana, Trema orientalis, Macaranga triloba and Polyosma integrifolia. Tree density decreased 19.7%, but the total basal area 
increased 12.2% with an average basal area per tree were also increased by 39.7%. Shannon diversity index (H`) and Equitability index 
(E) was increased in 2016. Forests in the plot categorized as old secondary forest are still in the process of maturation toward the 
primary forest. Species predicted would disappear with a succession of increasingly advanced process is Trema orientalis, while the 
predicted to survive for much longer are Homalanthus giganteus, Acronichia trifoliolata, Meliosma angustifolia, Polyosma integrifolia, 
Saurauia reinwardtiana and Dendrocnide stimulans. 

Keywords: Bali, Batukahu Nature Reserve, Bukit Tapak, forest dynamic, tree 

INTRODUCTION 

Bukit Tapak mountain forest has an area of 810.40 ha 
with a peak height of 1,807 m asl. is part of Batukahu 
Nature Reserve in Tabanan District, Bali Province, 
Indonesia (BKSDA Bali 2017). People often enter this 
forest area from the eastern side to pick up firewood from 
dried branches and herbs for livestock feed (Nugroho et al. 
2008) or pass to sacred places at the top of Bukit Tapak. 
However, the condition of the forest is relatively protected 
from damage. The stump of logged-over trees is rarely 
found except due to weather or age. Local wisdom of 
Balinese people as reflected in the ceremony Tumpek 
Pengatag or Tumpek Wariga participate in preserving the 
forest, especially the plants. In addition, this forest in the 
east is bordered by Altingia excelsa plantation forest, 
Manglietia glauca and Bali Botanical Garden which serves 
as a buffer zone of encroachment. 

In 1986, a permanent plot of 0.5 ha was created at the 
lower part of Mount Tapak to the east at an altitude of 1250 
m above sea level. This forest is dominated by secondary 
species such as Trema orientalis (L.) Blume, Vernonia 
arborea Buc-Ham and Homalanthus giganteus Zoll. & 
Moritzi (Siregar 1990). Judging from the dominance of the 
types of stands shows that the vegetation is still classified 
as secondary forest that is still in the process of succession 
to the climax. 

In another study in the southeastern part of Bukit Tapak 
mentioned forest vegetation at an altitude of 1200-1400 m  

asl. also dominated by secondary species especially T. 
orientalis (LIPI 1992). Unlike forests at altitudes above 
1400 m asl. dominated by primary species such as 
Dacrycarpus imbricatus, Astronia spectabilis, Acronychia 
trifolioata and Casuarina junghuhniana. Even at an altitude 
of 1500-1600 m asl. found dominance of D. imbricatus 
which almost form a pure stand (LIPI 1992). Secondary 
species are rarely found indicating forest above altitude of 
1400 m asl. has reached maturity in the process of success. 

After 30 years, the secondary forest plot at the 1250 m 
asl. was made Siregar (1990) re-examined to see the 
dynamics of tree stands. During this time period, forest 
condition is relatively safe from disturbance, so it becomes 
interesting to know the change of species composition, 
standing structure and regeneration of main species in 
condition without severe disturbance. 

MATERIALS AND METHODS 

Study site  
The study was conducted in the Bukit Tapak forest of 

Batukahu Nature Reserve (80 16` 43.22`` S and 1150 08` 
57.78`` E) at an altitude of 1250-1275 m asl. within the 
Baturiti sub-district, Tabanan District, Province of Bali, 
Indonesia (Figure 1). Located about ± 55 km north of 
Denpasar, the capital city of Bali Province. The altitude 
difference between the lowest and highest point in the plot 
is + 25m and steeper towards the top of the hill.  
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Figure 1. Plot site in the Bukit Tapak forest of Batukahu Nature Reserve, Province of Bali, Indonesia 
 
 
 
 

Average annual rainfall of 236.7 mm with wet months 
occurs in January, February, April, and December, while 
dry months are in August and September. The air 
temperature ranges from 11.5-20.0 0C, the lowest in July-
September and the highest in May, November, and 
December. Air humidity ranges from 81.6 to 97.6%, the 
lowest in October and the highest in February (BKSDA 
Bali 2017).  

Methods 
The data sampling used a plot method of 0.5 ha in the 

same location as Siregar (1990) in 1986. The plot position 
may not be exactly the same as 1986 considering the 30-
year period. The boundaries of the plots and tree numbers 
could no longer be traced given the absence of coordinate 
points in the 1986 research. The 1986 tree position map did 
not help much as the size and population of trees (dead/new 
individuals) changed, so placement of plots could only be 
done by guessing. 

The 0.5 ha main plot is divided into 50 of 10m x 10m 
(0.01 ha) plots for individual tree sampling with stem 
diameter at breast height-dbh (+ 130 cm from ground level) 
> 10 cm. Subsequently, a subplot of 5 m x 5 m plot was 
made in each 0.01 ha plot for the saplings (height > 1.5 m; 
dbh <10 cm). The data collected includes the species, dbh 
and total height. Especially for saplings, the diameter of the 
stem is measured at a height of 50 cm from the ground 
level. Voucher specimens (if any flowers and fruits) are 
taken for identification purposes. 

Data analysis 
The result data is tabulated into an excel spreadsheet 

format. The ecological status of each tree species is 
calculated based on relative Importance Value (RIV) 

obtained from the sum of the relative percentage values of 
frequency, density and dominance (Mueller-Dombois and 
Ellenberg 1974; Oyun et al. 2009; Oladoye et al. 2014). To 
know the level of species diversity is calculated based on 
the Shannon diversity index (H'), as follows (Ludwig and 
Reynold 1988; Magurran 1988):  

 
H` =-∑ρi ln ρi 
 
ρi = the proportion of abundance of a species i to the 

abundance of all species (ni/N). Further calculated the level 
of Equitability index-E) use the following formula 
(Magurran 1988):  

 
E = H`/ln S 
 
S=the total number of species found.  
The Important Value of the Family (IVF) was 

calculated by the sum of the relative number of species in a 
family (RS), the relative basal area of a family (RD) and 
the relative number of individuals of a family (RA). 

Species similarity of the two plot is calculated using 
two different formulas, using the index of Jaccard 
similarity based on the presence of the species, and the 
Sorensen similarity index based on the species abundance 
data. Index of Jaccard Similarity (ISJ) is: 

 
ISj = [c/(a+b+c)] x 100 
 
a = number of species that exist only in plot A, b = 

number of species that exist only in plot B and c = the 
number of species that are equally contained in plots A and 
B.  

Index of Sorensen similarity (ISso) is: 
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ISso = [2∑Mw/(MA + MB)] x 100 
 
MA = the number of individuals of all species in the 

plot A, MB = the number of individuals of all species in the 
plot B and Mw = the lowest abundance value of the same 
species found in plots A and B. 

The tree stand structure was study based on the 
distribution of stem diameter (dbh) and tree height 
(Mueller-Dombois and Ellenberg 1974; Ige et al. 2013). 
The regeneration of the main tree species was study based 
on the distribution of diameter (dbh> 10 cm) and the 
population of saplings (height> 1.5m; dbh <10cm). 

RESULTS AND DISCUSSION 

Species composition 
Number of tree species (dbh > 10 cm) recorded as 33 

species, the same as recorded in 1986. Species-area curve 
shows a gradually increasing graph in the addition of 
quadratic plot (0.1 ha) after 45 units, which indicates the 
addition quadratic plots have little effect on the cumulative 
addition of species (Mueller-Dombois and Ellenberg, 
1974). In contrast to some research results in lowland 
tropical forests that even one-hectare plot is not adequately 
representative of the minimum area of the forest 
(Kartawinata et al. 1981, 2004). In this study, at the altitude 
of 1250-1275 m above sea level, a sample plot of 0.5 ha 
may be considered adequate (Figure 2). Referring to 
research results, elsewhere, it is possible that the 
cumulative number of species will increase sharply when 
the range altitude is widened (Aiba and Kitayama 1999; 
Grell et al. 2005; Devlal and Sharma 2008; Baniya et al. 
2012; Saha et al. 2016).   

Based on the Shannon diversity index (H`), species 
diversity increased by 3.8 % (H` = 2.8648 in 1986 and H` = 
2,9742 in 2016). Equitability index (E) increased by 3.8 % 
(E = 0.8193 in 1986 and E = 0.8506 in 2016). Comparison 
of frequency (Fr), basal area (BA), tree density (D) and 
species importance value (SIV) of each species in 1986 and 
2016 are presented in Table 1. 

Cyathea contaminans (Hook.) Copel. and Acronychia 
trifoliolata Zoll. & Moritzi is a new list of 10 main species 
based on the SIV in 2016. Both species were previously 
also found in 1986 but not including 10 main species. The 
population of C. contaminans increased 12-fold from 4 
trees/ha in 1986 to 48 trees/ha in 2016, followed by an 
increase in total LBD from 0.16 m2/ha in 1986 to 1.43 
m2/ha in 2016. The population of A. trifoliolata increased 
from 14 trees/ha in 1986 to 22 trees/ha in 2016, as well as 
its frequency (Fr) increased from 12.0% in 1986 to 20% in 
2016. But the total BA decreased from 0.90 m2/ha in 1986 
to 0.81 m2/ha in 2016. Syzygium acuminatissimum (Blume) 
DC. and Ficus septica Burm.f., which entered 10 main 
species in the 1986 plot, is no longer listed as the 10 main 
species in 2016 but is still found respectively occupying 
positions 12 and 19 based on the SIV in 2016.  
 
 

 
 
Figure 2. Species-area curve in the plots of 1986 and 2016. Each 
plot has an area of 0,01 ha 
 

The species that still occupy the position of 10 main 
species based on the SIV are Homalanthus giganteus Zoll. 
& Moritzi, Vernonia arborea Buc-Ham, Dendrocnide 
stimulans (L.f.) Chew, Meliosma angustifolia Merr,. 
Saurauia reinwardtiana Blume, Trema orientalis (L.) 
Blume, Macaranga triloba (Reinw.ex Bl.) M.A. and 
Polyosma integrifolia Blume. 

There are 6 species found in 1986 but disappeared in 
2016, namely: Acalypha caturus Bl., Dysoxylum excelsum 
Bl., Engelhardtia spicata Lech.ex Bl., Guazuma ulmifolia 
var. tomentosa K. Schum, Litsea velutina (Bl.) Boerl., and 
Melastoma affine D. Don. In contrast, there are 6 new 
species in 2016 that were not previously found in 1986: 
Elaeocarpus sp., Euodia sp., Ilex odorata Buch D Ham, 
Lophopetalum javanum Turcz., Mauotia sp., and 
Phyllanthus sp. 

Based on Sorensen similarity index in 1986 and 2016 
is 65%, while based on the Jaccard similarity Index of 
53.5%. Mueller-Dombois and Ellenberg (1974) stated that 
the Jaccard similarity Index above 50% indicates a 
similarity of species is very large. 

The eight family of the 10 main families in 1986 still 
appear as the main family in 2016, namely: Euphorbiaceae, 
Urticaceae, Cannabaceae, Asteraceae, Myrtaceae, 
Primulaceae, Actinidiaceae and Escalloniaceae (Table 2). 
Moraceae and Lauraceae who were previously in 1986 
recorded as the top 10 main families, in 2016 were frozen 
although still encountered. In contrast, Cyatheaceae and 
Rutaceae which in 1986 were not the main family, in 2016 
emerged as the top 10 main families. Undiscovered tree 
family is Juglandaceae, Malvaceae, and Meliaceae, where 
there is three new families, i.e., Celastraceae, 
Elaeocarpaceae, and Aquifoliaceae.  

Forest structure 
Density of trees decreased by 19.7% (640 trees per ha 

in 1986 and 514 trees per ha in 2016). In contrast, the total 
basal area (BA) increased by 12.2% (34.16 m2/ha in 1986 
and 38.33 m2/ha in 2016). Based on the average BA per 
tree then the increase reached 39.7% (0.053 m2/ha in 1986 
and 0.075 m2/ha in 2016). 
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Table 1. Frequency (Fr), Basal area (BA), Density (D) and Species importance value (SIV) of each tree species (dbh > 10 cm) in 1986 
and 2016 plots. The sort order is based on the SIV in the 2016 plot  
 

Species FR (%) BA (M2/HA) D (Trees/ha) SIV 
1986 2016 1986 2016 1986 2016 1986 2016 

Homalanthus giganteus Zoll. & Moritzi 40 56 4.22 3.13 78 82 33.8 39.7 
Vernonia arborea Buc-Ham 28 26 4.26 6.08 34 36 24.3 30.1 
Cyathea contaminans (Hook.) Copel. 4 34 0.16 1.43 4 48 2.0 22.5 
Dendrocnide stimulans (L.f.) Chew 50 32 6.12 1.43 116 46 47.6 21.6 
Meliosma angustifolia Merr. 40 24 1.74 2.34 62 28 24.0 18.2 
Saurauia reinwardtiana Blume 26 14 1.28 2.49 58 38 18.8 17.8 
Trema orientalis (L.) Blume 20 6 6.10 5.36 28 6 26.9 16.8 
Macaranga triloba (Reinw.ex Bl.) M.A. 18 22 0.86 1.54 20 28 9.8 15.6 
Polyosma integrifolia Blume 28 16 2.08 1.25 34 28 17.9 13.2 
Acronychia trifoliolata Zoll. & Moritzi 12 20 0.90 0.81 14 22 7.6 12.0 
Erythrina subumbrans (Hassk.) Merr. 2 10 0.02 1.38 2 24 0.8 11.0 
Syzygium acuminatissimum (Blume) DC. 28 16 1.60 0.40 40 18 17.4 9.0 
Lindera polyantha (Bl.) Boerl. 10 2 0.42 2.73 8 2 4.8 8.1 
Lophopetalum javanum Turcz. - 10 - 0.74 - 16 - 7.8 
Gordonia amboinensis Miq. 6 6 0.22 1.04 6 6 3.0 5.5 
Claoxylon indicum (Reinw. ex Blume) Hassk. 8 6 0.26 0.20 8 14 3.9 4.9 
Elaeocarpus sp. - 4 - 1.09 - 4 - 4.7 
Astronia ferruginea Elmer 2 6 0.02 0.51 2 6 0.8 4.2 
Ficus septica Burm.f. 16 6 0.76 0.40 24 6 9.7 3.9 
Celtis tetranda Roxb.  4 2 0.08 1.08 4 2 1.8 3.8 
Ehretia javanica Blume 4 2 0.04 0.97 4 2 1.7 3.5 
Ficus fistulosa Reinw. ex Bl. 2 2 0.04 0.53 2 6 0.9 3.1 
Syzygium zollingerianum (Miq.) Amshoff 4 6 0.08 0.09 4 6 1.8 3.1 
Platea latifolia Blume 2 4 0.34 0.44 2 4 1.8 3.0 
Cryptomeria japonica (Thunb.ex L.f.) D. Don 8 4 0.24 0.14 8 6 3.8 2.7 
Mouretia sp. - 4 - 0.05 - 6 - 2.4 
Euodia sp. - 4 - 0.14 - 4 - 2.2 
Hypobathrum frutescens Blume 20 4 0.30 0.13 20 4 8.6 2.2 
Phyllanthus sp. - 4 - 0.02 - 4 - 1.9 
Palaquium sp. 8 2 0.50 0.20 6 4 4.3 1.8 
Glochidion rubrum Blume 10 2 0.18 0.06 10 4 4.4 1.5 
Ilex odorata Buch.-Ham. ex D.Don - 2 - 0.09 - 2 - 1.2 
Ardisia javanica A.DC. 6 2 0.10 0.06 14 2 3.9 1.1 
Acalypha caturus Blume 6 - 0.42 - 6 - 3.6 - 
Dysoxylum excelsum Blume 2 - 0.02 - 2 - 0.8 - 
Engelhardtia spicata Lech.ex Bl. 8 - 0.30 - 8 - 4.0 - 
Guazuma ulmifolia Lam. 2 - 0.18 - 2 - 1.3 - 
Litsea velutina (Bl. Boerl. 4 - 0.26 - 4 - 2.3 - 
Melastoma malabathricum L. 4 - 0.06 - 6 - 2.0 - 
 
 
 
 
 
 
Table 2. Number of species, basal area (BA), density (D) and family importance value (FIV) 10 main family in1986 and2016 plots. The 
sort order is based on the FIV in the 2016 plot 
  

Family Number of species BA (m2/ha) D (trees/ha) FIV Ranking 
1986 2016 1986 2016 1986 2016 1986 2016 1986 2016 

Euphorbiaceae 4 3 5.76 4.86 112 124 46.48 45.91 1 1 
Asteraceae 1 1 4.26 6.08 34 36 20.81 25.91 4 2 
Cannabaceae 2 2 6.18 6.43 32 8 29.15 24.40 3 3 
Urticaceae 1 2 6.12 1.48 116 52 39.07 20.03 2 4 
Actinidiaceae 1 1 1.28 2.49 58 38 15.84 16.92 7 5 
Cyatheaceae 1 1 0.16 1.43 4 48 4.12 16.09 21 6 
Primulaceae 1 1 1.74 2.34 62 28 17.81 14.58 6 7 
Rutaceae 1 2 0.90 0.95 14 26 7.85 13.59 11 8 
Myrtaceae 2 2 1.68 0.49 44 24 17.85 12.01 5 9 
Escalloniaceae 1 1 2.08 1.25 34 28 14.43 11.74 8 10 
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The distribution of trees based on the stem diameter at 
breast height (dbh) in 1986 and 2016 both showed the form 
of a negative exponential curve or an inverted 'J' curve 
(Figure 3). A curve showing that tree populations in 1986 
and 2016 were both abundant in small diameter classes and 
decreased with the rise of dbh classes. The population of 
trees with dbh <30 cm in 2016 recorded 412 trees/ha 
(80.16% of the total population), decreased compared to 
1986 which reached 492 trees/ha (76.88% of the total 
population), but the percentage of total population 
increases. In the dbh > 70 cm class there was a population 
increase of 4 trees/ha (0.63%) in 1986 and 20 trees/ha 
(3.89%) in 2016. Fifty percent of trees with dbh> 70 cm in 
2016 is owned by Vernonia arborea (6 trees/ha) and Trema 
orientalis (4 trees/ha), the rest is owned by S. 
reinwardtiana, Lyndera polyantha, Erythrina subumbrans, 
Ehretia javanica and Celtis sp. every 2 trees/ha.  

The main species that have increased population and 
BA in 2016 are V. arborea, M. triloba, and C. 
contaminans. In contrast, the main species that have 
decreases population and BA are T. orientalis, D. 
stimulans, P. integrifolia, S. acuminatissimum and F. 
septica. There are two main species that have increased 
population, but BA decreases, i.e. H. giganteus and A. 
trifoliata. In contrast, there are 2 main species of decrease 
in population, but BA increases, i.e. M. angustifolia and S. 
reinwardtiana (Table 1). 

T. orientalis recorded a population decline of 78.6 % 
and leaving only individuals with dbh> 40 cm without 
regeneration in small dbh classes. This species is also noted 
as the largest dbh owner in 2016 that is equal to 143.2 cm, 
increased sharply compared to the largest dbh of 1986 of 
71.5 cm which is also owned T. orientalis. M. angustifolia 
and S. reinwardtiana also increase in the maximum dbh. V. 
arborea is relatively well regenerated and also able to grow 
up to dbh> 100 cm. A similar pattern is also shown by C. 
contaminans and M. triloba which have increased 
population and maximum dbh. H. giganteus, A. trifoliolata, 
D. stimulans, P. integrifolia and S. acuminatissimum, had a 
smaller maximum dbh than in 1986 (Figure 4).  

The vertical spread of the tree is presented through a 
tree distribution based on tree height class (Figure 5). In 
1986 showed a linearly approximated form of curves with 
abundant trees in low tree grades and decreased as the tall 
class of trees grew. In the year 2016 formed a normal curve 
or polynomial with abundant trees in high-grade trees 10.1- 
20.0 m. The population of trees on the lower layers that 
have a height of <10 m decreased drastically (-75.1%) in 
2016 compared to 1986, but increased in tree height> 10 m. 

The trees on the top layer of crown (tree height> 25 m) 
are generally occupied by H. giganteus and V. arborea. 
Emergent trees with height > 35 m filled by T. orientalis. 
In the middle layer of the canopy ranging from 15.0- 25.0 
m is characterized by the presence of P. integrifolia, A. 
trifoliolata, and M. angustifolia. In the middle layer is also 
inhabited by H. giganteus as the most abundant tree 
population in the forest of Bukit Tapak. In the lower layers 
of the canopy (tree height <15 m) is characterized by the 
presence of C. contaminans, D. stimulants, Erythrina 
subumbrans and S. reinwardtiana. The crown stratification 

between 2016 is relatively the same as 1986. The striking 
change is found only in the lower filler species with the 
presence of C. contaminans as an abundant species 
previously dominated only by D. stimulants, S. 
reinwardtiana and Hypobathrum frutescens (Siregar 1990). 

Regeneration 
A total of 37 species of saplings (tree height > 1.5 m; 

dbh <10cm) were encountered in the study plot (Table 3). 
From 33 tree species in 2016 (Table 1), twenty-three 
species were encountered at saplings. The species of trees 
that have abundant regeneration (density > 50 
individuals/ha) at the saplings are D. stimulans, Ardisia 
javanica, A. trifoliolata, Platea latifolia, Claoxylon 
indicum, S. reinwardtiana, Dysoxylum excelsum and 
Glochidion rubrum. From the 10 main species of tree level, 
only three species remain abundant at saplings, namely: D. 
stimulans, A. trifoliolata and S. reinwardtiana, four species 
can still be found ie.H. giganteus, P. integrifolia, M. 
angustifolia and M. triloba, while 3 species are not found at 
saplings level, namely: V. arborea, C. contaminans and T. 
orientalis. 

 
 

 
 
Figure 5. Distribution of trees based on height class in plots 1986 
and 2016  

 
 

 

 
 
Figure 3. Distribution of trees based on dbh class in plots 1986 
and 2016 
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Figure 4. Distribution of main species based on dbh class in plots 1986 and 2016 
 
 
 
 
Discussion 

The richness of tree species in the study plots is 
relatively low compared to the Central Sulawesi mountain 
forest of 150 species in 1 ha plot (Kessler et al. 2005), Mt. 
Halimun in West Java with 69 species in 1 ha plot (Yusuf 
2004) and mountain forest on the island of Negros, 
Philippines which recorded 92 species in 1 ha plot 
(Hamann et al. 1999). The area of plot in this study is 
smaller, so the wealth of the species is also smaller. 
However, based on species-area curves from various 
research results in tropical areas compiled by Kartawinata 
(2010) indicate species richness in the research plot is still 
lower than that of the Mt. Gede and Mt. Halimun forest. 
The species richness in the research plots will appear lower 
in comparison with lowland forest plots which are 
generally richer in species (Kartawinata et al. 2004; 
Sambas and Siregar 2004; Simbolon 2005; Simbolon et al. 
2005; Rahmah et al. 2016). Species richness generally 
decreases with increasing altitude (Pysek et al. 2002; Hadi 
et al. 2009; McCain and Grytnes 2010). However, when 

compared with mountain forests on the Bali island, species 
richness in the study plot is still higher. Research on Mt. 
Pohen which is still included in the area of Batukahu 
Nature Reserve in Bali recorded only 24 species in 1 ha 
plot (Sutomo et al. 2012). In Mt. Batur-Kintamani, 
Province of Bali even only 11 species in 6 separate plots 
each measuring 400 m2 (Sujarwo and Darma 2011). 

Forest stand and regeneration conditions in the study 
plot after 30 years are relatively good. Some of the facts 
that support the argument are as follows: first, the shape of 
the relationship curve between the number of trees and the 
dbh class that forms an inverted 'J' curve in both years of 
research (Fig. 3). A condition common to tropical 
rainforests (Meyer 1952; Lorimer 1980; Mori et al. 1989; 
Leak 1996; Kartawinata et al. 2004; Simbolon 2005; Aigbe 
and Omokhua 2014), and indicates that the forests in the 
study sites consistently maintained their specificity 
distribution of dbh size classes from natural rainforests 
(Richards 1996; Fashing et al. 2004; Ige et al. 2013). 
Second, of the 10 main species based on the magnitude of 
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the important value of the species, eight of which are the 
same. Only two species are changing positions in the top 
10, but still encountered in the two different years. 
Similarly, species riches in 1986 and 2016 were the same 
(33 species) and only 6 species were missing or emerging 
as newcomers with low populations (<10 trees/ha). Based 
on the value of the species diversity index (H`) and the 
equitability index (E) there was an increase in the 30 year 
period of forest age. This is consistent with the notion that 
species diversity increases with age (Odum 1971; Barbour 
et al. 1987; Saldarriaga et al. 1988).  

The condition of forests over a period of 30 years 
indicates the mature age of the forest. Some evidence 
shows, such as total BA increased (12.2 %), but density 
decreased (19.7 %). The average BA per tree increased by 
39.7 %. The abundance of trees in the small dbh class 

decreases, but in the large dbh class increases (Figure 3). 
Total abundance of trees in high-grade trees <10 m 
decreased drastically (-75.1%), but increased in tree height 
> 10 m (Figure 5). This result is not much different from 
research elsewhere (Saldarriaga et al. 1988; Mani and 
Parthasarathy 2009).  

Forests in the study sites appear to be still in the process 
of maturation into primary forests or can be categorized as 
old secondary forest. This can be seen from the dominance 
of H. giganteus, V. arborea and T. orientalis known as the 
inhabitants of secondary forests, open areas or disturbed 
forests and included as fast-growing tree species (Orwa et 
al. 2009). In comparison, Abdulhadi (1992) reports that in 
Australian sub-tropical forest after 60 years of damage still 
dominated by secondary species. In this study, the primary 
species found in both years studied were still the same. 

 
 
 
 
 
Table 3. Frequency, basal area (BA), density (D) and species importance value (SIV) of saplings (tree height> 1.5 m; dbh < 10cm) in 
plot of 2016 
  

Species Frequency BA D SIV % m2/ha (ind./ha) 
Dendrocnide stimulans (L.f.) Chew 72.0 0.5371 1,176.0 97.87 
Cyrtandra aclada Merr. 20.0 0.1493 416.0 29.96 
Pinanga coronata (Blume ex Mart.) Blume 34.0 0.0947 240.0 24.39 
Ardisia javanica A.DC. 30.0 0.0846 232.0 22.23 
Acronychia trifoliolata Zoll. & Moritzi 20.0 0.0462 120.0 12.97 
Platea latifolia Blume 18.0 0.0432 104.0 11.67 
Gynura sp. 14.0 0.0327 96.0 9.48 
Claoxylon indicum (Reinw. ex Blume) Hassk. 14.0 0.0299 72.0 8.52 
Saurauia reinwardtiana Blume 6.0 0.0298 72.0 6.22 
Dysoxylum excelsum Blume 8.0 0.0282 56.0 6.17 
Glochidion rubrum Blume 8.0 0.0174 56.0 5.35 
Elaeocarpus sp. 8.0 0.0188 48.0 5.21 
Hypobathrum frutescens Blume 6.0 0.0236 40.0 4.75 
Magnolia sp. 8.0 0.0096 40.0 4.27 
Syzygium sp. 6.0 0.0088 40.0 3.63 
Erythrina subumbrans (Hassk.) Merr. 4.0 0.0139 40.0 3.45 
Syzygium polyanthum (Wight) Walp. 6.0 0.0115 24.0 3.34 
Freycinetia sp. 6.0 0.0088 24.0 3.13 
Mouretia sp. 6.0 0.0087 24.0 3.12 
Polyosma integrifolia Blume 4.0 0.0155 24.0 3.07 
Ficus elastica Roxb. ex Hornem. 6.0 0.0077 24.0 3.05 
Homalanthus giganteus Zoll. & Moritzi 2.0 0.0150 40.0 2.95 
Syzygium zollingerianum (Miq.) Amshoff  4.0 0.0124 24.0 2.83 
Sanchezia sp. 4.0 0.0122 24.0 2.82 
Lophopetalum javanum Turcz. 4.0 0.0086 32.0 2.79 
Lindera polyantha (Bl.) Boerl.  4.0 0.0088 24.0 2.56 
Blumea sp. 4.0 0.0073 24.0 2.44 
Passiflora quadrangularis L. 4.0 0.0057 16.0 2.08 
Litsea sp. 2.0 0.0052 8.0 1.21 
Macaranga triloba (Reinw. ex Bl.) M.A.  2.0 0.0052 8.0 1.21 
Ficus septica Burm.f. 2.0 0.0041 8.0 1.13 
Ficus thonningii Blume 2.0 0.0031 8.0 1.06 
Meliosma angustifolia Merr. 2.0 0.0031 8.0 1.06 
Psychotria sp. 2.0 0.0031 8.0 1.06 
Astronia ferruginea Elmer 2.0 0.0023 8.0 1.00 
Cryptomeria japonica (Thunb. ex L.f.) D. Don 2.0 0.0023 8.0 1.00 
Antidesma sp. 2.0 0.0016 8.0 0.94 
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If the condition of the forest is not disturbed, T. 

orientalis is predicted to disappear as the process of 
succession continues. This can be seen from the absence of 
this species in the small dbh class (<40 cm) or at the 
saplings level. V. arborea, M. triloba and C. contaminans 
have recorded an increasing population and their total BA 
in the last 30 years, but regeneration is not found at 
saplings level (Table 3). In the long run they may 
disappear. Saplings or tillers are the next generations of 
trees in the upper layer (Hartshon 1980). The length of time 
each secondary species can survive in one succession 
ecosystem depends on the life spans of the species 
(Abdulhadi 1992). In the absence of severe disturbance, the 
species predicted to persist for longer periods in the upper 
layer of the canopy are H. giganteus, A. trifoliolata, M. 
angustifolia and P. integrifolia, while in the lower layers 
are S. reinwardtiana and D. stimulants still have 
regeneration at saplings level. 

In conclusion, from the results of this study can be 
concluded, as follows: (i) Number of tree species in 1986 
and 2016 are the same ie. 33 species, but the species 
diversity index (H`) and the equitability index (E) increase 
in the year 2016. (ii) Eight species survive as the main 
species based on the magnitude of the important values of 
the species, namely: Homalanthus giganteus, Vernonia 
arborea, Dendrocnide stimulans, Meliosma angustifolia, 
Saurauia reinwardtiana, Trema orientalis, Macaranga 
triloba and Polyosma integrifolia. (iii) Density of trees 
decreased by 19.7 %, but total basal area increased 12.2% 
with average per tree which also increased by 39.7 %. (iv) 
Orientalist tricks are predicted to disappear as the process 
of succession continues, while the predicted species still 
survive for longer periods are Homalanthus giganteus, 
Acronichia trifoliolata, Meliosma angustifolia, Saurauia 
reinwardtiana, Polyosma integrifolia and Dendrocnide 
stimulants. (v) Forests in study plots can be categorized as 
old secondary forests that are still in the process of 
maturation into the primary forest. 
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Abstract. Hasmiwati, Rusjdi SR, Nofita E. 2018. Detection of Ace-1 gene with insecticides resistance in Aedes aegypti populations from 
DHF-endemic areas in Padang, Indonesia. Biodiversitas 19: 31-36. Aedes aegypti is distributed widely in West Sumatra as a primary 
vector of Dengue hemorrhagic fever, especially in Padang City. Synthetic insecticide control is one currently used method to prevent 
mosquito-borne diseases. The extensive, long-term application of Temephos along with inappropriate dosages, have resulted in the 
development of resistance in Ae. aegypti populations. Mutation of the Ace-1 gene, encoding an acetyl cholinesterase, is one of the 
mechanisms that confer resistance to organophosphate (OP). The Temephos resistance status of Ae. aegypti in Padang city has not yet 
been studied. This study aimed to investigate the resistance status of Ae. aegypti and identify any possible mutation (s) of the Ace-1 gene 
in Padang city. Ae. aegypti samples were collected in five population in Padang city (Jati (JT), Gunung Pangilun (GP), Lubuk Minturun 
(LM), Korong Gadang (KG), and Bandar Buat (BB)). The larval susceptibility to Temephos was tested by larval bioassays with 
Temephos pestanal at 0.02 mg/L dosages. Larval susceptibility was determined by mortality percentage values. The relationship 
between Ace-1 genotypes and the resistant phenotype was analyzed by percentage of genotype frequency. Out of five populations, 
assessed by larval bioassays, JT and GP were resistant to Temephos; LM, KG, and BB were tolerant. A total of 50 individuals from 
larval bioassays were genotyped for Ace-1 gene. Our findings showed that Ace-1 was 495 bp in length. Mutation was not found in the 
G119S location but in the T506T location. Three alleles in T506T location were detected, including a wild type allele, TT (65.21%), and 
two mutant alleles, TA (26.08%), AA (8.69%). The use of Temephos showed that some Ae. aegypti populations were resistant, others 
were tolerant, but no population was vulnerable to Temephos. A novel mutation was detected as substitution in T506T location 
(ACT>ACA).  

Keywords: Aedes aegypti, insecticide resistance, Ace-1gene, susceptibility test  

Abbreviations: DHF: Dengue Hemorrhagic Fever, Ace-1: Acetyl cholinesterase-1, OP: Organophospate 

INTRODUCTION 

Prevention and control of Dengue Hemorrhagic Fever 
(DHF) depends on controlling the mosquito vector, Aedes 
aegypti. Since the Second World War, chemical 
insecticides have been used widely for controlling vector 
populations and reducing disease transmission, but their 
efficacy is now threatened by resistance mechanisms 
developed by mosquitoes. Resistance to insecticides by Ae. 
aegypti is extensive including most of the currently utilized 
vector control insecticides (Ranson et al. 2010). The 
extensive and long-term application of OP 
(Organophosphate) at inappropriate dosages (1x3 months 
OP is applied, but furthermore application do not follow 
the instructions), has resulted in increasing levels of 
resistance in Ae. aegypti populations. Resistance to OP 
specifically has been linked to mutations in the Ace gene, 
where mutations at specific sites have resulted in decreased 
sensitivity to insecticides (Poupardin et al. 2014).  

Organophosphate is one insecticide commonly used to 
control Ae. aegypti, Temephos or abate are OP used against 
larvae, and Malathion for adult mosquitoes. Temephos has 
been utilized worldwide about for 40 years, and resistance 
to Temephos has been reported in many countries, 

including Thailand (Saelim et al. 2005), Mexico (Deming 
et al. 2016), Brazil (Lima et al. 2003), Peru (Rodriguez et 
al. 2007), Columbia (Ronald MS ), El Salvador (Lazcano et 
al. 2009), Argentina (Llinas et al. 2010), Bolivia (Biber et 
al. 2010), Venezuela (Rodriguez et al. 2001), Malaysia 
(Dhang et al. 2008), India (Singh et al. 2014), and 
Indonesia (Mulyatno et al. 2012). Previous studies have 
demonstrated resistance to Temephos by Ae. aegypti, but 
the underlying molecular mechanisms of this resistance 
remain unclear. Hence, monitoring of Ae. aegypti 
resistance is very important to successfully control Ae. 
aegypti populations. The molecular characterization of Ae. 
aegypti underlying resistance mechanism to OP is crucial 
for tracking down resistance alleles and improving 
management strategies to OP resistance (Corbel et al. 
2013). More than 760 candidate genes were captured and 
deep sequenced in several populations of the dengue 
mosquito Ae. aegypti displaying distinct genetic 
backgrounds and various resistance levels to the insecticide 
(Faucon et al. 2015). 

Resistance to OP is determined to two mechanisms, the 
first is an increase in detoxification enzymes (such as, 
acetylcholinesterase, glutationtransferase, esterase), and 
secondly, mutation of Ace-1 gene encoding acetyl-
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cholinesterase. The important indicator of resistance to OP 
is insensitivity of acetylcholinesterase (Ache). Ache is 
widespread in the nervous system; where it functions in the 
hydrolysis of the neurotransmitter acetylcholine at 
postsynaptic membranes throughout the central nervous 
system and peripheral nervous system (Ayad and 
Georghiou 1975). Ace-I is inhibited by OP and carbamate 
resulting in acetylcholine accumulation which causes signs 
of intoxication, and eventually death due to respiratory 
failure (Grisaru et al. 1999). The mutation mechanisms of 
Ace-1 gene as target gene of OP have been found in many 
species of insects such as Culex tritaeniorhinchus, 
Anopheles gambiae, Anopheles coluzzi, Anopheles 
albimanus (Liebman et al. 2015), Culex pipiens (Zhao et al. 
2009), Aedes aegypti in India (Muthusamy and Shivakumar 
2015), and Drosophila melanogester (Menozzi et al. 2004). 

Organophosphate-resistance studies in insecticide that 
cause point mutations in Indonesia are very limited and 
data for West Sumatra are unavailable. The current study 
identified the status of OP-resistance and the mechanisms 
of resistance applied over 40 years according to WHO 

(2016a), and to determine the status of vulnerability and 
detection of mutations in the Ace-1 gene, the target gene 
for OP insecticides in Ae. aegypti, vector for DHF in 
Padang City, West Sumatra, Indonesia. 

MATERIALS AND METHODS 

Study area  
This study was performed from August to December 

2016. Five of eleven subdistricts in Padang City, West 
Sumatra, Indonesia were selected as study locations; each 
subdistrict was representative of one village. The selection 
was based on the highest number of DHF cases. Those 
were Lubuk Minturun village (LM) in Koto Tangah 
Subdistrict, Jati village (JT) in Padang Timur Subdistrict, 
Gunung Pangilun village (GP) in Padang Utara Subdistrict, 
Korong Gadang village (KG) in Kuranji Subdistrict, and 
Bandar Buat village (BB) in Lubuk Kilangan Subdistrict 
(Figure 1). 

 
  
 
 

 
Figure 1. Location of sampling of five populations of Ae. aegypti in Padang, West Sumatra, Indonesia. Point 1 (Lubuk Minturun Village 
in Koto Tangah Subdistrict), point 2 (Gunung Pangilun Village in Padang Utara Subdistrict), point 3 (Korong Gadang Village in Kuranji 
Subdistrict), point 4 (Bandar Buat Village (BB) in Lubuk Kilangan Subdistrict), and point 5 (Jati Village (JT) in Padang Timur 
Subdistrict) (Central Bureau of Statistics Padang City 2014) 

1 

2 3 

4 5 
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Procedures 
Sample collection   

Eggs of Ae. aegypti were collected from 100 houses in 
every village, and kept in the Parasitological Laboratory, 
Faculty of Medicine, Andalas University. Adult mosquitoes 
were identified according to Rueda (2004) for susceptibility 
analysis.  

Larval bioassay 
The susceptibility test was performed with bioassay 

method. Temephos pestanal 250 mg 97.5% was used to this 
study, with 0.02 mg/L dosage of diagnostic standard (WHO 
recommendation), applied to 20 larvae (3rd or early 4th 

instars) that were placed in a glass container. Twenty larvae 
not treated with the 0.02mg/L Temephos pestanal were 
used as control. Assay was repeated four times to minimize 
measurement error. Larval mortality was recorded 24 h 
after treatment. Larval mortality criteria were according to 
WHO (2016b): (i). 99-100% mortality = Vulnerable. (ii) 
80-98% mortality = tolerant/needs verification. (iii) 
Mortality < 80% = resistant. 

Detection of Ace-1 gene and correlation with bioassay 
Dead larvae after tested with Temephos from each 

population were used for DNA extraction with DNA 
Purelink genomic DNA Minikit (Invitrogen, USA). To 
identify Ace-1, genomic DNA was amplified using Ace-1 
primers, forward (5’-CGATAACGAATGGGGAACG-3’), 
and reverse (5'-TCAGAGGCTCACCGAACACA-3’). 
Twenty five micro litres DNA cocktail were amplified, and 
PCR reaction was performed with initial step of 
denaturation at 94o C for 3 min, followed by 35 cycles of 
amplification at 94o C for 30 s, 52o C for 30 s, and 72o C for 
30 s, with a final elongation at 72o C for 30 s, and cooling 
at 12o C for 10 min. PCR products were purified and then 
directly sequenced in both directions with the same primer 
for PCR amplification, at the position of G119S. The 
location G119S was examined by sequence analysis, and 
genotypes were determined.  

Data analysis  
DNA sequences were edited by using BioEdit v7.0.5 

(Ibis Therapeutics, Carlsbad). Mutations and allelic 
variants were determined by sequence alignment analysis 
with Geneious Software v7.0 (Biomatters Ltd, Auckland, 
New Zealand). Correlation between genotype (sum of wild 
type/mutant heterozygote/homozygote mutant) and 
phenotype (sum of tolerant (wild type/heterozygote 
mutant/homozygote mutant/resistant (wild type/ 
heterozygote mutant/homozygote mutant) of Ace-1 gene 
was described based as percentage of frequency from 
mutation in DNA sequences in five population of Ae. 
aegypti in Padang City. 

RESULTS AND DISCUSSIONS  

Insecticide susceptibility bioassays 
Larval mortality of Ae. aegypti to Temephos in five 

populations in Padang City ranged from 50-96.25% (Table 

1). Among the five tested populations, GP (50%) and JT 
(71.30%) were resistant to Temephos, whereas KG 
(93.75%), LM (95%), and BB (96.25%) were tolerant to 
Temephos. 

Detection of Ace-1 gene mutation 
DNA was extracted from Ae. aegypti larvae from each 

test location and sequencing of the Ace-1 gene revealed 
interesting results. A point mutation was not found at 
G119S location, where codon GGC encoding glycine alters 
to AGC encoding serine (glycine to serine, GGC-AGC). 
But a novel mutation was found at T506T location (codon 
ACT encoding threonine altered to ACA which also 
encodes threonine) (Figure 2).  

Genotype variation of T506T location in Ace-I gene 
Of the total of 50 samples, three genotypes were 

identified, detected as TT, TA, and AA alleles as illustrated 
in Table 2. TT is the wild type allele, whereas TA are 
heterozygote mutants, and AA are homozygote mutants. 
TT was predominantly found in T506T location (f=30, 
65.21%), the second was TA (f=12, 26.08%), and the 
lowest frequency of genotype was AA (f=4, 8.69%). 

Correlation between genotype and phenotype 
(susceptibility status) of T506T location 

Analysis of genotype and phenotype correlation of 
T506T in five populations of Ae. aegypti was based on 
frequency of mutation in DNA sequence alignment. 
 
Table 2. Genotype alleles of T506T location in five populations 
in Padang, West Sumatra, Indonesia 
 

 Site Number of 
sample 

Genotypes 
 TT TA AA 

T506T 
Location 
 (ACT-
ACA) 

BB 9 7 2 0 
GP 8 6 1 1 
JT 9 3 4 2 
KG 10 6 3 1 
LM 10 8 2 0 

Total   46 30 
65.21% 

12 
26.08% 

4 
8.69% 

Note: Gunung Pangilun (GP), Jati (JT), Lubuk Minturun (LM), 
Korong Gadang (KG), and Bandar Buat (BB) 
 
 
Table 1. Susceptibility status of Ae. aegypti larvae to Temephos 
in five populations in Padang, West Sumatra, Indonesia 
 

Insecticide Sites
Larval 

mortality 
average 

Mean 
mortality 

rate 
 (%) 

Susceptibility 
status 

Temephos GP  10  50 Resistant 
JT  14.25  71.30 Resistant 
KG  18.75  93.75 Tolerant 
LM  19  95 Tolerant 
BB  19.25  96.25 Tolerant 

Note: Larval susceptibility criteria: (i). 99-100% mortality = 
Vulnerable. (ii) 80-98% mortality = tolerant/needs verification. 
(iii) Mortality <80% = resistant. Gunung Pangilun (GP), Jati (JT), 
Lubuk Minturun (LM), Korong Gadang (KG), and Bandar Buat (BB) 
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Figure 2. Alignment of Ace-1 gene sequences (GP, JT, KG, LM and BB population). The sequence of five populations were aligned 
with the Ace-1 gene (GenBank accession no. AJ621915.1) (A) Novel mutation occurred in T506T location. (B) Point mutation occurred 
as substitution in the third nucleotide (ACT-ACA) without altered the amino acid translation 
 
 
 
 

Across the five populations a greater frequency of the 
TT allele was found in tolerant (34.72%) than in resistant 
(30.43%) Ae. aegypti. While the TA allele dominated in 
resistant (15.22%) rather than in tolerant populations 
(10.87%), the AA, allele frequency was the same across 
both phenotypes (4.35%) (Table 3). 

Discussion 
Temephos, a widely used organophosphorus 

insecticide, has been included in the list of WHO as a 
suitable and safe mosquito larvicide that can be used even 
in drinking water for controlling most mosquito vectors. 

The toxicity of this insecticide is low and unlikely to 
present acute hazard for human (WHO 2006). 

Control of Ae. aegypti in West Sumatra, especially in 
Padang city by using Temephos larvicide showed varying 
results. Grisales (2013) reported that Ae. aegypti which has 
been resistant was also caused by genetic variation, and 
biological differentiation between vector strains. Previous 
studies reported only a few larvae were resistant to 
Temephos in Bangkok Metropolitan District, Thailand 
(Komalamisra et al. 2011), and the resistance status of Ae. 
aegypti was medium to high in Tanjung Priok and 
Mampang Prapatan Jakarta (Zulhasril and Lesmana 2010).   

A

B
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Table 3. Phenotype and genotype of T506T location in Ae. 
aegypti population of Padang, West Sumatra, Indonesia 
 

Site Samples 

T506T genotypes 
TT TA AA 

Phenotypes 
T R T R T R 

BB 9 4 3 1 1 0 0 
GP 8 4 2 0 1 0 1 
JT 9 1 2 1 3 2 0 
KG 10 3 3 2 1 0 1 
LM 10 4 4 1 1 0 0 
Total 46 16 14 5 7 2 2 
Frequency (%)  34.72 30.43 10.87 15.22 4.35 4.35
Note: Gunung Pangilun (GP), Jati (JT), Lubuk Minturun (LM), 
Korong Gadang (KG), and Bandar Buat (BB). Tolerance (T), 
Resistance (R) 
 

 
 
Resistance to Temephos was affected by acetyl 
cholinesterase (Ache) as synaptic enzyme encoded by Ace-
1 gene in mosquito. Different levels of A. aegypti larval 
resistance to Temephos in all populations are a result of 
several factors such as existing resistance level, prior 
exposure to chemicals, the frequency of genes involved in 
resistance and different resistance mechanism with 
different method of inheritance (Zulhasri and Lesmana 
2010), environmental temperature, host population, virus, 
and vector bionomics (Polson et al. 2012). Those factors 
emphasized to the contribution of resistance in vector 
population. Resistance occurs when naturally occurring 
genetic mutations allow a small proportion of the 
population to resist and survive the effects of the 
insecticide (IRAC 2011). 

The susceptibility test based on the WHO 
recommendation was helpful in getting evidence that 
mutations have occurred in Ace-I which is a target of OP 
insecticides, because the results phenotypically indicated 
resistance which was supported by our sequencing 
revealing the occurrence of mutations in T506T location. 
The molecular mechanism of Ae. aegypti resistance to 
Temephos and its relationship to mutations in Ace-I has not 
been widely reported, but in An. gambiae, Cx. pipiens, and 
Cx. quinquifasciatus these mutations have been associated 
with OP resistance. The mutation was widespread in Ace-1, 
several studies reported mutation in G119S was responsible 
for organophosphate, but our finding was different from 
previous studies, and found novel mutation in T506T. 

Results of this study suggested that mutation was silent, 
resulted different genotypes but the alteration in nucleotide 
did not change codon to translate different amino acid 
(ACT-ACA: threonine). Nonetheless, the change still 
affected the Ae. aegypti resistance to organophosphate, 
which confirmed by bioassays results; showed that 
mosquitoes populations are resistant to Temephos. Similar 
findings were reported by Soltani (2015) where An. 
stephensi were resistant to Temephos, and found no 
substitution occurred in G119S. Weill et al. (2004) revealed 
the possibility of G119S mutation in Ae. aegypti is less. It’s 
due to DNA must undergo two independent mutations to 
result serine.  

Assogba et al (2016) found that both heterogeneous 
(i.e., one susceptible and one resistant Ace-1 copy) and 
homogeneous (i.e., identical resistant copies) duplications 
segregated in field populations. The number of copies in 
homogeneous duplications was variable and positively 
correlated with acetylcholinesterase activity and resistance 
level. Organophosphate resistance is also caused by 
increasing of esterase synthesis, affecting the effectiveness 
work of insecticide, so reduces the number of active 
insecticide to achieve the targets. 

Studies regarding the maintenance of polymorphisms/ 
variation of genotypes in the population have been reported 
for Cx. pipiens (Labbe et al. 2007) and An. gambiae 
(Djongbenou et al. 2009). Edi et al. (2014) suggested that 
Ace-I caused of gene duplication in multiple-resistant of 
Anopheles gambiae. Fournier (2005) reported mutation of 
acetyl cholinesterase with the use of insecticides on insect 
populations. 

The current study suggested that regular monitoring is 
needed to evaluate and understand the dynamics of Ae. 
aegypti at the population level, which is resistant to OP 
which have applied for over 40 years in Padang city and 
other DHF endemic areas. Despite the identified mutation 
being a silent one (T506T) the substitution resulted in 
different susceptibilities to Temephos where the 
heterozygote mutant was found at higher frequencies in 
resistant Ae. aegypti populations. Continual monitoring of 
Temephos resistance will yield useful information to 
manage insecticide application in control strategy of Ae. 
aegypti as dengue vector and other viral diseases such as 
Zika, yellow fever, and chikungunya. In conclusion, it is 
evident that unfortunately some populations of Ae. aegypti 
in Padang City, West Sumatra have developed resistance to 
Temephos. Novel methods geared towards Ae. aegypti 
control should adjust the usage of insecticides based on the 
findings, such as different insecticides, or a combination of 
multiple insecticides. Two novel Ace-I mutant heterozygote 
alleles in T506T location (AA and TA) were detected in 
Temephos resistant populations of Ae. aegypti in Padang 
City, West Sumatra. Detection and identification are 
important ways as a basis for developing molecular 
diagnostics to uncover the resistance mechanism of Ae. 
aegypti have developed to Temephos and other currently 
used insecticides worldwide. 
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Abstract. Shanidah SS, Partasasmita R, Hudoso T. Parikesit, Meganatara EN. 2018. Short Communication: Javan Leopard Cat 
(Prionailurus bengalensis javanensis Desmarest, 1816) in the Cisokan non-conservation forest areas, Cianjur, West Java, Indonesia. 
Biodiversitas 19: 37-41. Javan Leopard Cat (Prionailurus bengalensis javanensis Desmarest, 1816) in the Cisokan non-conservation 
forest areas, Cianjur, West Java, Indonesia. Biodiversitas 19: xx, xxx.There is no accurate data about the number of leopard individuals 
in Java Island in both conservation and non-conservation areas. Besides, human continue to deforestation for the necessities of life, such 
as agriculture, plantation, etc. Therefore, it is important to research about the existence of leopard cat in Cisokan of Cianjur Regency. 
The aim of this research is to investigate evidence of the leopard cat’s existence, encounter rate of leopard cat and estimation of leopard 
cat individual in the non-conservation forest areas, Cisokan, Cianjur. Indirect observation sign survey and direct observation with 
camera trap were carried out to find evidence of the existence of leopard cat (feces and footprint). The results of the study showed that 
the evidence of leopard cat’s existence are 6 footprints, 27 feces, and 1 individual which was able to observe. The encounter with 
camera traps was 29.16 independent detections /100 camera days, resulting in 7-12 estimated individuals. 

Keyword: Abundance, camera trapping, Java Island, Prionailurus bengalensis javanensis 

INTRODUCTION 

Major drivers of deforestation are agriculture (e.g. oil 
palm and rubber) and logging, both of which result in 
modified landscapes that affect biodiversity (Sodhi et al. 
2010; Chua et al. 2016; Partasasmita et al. 2016). The 
effects of such modifications have been a decline of many 
mammal species (Sodhi et al. 2009; Chua et al. 2016). 
Despite human-modified landscapes becoming dominant 
within the Sundaland (Sodhi et al. 2010; Chua et al. 2016; 
Partasasmita et al. 2017), there is a little data on how felids, 
especially small cats respond to these landscapes 
(Macdonald et al. 2010; Chua et al. 2016). 

The leopard cat is known for its good ability to tolerate 
habitat modification and disturbance (Mohamed et al. 
2013). Indeed, Mohamed et al. (2013) showed that leopard 
cat (Prionailurus bengalensis) population density increased 
with forest disturbance. Because of its wide geographic 
range and relatively high abundance (Nowell and Jackson 
1996, Wilting et al. 2016a), as well as its ability to persist 
in altered habitat, the leopard cat is classified as Least 
Concern by The IUCN Red List of Threatened Species 
(Sanderson et al. 2008; Wilting et al 2016). Although the 
species has been extensively hunted for fur in China (Yu 

2010), populations are believed to be relatively stable in 
other parts of its range (Wilting et al. 2016b). Despite this, 
population densities are 9.6 to 16.5 individuals/100 km2, 
which are relatively low for a small cat (Mohamed et al. 
2013). The leopard cat is listed in Appendix II of CITES 
(2011). 

This research was carried out in Cisokan because there 
was the remaining forest in the non-conservation forest 
areas that could be the key spaces for the conservation of 
Leopard cat (Prionailurus bengalensis). Non-conservation 
areas had less attention from environmentalists, due to lack 
of information about the existence of wildlife, thus 
monitoring activities of important animals were less in 
these non-conservation areas. Besides, the large number of 
urban and rural developments that are carried out 
continuously without any plant on the conservation of 
forest, thus, will bring the habitat of animals such as 
leopard cat to be disturbed and become threatened. 
Therefore, it is important to research about the status of 
leopard cat in the non-conservation forest areas, Cisokan, 
Cianjur,West Java. The aim of this study is to give a first 
approximation to the situation of the Javan leopard cat 
individual in the Cisokan non-conservation forest areas. 
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MATERIALS AND METHODS 

Study area 
This research was carried out in the non-conservation 

forest areas, Cisokan, Cianjur, West Java, Indonesia, 
include Batununggul, Ciawitali, Cigintung, Cilengkong, 
Cirumanis, Datarmala, Pasir Bedil, Pasir Taman, and 
Sarongge (Figure 1). This research was carried out for one 
month, in February-March 2017. 

Field survey 
This research was carried out by direct and indirect 

observation. An indirect observation was carried out by 
sign survey looking for leopard cat signs, such as feces and 
footprints. Reference of leopard cat footprints used a 
guidebook (van Strien 1983). Direct observation of camera 
trap installation was based on leopard cat signs. 6 units of 
camera were used as camera traps, 1 unit was programmed 
to capture images in photo-video format, 5 other units were 
programmed to capture images in photo format. Camera 
trap installation period was for 2 weeks. Camera traps were 
mounted on a tree trunk with an average height of 30-40 
cm above the ground and facing a path of 2.5 to 3 meters 

(Ancrenaz et al. 2012). Identification of the animals caught 
during the installation period was carried out using a 
mammal field guide (Francis 2001). 

Data analysis 
Identification of individual leopard cat 

Determination of an individual was carried out based on 
the camera trap images capture and leopard cat signs. 
Individual images compared with the other individual 
images of leopard cats to notice the spotted pattern of an 
individual. The spotted pattern is identical in the same body 
part and side of the body. Haunch, tail, and abdomen are 
parts of the body in which the pattern of spots can be 
identified.  

Encounter rate of leopard cat 
The encounter rate (number of independent photos/100 

trap days) was calculated from total number of independent 
photos divided by total number of days that cameras were 
operate, multiplied by 100 (O'Brien et al. 2003, O’Connell 
et al. 2011; Monterroso et al. 2014).  

 
 
 
 
 

 
 
 
Figure 1. Location of study area (48 M 749789 m E 9231696 m S) in the non-conservation forest areas, Cisokan, Cianjur, West Java, 
Indonesia 
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RESULTS AND DISCUSSION 

The existence of the Leopard cats 
Indirect observation found evidences of leopard cat’s 

existence such as 6 footprints and 27 feces, while direct 
observation obtained one direct encounter by the observer 
and 8 direct encounters via camera trap (Figure 2). Feces 
was more often to be found than others, this was because 
feces was a sign left more often and last longer than other 
sign, such as footprints that would immediately be lost due 
to rain (Avryandi 2014). Evidence of leopard cat’s 
existence was found in several places, such as Datarmala, 
Pasir Bedil, Cirumanis, Cilengkong, Pasir Taman, 
Cigintung, Ciawitali, Batununggul, and Sarongge. The 
number of individuals was determined based on the results 
of direct and indirect observation, the possibility of a 
leopard cat’s roaming area, and the presence of barriers 
bordering the home range of an individual.  

Encounter of leopard cats in Cisokan was mostly found 
in Pasir Bedil, both direct and indirect encounters. 
Evidence of their existence was found for 6 consecutive 
days in Pasir Bedil. This showed that cats used Pasir Bedil 
as an intensive habitat for their daily activities. The cats in 
Pasir Bedil were assumed as single individual. Leopard 
cat’s feces in Pasir Bedil was found along the path and it 
was supported by evidenced of individual leopard cat 
caught on camera trap, so it was assumed that there was 
one individual leopard cat. The next largest location was 
Sarongge. Based on the findings, it could be assumed that 
there was only one individual live in Sarongge. 

In other locations, such as Datarmala, Cirumanis, Pasir 
Taman, and Batununggul, little evidence of leopard cat 
existence was found. In Datarmala, a single individual 
leopard cat was found with a direct observation on night 
and it was assumed that this individual was different from 
individual in other locations. This was because Datarmala 
was far from other locations. From the finding of feces, it 
was believed that one individual was found in Cirumanis. 
Pasir Bedil and Cirumanis were separated by the Cisokan 
River, but the cat can swim across the Cisokan River. The 
other evidence of existence was feces found on the path in 
Pasir Bedil. The location of the footprint was quite far from 
the camera traps in Pasir Bedil, it showed that the 
individual can walk freely from Pasir Bedil to Cilengkong. 
Thus, it was estimated that from the locations of Pasir 
Bedil and Cirumanis, there were 1-3 individuals. 

In Pasir Taman and Batununggul, 1-2 individuals were 
thought to be existed. This was due to the barrier (Cisokan 
River) blocking the movement of a leopard cat between 
Pasir Taman and Batununggul. Other signs found in 
Cilengkong was feces, footprint, and picture caught by 
camera trap assuming that there was single individual. 
Other signs found in Cigintung was feces along the 
Cigintung River and it brought to an assumption that there 
was 1 individual. The only evidence of existence found in 
Ciawitali was feces along the Ciawitali River. Individual in 
Ciawitali was assumed to be 1 individual. This was 
because the feces found in the location showed us that it 

was the same individual. Boitani and Powell (2012) said 
that the home range for adult leopard cats is 2 km2-15 km2. 
Individual determination through leopard cat’s spot 
patterns was difficult because the image on camera trap 
was less clear and the sides of the individual body can be 
seen clearly. Mean home range size for males in Sabah was 
3.5 km2 and for females was 2.1 km2. In Thailand, mean 
home range size for males was 4.1 km2 and for females was 
2.5 km2 (Grassman 2000; Mohamed et al. 2013). 
 
Table 1. Leopard cat encounter data directly and indirectly by 
time and location 
 

No. Location Time Data 
type 

Number of 
Individual 

1 Datarmala 19/02/2017 OB 1 
2 Pasir Bedil 09/03/2017 TR 1-3 
3  15/03/2017 FC  
4     
5  16/03/2017 FC  
6     
7  17/03/2017 CT  
8  18/03/2017 FC  
9  19/03/2017 TR  
10   FC  
11     
12     
13     
14  20/03/2017 TR  
15   CT  
16  05/04/2017 CT  
17 Cirumanis 18/03/2017 FC  
18 Cilengkong 15/03/2017 FC 1 
19  19/03/2017 TR  
20  03/04/2017 CT  
21 Batununggul 19/03/2017 TR 1-2 
22  09/04/2017 CT  
23 Pasir Taman 08/03/2017 FC  
24 Cigintung 16/02/2017 FC 1 
25  18/02/2017   
26     
27     
28     
29     
30 Ciawitali 12/02/2017 FC 1 
31     
32  14/02/2017   
33     
34     
35 Sarongge 09/03/2017 FC 1 
36   TR  
37  11/03/2017 FC  
38  19/03/2017   
39  20/03/2017   
40  19/03/2017 CT  
41  27/03/2017 CT  
42  27/03/2017 CT  
Note: OB: Observation, FC: Feces, CT: Camera trap, TR: Track 
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Figure 2. Existence of a Leopard Cats. A. Direct Encounter at Datarmala, B. Footprint in Pasir Bedil, C. Feces in Pasir Bedil. Bar = 2 
cm 
 
 
Table 2. Leopard cat encounter based on land cover type 
 

Location 
Land cover type (estimation of individual)

Natural 
forest 

Production 
forest 

Bush/ 
field 

Rice 
field Talun 

Batununggul   1   
Ciawitali   1 1  
Cigintung    1  
Cilengkong 1 1 1   
Cirumanis   1   
Datarmala   1   
Pasir Bedil 1 1 1   
Pasir Taman   1   
Sarongge 1-2  1   

  
 

 
 
Based on above discussion, the number of individual 

cats in Cisokan were 7-12 individuals. Determination of 
sex in an individual was difficult, because there was no 
clear picture on the genital part of an individual. Because 
of the small size of leopard cats, identifying their sex, 
especially on the unambiguous identification of females, is 
much more difficult than on larger cat species, and thus sex 
could not be determined on many individuals (Mohamed et 
al. 2013). 

Based on the encounter rate analysis, leopard cat had an 
ER value of 29.16 leopard cat photos/100 traps. This was 
because some camera traps captured multiple images of 
one individual. As happened in Cilengkong, the camera 
captured 9 individual photos of the same cat and it captured 
6 individual photos of the same cat in Batu Nagok. The 
number of individual images captured in the camera trap 
was influenced by the activity of the individual in roaming 
its home range. 

Encounter based on land cover type 
Evidence of the existence of leopard cats either directly 

or indirectly was found in various types of land cover, such 
as natural forest, production forest (pine), bush/fields, and 
rice fields. Of the four types of land cover, only in talun 

that the evidence of leopard cat’s existence could not be 
found. In the previous section, most leopard cats were 
found in Pasir Bedil with land cover types of production 
forest (pine), natural forests, and shrubs. In Indonesia and 
in Philippines, leopard cats are known to frequently visit 
plantations to feed on rodents (Silmi et al. 2013). 

Leopard cat encounters based on land cover types can 
be seen in Table 1. The number of each land cover type 
estimates the number of individual cats in a land cover 
type. 

According to Table 2, evidence of leopard cat’s 
existence was commonly found in bushes in Datarmala, 
Pasir Bedil, Cirumanis, Cilengkong, Pasir Taman, 
Ciawitali, Sarongge, and Batununggul. In Datarmala, the 
discovery of a leopard cat was directly at night in the land 
cover type of bush. Other evidence of its existence was 
found in natural forestland cover types located in Pasir 
Bedil, Cilengkong, and Sarongge. Then, in another type of 
land cover, the irrigated rice fields in Ciawitali and 
Cigintung, the evidence was also found. The evidence of 
existence found in the rice fields can give an assumption 
that the leopard cats just have looked for prey such as rats 
and snakes in the fields. 
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Abstract. Shanidah SS, Partasasmita P, Hudoso T. Parikesit, Febriato P, Meganatara EN. 2018. Short Communication: The existence 
of Javan Leopard (Panthera pardus melas Cuvier, 1809) in the non-conservation forest areas of Cisokan, Cianjur, West Java, Indonesia. 
Biodiversitas 19: 42-46. There is no accurate data about the number of individual leopards in Java Island in both conservation and non-
conservation areas. In West Java, deforestation for plantations and agriculture is widespread, although it is unknown if leopard uses 
these human-altered habitats. Therefore, it is important to research the existence of leopards in Non-Conservation Forest Area (NCFA) 
in western Java, Indonesia. The aim of this research is to investigate: (i) evidence of leopard’s existence (ii) encounter rate of leopard’s 
existence; and (iii) estimation of individual leopards in NCFA, Cisokan, Cianjur, and West Java. Indirect data were obtained from sign 
surveys for feces, scrapes, footprints, and residual prey. We also obtained direct data with camera traps. We found 13 footprints, 2 feces, 
4 scrapes, and 2 direct encounters by observers. The camera trap data recorded 12 independent leopard events and 8 leopard photos/100 
trap days. Estimated number of leopards in Cisokan ranged 1-3 individuals. 

Keyword: Existence, Panthera pardus melas 

INTRODUCTION 

Indonesia has a high diversity of endangered and 
protected species in the world, and it also has high 
extinction threat level. One of the endangered species in 
Indonesia is the Javan leopard (Panthera pardus melas 
Cuvier, 1809) (MoF 2013) which is endemic to Java Island 
and surrounding small islands. Javan leopard is found only 
in Java Island, Kangean Island, and Nusakambangan Island 
(Directorate of Nature Protection and Conservation 1978), 
in Bodogol areas, Gunung Gede Pangrango National Park 
(Ario 2006, 2009; Rustiadi and Prihatini 2015), in the 
Mount Salak Forest Area, Mount Halimun-Salak National 
Park (Ario 2017), and in the fragmented forest near the 
village of Girimukti, District of Sukabumi (Partasasmita et 
al. 2016). Javan leopard is an apex predator which has an 
important role in the ecosystem, as their predation on prey 
species helps to balance the ecosystem. Its presence in 
nature is highly dependent on habitat and prey abundance, 
especially ungulate species such as muntjac and wild pig. 
The decrease of Javan leopard is caused mainly by habitat 
loss, which also affects the natural processes that have been 
going on in the island for thousands of years (MoF 2013). 

Habitat alteration of Javan leopard and the decrease of 
its prey due to the increased of human activity reduce the 
number of Javan leopard. The loss of natural habitat creates 

opportunities for Javan leopard to search for prey in 
human-altered habitat. This causes Javan leopard to enter 
villages and prey on livestock and create conflict with 
humans that have recently occurred on the island (MoF 
2013). 

There has not been much research on Javan leopards, 
and there is no accurate data about the number of 
individuals in Java Island in both conservation and non-
conservation areas. In fact, the Javan leopard has been 
included in the list of Appendix I of CITES and is 
classified as Critically Endangered by the IUCN Red List. 
If the conservation of Javan leopard is not taken seriously, 
then these endemic animals will become extinct, following 
the extinction of Javan tiger (Panthera tigris sondaicus) in 
the 1970s (Gunawan and Alikodra 2013).  

This research was carried out in Cisokan because this 
region has non-protected forests that may be important for 
Javan Leopard. The region has widespread urban and rural 
developments with no conservation areas, therefore there is 
no natural habitat for such species as Javan leopard. 
Rustiadi and Prihatini (2015) said that habitat loss and prey 
loss due to human activities are important factors that 
threaten leopard populations. Habitat and prey loss can also 
lead to human-leopard conflicts. Therefore, it is important 
to research on the existence of Javan leopard in the non-
conservation forest areas (NCFA), Cisokan, Cianjur, West 
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Java. The aim of this research is to determine: (i) the 
evidence of leopard’s existence; (ii) the encounter rate of 
leopards; and (iii) the number of leopard individuals. 

MATERIALS AND METHODS 

Study area 
This research was carried out in Non-Conservation 

Forest Area (NCFA), Cisokan, Cianjur, West Java, 
Indonesia, include Batu Nagok, Batununggul, Cigintung, 
Cilengkong, Cileungsing, Cipanas, Cisuren, Pasir Bedil, 
Pasir Laja, Pasir Nangka, Pasir Taman, and Sarongge 
(Figure 1). This research was carried out for one month, in 
February-March 2017. 

Procedures 
Indirect data were collected by survey on the signs of 

feces, scrapes, footprints, and prey species. We identified 
leopard footprints using a guidebook (van Strien 1983). We 
identified leopard feces using a guidebook (Bang and 
Dahlstrom 2001). Direct data were collected from camera 
traps, which were placed near leopard sign. Five camera 
traps were used, with 4 cameras taking photographs and 1  

camera taking videos. Camera traps were set for a period of 
2 weeks. Camera traps are mounted on tree trunks at a 
height of 30-40 cm above the ground at a distance of 2.5 to 
3 meters from the path (Ancrenaz et al. 2012). 
Identification of the animals caught during the installation 
period was carried out using mammals field guide (Francis 
2001). 

Data analysis 
Number of Javan leopard 

The number of individual leopards was based on the 
camera trap images and the amount and spacing of leopard 
sign. When determining the number of leopards, the home-
range size of leopards and physical barriers to movements 
were taken into account. From the camera-trap 
photographs, individual leopards were identified based on 
their spot patterns. Photographs were considered 
independent events if they occurred >30 min apart. 

Encounter rate of Javan leopard 
The encounter rate (number of independent photos/100 

trap days) is calculated from total number of independent 
photos divided by total number of days that cameras were 
operational, multiplied by 100 (O'Brien et al. 2003). 

 
 
 
  

 
 
Figure 1. Location of study area (48 M 747041.23 m E 9231361.70 m S in Cisokan, Cianjur, West Java, Indonesia 
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Note:  
ΣER : Encounter Rate 
Σf : Total number of independent photos obtained 
Σd : Total number of days that cameras were 

operational 

RESULTS AND DISCUSSION 

The existence of Javan leopard 
The direct and indirect leopard data are shown in Table 

1. The indirect data include 13 footprints, 2 feces, and 4 
scrapes (Table 1; Figure 2). The direct data included 2 
observations by researchers (a reflection of green eye light) 
and 12 independent photographs from camera traps. Most 
leopard signs were found at Batu Nagok and surrounding 
areas (Pasir Laja and Sarongge), indicating the leopard uses 
the habitat in these areas to carry out most of its activities.  
 
Table 1. Javan leopard data collected from direct and indirect 
methods 
 

No. Location Time Data 
type 

Number of 
individual 

1 Pasir Nangka 02/11/2017 Ob 1 
2  02/18/2017 Ob  
3 Pasir Laja 03/07/2017 Scr  
4   Scr  
5   Tr  
6  03/11/2017 Tr  
7   Tr  
8 Sarongge 03/12/2017 Fc  
9   Tr  
10   Tr, Scr  
11  03/13/2017 Tr  
12  03/14/2017 CT  
13  03/15/2017 Fc, CT  
14  03/22/2017 CT  
15  03/23/2017 CT  
16   CT  
17   CT  
18  04/06/2017 CT  
19  04/08/2017 CT  
20 Batu Nagok 03/16/2017 Tr  
21  03/12/2017 Tr  
22   CT  
23 Pasir Taman 03/21/2017 CT  
24 Batununggul  CT  
25 Cilengkong 03/19/2017 CT  
26 Cisuren 03/13/2017 Tr  
27 Cigintung 02/15/2017 Tr  
28 Cileungsing  Tr 2 
29   Scr  
30 Cipanas 02/13/2017 Tr  
31 Pasir Bedil 03/09/2017 Tr  
Note: Ob: Observation, Fc: Feces, Tr: Track, CT: Camera trap, 
Scr: Scrape 
  

Leopard footprints were found in Pasir Nangka, 
Cigintung, and Cisuren located in North Cisokan. Other 
leopard footprints were found in Cilengkong, Pasir Bedil, 
Cipanas, and Cileungsing located in Southern Cisokan. 
This northern and southern part of Cisokan is separated by 
the Cisokan River. Regarding the number of footprints 
found in Pasir Bedil, Cigintung, and Cipanas, two 
footprints were found near the Cisuren River, and as many 
as three adjacent footprints were found at Cilengkong near 
the Cilengkong River. Two different size of leopard 
footprints were found in Cileungsing from as many as 7 
sets of footprints. We assumed the two-different size 
footprints in Cileungsing were a mother with its cub. 
Leopard was observed directly based on the reflection of a 
green eye shining at night in Pasir Nangka at the same 
location on February 11 and February 18, 2017. Other 
evidence were feces found at Sarongge and 4 scrapes. Two 
of the four scrapes were found in Pasir Laja, Sarongge, and 
Cileungsing and they consisted of 2 different-size scrapes. 
The 2 different-size scrapes were found along with the 
footprints of presumed mother and its cub. 

In addition to the two direct observations, other direct 
data came from photographs obtained from camera traps 
(CT). All 5 camera traps recorded leopard images, and the 
location of the camera traps was in Sarongge, Batu Nagok, 
Pasir Taman, and Batununggul. All photographs appeared 
to be coming from the same spotted female leopard (Figure 
3).  

We assumed that the female leopard recorded in the 
camera traps in Sarongge, Batu Nagok, Pasir Taman, and 
Batununggul was also the same leopard which footprints 
were recorded in Cigintung and Cisuren, where only single 
footprints were found. The home-range size of female 
leopards is 6-13 km2 (Gunawan and Alikodra 2013). To 
fulfill the needs of food acquisition, the leopard requires a 
large roaming space as home range, and leopard can roam 
for 5-8.6 km in one day (Gray 2013). Based on footprints, a 
different female with a cub was assumed to occur in 
Cileungsing, Cipanas, and Pasir Bedil. We assumed this 
female was different from the female that was 
photographed on Cisokan River, a presumed barrier that 
separated those sites. 

Based on the encounter rate analysis, the leopard in 
these areas has an ER value of 12 leopard photos/100 traps. 
From 2 camera traps, it can be seen that the leopard 
individual passes the Sarongge forest 7 times. This 
indicates that the leopard uses Sarongge forest intensively 
as its home range. In addition, the leopard passes Batu 
Nagok for as much as 3 times, and Pasir Taman and also 
Batununggul for as much as one time. 

Leopard evidence based on land cover type 
The direct and indirect data on leopard occurred in 

various types of vegetation, such as natural forest, 
production forest (pine), bush/fields, rice fields, and talun. 
Based on the data we collected, we estimated the number 
of individual leopards located in the different land cover 
types (Table 2). 
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Figure 2. Example of Javan leopard sign found in Batu Nagok and surrounding areas. A. Scrape, B. Footprint, C. Feces. Bar = 2 cm 
 

 
 

 

 
 
Figure 3. The leopard spotted pattern on photographs from camera traps showed one individual female 
 
 
 
 

We assumed that the leopard mostly found in Batu 
Nagok and its surroundings because these areas contain 
natural forests, and leopard presumably uses natural forests 
intensively to carry out their main activities. In addition, 
the natural forests of Batu Nagok and Sarongge are far 
from human activities. The main habitat for Javan leopard 
consists of heavily vegetated forests that are difficult for 
humans to access, and also the areas have steep topography 

(> 40% slope) and remote areas such as deep valleys or 
high hills that are difficult to reach. Similarly, African 
leopard prefers thick bushes in rocky environments and 
riverside forests as their main habitat. Leopards are 
particularly fond of areas that have trees for shelter and 
lurking activities as they are strong climbers (Gunawan et 
al. 2012). 

A B C 
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Table 2. Evidence of leopard’s existence based on land cover 
type 
 

Location 
Cover land type (Estimation of Individual)

Natural 
forest 

Production 
forest 

Bush/ 
field 

Rice 
field Talun 

Batu Nagok 1     
Batununggul    1 1 
Cigintung     1 
Cilengkong 1     
Cileungsing  1 2   
Cipanas   1   
Cisuren     1 
Pasir Bedil  1    
Pasir Laja   1   
Pasir Nangka   1   
Pasir Taman     1 
Sarongge 1     
  
  

 
Although Pasir Laja is dominated by shrubs with higher 

human activity, we also found evidence of leopard’s 
existence there. This indicates that the leopards can overlap 
human activities and human settlements in West Java. 
Leopard also uses brushlands in Cipanas and Cileungsing 
as its home range. 

Leopard’s existence evidence was also found in natural 
forests in Cilengkong and around the Cilengkong River. 
Surprisingly, leopard’s existence evidence was also found 
in a pine forest in Pasir Bedil, which had an open canopy, 
lots of human activity, and lots of coffee plants. According 
to Gunawan et al. (2012) the Javan leopard does not only 
use pine forests exclusively as its main habitat, but it also 
uses other types of vegetation for its daily activities, even it 
uses caves, rocky outcrops, and grooves or dried rivers as 
its shelter. In addition to pine forests, leopard’s existence 
evidence was also found in talun near the Cisuren River, in 
Cigintung, and in Pasir Taman and Batununggul. We even 
found evidence of leopard’s existence in rice fields 
although only in Batununggul. Our results suggest that 
leopards in West Java can use many different types of 
human-altered habitats, although their preference and main 
habitat appears to be natural forests with little human 
disturbance. 
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Abstract. Istifadah N, Pratama N, Taqwim S, Sunarto T. 2018. Effects of bacterial endophytes from potato roots and tubers on potato 
cyst nematode (Globodera rostochiensis). Biodiversitas 19: 47-51. Bacterial endophytes are bacteria that inhabit plant tissues without 
causing any diseases. The endophytes existence may have negative, neutral, or positive effects on the host plants. This paper discusses 
the effects of bacterial endophytes isolated from potato roots and tubers on potato growth and their abilities to suppress potato cyst 
nematode, Globodera rostochiensis. The bacterial endophytes were isolated from roots and tubers of potatoes obtained from six 
plantation areas in West Java. The endophyte isolates were examined for their effects on potato growth. The non-pathogenic isolates 
were tested for their abilities to suppress G. rostochiensis in vitro and in potato plants. The results showed that from 88 bacterial 
endophyte isolates obtained, 13 isolates caused rot in potato seed pieces, 22 isolates inhibited the potato growth, while, 2 isolates 
increased the growth, and as many as 51 isolates did not influence the growth. The in vitro test using the isolate culture filtrate revealed 
that there were seven isolates that caused mortality of G. rostochiensis juvenile-2 by 67.5-97.7%. These isolates, however, were not 
effective in damaging the nematode eggs. In the greenhouse experiment, the bacterial endophyte isolates suppressed the number of cysts 
by 51.7-65.4% and that of the juvenile-2 of G. rostochiensis by 48.6-76.4%.  

Keywords: Culture filtrate, eggs, in vitro, juvenile, non-pathogenic isolates 

INTRODUCTION  

Bacterial endophytes are the bacteria inhabiting plant 
tissues, for part or all of their life, without causing any 
apparent disease symptom (Stone et al. 2000; Schulz and 
Boyle 2008). Based on their life strategy, bacterial 
endophytes can be divided into three types: obligate 
endophytes that live inside the plant for their whole life; 
facultative endophytes that colonize the plant tissues for 
part of their life cycle; and passive endophytes that enter 
the plant tissues just by chance, such as via wounded 
tissues (Gaiero et al. 2013). Endophytes can be found in 
any plant and reside in any part of the plant organs (Ryan et 
al. 2008; Schulz and Boyle 2008). Bacterial endophytes 
may be originated from rhizosphere, phyllosphere or 
transmitted via seed (Sturz et al. 2000; Ryan et al. 2008).  

The occurrence of bacterial endophyte within the plant 
tissues can exert either harmful, neutral or beneficial effect 
on the host plants (Rosenblueth and Martínez-Romero 
2006; Ryan et al. 2008). In some cases, the bacteria 
isolated from healthy tissues are latent pathogens that can 
become pathogenic to the host plant upon favorable 
condition. Many bacterial endophytes do not pose any 
effect on the host plants and are therefore considered as 
neutral. In many cases, bacterial endophytes provide 
beneficial effects to the plants such as improving plant 
tolerance to abiotic stresses (Miliute et al. 2015), promoting 
the plant growth, and suppressing the plant’s pests and 
diseases (Berg and Hallmann 2006; Ryan et al. 2007; 
Gaiero et al. 2013; Chaturvedi et al. 2016).  

The ecological niche similarity between endophytes and 
plant pathogens, make them suitable for biocontrol agents 
of plant diseases (Berg et al. 2005; Ryan et al. 2008). The 
mechanisms of bacterial endophytes in suppressing plant 
pathogens are similar to that of other antagonistic bacteria, 
including competition, production of antimicrobial 
secondary metabolites, and induction of plant resistance 
(Ryan et al. 2008; Gaiero et al. 2013). The bacteria isolates 
obtained from healthy plant tissues may include latent 
pathogens. Thus, the isolates used for biological control 
agents must be tested for their effects on the host plant. The 
selected isolates must have neutral or even positive impact 
on the plant growth.  

Potato is one of the important crops for direct 
consumption and food industries. One of the limiting 
factors in potato production is potato cyst nematode 
(Globodera rostochiensis). The nematode infection leads to 
a reduction of potato growth and tuber size. This nematode 
is difficult to control as it produces cysts that can survive 
for an extended period in the soil (Brodie et al. 1998). 
Healthy potato plants may retain bacterial endophytes 
potential for biological control agents of the cyst nematode 
disease. The potential of bacterial endophytes for inhibiting 
fungal and bacterial plant pathogens have been reported 
(Sturz et al. 1999; Reiter et al. 2002; Sessitsch et al. 2004; 
Berg et al. 2005). The efficacy of bacterial endophytes to 
suppress plant-parasitic nematodes have been reviewed 
(Siddiqui and Shaukat 2003; Tian et al. 2007). This study 
examined bacterial endophytes isolated from potato roots 
and tubers and evaluated their effects on potato growth and 
potato cyst nematode. The endophyte isolates effectively in 
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suppressing the nematode can be further developed for 
biological control agents of the disease.  

MATERIALS AND METHODS  

Isolation of bacterial endophytes   
 Bacterial endophytes were isolated from potato tubers 
and roots obtained from several areas in Garut (Samarang, 
Cikajang, Cisurupan), Bandung (Pangalengan, Ciwidey), 
and Bandung Barat (Lembang) of West Java, Indonesia. 
The potato tubers and roots were cleaned up with running 
tap water. The roots were cut into 1.5-2-cm segments, 
while the tubers were peeled and the rind was cut into 
pieces (0.5 x 0.5 cm). The segments were surface sterilized 
by submersion in 96% ethanol for 1 minute, followed by 
submersion in a solution containing 2% chlorine for 3-5 
minutes and submersion in 96% ethanol for 30 seconds. 
The potato segments were imprinted on Potato Dextrose 
Agar (PDA) to ensure that the isolated bacteria were 
endophytes. The surface sterilization was considered 
successful if the imprint was free from microbial growth. 
The segments were then macerated in water 1: 2 (w: v) and 
the suspension was spread over a Nutrient Agar (NA), and 
incubated at room temperature for five days. Single 
bacterial colonies with different characteristic were sub-
cultured to obtain pure cultures.  

Effects of bacterial endophyte isolates on potato growth 
To examine the possibility that the isolated bacteria 

might be latent pathogens, the effect of each of the 
endophyte isolates on the growth of potato were examined. 
Bacterial endophytes were inoculated by soaking potato 
seed tubers in the bacterial suspension (107 cfu.mL-1) for an 
hour. The inoculated tubers were planted on a growth 
medium consisting of sterilized soil with 5% charcoal husk. 
30 mL bacterial suspension was drenched in the planting 
hole just before planting the potato tuber. For the control, 
the potato tuber was soaked in sterile water for an hour. 

The potato growth was observed every week by 
recording the plant height and the numbers of leaves. The 
isolates that caused disease symptoms on the potato tubers 
or plants were considered as pathogenic. The bacterial 
isolates whose inoculated plants exhibited a relative shoot 
or root fresh weight (as compared to the fresh weight of the 
control plant) < 0.5, were categorized as inhibitory 
bacteria. Whereas, the isolates whose inoculated plants 
showed a relative fresh weight > 1.5 were classified as 
growth-promoting bacteria. The isolates that caused disease 
symptoms or inhibited the potato growth were excluded 
from the further test. 

Effects of bacterial endophyte isolates on Globodera 
rostochiensis in vitro 
 The bacterial endophytes were cultured on nutrient 
broth. Bacterial cultures (three inoculating loops) were 
inoculated to the 100 mL liquid media. The inoculated 
media were homogenized using vortex mixer and incubated 
on the orbital shaker (180 rpm) for 5 days. The filtrate was 

collected, centrifuged and filtered (with microfilter 0.2 µm 
pore size).  
 Globodera rostochiensis inocula were prepared from 
the nematode cysts extracted from infested soil using 
floatation method. In the floatation method, the soil was 
mixed with sterile water containing 0.05% glucose (1: 2, 
v/v), stirred and incubated for 5 min. The floated debris 
was filtered, and the cysts were collected under a 
microscope. The cyst was then ruptured and soaked in 
sterile water for 2-3 days to obtain the nematode’s second-
stage juveniles (J2) and eggs. 

The endophyte culture filtrate (2 mL) was mixed with 1 
mL of G. rostochiensis inoculum suspension (about 40-45 
J2 and eggs/mL) and then incubated for 72 hours. For 
control, the nematode suspension was mixed with nutrient 
broth medium. The percentage of J2 mortality and 
damaged eggs were observed and counted under a stereo 
microscope. The isolates that caused J2 mortality or eggs 
damage ≥50% were tested again to confirm their effects 
and for statistical analysis. If the mortality also occurred in 
control treatment, the mortality data upon treatments were 
corrected with respect to the control using Abbot’s formula 
(Abbott 1987). The bacterial isolates that were effective in 
causing mortality of G. rostochiensis in vitro were 
identified based on their biochemical characteristics. This 
identification was conducted in Microbiology Laboratory, 
School of Life Sciences and Technology, Bandung Institute 
of Technology (ITB), Bandung, West Java, Indonesia.  

Effects of bacterial endophyte isolates on Globodera 
rostochiensis in potato 

The bacterial isolates that caused J2 mortality ≥ 50% in 
vitro were used for experiments in the potato plant. The 
experiment was arranged in a randomized complete block 
design with treatments consisted of bacterial endophytes 
isolates and control. Each treatment was replicated three 
times. The bacterial endophytes were applied by soaking 
potato tubers in the bacterial suspension for one hour. The 
bacteria were also applied in the potato planting holes (30 
mL suspension per planting hole). Two-week-old potato 
plants were taken, and their roots were washed, then 
transplanted into a polybag containing 2 kg of pasteurized 
growth medium. These washing and transferring measures 
were taken to ensure that the tested bacteria acted as 
endophytes rather than as rhizosphere bacteria. The 
nematode was then inoculated one week later. The 
suspension of nematode inocula containing about 4000 J2 
and eggs of G. rostochiensis was pipetted into the 5 holes 
surrounding the plants (about 5 cm from the basal stem). 

The observation was conducted 7 weeks after the 
nematode inoculation. The variables observed were 
numbers of cysts and juvenile-2 of G. rostochiensis in 100 
g soil. Suppression of G. rostochiensis was determined as 
the number of cyst or J2 observed upon bacterial isolates 
treatment compared to that in control. The other variables 
observed were fresh weights (FW) of potato shoot and 
roots. Relative fresh weight of shoot and root were 
determined as the fresh weight of the treated plant 
compared to the fresh weight of the control plant. 
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Data analysis 
Data were subjected to analysis of variance (ANOVA) 

using SPSS software (SPSS ver. 20). The data were 
checked for normality and transformed if necessary. 
Treatments with significant differences were further 
analyzed using Tukey’s honestly significant difference 
(HSD) test (P≤ 5%). 

RESULTS AND DISCUSSION 

Effects of bacterial endophyte isolates on potato growth 
The isolation of bacterial endophytes from healthy 

potato roots and tubers resulted in 88 bacterial isolates. In 
general, the potato roots yielded a higher number of 
bacterial endophyte isolates than the potato tubers. The 
number of isolates obtained from the roots were 69 isolates, 
while that from the tubers were 19 isolates. Istifadah et al. 
(2016) also found that the number of endophytic fungal 
isolates obtained from potato roots was higher than that 
from the potato tubers.  

The influence of the bacterial endophyte isolates 
obtained from potato roots and tubers on the potato growth 
varied depended on the isolates. Most of the isolates (51 
isolates) did not affect the potato growth, and only 2 of 
them promoted the potato growth (Table 1). The rest of the 
isolates, however, inhibited the potato growth or even 
being pathogenic to the plant. Sturz (1995) also found that 
bacterial endophytes from potato tubers could be either 
plant-growth-promoting, growth-retarding or neutral 
endophytes. The variability effects of endophytes on potato 
growth were also found in fungal endophytes isolated from 
potato roots and tubers (Istifadah et al. 2017). 

In this study, 13 isolates caused potato tuber rot upon 
their inoculations. These isolates could be latent pathogens 
that can become pathogenic to the potato plants upon 
favorable conditions. Reiter et al. (2002) found that some 
of the bacterial endophytes isolated from potato stem 
caused disease symptom to potato plant. Berg et al. (2005) 
also reported that microbiota community in an apparently 
healthy potato contained some plant pathogenic bacteria 
such as Erwinia amylophora.  

Among the bacterial endophyte isolates tested in this 
study, there were two isolates from potato roots (CKA10 
and CISA17) that increased the potato growth. Binod et al. 
(2014) also found growth-promoting effects of bacterial 
endophytes from potato roots. The stimulation of plant 
growth by bacterial endophytes can be due to direct 
mechanisms such as facilitation in nutrients acquisition, 
modulation or production phytohormones (Gaiero et al. 
2013; Chaturvedi et al. 2016) such as indole acetic acids 
(Binod et al. 2014).  
 
Effects of bacterial endophytes on G. rostochiensis in vitro 
 Primary in vitro screening experiment was conducted to 
select bacterial isolates that effectively kill G. 
rostochiensis. The results of in vitro test showed that the 
culture filtrates of bacterial endophytes had toxic effects to 

J2 of G. rostochiensis. The juveniles incubated in the 
bacterial culture filtrate were dead, in which the nematode 
body became stiff, and their cytoplasm was aggregated. In 
some cases, the nematode cell walls were ruptured or lysed. 
Bacterial endophytes can produce a range of antimicrobial 
secondary metabolites (Strobel and Daisy 2003; Brader et 
al. 2014).The toxicity of the bacterial endophyte culture 
filtrate was varied depending on the isolates. Most of the 
bacterial isolates were not effective in causing mortality of 
G. rostochiensis J2. Our primary screening experiment 
revealed that there were only seven isolates that caused 
mortality of the nematode ≥50% and just two isolates that 
resulted in the nematode mortality of more than 70% 
(Table 2). The isolates that showed mortality of J2 ≥ 50% 
were used for the second in vitro experiments.  
 The result of second in vitro experiment confirmed the 
result of the first experiment. All the bacterial isolates 
tested caused 69.1-97.7% mortality of G. rostochiensis J2 
(Table 3). The isolates that resulted in the nematode 
mortality ≥ 80% were identified as Bacillus carotarum, 
Bacillus cereus, and Pseudomonas pseudoalcaligenes. The 
genera of Bacillus and Pseudomonas have been known as 
frequently occurring bacterial endophytes in agricultural 
crops (Seghers et al. 2004; Miliute et al. 2015). 
Nematicidal effects of Bacillus including those of B. cereus 
on Meloidogyne javanica and M. incognita have been 
reported (Moghaddam et al. 2014; Gao et al. 2016). B. 
cereus produced nematicidal compounds such as 
sphingosine and phytosphingosine (Gao et al. 2016) and 
cell wall degrading enzyme, protease (Ann 2013). 
Meanwhile, culture filtrate of Pseudomonas spp. has been 
reported to have nematicidal effects on M. javanica (Ali et 
al. 2002).  

Even though the culture filtrates of the bacterial isolates 
tested were effective causing mortality of G. rostochiensis 
J2, they were not effective in damaging the nematode eggs. 
The numbers of eggs damaged in all treatments of bacterial 
endophyte isolates were not significantly different to the 
control (Table 4). The cell walls of the nematode eggs are 
thicker than the juvenile’s cell walls and therefore it was 
difficult to be penetrated by toxic metabolites.  

Effects of bacterial endophytes on G. rostochiensis in 
potato plant 

Seven isolates that showed antagonistic effects to G. 
rostochiensis in vitro were examined for their efficacy in 
potato plant. The results showed that all seven isolates 
reduced the number of J2 by 48.6-76.4% and the number of 
cysts in potato rhizosphere by 51.7-58.6% (Table 5). The 
isolates whose culture filtrates showed relatively high 
toxicity to J2 of G. rostochiensis in vitro also suppressed 
the nematode in the soil by more than 70%. This result 
indicates that toxic metabolites from the bacterial 
endophytes may involve in suppressing the nematode. 
Other mechanisms that may contribute to the suppression 
of G. rostochiensis includes the competition on niche 
occupation and induction of plant resistance (Tian et al. 
2007). 
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Table 1. The effect of fungal endophyte isolates on potato plants 
 
Effect on potato 
plants 

Number of 
isolates 

Percentage of isolates 
(%) 

Pathogenic 13 14.8 
Inhibited the growth 22 25.0 
Neutral  51 57.9 
Increase the growth 2 2.3 
 
  
 
 
Table 2. Primary screening of bacterial endophyte isolates 
efficacy on viability of G. rostochiensis J2  
 
Percentage of dead 
J2 (%) 

Number of 
Isolates 

Percentage of 
isolates (%) 

≤ 30 79 89.8 
31-49 3 3.4 
50-69 5 6.8 
≥ 70 2 1.1 
 
 
 
Table 3. In vitro effects of selected bacterial endophyte isolates 
on G. rostochiensis J2 viability  
 

Treatments J2 mortality 
(%) 

Corrected 
J2 mortality 

(%) 
Isolate PWA-5 (B. carotarum) 92.6 b 91.7 
Isolate CISU-2 (B. carotarum) 85.1 b 83.2 
Isolate CISA-3 78.2 b 75.5 
Isolate CISA-4 (B. cereus) 88.3 b 86.8 
Isolate CISA-15 74.6 b 71.4 
Isolate CISA-18 (P. pseudoalcaligenes) 97.9 b 97.6 
Isolate LBA-10 70.3 b 66.6 
Control 11.1 a - 
Note: Values are mean of three replicates. Values in each column 
followed by different letters are significantly different based on 
Tukey’s HSD test (P < 0,05). 
 
 
     
Table 4. In vitro effects of selected bacterial endophyte isolates 
on G. rostochiensis eggs survival 
 

Treatments 
Percentage 
of damaged 

eggs (%) 

Corrected 
percentage 
of damaged 

eggs (%) 
Isolate PWA-5 (B. carotarum) 25.2 a 20.3 
Isolate CISU-2 (B. carotarum) 36.0 a 31.8 
Isolate CISA-3 36.5 a 32.4 
Isolate CISA-4 (B. cereus) 33.1 a 28.8 
Isolate CISA-15 19.8 a 14.6 
Isolate CISA-18 (P. pseudoalcaligenes) 21.5 a 16.4 
Isolate LBA-10 19.7 a 14.5 
Control 6.1 a - 
Note: Values are mean of three replicates. Values in each column 
followed by different letters are significantly different based on 
Tukey’s HSD test (P < 0.05). 
 

Table 5. Effects of the bacterial endophytes on G. rostochiensis in 
potato rhizosphere (7 weeks after nematode inoculation)  
 

Treatments 
 

Juvenile-2 Cysts 
Number 

/100 g soil
Suppression 

rate (%) 
Number 

/100 g soil
Supression 

rate (%) 
Isolate PWA-5  
(B. carotarum) 

22.3 b 73.4 8.0 b 58.6 

Isolate CISU-2  
(B. carotarum) 

20.2 b 75.8 6.7 b 65.4 

Isolate CISA-3 40.7 c 51.3 9.3 b 51.7 
Isolate CISA-4  
(B. cereus) 

23.7 b 71.7 8.3 b 56.9 

Isolate CISA-15 43.0 c 48.6 8.3 b 56.9 
Isolate CISA-18  
(P. pseudoalcaligenes

19.7 b 76.4 8.7 b 55.1 

Isolate LBA-10 27.7 bc 66.9 8.0 b 58.6 
Control 83.7 d 0.0 19.3 c 0.0 
Nematicide 
(carbofuran) 

0.3 a 99.6 0.0 a 100.0 

 Note: Values are mean of three replicates. Values in each column 
followed by different letters are significantly different based on 
Tukey’s HSD test (P < 0.05). 
 
 
 
Table 6. Effects of bacterial endophytes on the potato growth 
infected with G. rostochiensis (7 weeks after inoculation)  
 

Isolates 
Shoot 
weight 
(g FW) 

Relative 
shoot weight 

(times) 

Root 
weight 
(g FW) 

Relative 
root 

weight 
(times) 

Isolate PWA-5  
(B. carotarum) 

8.26 a 1.2 15.26 ab 1.4 

Isolate CISU-2  
(B. carotarum) 

9.13 a 1.3 17.60 ab 1.6 

Isolate CISA-3 8.56 a 1.3 17.86 ab 1.6 
Isolate CISA-4  
(B. cereus) 

8.20 a 1.2 15.96 ab 1.4 

Isolate CISA-15 8.86 a 1.3 17.13 ab 1.6 
Isolate CISA-18  
(P. pseudoalcaligenes)

9.00 a 1.3 17.20 ab 1.6 

Isolate LBA-10 8.53 a 1.3 20.80 b 1.9 
Control 6.76 a - 11.00 ab - 
Nematicide 
(carbofuran) 

5.90 a 0.9 9.06 a 0.8 

Note: Values are mean of three replicates. Values in each column 
followed by different letters are significantly different based on 
Tukey’s HSD test (P < 0.05). 
 
 
 

In this experiment, the bacterial endophytes did not 
significantly improve the potato growth. However, the 
relative fresh shoot weight of the potato, treated with the 
bacterial endophytes were 1.2-1.3 times higher compared 
to the control plants. The potatoes treated with the bacterial 
isolates also exhibited a higher relative root weight (1.4-1.9 
times) compared with the control (Table 6). The isolates 
used in this experiment were not the ones that promoting 
the growth in the selection step. The tendency of growth 
improvement in the endophyte-treated plants may be 
related to the plant’s health, in which the treated plants 
were healthier than the control plants. Backman and Sikora 
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(2008) stated that root endophytic community is an 
important regulator of root health. 

The overall results of this study showed that the effects 
of bacterial endophytes from potato roots and tubers were 
varied. Some isolates showed antagonistic effects on G. 
rostochiensis in vitro and in vivo, and therefore, they are 
potential agents for biological control of potato’s parasitic 
nematodes. Their abilities to reduce the number of 
juvenile-2 and cysts of G. rostochiensis in the soil can 
provide short-and long-term improvements in soil health. 
Bacterial endophytes can be utilized as biological control 
agents because they can suppress the nematode after 
penetration. Their existences within plant tissues ensure the 
availability of nutrients resources and protection from 
unfavorable conditions and fast-growing competitors. The 
bacterial isolates can be combined with other antagonistic 
microbes in the rhizosphere to improve the biological 
control effects. The development of biological control for 
nematodes is part of, integrated and eco-friendly disease 
management that supports sustainable agriculture.   
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Abstract. Abla Z, Mouloud Y, Hejer El, Emna G, Abdi Meriem A, Ouarhlent Yamina O, Naouel S. 2018. Mutations causing hemophilia 
B in Algeria: Identification of two novel mutations of the factor 9 gene. Biodiversitas 19: 52-58. Hemophilia B (HB) (also known as 
Christmas disease; Christmas is the family name of the first patient.) is an X linked recessive hemorrhagic disorder caused by mutations 
in factor 9 (F9: is used for the gene) gene that leads to deficient or defective coagulation factor IX (FIX: is used for the protein). The 
variable phenotype of HB results from wide range of mutations affecting the F9 gene. Our study was aimed at molecular analysis of HB 
to identify the causative mutation in known patients with HB in a part of Algeria. For genotyping, polymerase chain reaction (PCR) and 
direct sequencing have been applied to all the essential regions of the F9 gene from 39 Algerian HB patients belonging to 13 unrelated 
families. We identified 10 different mutations. The identified mutations included 1 duplication and 9 substitutions. In total 9 point 
mutations were identified, of which 5 are located in exon 8, the hotspot region in the F9 gene. Among the 10 mutations, 2 are novel and 
not deposited in database sites nor described in recently published articles. The results of this study emphasize the heterogeneity of HB. 
In summary, our preliminary results will be used to build an Algerian mutation database which would facilitate genetic counseling.  

Keywords: Hemophilia B, F9 gene, Mutations, Molecular analysis.  

INTRODUCTION  

HB is a sex-linked genetic disorder resulting in a 
deficiency of plasma coagulant activities of FIX (Lillicrap 
1998). This factor is located in the long arm of the X 
chromosome, in q27,1. The F9 gene contains eight exons 
and seven introns (Anson et al. 1984; Yoshitake et al. 
1985). The exons code for the FIX protein, which is a 
vitamin K-dependent serine protease, it is present in plasma 
as a glycoprotein of 415 amino acids, activated by FVIIa 
and FXIa (Roberts 1993). This factor is divided into six 
domains: prepropeptide, the Gla domain, epidermal growth 
factor EGF1 and EGF2 domains, the activation domain, 
and the catalytic domain.  

HB is due to a variety of mutations distributed over the 
entire F9 gene, and described in patients affected by HB of 
varying severity (Pei-Chin et al. 2014). Since the cloning of 
the F9 gene in 1982, its analysis in different patients has 
helped to identify many different genetic abnormalities 
leading to hemophilia. Among them, we distinguish major 
anomalies (large deletions, mutations that lead to a stop 
codon: nonsense), source of a lack of transcription and 
therefore of an absence of synthesis of FIX. Other 
mutations can lead to the expression of a non-functional 
FIX (missense point mutations, small insertions or 
deletions causing splice abnormalities) (Chambost and 
Meunier 2006). 

The main objective of this study was, to identify the 
mutations that produce different forms of HB disease 
among Algerian patients, to characterize mutations of the 
F9 gene and to reinforce our understanding of the 
molecular basis of this disease.  

MATERIALS AND METHODS 

Patients  
39 patients with HB from 13 unrelated families of 

Algerian origin were included in this study. At the time of 
the study, their age ranged between 4 to 84 years. 26 
patients with severe form, 9 with moderate form and 4 had 
mild form of HB. Informed consent was obtained from 
each family for molecular studies.   

Blood collection and hematological laboratory analysis 
The blood sample of the study subjects was taken from 

venipuncture into evacuated tubes containing trisodium 
citrate (0,109 M) as an anticoagulant. The activity of FIX 
(FIX: C) is measured using partially activated 
thromboplastin. The principle of the assay consists in 
determining, in the presence of cephalin and activator, the 
coagulation time where all the factors are present, except 
FIX provided by the plasma of the patient to be tested. 
Severity is classified based on the amount of FIX activity, 
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severe if < 1%, moderate if between 1 and 5% and mild if 
> 5 and < 40% of normal. Clotting factor inhibitor 
screening was performed by activated partial 
thromboplastin time mixing studies using normal pool 
plasma. These blood samples were provided by the 
hematology service of the University Hospital Center 
(UHC) of Batna and Constantine, Algeria.  

Molecular genetic analysis 
About 5 to 10 ml of peripheral blood was collected into 

tubes containing ethylenediaminetetraacetic acid (EDTA). 
Deoxyribonucleic acid (DNA); support of our genetic 
information, was isolated from white blood cells by the 
salting out method of Miller et al. (1988) and stored at 4°C. 
Quality and quantity of DNA are estimated by 
spectrophotometry. All of the eight F9 exon regions 
(including flanking sequences), the putative promoter 
region, and the polyadenylation signal region were 
amplified by PCR using the primer sequences given in 
Table 1. Exons 2 and 3 were grouped into a single 
fragment; exon 8 was divided into 2 fragments for PCR 
amplification. PCR is a method of gene amplification in 
vitro, which allows duplicating in large numbers (with a 
multiplying factor of the order of one billion), a known 
DNA sequence, from a low quantity (of the order of a few 
picograms) of nucleic acid.  

DNA is the raw material of our study, its quality is 
essential and conditions the success of our analyzes. Before 
genotyping, the quality and quantity of DNA are 
methodically evaluated. To determine if amplification has 
responded to criteria expected (specificity, efficiency and 
absence of contamination), the PCR products are checked 
on an agarose gel whose concentration is a function of the 
size of the amplicon. The HB mutation was identified by 
automated sequence analysis performed on an ABI3100  

Genetic Analyzer (Applied Biosystems) using the Capillary 
electrophoresis method. The reading and the comparison of 
the sequences analyzed, to the consensus sequences, are 
carried out using the computer software BioEdit. Once the 
sequencing results are obtained, an analysis of the genomic 
variations found and a bibliographic search in the different 
databases is carried out in order to distinguish the 
mutations reported from those that are newly identified. 
Mutation nomenclature was given according to Genetic 
Variations approved by the Human Genome Variation 
Society (HGVS) (http: //www.hgvs.org). Results were 
examined using Ensembl genome browser (https: 
//www.ensembl.org/index.html). 

To analyze the nature of the novel missense mutation 
and to predict the possible impact of an amino acid 
substitution on the structure and function of FIX, we used 
PolyPhen-2 (Polymorphism Phenotyping-2) (http: 
//genetics.bwh.harvard.edu/pph2), I-Mutant 2.0 (http: 
//folding.biofold.org/cgi-bin/i-mutant2.0.cgi), Align GVGD 
(Align Grantham Variation Grantham Deviation) (http: 
//agvgd.iarc.fr/) and Project HOPE (http: 
//www.cmbi.ru.nl/hope/).  

RESULTS AND DISCUSSION 

In this study, 39 HB patients from 13 families were 
investigated. Screening for molecular events in the FIX 
gene in these 13 families led to the characterization of 9 
point mutations, of which one was novel; missense 
mutation in exon 8, and 1 novel duplication of four 
nucleotides in exon 6. No mutation was detected in two 
families. The causative mutation within FIX was identified 
in 85% of families. Mutations found in Algerian HB were 
shown in Table 2.  

 
 
 
Table 1. Primers for mutation analysis of F9 gene. 
 
Functional region Sequence of the primer Product size (base pair «bp» ) 
Promoter 5‘-CAAGCTACAGGCTGGAGACA-3‘ 

5‘-TCTCCCTCAATGGGTCTTTG-3‘ 
410 

Exon 1 5‘-TTCAGACTCAAATCAGCCACA-3‘ 
5‘-AAAAGGCAAGCATACTCAATGT-3‘ 

354 

Exons 2-3 5‘-CAAAGACTTTCTTAAGAGATGT-3‘ 
5‘-GACAAAGTTTAATATATTATCTAT-3‘ 

557 

Exon 4 5‘-ATCCCAATGAGTATCTACAGG-3‘ 
5‘-CACCAATATTGCATTTTCCAG-3‘ 

275 

Exon 5 5‘-ATACATGAGTCAGTAGTTCCA-3‘ 
5‘-AGGAAGCAGATTCAAGTAGG-3‘ 

309 

Exon 6 5‘-TCTCAGAAGTGACAAGGATG-3‘ 
5‘-ACATCCCAATAGGTCTGTCT-3‘ 

407 

Exon 7 5‘-CTATTCCTGTAACCAGCACA-3‘ 
5‘-CTTCTGCCTTTAGCCCAATT-3‘ 

318 

Exon 8p 5‘-TTGCCAATTAGGTCAGTGGTC-3‘ 
5‘-ATGTGGCTCGGTCAACAAGT-3‘ 

400 

Exon 8d 5‘-TTTGCATTGCTGACAAGGAA-3‘ 
5‘-GCCCTGTTAATTTTCAATTCCA-3‘ 

436 

Poly A 5‘-ACTAGCATACCCCGAAGTG-3‘  
5‘-CGCCGCCGCGACTGATTCACAT-3‘ 

265 
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Table 2. Identified causative mutations in Algerian hemophiliacs B 
 

Family No. of 
patients 

FIX: 
C Severity 

cDNA change  
(HGVS 

notation) 

Amino acid 
change Type Mechanism Location Domain CpG Inhi- 

bitors 
Novel/ 

Reported

1 6 <1% Severe c.- 52C>T  ̶ Promoter Substitution 5‘UTR ̶ ̶ No Reported
2 7 <1% Severe c.323G>A  p.C108 Y Missense Substitution Exon 4 EGF1 No No Reported
3 2 <1% Severe c.357T>A p.C119* Nonsense Substitution Exon 4 EGF1 No No Reported
4 4 1% Moderate c.373G>A p.G125R Missense Substitution Exon 4 EGF1 No No Reported
5 1 <1% Severe c.657_660dup 

ATCA 
p.D223* Frameshift Duplication Exon 6 Activation 

peptide 
̶ No Novel 

6 3 3% Moderate c.881G>A  p.R294Q Missense Substitution Exon 8 Serine 
protease 

Yes No Reported

7 2 <1% Severe c.881G>A p.R294Q Missense Substitution Exon 8 Serine 
protease 

Yes No Reported

8 1 <1% Severe c.892C>T  p.R298* Nonsense Substitution Exon 8 Serine 
protease 

Yes No Reported

9 4 7% Mild c.1010C>T   p.A337V Missense Substitution Exon 8 Serine 
protease 

No No Reported

10 3 <1% Severe c.1150C>T  p.R384* Nonsense Substitution Exon 8 Serine 
protease 

Yes No Reported

11 1 <1% Severe c.1184T>C  p.F395S Missense Substitution Exon 8 Serine 
protease 

No No Novel 

12 3 <1% Severe ̶ ̶ ̶ ̶ ̶ ̶ ̶ No ̶ 
13 2 2 % Moderate ̶ ̶ ̶ ̶ ̶ ̶ ̶ No ̶ 
Note: FIX: C = factor IX coagulant activity. * = stop codon 
 
 
 
 

Our study, represent an approach for the molecular 
diagnosis of HB in our country. Our cohort consists of 39 
male patients from 13 unrelated families. The 
predominance of HB in the male sex is explained by the 
mode of transmission of the disease. Patients of the same 
family have the same degree of severity; this is also 
explained by the mode of transmission of the disease. 
Guérois (2009) wrote that most of the time, the same type 
of hemophilia would be found in the same family (A or B) 
and the same degree of severity, this is usually related to 
the transmission of the same mutation between several 
individuals of the same family.  

The databases that record HB mutations indicate a total 
of 1095 mutations corresponding to 3713 cases. According 
to some studies (Rallapalli et al. 2013; Surin et al. 2016; 
Morteza et al. 2007; Nazia et al. 2008; Pei-Chin et al. 2014; 
Morteza et al. 2009; Tengguo et al. 2014), point mutations 
are the most common alterations in HB, and present in 
almost 90% of patients, whose largest proportion of 
patients with HB have missense mutations, which is in 
agreement with our results, missense mutations were 
identified for 6 of 11 families. 

Genetic defects in exons 4 and 8 which successively 
encode the EGF-like domain and the serine protease 
domain are more widespread among the mutations 
described in patients with HB because of the importance of 
the amino acids for which they code (Rallapalli et al. 
2013). As reported in the literature, the majority of point 
mutations of F9 gene are located in exon 8 which is the 
largest exon of the F9 gene (Anson et al. 1984; Rallapalli et 
al. 2013; Tengguo et al. 2013). This is also the case for our 
patients, most mutations are in exon 8 (5/10), followed by 
exon 4 (3/10).  

Novel mutations 
Out of 13 HB families which DNA samples have 

screened, we have found 2 novel mutations, one was a 
missense mutation and the other was a frameshift mutation.  

A novel missense mutation p.F395S was detected in 
one family (family 11). This T>C mutation at residue 1184, 
occurred in codon TTC of phenylalanine (F) to change into 
TCC serine (S) and this amino acid is present in exon 8 
within the Serine protease domain. F395 is in a disulfide 
loop formed by Cys382 and Cys396. The replacement of a 
nonpolar acid by a polar acid can affect the function, 
secretion or stability of the protein, as is the case for the 
new mutation p.F395S. Chromatogram of this mutation 
was shown in Figure 1.  

Using straightforward physical and comparative 
considerations, PolyPhen-2 predicts possible impact of an 
amino acid substitution on the structure and function of a 
human protein. According to PolyPhen-2, this mutation is 
predicted to be probably damaging with a score of 1.000. 
Using PolyPhen-2, enabled us to obtain the result of 
multiple alignments compared to all the species recorded 
on UniProtKB, which enabled us to confirm that this 
mutation is at a conserved position among several species.  

The analysis of the effects of this novel missense 
mutation on the stability of the FIX protein has been 
predicted by the I-Mutant 2.0 logiciel. I-Mutant 2.0 was 
used to calculate the energy difference (DDG) between 
normal and mutated protein. The calculated DDG value is -
2.89. Since this value is negative, the mutation tested was 
considered destabilizing for the FIX structure.  

Align GVGD software has also been used to predict the 
effects of this mutation on the FIX protein. The analysis of 
this mutation by Align GVGD made it possible to calculate 
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the GV and GD values. The value of the Grantham 
variation (GV) is 0.00 which means that the substitution 
sits at the level of a highly conserved region between the 
species analyzed. On the other hand, this same logiciel 
allowed us to calculate the Grantham deviation (GD) 
between wild and mutated amino acid. The GD value for 
the p.F395S mutation is equal to 154.81 which mean that 
the replacement of phenylalanine by a serine is predicted as 
a radical change.  

Using Project HOPE software, information from the 
3D-structure was obtained using WHAT IF Web services, 
the UniProt database and the Reprof software. The 
structural information was obtained from the analysis of 
PDB using the code 3LC3. The comparison between 
original wild-type residue (phenylalanine) and newly 
introduced mutant residue (serine) showed that they differ 
in several properties. The mutation introduces an amino 
acid with different properties, which can disturb the serine 

protease domain and abolish its function. The wild-type 
and mutant amino acids differ in size; the mutant residue is 
smaller than the wild-type residue. The mutation will cause 
an empty space in the core of the protein. The 
hydrophobicity of the wild-type and mutant residue differs. 
The mutation will cause loss of hydrophobic interactions in 
the core of the protein. In the PDB file used for this 
analysis, the mutated residue is involved in a multimer 
contact. The mutation introduces a smaller residue at this 
position. The new residue might be too small to make 
multimer contacts. The mutation introduces a less 
hydrophobic residue. Sometimes, hydrophobicity is 
important for multimerisation and therefore this mutation 
could affect the multimer contacts. For this mutation, the 
two 3D structures of wild and mutated amino acid were 
superimposed to determine any differences in size and 
orientation of the side chains (Figure 2). 

 
 
 
 
 
 
 

A 

   
B 

   
 1 2 

 
Figure 1. 1. Novel missense mutation identified in exon 8 of the F9 gene was found in family 11. A. DNA sequence of the normal 
control. B. DNA sequence of the patient. 2. Novel duplication identified in exon 6 of the F9 gene was found in family 5. A. DNA 
sequence of the normal control. B. DNA sequence of the patient 
 
 
 

 
 
 
Figure 2. Superimposed capture of the two 3D structures of wild and mutated FIX for mutation p.F395S, produced by Project HOPE 
(view on three different angles). The FIX protein is represented in gray ribbon form. The side chain of the amino acid phenylalanine is 
shown in green while that of the amino acid serine is shown in red. 

c.1184T>C  c.657_660dupATCA



 B IODIVERSITAS 19 (1): 52-58, January 2018 

 

56

 
Another novel mutation was identified in one severely 

affected patient (Family 5), it is a frameshift mutation, and 
it was caused by the novel duplication c.657_660dupATCA 
which was due to insertion of four nucleotides (ATCA) in 
Activation peptide domain encoded by exon 6, leading to a 
stop codon at position 223 (p.D223*). The presence of a 
stop codon at position 223 of the F9 gene would generate a 
truncated polypeptide and would eliminate a part of 
activation peptide domain and all the catalytic domain of 
the mature FIX protein. Chromatogram of this mutation 
was shown in Figure 1. 

Small insertions located in coding regions are 
responsible, when the number of inserted nucleotides is 
different from a multiple of 3, of a frameshift when 
translating mRNA into protein, which results most often at 
the appearance of a stop codon. These frameshift or 
shifting mutations are usually associated with the severe 
form of the disease (Giannelli and Green 1996; Tuddenham 
and Cooper 1994; Antonarakis et al. 1995; Rafati M et al. 
2011). 

Reported mutations 
In our study, one mutation localized in the proximal 

promoter region was identified. This mutation at position -
52 causing the C to T substitution, found in family1, it was 
previously described in moderate case (Ketterling et al. 
1995). However, in our patient cohort, this mutation was 
associated with a severe disease. According to the study of 
Lannoy et al. (2017), this c.-52 position is situated over a 
segment of 6 nucleotides (TGTACT) (-56 to -51) that is 
common to ARE (-65 to -51) site and HNF4α (-56 to -48) 
element. Mutations in this position disrupt androgen 
receptor (AR) and hepatic nuclear factor 4a (HNF4α). 
Androgen response element (ARE); sequence which binds 
to testosterone from puberty and activates F9 transcription, 
HNF4α is a binding site which the protein facilitating F9 
transcription.  

We identified 4 previously reported missense mutations 
in 5 unrelated families with HB. Two of them are located in 
exon 8 (p.R294Q and p.A337V), and two other (p.C108Y 
and p.G125R) are located in EGF1 domain which is 
encoded by exon 4.  

In our patients, the mutation p.C108Y was associated 
with severe disease. This mutation was previously found in 
three patients from United Kingdom, Germany, and USA 
and the last was in moderate form (Haris et al. 1994; 
Thorland et al. 1995; Rallapalli et al. 2013). p.G125R was 
found in one family (family 4) with moderate HB. This 
mutation was previously published by Epsinos et al. (2003) 
for a patient with the severe form of the pathology. One 
mild form was caused by p.A337V in one family (family 
9). As our results, two patients with this mutation were 
reported previously with the mild form (Weinmann et al. 
1998; Rallapalli et al. 2013). Our results are in agreement 
with many studies, which confirm that missense mutations 
were associated with mild, moderate and severe form 
(Belvini et al. 2005; Rallapalli et al. 2013; Lannoy et al. 
2017).  

In the study of Johnsen et al. (2017), Missense 
mutations accounted for most of the mutations detected in 
males with mild or moderate HB. The deleterious effect of 
a missense mutation is based on the importance of the 
domain where the mutation is located (location of the 
mutation), the degree of conservation of the amino acid and 
the nature of the amino acid change. Each amino acid has 
its own specific size, charge, and hydrophobicity-value. 
The original wild-type residue and newly introduced 
mutant residue often differ in these properties. Mutations 
that introduce an amino acid with different properties, 
which leads to disrupt the protein and abolish its function.   

Severe and moderate forms of HB resulting from 
(p.R294Q) in two unrelated families, have been observed in 
our study. Severe, moderate and mild forms of HB 
resulting from this mutation have been reported earlier 
(Rallapalli et al. 2013). This finding concurs with the study 
of Belvini et al. (2005), this mutation and others were 
found in more than one patient with phenotypically 
different disease severity. According to Elmahmoudi et al. 
(2012), the discrepancy may be explained by the 
intervention of other hemostatic factors which can modify 
the clinical severity of hemophilia. 

Three nonsense mutations were found by us, occurred 
in three independent families with the severe phenotype, all 
of them previously listed in CHBMP database. The two 
mutations (p.R298*, p.R384*), present in the serine 
protease domain; and p.C119* present in the EGF1 
domain. The replacement of cysteine by a stop codon at 
position 119 has been previously described in a patient 
with severe form (Ghanem et al. 1993). p.R298* and 
p.R384* were previously described in patients bearing a 
moderate and severe disease (Rallapalli et al. 2013). Our 
results are in agreement with the conclusion of Belvini et 
al. (2005), nonsense mutations are expected to produce 
truncated unstable proteins regardless of their location and 
to result in a severe disease, because the existence of a stop 
codon causes premature stop of translation. And because of 
the involvement of the Nonsense-Mediated mRNA Decay 
(NMD) system, these incomplete proteins can neither 
synthesize nor secrete into the circulation. The NMD is a 
mechanism for degrading a selective mRNA having a 
premature stop codon, thereby preventing translation of a 
truncated protein potentially deleterious. p.C119 * causing 
a protein lacking the three domains: EGF2, activation 
peptide, and serine protease. According to Chen et al. 
(1989), The existence of a stop codon at position 298 of the 
F9 gene would generate a polypeptide chain slightly 
greater than half its normal length (297/461) and eliminate 
much of the catalytic domain of FIX protein mature. The 
replacement of arginine by a stop codon (p.R384 *), 
leading to a protein devoid of part of the catalytic domain 
(383/461). 

Three mutations (p.R294Q, p.R298* and p.R384*) 
were at CpG dinucleotides which are considered to be 
mutation hot spots, the CpG sequence is a highly 
susceptible site for mutation of the F9 gene (Chen et al. 
1989). The first mutation involves a G→A, the other 
mutations are nonsense and involve a C→T. The 
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mechanism of this phenomenon due to the spontaneous 
deamination of 5’-methylcytosine to thymidine (T) (Belvini 
et al. 2005).  

The F9 open reading frame has 20 CpG sites, 6 of 
which reside in CGA codons. The C to T transition 
particularly destroys the CGA Arg codon and converts it to 
the TGA stop codon, which is associated with severe HB 
(Youssoufian et al. 1988; Koeberl et al. 1990). 

According to the high number of publications of the 
mutations p.R294Q and p.R298* (more than 97 
publications for p.R294Q and more than 63 articles for 
p.R298*), they are considered to be frequent mutations. 
This is explained by the poor conservation of arginine at 
position 294 and position 298 among serine proteases 
(Greer 1990), would make tolerable most substitutions. 

Absence of identification of mutation responsible for 
HB 

For patients with families 12 and 13 presenting 
diagnostic criteria of HB: 3 cases with a severe form and 
two cases with a moderate form, search for a mutation at 
level of F9 gene remained negative. This same result was 
reported in three patients of Indian origin (Mahajan et al. 
2004). It is possible that this family might have 
pathological translocation, duplication or inversion in the 
F9 gene leading to the disease. Further investigation is 
needed. According to Nguyen (2010), direct genetic 
diagnostic techniques (Denaturing high-performance liquid 
chromatography (DHPLC), capillary electrophoresis 
sequencing) can accurately identify the mutation 
responsible for severe hemophilia for most patients and 
families. It is estimated that a mutation is detected in 96% 
of cases of severe hemophilia A and B and 80% of cases of 
moderate and minor hemophilia A and B.  

Inhibitor development 
The occurrence of an inhibitor antibody by 

alloimmunization remains the major complication of 
alternative therapy for hemophiliacs. This complication 
presents 35% of cases of severe hemophilia A and 5% of 
cases of severe HB according to the latest studies (Gouw et 
al. 2013; Srivastava et al. 2013; Kessler et al. 2015). 
Inhibitors are less common in patients with HB. The type 
of the mutation in the F9 gene is attached to a genetic 
predisposition to the appearance of inhibitors. Most occur 
in patients with large deletions or nonsense mutations 
(Goodeve 2015). Pinotti et al. (2012) revealed that patients 
with nonsense mutations display a lower risk of inhibitors 
than patients with deletions. The studies of (Thorland et al. 
1999) and (Warrier and Lusher 1998) showed that patients 
with deletions of the F9 gene are at high risk of developing 
inhibitors. In our cohort, no deletion mutation was 
identified. In two studies reporting hemophilia from Iran, 
neither of patients with HB developed inhibitor (Morteza et 
al. 2007; Mehdizadeh et al. 2009) similar to our study, FIX 
inhibitors have not been observed in our patients. This was 
probably due to absence of deletions of the F9 gene in our 
cohort or to the small sample size, in order to confirm this 
results we need to increase the number of the investigated 
HB patients in our study. 

In the present study, we report the molecular analysis of 
causative mutations in Algerian HB patients. We confirm 
the genetic heterogeneity of F9 mutations leading to HB in 
Algeria. In total, we have identified 10 mutations including 
2 novel mutations. These 10 mutations include 3 nonsense 
mutations (p.C119*, p.R298*, p.R384*), 5 missense 
mutations (p.C108 Y, p.G125R, p.R294Q, p.A337V, 
p.F395S), 1 mutation at the promoter (c.-52C>T), and 1 
duplication (c.657_660dupATCA). The novel missense 
mutation p.F395S is predicted to be probably damaging. 
The frameshift mutation was caused by the novel 
duplication c.657_660dupATCA , leading to codon stop, 
which causes premature stop of translation. In general, 
most of the mutations identified are family-specific except 
the p.R294Q mutation that has been identified in two 
unrelated families. Identification of these mutations in the 
F9 gene has contributed to our understanding of molecular 
pathology of HB in Algeria. Since the Algerian population 
is genetically heterogeneous, our study is an initiative to 
complete the molecular spectrum of hemophilia B patients 
in our country which will establish a molecular database 
whose purpose is to improve prenatal diagnosis, genetic 
counseling, the diagnosis of female carriers in families at 
risk. They are also valuable in future gene therapy studies.  
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Abstract. Bibak Z, Paighambari SY, Pouladi M, Ghorbani R, Hosseini SA, Yahyaei M. 2018. Population dynamics and CPUE of Alosa 

genus with emphasis on Alosa braschnikovi (Borodin, 1904) on the coasts of Golestan Province, Iran. Biodiversitas 19: 59-66. The aim 

of this study was to compare relative abundance and catch per unit effort of members of the Alosa genus (family: Clupeidae) in the 

fishing grounds of Gomishan and Miankale in Golestan coasts. Sampling operations were done by beach seine during 2011 to 2012. A 

total of 240 fish were collected. Identified species in Gomishan were: Alosa braschnikovi (Borodin, 1904) and A. saposchnikovi 

(Grimm, 1887). The most abundant species in this region were individuals of A. braschnikovi. The highest length and weight in the 

region were 35.6±1.85 mm and 447.8±57.43 gr for Alosa braschnikovi in Gomishan. Besides the two mentioned species, A. kessleri 

(Grimm, 1887) was caught in Miankale coasts. The most abundant species again was Alosa braschnikovi in this region. The highest 

length and weight were 33.12±3.18 cm and 362.5±99.57 gr for Alosa braschnikovi in Miankale region. The results showed that mean of 

CPUE in Miankale was higher than in the Gomishan region. The comparison of sex ratio for shads showed that males were dominant 

against females. Also, the comparison between species showed that the highest values for length, and weight of fish species compared 

belonged to Alosa braschnikovi. Among the Alosa braschnikovi fishes caught, individuals were in the range of 2 to 5 age groups within 

the two compared regions and most abundant were observed in 4 age groups.  

Keywords: Alosa, Beach seine, CPUE, Gomishan, Miankaleh 

INTRODUCTION 

Due to the geographical location, the breadth, the 

existence of biotic (plant, animal, biological) and non-

biotic reserves (oil and gas resources, sand, sand and salt), 

the existence of habitats of birds, wetlands, gulfs, ravines, 

deltas, trade, maritime transit Fisheries, supplying protein, 

migrating birds, sturgeon and caviar production, Caspian 

Sea is one of the most important closed seas in the world. 

The Caspian Sea is the only unique sea that has no 

connective path with the ocean. The shallow areas of the 

Caspian Sea are highly productive in terms of ecological 

conditions. So it's the perfect place for fish larvae and 

mature fish. These areas are constantly affected by 

environmental factors such as sea level fluctuations, waves, 

rivers, and many other factors due to natural and human 

activities such as pollution (Vahedi 2011). 

This sea is shared between the five countries of Iran, 

Azerbaijan, Russia, Republic of Kazakhstan and Republic 

of Turkmenistan. Sturgeon fishes which live in the Caspian 

Sea are one of the most valuable species in the world. In 

terms of fish, 110 species and subspecies including Caspian 

white fish, Mullet, Caspian brown trout, Pike perch, 

Bream, and Kilka live in this sea. Fishing and exploitation 

of these fish stocks have been carried out in different ways 

from the distant past until today. At present, the 

exploitation of bony fish stocks in Caspian region of Iran is 

merely carried out by beach Seine nets. Also, exploitation 

process of these fish stocks is carried out every year from 

early October to mid-March by 134 beach seine nets and 

12,000 fishermen in the coastal provinces of the sea. In 

addition to the number of authorized harbors, another part 

of the bony fish catches is exploited by unauthorized and 

unofficial fishermen using fixed gill nets (Abdolmaleki 

2005). 

Due to excessive withdrawal of bony fish stocks, river 

pollution and destruction of suitable spawning grounds, 

uncontrolled water withdrawal from rivers and coastal 

wetlands, excessive harvesting of sand from grasslands, 

degradation of natural pasture and reduction in the surface 

of the Caspian Sea, the bony fish stocks extremely have 

fallen.  

During the past decade, the amount of harvested bony 

fish by authorized and unauthorized fishermen, based on 

research on stock assessments and harvest rates, have been 

between 15-25 thousand tons. Unfortunately, a significant 

portion of the catch of fish with sub-standard weight and 

length is related to fishing with the beach seines. 

The steady reductions have been observed in the 

harvesting rate of caught fish under standard lengths and 

weights in the study area which is due to increase in fishing 

capacity and the number of cooperative firms in the coastal 

zone, the creation of unconditional competition for more 

exploitation of coastal migratory fish stocks by increasing 

the fishing effort, increase in the length and width of the 

nets, increase in the length of the tensile rope and 

especially reduction in the size of the meshes in all sections 

of the nets especially in the bag section to 30 mm, and a 
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tangible change in the portion of small fish relative to 

immature fish (Abdolmaleki 2005). So far, many studies 

have been conducted on members of the Clupeidae family, 

especially Alosa species in the Caspian Sea, including the 

study of the biological and ecological characteristics of the 

Alosa caspia in the Gorganroud River estuary (Javaheri 

Baboli and Tabei 1998), a systematic study and 

identification of Alosa species on the coasts of Guilan in 

the southwestern coasts of the Caspian Sea (Hosseini 

2000), estimation of fish stocks in the coastal waters of 

Caspian Sea (Abdolmaleki et al. 2001), study on abundance 

and species diversity of Clupeidae species in coastal waters 

of Mazandaran and Golestan Provinces (Afraei et al. 2004), 

Identification and introduction of species and sub-species 

of caught Clupeidae species by beach seines in three 

coastal provinces (Gilan, Mazandaran, and Golestan) 

(Ghaninejad et al. 2005), and investigation of the growth 

parameters of Alosa caspia (Eichwald, 1838) on the 

southern shores of Caspian Sea in connection with regional 

variation in the southeast, south and southwest of Caspian 

Sea (Patimar et al. 2011). The main purpose of this study 

was determining of catch composition, catch per unit effort 

and determining of the dynamic parameters of the Alosa 

species in Gomishan and Miankaleh fishing areas, on the 

coasts of Golestan Province. 

MATERIALS AND METHODS 

Study area 

 This research was carried out on the southern shores of 

Caspian Sea in Golestan Province in the eastern regions of  

Miankaleh and Gomishan, Golestan Province, Iran. 

Miankaleh Peninsula is located on the southeast coast of 

Caspian Sea between the Caspian Sea and Gulf of Gorgan 

in 36o 37´ 46´´ N and 53o 05´ 54´´ E (Figure 1). This 

peninsula mainly consists of sandy sediments, lime with 

some clay. 

 In the distance of about 35 km from northwest of 

Gorgan, there is a large water catchment with massive 

bents which is called Gomishan wetland. The southern side 

of the Gomishan wetland is limited to Gorganroud River. 

During 2011-2013, 19 bony fish cooperatives with 1,461 

fishermen for 6 months have been busy in Golestan 

Province. Sampling of this research has been done on a 

monthly sampling from November 2011 to April 2012 

from two regions of Miankaleh and Gomishan in Golestan 

Province. Sampling stations during the study period were 

included: Azim Gol, Peyvand, Abu Hanifa, Chapaghli, 

Tohid, Ghoncheh, Shahid Qarajeh, Nezamabad, Basirabad, 

Makhtumgholi, Khazar, Tamochlar, Ghareh Sou, Golestan, 

Shayan Aydin, Shahid Beheshti, Chargoli, Noor Golestan 

and Nemouneh. 

During this period, 240 pieces of Clupeidae were 

collected from the beach seines, 150 samples from the 

Miankaleh region and 90 samples from Gomishan area. 

The length of the caught fish was measured by a biometric 

ruler with a precision of 0.5 cm and weighed with a spring 

scale with a precision of 10 g and the data were recorded in 

the checklist. The specimens were transferred to the 

laboratory and the ages were determined by counting the 

annual growth lines on the scales. Then they were 

numbered and placed in containers with 10% formalin and 

kept for species identification and species detection. 

 

 

 

 

 

 
 

Figure 1. Study area and locations of beach seine cooperatives of bony fish in the southeast of the Caspian Sea, viz. Miankaleh and 

Gomishan regions, Golestan Province, Iran 
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Morphometric and meristic characteristics of Alosa fish 

were measured that were included: Total length, fork 

length, standard length, head length, head width, head 

height, head height in the eye area, body height, body 

width, the distance between the two nostrils, eye distance, 

eye distance to gill closure, the distance of the snout to the 

end of the upper lip, mouth width, snout length, eye 

diameter, caudal fin stem length, caudal fin height, dorsal 

fin base length, dorsal fin height, base fin length, anal fin 

height, the base of the pectoral fin, pectoral fin height, the 

length of the pelvic fin base, pelvic fin height, the 

beginning of the pectoral fin, first dorsal fin to the tip of the 

snout, the beginning of the dorsal fin to the end of the 

body, the beginning of the anal fin to the tip of the snout, 

the end of the anal fin to the body, the beginning of the 

dorsal fin to the beginning of the anal fin, the end of the 

first dorsal fin to anal fin, the number of hard and soft rays 

of pectoral fin, the number of hard and soft rays of ventral 

fins, the number of hard and soft rays of dorsal fin, the 

number of hard and soft rays of anal fin, the number of rays 

of caudal fin, the number of gill spines. After biometrics, 

their genders were determined.  

Catch per unit effort (CPUE) 

 The Gulland equation formula was used to assess 

CPUE index for each species:  

 

 
  
Where Cw is the total weight of caught fish in each 

towing, N2 is the number of net roll at any towing stage, 

and N2 is towing time (Gulland 1983).  

Length-weight relationship 

The relationship between length and weight from 

exponential length-weight relationship.  In fish, the 

relationship between length (cm) and weight (g) is usually 

shown as follows: 

 

 

 

Also to test the growth pattern, Pauly-Monero test and 

for the test of allometric and isometric significant growth 

and for determining of the b significant value Pauly test 

was used (Biswas 1993). 

 

 

 

 

The calculated t with table t with n-2 degrees of 

freedom is compared. If calculated t was smaller than table 

t, it is isometric growth and if calculated t was greater than 

table t, so the growth will be an allometric growth. 

 

Statistical analysis 

 One-way ANOVA was used to compare each of the 

traits between A. braschnikovi, A. saposchnikovi and A. 

kessleri, and the Duncan test was used at the 5% 

confidence level to compare the means. DFA multivariate 

test was used to isolate the species. PCA test was used to 

determine the separation traits of two populations of 

Gomishan and Miankaleh. Independent t-test was used to 

compare the mean of catch per unit of effort of each 

species between Gomishan and Miankaleh regions and t-

test was used for comparison between two years in each 

region. SPSS V.19 and Excel V.2013 software were used to 

analyze the data. 

RESULTS AND DISCUSSION 

 In general, according to studies which were carried out 

in the Caspian Sea, except for Clupeidae family, other bony 

fish are lacking in species diversity in this aquatic 

environment. In comparison to the diversity and 

abundance, Alosa species on the coast of Golestan Province 

are less than Guilan and Mazandaran provinces. Among the 

known Alosa species on the coast of Golestan, the highest 

catch ratio and dominance belonged to A. Braschnikovi. 

The catch and density of this species depend upon the 

ecological and environmental conditions on the coast of 

this province and unfortunately, there is a decreasing trend 

in the number of this species each year.  

 During this research in the Miankaleh region, three 

species (A. braschnikovi, A. saposchnikovi, A. kessleri) and 

in the Gomishan area two species (A. braschnikovi, A. 

saposchnikovi) belonging to the Alosa genus that were 

identified and which were distinguished from each other 

based on some apparent traits and available scientific 

resources on the Golestan coast which corresponded with 

the study of Afraei et al (2004). According to Hosseini et 

al. (2000), morphometric and meristic characteristics of A. 

braschnikovi were included a large size (approximately 

31.5 cm); thick, tight and shorter gill filaments, number of 

gills spines (29.5±2.83), dark color in the tip and behind 

the head of fish with a green luminance which are 

corresponded with the results of present study. 

 The measured meristic traits in three species are as 

follows (Table 1). There was no significant difference 

between the three species in the comparison of meristic 

traits (P≥0.05). The number of thoracic and abdominal 

keels and the number of radius in pelvic and dorsal fins in 

A. braschnikovi were higher than other two species. The 

number of gill spines and the number of radius in dorsal 

fins in A. saposchnikovi were higher than other two 

species, but these differences were not significant (P≥0.05) 

(Table 1). 

The measured morphometric traits in three species are 

as follows (Table 2; Table 3). In comparison of relative 

traits (to reduce the effect of allometric growth of traits, the 

ratio of morphometric traits to total length was used), it 

was observed that there is a significant difference in the 

length of the dorsal fin and the distance between the 
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beginning of pelvic fin to the snout in migrant species 

relative to the other species (P≤0.05), While the other two 

species did not have a significant difference and there were 

no significant differences in the other traits (P≥0.05). 
 

 

 

 

 

 

Table 1. Analysis results (Mean + SE) of the meristic characteristics for 3 species of Alosa 

 

Meristic characteristics A. braschnikovi A. saposchnikovi A. kessleri  

    

Number of pectoral Keel 18.19±1.8 a 17.06±2.6 a 18.16±2.2 a 

Number of pelvic Keel 13.5±1.2 a 12.8±1.4 a 13±1.2 a 

Number of gill spine 42.5±11 a 47.4±14.9 a 35.66±8.6 a 

Number of radius in pectoral fin 16.6±1.1 a 16±1.03 a 16±0.8 a 

Number of radius in dorsal fin 16.7±2 a 16.86±1.45 a 15.66±0.8 a 

Number of radius in anal fin 16.75±1.87 a 16.33±1.75 a 15.83±1.16 a 

    

Note: Same letters indicate statistical non- significant difference between different species (P≥0.05). 

 

 

 

 
Table 2. Analysis results (Mean + SE) of the morphometric characteristics for 3 species of Alosa 

 

Morphometric characteristics (relative to total length) A. braschnikovi A. saposchnikovi A. kessleri  

    

Total length 32.16±3.2 a 30±3.3 a 30.25±2.04 a 

Fork length 30.4±2.8 a 30.25±3.35 a 26.5±2.8 a 

Standard length 18.16±2.8 a 15.8±2.6 a 17.18±1.7 a 

Head length 5.07±0.9 a 5.2±0.9 a 5.3±0.6 a 

Head width 1.8±0.42 a 2.03±0.38 a 2.03±0.23 a 

Head height 4.3±0.6 a 3.9±3.9 a 4±0.3 a 

Head height in eye area 3.5±0.5 a 3.3±0.6 a 3.3±0.29 a 

Body height 6.35±0.97 a 6.03±0.78 a 6.03±1.03 a 

Body width 2.73±0.83 a 2.43±0.73 a 2.41±0.33 a 

Nasals distance 0.4±0.18 a 0.48±0.15 a 0.4±0.1 a 

Eyes distance 1.23±0.49 a  1.1±0.27 a 0.94±0.14 a 

Eye distance to the end of the gill 3.01±0.77 a 3.05±0.57 a 3.06±0.36 a 

The beginning of the snout to the lips 0.76±0.19 a 0.62±0.14 a 0.68±0.11 a 

Mouth width 0.82±0.26 a 0.66±0.19 a 0.5±0.16 a 

Snout length 1.13±0.26 a 1.02±0.23 a 0.91±0.21 a 

Eye diameter 1.03±0.14 a 1.32±0.23 a 1.3±0.16 a 

Caudal fin length 2.24±0.71 a 2.14±0.43 a 1.63±0.29 a 

Caudal fin height 2±0.41 a 1.95±0.44 a 2.2±0.46 a 

Dorsal fin length 3.86±0.62 a 3.61±0.5 a 1.58±0.37 a 

Dorsal fin height 1.91±0.72 a 1.88±0.61 a 1.58±0.17 a 

Anal fin length 4.5±0.8 a 4.1±0.5 a 4.5±0.58 a 

Anal fin height 1.1±0.6 a 0.9±0.28 a 0.9±0.25 a 

Pectoral fin length 1.65±0.91 a 1.75±0.93 a 2.03±0.98 a 

Pectoral fin height 1.86±0.62 a 1.55±0.48 a 1.45±0.05 a 

Pelvic fin length 1.1±0.47 a 1.05±0.57 a 1.04±0.51 a 

Pelvic fin height 0.92±0.41 a 0.8±0.37 a 0.56±0.21 a 

The beginning of the pectoral fin to the snout 6.45±0.85 a 6.3±1.33 a 6.75±1.21 a 

The beginning of the pelvic fin to the snout 12.7±1.5 a 12.02±3.3 a 12.15±1.26 a 

End of the dorsal fin to the end of the body 12.72±1.51 a 12.02±1.53 12.15±1.26 a 

The beginning of anal fin to snout 19.3±3 a 18.19±1.85 a 18.2±1.4 a 

The beginning of anal fin to end of the body 7.48±1.44 a 7.48±1.47 a 7.26±2.11 a 

The beginning of dorsal fin to the beginning of anal fin 6.43±0.96 a 6.09±1.01 a 6.03±0.52 a 

The end of dorsal fin to the end of anal fin 2.28±0.66 a 2.18±0.63 a 1.96±0.45 a 

    

Note: Same letters indicate statistical non- significant difference between different species (P≥0.05). 
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Table 3. Analysis results (Mean + SE) of the morphometric traits to total length for 3 species of Alosa 
 

Morphometric characteristics (relative to total length) A. braschnikovi A. saposchnikovi A. kessleri  

Dorsal fin length 0.12±0.015 b 0.121±0.015 b 0.135±0.008 a 
Dorsal fin height 0.059±0.02 a 0.064±0.022 a 0.052±0.004 a 
Anal fin length 0.051±0.027 a 0.059±0.031 a 0.067±0.032 a 
Anal fin height 0.035±0.022 a 0.029±0.007 a 0.029±0.006 a 
Pectoral fin length 0.032±0.016 a 0.035±0.019 a 0.036±0.015 a 
Pectoral fin height 0.057±0.017 a 0.051±0.014 a 0.048±0.003 a 
Pelvic fin length 0.032±0.016 a 0.035±0.019 a 0.036±0.015 a 
Pelvic fin height 0.028±0.011 a 0.027±0.014 a 0.018±0.007 a 
The beginning of the pectoral fin to the snout 0.2±0.017 a 0.2±0.034 a 0.022±0.036 b 
The beginning of the dorsal fin to the snout 0.395±0.019 a 0.4±0.014 a 0.4±0.031 a 
End of the dorsal fin to the end of the body 0.464±0.029 a 0.466±0.023 a 0.472±0.021 a 
The beginning of the anal fin to the snout 0.6±0.024 a 0.6±0.018 a 0.6±0.018 a 

The beginning of anal fin to the end of the body 0.225±0.062 a 0.249±0.042 a 0.245±0.013 a 
The beginning of dorsal fin to the beginning of anal fin 0.199±0.02 a 0.203±0.024 a 0.199±0.018 a 
The end of dorsal fin to the end of anal fin 0.07±0.017 a 0.072±0.019 a 0.064±0.013 a 

Same letters indicate statistical non- significant difference between different species (P≥0.05) 
 

 

Sex ratio 

 In the study of sex ratio of 35 fish belong to A. 

braschnikovi, 22 male and 13 female were observed which 

was not significant (ℵ2=2.31, DF= 1, P=0.13). Also among 

the 15 fish belonging to A. saposchnikovi, 11 male and 4 

female were determined which this ratio was not significant 

(ℵ2=2.27, DF= 1, P=0.07). Only 6 fish belong to A. kessleri 

were found in Miankaleh region which was included 4 

male and 2 female fish. In general, male fish were 

dominant in all three species. According to Ghaninejad et 

al. (2003), A. braschnikovi had the highest percentage of 

existed species and it was predominant in number. It was 

estimated that about 77.35% of the caught Clupeidae by the 

beach seines, 42.04% of the catches which were taken by 

unauthorized operations and 60.73% of the catches of fish 

in the northern coast of Iran belonged to A. braschnikovi. 

Also, the sex ratio was not significantly different in this 

species and it was in balance condition (1 male: 1 female) 

which is compatible with this study.  

Length-weight and length-age relationship  

 In the study of the relationship between length and 

weight in A. braschnikovi, this relationship followed the 

isometric pattern. In the other words, length and weight 

growth were homogeneous (Figure 2). Also, the length-age 

relationship in A. braschnikovi follows a logarithmic 

pattern (Figure 3). According to the present results, the 

maximum length and weight of the A. braschnikovi in both 

fishing areas were 35.6±1.85 cm and 447.8±57.43 g for 5 

years fish in Gomishan region, and were 33.12±3.18 cm 

and 362.5±99.57 g for 4 years old samples in Miankaleh 

region, respectively (Table 4). Ghaninejad et al . (2003) 

reported that the highest percentages of length and weight 

composition belonged to species with a weight range of 

about 400 grams. In the survey by Afraee et al. (2004), the 

highest abundance of A.braschnikovi was in the age groups 

of 2 years and the lowest abundances were in the age 

groups of 1 and 6 years. Also, in the similar study by 

Patimar et al. (1996), the age groups of 2, 3, 4, and 5 years 

were observed on the southern shores of the Caspian Sea 

which are not similar with the results of this study. 

 
Figure 2. Length-weight relationship in A.braschnikovi 

 

 

 
Figure 3. Length-age relationship in A.braschnikovi 

 

 
 

Figure 4. Distribution of Clupeidae family on the coasts of 

Miankaleh and Gomishan regions, Golestan Province, Iran 
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Table 4. Biometric characteristics of 3 species belong to Alosa species 

 

Fishing zone Species Number Age (year) Length (cm) Weight (gr) 

Gomishan A. braschnikovi 12 3 35±4.53 211.25±107.26 

4 33±4.58 336.66±102.63 

5 35.6±1.85 447.8±57.43 

A. saposchnikovi 6 3 34±1.52 230±43.58 

4 34±1 300±10 
      

Miankaleh A. braschnikovi 23 2 28±1.73 141.66±40.72 

3 30±2.36 214.16±39.54 

4 33.12±3.18 362.5±99.57 

A. saposchnikovi 9 4 31.5±3.88 270±100.74 

3 31±1.41 205±21.21 

A. kessleri  6 4 29.75±0.35 225±35.35 

5 31±1.41 280±84.85 
      

 

 

 

 

  

Samandani et al (2007) investigated the distribution of 

economical bony fish populations at depths less than 10 

meters on the coast of Mazandaran using gill nets with 

different meshes. They found that catch per unit effort for 

Clupeidae was 0.52 per each fishing effort. Also, averages 

of length and weight were 23.1±4.4 cm and 125.9±12.3 g 

respectively, while the average of age for these fish was 

between 2 and 4 years old. Compared to the present study, 

differences in means of length and weight were observed. 

These differences can be due to differences in season, 

sampling area or fishing gear. 

Based on the DFA multivariate test for species 

isolation, three species were separate (Figure 4). In this 

study, an unidentified group of fish found and it was 

determined that unspecified fish was belonged to A. 

braschnikovi. Also, A. braschnikovi and A. kessleri are 

similar in terms of characteristics compared to A. 

saposchnikovi. In the study of factor analysis (data 

reduction of morphometric traits) in detecting of A. 

braschnikovi in Gomishan and Miankaleh regions, 8 factors 

with a specific value greater than 1 and with a dispersion 

percentage of 69.55% were detected (Table 5). 

In the study of the diagnostic characteristics of A. 

braschnikovi in two regions based on the upper values than 

0.7, the distance between the two nostrils, caudal fin 

length, end of the anal fin to the end of the body, the 

beginning of dorsal fin to the beginning of anal fin, pelvic 

and pectoral fins length, caudal fin height, dorsal fin height, 

anal fin length, head height, head height in the eye area, 

end of the dorsal fin to the end of the body, body width, 

distance between eyes, the beginning of the dorsal fin to 

the snout and the beginning of the anal fin to the snout 

were more valuable than other traits (Table 6). 

In the survey of catch per unit effort in two regions, it 

was observed that the average of catch per unit effort in 

Miankaleh fishing area is higher than Gomishan region. 

The highest amount of catch per unit effort was in 

Nemoooneh beach seine cooperative which was located in 

Miankaleh region, while lowest amount of catch per unit 

effort belonged to Azim Gol beach seine cooperative in 

Gomishan area. Also in the survey of catch per unit effort 

during two years, it was observed that the average of catch 

per unit effort in the Gomishan and Miankaleh fishing 

areas in 2011 were higher amounts compared to 2012 

(Table 7).  

According to Table 8, the averages of catch per unit 

effort of fishing operations in 2011 and 2012 in the 

Miankale region were higher than Gomishan area. In both 

regions, the catch per unit effort in 2011 was higher than 

2012 and there were significant differences between study 

regions (P≤0.05).  

During fishing season in 2011 to 2012, a 39% reduction 

in bony fish harvesting ratio has been reported by 

cooperative companies which can be due to the excessive 

increasing in fishing cooperatives, failure to comply the 

standards of the fishing gears especially in mesh size, and 

also it can be happened based on illegal fishing activities in 

the Caspian sea (Yahyaei 2012). Based on available 

statistics of catches and reports by Daryanabard et al. 

(2009), there has been a significant decrease in catch rate 

and amounts of fish stocks over the past few decades, and 

human activities have been more effective than natural 

factors in fluctuation and reduction of bony fish stocks. 

Clupeidae exists in all parts of Caspian Sea and differs only 

in terms of abundance and distribution in different parts 

(Afraei et al. 2004).  
 

Table 5. Results of factor analysis (reduction of morphometric 

traits) in detecting the A.braschnikovi species in two regions, viz. 

Miankaleh and Gomishan regions, Golestan Province, Iran 

 

Components 
Special 

amount 

Percentage of 

variance 

Cumulative 

percentage 

1 3.6 12.11 12.11 

2 3.4 11.38 23.48 

3 3.2 10.63 34.11 

4 2.7 9.1 43.20 

5 2.4 7.98 51.18 

6 2.3 7.81 58.99 

7 1.8 5.94 64.93 

8 1.4 4.62 69.55 
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Table 6. Derived morphometric traits from factor analysis in A. braschnikovi detection in Miankaleh and Gomishan regions, Golestan 

Province, Iran 

 

Morphometric characteristics Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8 

The distance between the two nostrils 0.77        

Caudal fin length  -0.77       

The end of anal fin to the end of body  0.73       

The beginning of dorsal fin to the beginning of anal fin  0.72       

Pelvic fin length 0.79        

Pectoral fin length 0.76        

Caudal fin height   0.7      

Dorsal fin height   0.73      

Anal fin length   -0.74      

Head height    0.85     

Head height in the eye area    0.85     

The end of dorsal fin to the end of body     0.73    

Body width      0.79   

Two eyes distance      0.71   

The beginning of the dorsal fin to the tip of the snout       0.85  

The beginning of the anal fin to the tip of the snout        0.78 

 

  
 

Table 7. Catch per unit effort of 3 species of Alosa in Miankaleh and Gomishan regions, Golestan Province, Iran in 2011-2012 

 

Fishing 

area 

Beach seine 

cooperatives 

2011 2012 

Catch amount 

(kg) 

Number of 

seining 
CPUE 

Catch amount 

(kg) 

Number of 

seining 
CPUE 

Gomishan Abu Hanifeh 220 69 3.2 136 165 0.8 

 Shahid Gharajeh 186 122 1.5 18 14 1.3 

 Chapagholi 331 151 2.2 99 173 0.6 

 Tohid Gomishan 230 109 2.1 101 135 0.7 

 Peyvand 119 67 1.8 123 131 0.9 

 Azim Gol 13 33 0.4 0 0 0 

 Khazar Gomishan 226 152 1.5 112 160 0.7 

 Molla Nafas 171 77 2.2 5 9 0.6 
        

Miankaleh Shayan Aydin 1375 175 7.9 403 158 2.6 

 Golestan 1067 140 7.6 653 155 2.4 

 Niyaz Abad 694 106 6.5 315 118 2.7 

 Makhtoom Gholi 633 138 4.6 247 110 2.2 

 Toomajlar 501 91 5.5 264 99 2.7 

 Nemooneh 2227 208 10.7 882 197 4.5 

 Chargholi 1331 180 7.4 699 185 3.8 

 Shahid Beheshti 906 118 7.7 367 140 2.6 

 Basir Abad 445 105 3.2 377 120 3.1 

 Ghareh soo 567 125 1.5 347 134 2.6 

 Ghoncheh Golestan 570 115 2.2 391 125 3.1 

 Noor Golestan 1287 163 2.1 810 167 4.9 

 Yashar 790 128 1.8 291 114 2.6 
 

 

 
 

Table 8. Average of catches per unit effort of fishing operation in 

two regions of Miankaleh and Gomishan regions, Golestan 

Province, Iran in 2011-2012 

 

Beach seine cooperatives 2011 2012 P 

Gomishan 1.86±0.8 a 0.7±0.36 b 0.003 

Miankaleh 6.51±1.91 a 3.12±0.022 b 0 

 
Different ecological conditions, nutritional needs and 

food relations, and their adaptations to the environment 

determine the density and distribution of different species. 

This issue can also be surveyed on the southern shores of 

Caspian Sea, and the distribution is most often associated 

with the ecological conditions of the region. In the studies 

of Afraei et al. (2005), the study on the condition of A. 

braschnikovi density was detected that the density of this 

species increases from east to west of the Caspian Sea, so 

that this amount was 42.8% in Golestan Province and 

56.2% in Mazandaran province. Furthermore, the 

relationship between length and weight of this species has 

been homogeneous throughout the study area which shows 

similar results to the present research (Fazli 2011).  
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According to a recent study, in both fishery areas of 

Gomishan and Miankaleh, A.braschnikovi has the most 

length and weight compared to other species and Alosa 

species in Gomishan region has more length compared to 

Alosa species in Miankaleh region. In all species, the male 

was dominant over the female. The average of catch per 

unit effort for Alosa species in Miankaleh region was more 

than Gomishan region during 2011 to 2012. In both 

regions, the catch per unit effort in 2011 was higher than in 

2012. Also in both regions, the most abundance of age 

groups belonged to groups of 3 and 4 years old which 

indicated sexual maturity in most species. 
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Abstract. Mutala’liah, Indarti S, Putra NS. 2018. Abundance and diversity of plant parasitic nematodes associated with BP 308 and BP 
42 clones of robusta coffee in Java, Indonesia. Biodiversitas 19: xxxx. Plant parasitic nematodes are an important limiting factor in the 
productivity of coffee plantations. Clone resistance and soil texture influence the severity of plant infestation by parasitic nematodes. 
The aim of this research was to determine the diversity of plant parasitic nematodes in two clone of Robusta coffee (BP 308 and BP 42) 
on soils with different contents of sand. The research was carried out in Malangsari Field (East Java), Getas Field (Central Java) and 
Candiroto Field (Central Java). Nematodes were extracted from soil samples by the decanting method using a whitehead tray, while 
roots sample by the funnel spray method with a ‘mistifier’. Differences in diversity of nematode genera between clone and location 
combinations were analyzed by ANOVA. The results showed that there were five genera associated with Robusta coffee, i.e. 
Pratylenchus, Helicotylenchus, Radopholus, Rotylenchulus, and Meloidogyne. With clone BP 308 at the Malangsari Field site where soil 
contained 31.3 % sand, Pratylenchus was the most abundant genus i.e. 6 nematodes/100 mL soil. On the same clone, BP 308, at the 
Getas Field site where soil contained 26.9 % sand, Meloidogyne was the most abundant i.e. 14.4 nematodes/10 g roots. With clone BP 
42 at the Candiroto Field site with 25.5 % sand in the soil, Pratylenchus was highly abundant i.e. 60 nematodes/10 g roots. 

Keywords: Abundance, diversity, plant parasitic nematodes, Coffea canephora clone. 

INTRODUCTION 
 

Coffee (Coffea sp.) is one of the most important 
economic crops in Indonesia. In 2014, Indonesia exported 
about 382,750.3 ton of coffee (BPS 2017). The major type 
of coffee plantation in Indonesia is Robusta, because 
Indonesia has a tropical climate suitable for production of 
this coffee. The optimum environment for growing Robusta 
coffee is at an altitude of about 300-800 masl (Pohlan and 
Janssens 2016). South Sumatera is the major province 
producing Robusta coffee (29.3%), followed by East Java 
(5.5%) and Central Java (3.5%) (Nurbahar et al. 2014). 

Plant parasitic nematodes (PPNs) are regarded as 
destructive pests that can damage coffee plantation 
(Campos and Vialin 2005). Fourteen genera of plant 
parasitic nematodes (PPNs) have been found in association 
with coffee: Rotylenchulus, Pratylenchus, Meloidogyne, 
Radopholus, Helicotylenchus, Xiphinema, Macrophostonia, 
Discocriconemella, Hemicriconemoides, Diphterophora, 
Paratylenchus, Hoplolaimus, APratylenchus, and 
Longidorus (Trinh et al. 2009), whereas the dominant 
genera that cause high yield losses are Meloidogyne spp. 
and Pratylenchus spp. (Campos and Vialin 2005). The 
nematode believed to be most limiting of coffee production 
in Indonesia is the species Pratylenchus coffeae 
(Wiryadiputra and Tran 2008). 

Plant parasitic nematodes generally live in soil and 
roots. Soil abiotic factors significantly influence the 
development of PPNs. These include physical and chemical 

soil characteristics such as soil texture, soil pH, soil RH, 
soil temperature, and organic matter. Each component can 
influence directly or indirectly PPN development (Norton 
1989). The objective of this research was to determine the 
abundance and diversity of PPNs in two Robusta coffee 
clones.  

MATERIALS AND METHODS 

A survey was conducted in three areas of Robusta 
coffee plantation in Java, i.e. East Java and Central Java. 
The survey was carried out between August and November 
in 2016. In East Java, Indonesia, the Malangsari Field 
owned by PTPN XII was choosen. In Central Java, 
Indonesia the Getas Field owned by PTPN IX and the 
Candiroto Field owned by an individual farmer were 
choosen. The planted clone in both government fields 
(PTPN XII and PTPN IX) was BP 308, whereas in the 
farmer’s field it was BP 42.  

Purposive sampling was used in this survey. Soil and 
root samples were collected around coffee plants, 
consisting of three soil cores. For determination of PPNs, 
soil samples were divided into two depths below ground 
level i.e. < 30 cm, and 50 cm. Five sub-samples were 
assessed within each of the two soil depths, while two sub-
samples were assessed for each root sample. Nematode 
extraction from soil sub-samples was carried out using the 
decanting method with a white-head tray, whereas for root 
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sub-samples, nematode extraction was carried out using the 
funnel spray method with a ‘mistifier’ (Bezooijen 2006). 
The soil samples were incubated on the tray for one or two 
days, whereas root samples were incubated for four days.  

 Soil samples were thoroughly mixed. A 100 mL sub-
sample of soil and 10 g of roots were taken for extraction, 
sieving and decanting (Cobb 1918) through a 40 µm sieve. 
Plant parasitic nematode genera were observed and counted 
in a counting dish under the stereo microscope. Population 
abundance was determined by multiplying the average 
number of each genus within 5 ml of a 50 ml nematode 
suspension (Rahman et al. 2014).  

For soil texture analyzes, 20 mL samples of soil were 
sent to the Soil Laboratory in the Agriculture Faculty of 
Universitas Gadjah Mada, Yogyakarta, Indonesia. 

Data were analyzed by ANOVA (R version 3.3.1). 

RESULTS AND DISCUSSION 

The three observed fields were at medium altitude: 480, 
659, 783 masl for Getas Field, Malangsari Field and 
Candiroto Field, respectively. The general soil texture was 
clay-loam in all fields, however there was a different 
content of sand fraction in each field. Soil of the 
Malangsari Field was highest in its content of the sand 
fraction, i.e. 31.3 %; the soil of the Getas Field contained 
26.9 % sand and the Candiroto Field 25.5 %. 

The data showed that there were five genera of Plant 
Parasitic Nematodes (PPNs) identified in the Robusta 
coffee plantations, i.e. Pratylenchus, Helicotylenchus, 
Radopholus, Rotylenchulus, and Meloidogyne. All fields 
were infected by Pratylenchus. Helicotylenchus was found 
in Malangsari and Candiroto Fields but not in the Getas 
Field, whereas Meloidogyne was found in the Getas and 
Candiroto Fields but not in the Malangsari Field. 
Rotylenchulus and Radopholus were found only in the 
Malangsari Field (Table 1). 

Plant parasitic nematodes have been recognised as one 
of the limiting factors in coffee producing areas word-wide. 
Genera associated with coffee are both endoparasitic and 
ectoparasitic nematodes. In Nigeria, endoparasitic 
nematodes were found to be more dominant than 
ectoparasitic nematodes. The major endoparasite 
nematodes detected were Meloidogyne spp., Pratylenchus 
coffeae, and Rotylenchulus reniformis in about 82.51 and 5 
% respectively of all soils sampled (Orisajo and Fademi 
2012). Ectoparasitic nematodes such as Helicotylenchus 
coffeae, Xiphinema spp. Radopholus spp., Criconemoides 
xenoplax, Scutellonema brachyurus, and Trichodorus spp. 
were also found.  

In our survey, the data showed that endoparasitic 
nematodes were significant in the coffee plantations i.e. 
Pratylenchus, Meloidogyne and Rotylenchulus. 
Ectoparasitic nematodes found were Helicotylenchus and 
Radopholus. Helicotylenchus was found in both < 30 cm 
and 50 cm soil depth, whereas Radopholus was found only 
at 50 cm soil depth. Occurence of Pratylenchus was 
dominant in all fields and the highest abundance was 
extracted from roots in the Candiroto Field.  

Table 1. Occurance of plant-parasitic nematodes in soil and roots 
of Robusta coffee  
 

Nematode genera Field location 
Malangsari Getas Candiroto 

Pratylenchus + + + 
Helicotylenchus + - + 
Radopholus + - - 
Rotylenchulus + - - 
Meloidogyne - + + 
Note: (+): exist, (-): absent 

 
 
In the Malangsari Field, there were found 4 genera of 

PPN i.e. Pratylenchus, Helicotylenchus, Radopholus, and 
Rotylenchulus (Figure 1). The most abundant was 
Pratylenchus both in the < 30 cm depth of soil and in the 
roots i.e. 6 nematodes/100 mL soil and 5.57 nematodes/10 
g roots, respectively. The abundance of two nematode 
genera (Pratylenchus and Rotylenchulus) in the roots 
differed significantly, i.e. 5.57 and 0.66 nematodes/10 g 
roots, respectively. There was not a significant difference 
between the abundances of the nematode genera at the 50 
cm soil depth: Pratylenchus at about 1.34/100 mL soil; 
Helicotylenchus at about 0.66/100 mL soil; and 
Radopholus at about 2 /100 mL soil (Figure 1). 

Figure 2 shows that two genera of PPN were found in 
the Getas Field i.e. Pratylenchus and Meloidogyne. On the 
roots, Meloidogyne was dominant i.e. 14.43 nematodes/10 
g roots, but its abundance was not significantly different 
from the abundance of Pratylenchus at about 6.7 
nematodes/10 g of roots. In the soil, Pratylenchus was 
found at about 2 nematodes/100 mL soil in < 30 cm depth. 
No nematode genera were detected at the 50 cm soil depth. 

In Candiroto Field with BP 42 clone, there were found 
three genera of PPN i.e. Pratylenchus, Helicotylenchus, 
and Meloidogyne. Abundance of Pratylenchus in the roots 
was dominant as about 60 nematodes/10 g roots and it was 
significantly different from the abundance of Meloidogyne 
i.e. 1.65 nematodes/10 g roots. In the soil at < 30 cm depth, 
abundance of Helicotylenchus (32 nematodes/100 mL soil) 
was higher, but not significantly, than abundance of 
Pratylenchus (26.68 nematodes/100 g of soil). There were 
no nematode genera found at the 50 cm soil depth (Figure 
3). 

In Getas Field, the abundance of Meloidogyne from 
extracted roots sampled was higher than for Pratylenchus, 
whereas in the Candiroto Field, Pratylenchus abundance 
was higher than Meloidogyne abundance. It is likely that 
this difference is a result of differences in factors such as 
the kind of coffee clone grown and the textures of the soil 
in the fields.  

BP 308 is a clone that was developed in order to be 
highly resistant to infection by Pratylenchus coffeae and 
Radopholus similis, whereas BP 42 was assessed to be a 
clone susceptible to attack by PPNs (Mawardi et al. 2004). 
Clone BP 42 was the clone planted in the farmer’s field at 
Candiroto wheras BP 308 was the clone planted in the two 
government fields. Data for the BP 308 clone showed that 
the Malangsari Field was not infected by Meloidogyne but 
the Getas Field was infected by Meloidogyne. This 
suggests that the BP 308 clone is not resistant to 
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Meloidogyne; its abundance in the Getas Field was higher 
than the abundance for Pratylenchus. Despite the reputed 
resistance of BP 308 clone to Pratylenchus, we detected 
some presence of Pratylenchus in this clone, particularly in 
the Malangsari Field. This could be be a result of the 
optimal environmental conditions for the development of 
Pratylenchus. 

 
 

 
 
Figure 1. Total population of nematode genera (mean of 5 
replications) on each parameter observed (< 30, 50 cm of soil 
depth, and on roots) in BP 308 clone Malangsari Field. The 
different letters above the columns indicate significant differences 
between them, according to Duncan’s multiple range test (P < 
0.05). Columns without letters in each parameter indicate no 
significant differences. 
 
 
 

 
 
Figure 2. Total population of nematode genera (mean of 5 
replications) on each parameter observed (< 30, 50 cm of soil 
depth, and roots) in BP 308 clone Getas Field. 

 
 
 
 

 
 

Figure 3. Total population of nematode genera (mean of 5 
replications) on each parameter observed (< 30, 50 cm of soil 
depth, and on roots) in BP 42 clone Candiroto Field. The different 
letters above the columns indicate significant differences between 
them, according to Duncan’s multiple range test (P < 0.05). 
Columns without letters in each parameter indicate no significant 
differences. 

The existence of Meloidogyne and Pratylenchus in 
coffee plantations has been studied in Nicuragua under two 
kinds of management system, i.e. conventional and organic 
systems (Herrera et al. 2011). Abundance of Meloidogyne 
was greater than that of Pratylenchus in the five 
management systems investigated but the relative 
abundance of the two nematode genera was effeted by the 
particular ecological conditions prevailing under the 
management systems. The results of the study by Herrea et 
al 2011 align with the findings in our study that in the 
Getas Field Meloidogyne abundance was higher than 
Pratylenchus. However, they are contrary to what we found 
in the Candiroto Field, where the abundance of 
Pratylenchus was significantly higher than the 
Meloidogyne abundance. It is likely that differences exist 
between Pratylenchus and Meloidogyne as to their prefered 
ecological niches. Pratylenchus is a migratory endoparasite 
that usually lives in the cortex of roots and is able to 
penetrate primary, secondary as well as tertiary roots. 
However, Meloidogyne is a sedentary endoparasite that 
lives in the stele of roots and is only able to penetrate the 
tip of secondary and tertiary roots system (Duyck et al. 
2009). When Pratylenchus has previously infected roots, 
Meloidogyne are not able to infect the same roots. It could 
be that the Pratylenchus infection of the roots forms lesions 
that inhibit subsequent penetration by Meloidogyne. 
However, it is found that if roots have previously been 
infected by Meloidogyne then Pratylenchus does have 
some chance to subsequently infect the roots.   

Soil texture is an abiotic factor that is likely to affect the 
potential damage to coffee plants caused by PPNs. Most 
PPNs have optimum development on sandy soils. On cereal 
crops in Uganda, Meloidogyne spp. and Pratylenchus zeae 
are dominant in sandy soils and their abundance decreases 
in clay soils (Talwana et al. 2008). P. zeae was found to be 
highly abundant on loamy soil of sugarcane crops in South 
Africa (Dana et al. 2002). Reproduction of M. incognita 
was greater in soils with 80% sand than in soils with a 70% 
sand fraction. In a study of cotton crops in Arkansas, it was 
found that the higher the sand content of the field the more 
severe were the infestaions by M. incognita (Jaraba et al. 
2009). In our study, the data showed sand content of the 
Getas Field soil was higher than the Candiroto Field soil 
and the Meloidogyne abundance was also higher in Getas 
than in the Candiroto Field.  

Pratylenchus brachyurus and M. incognita have been 
found to dominate at 15-30 cm soil depths in soybean crops 
in Florida (McSorley and Dickson, 1990). Hulupi and 
Mulyadi (2007) demonstrated that P. coffeae was dominant 
around the root systems in soils of < 30 cm depth. Our data 
showed that Pratylenchus was found in the Malangsari 
Field at 50 cm soil depth. This perhaps is due to a greater 
content of the sand fraction at this depth in the Malangsari 
Field. The higher sand content of the Malangsari Field 
perhaps promotes greater Pratylenchus infection of the 
roots, because BP 308 clone has a long root system, about 
76 cm in length (Mawardi et al. 2004). 

This is the first report about genera diversity of PPNs 
associated with Robusta coffee clones grown on soils of 
different soil textures. Pratylenchus was the nematode 
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genus with highest abundance in the Malangsari Field of 
the BP 308 coffee clone and the Candiroto Field of the BP 
42 clone, whereas in the Getas Field of the BP 308 clone 
the highest abundance was in the genus Meloidogyne. 
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INTRODUCTION 

Mangrove is a unique and complexed ecosystem, 
because there are associations between flora and fauna 
closely related to local environmental factors. Mangrove 
areas can be described as areas or wetland ecosystems 
which are very productive due to high nutrient 
productivity, because it obtains energy in the form of food 
substances brought by tidal sea water, to coastal areas and 
surrounding estuaries (Mukherjee et al. 2014; Das 2017; 
Osland et al. 2017). Therefore, in addition to protecting 
coastal areas and storing carbon, mangroves also support 
the diversity of flora, marine and coastal fauna (Hwanhlem 
et al. 2014; Lee et al. 2014). The mangrove ecosystem also 
serves as a breeding and feeding ground of various species 
of fish, shrimp, birds, mammals, and reptiles. In the 
mangrove ecosystem, there are dominant marine animal 
groups, namely mollusks, crustaceans and fish, and the 
mangrove trees act as a food chain that accommodate the 
lives of the tree fauna species (Hutchison et al. 2014; Nanjo 
et al. 2014b). In addition, mangrove is known to support 
ecosystem goods and services up to USD 194,000 • ha-1 • 
yr-1, and significantly contributes to 10 to 30 percent of 
total fisheries worldwide, excluding small islands (Aburto-
Oropeza et al. 2008; Costanza et al. 2014; Anneboina and 
Kumar 2017). 

Fish is a potential inhabitant of mangrove ecosystem. In 
India between 2013 to 2014 marine fish production reached 
3,443 thousand tons, and about 29 percent of it was 
exported abroad, most of which was largely a highly 
dependent on commercial marine fish species of 
mangroves (Anneboina and Kumar 2017). Within the 
mangrove ecosystem there are food chains that either 
directly or indirectly contribute significantly to the 

recruitment of adult marine fish, and 80% of commercial 
fish caught in coastal water around it (Harahab 2009; Camp 
et al. 2011; Sandilyan and Katherisan 2012). 

Lombok is one of several small islands in the series the 
Great Sunda Islands, and its water becomes the main gate 
of water mass flow from the Pacific to the Indian Ocean. In 
Lombok coastal areas there are mangrove, seagrass, coral 
reefs, and estuaries. Large mangrove forests reach 
approximately 1340.1 ha, distributed in East Lombok 
district 1081.80 ha, West Lombok 229.23 ha and Central 
Lombok 29.07 ha. However, approximately 906.31 ha of it 
was damaged (Budhiman et al. 2001). Some of the damage 
was the result of the conversion of mangrove area into 
ponds and farmland. According to Aburto-Oropeza et al. 
(2008), the current mangrove decline is largely due to the 
ever-increasing coastal development, tourism, and 
aquaculture.  

There is a concern that the damage of mangrove can 
have a negative impact on species diversity of fish and 
populations of fish species. So far, there has been little 
information of fish species of mangrove water in Lombok 
Island. Therefore, this study was conducted to reveal the 
fish diversity of mangrove in West and Central Lombok, in 
Lombok Island. The results are expected to be used as 
reference for the local policy makers to protect fish 
community. 

MATERIALS AND METHODS 

Study area 
The research was conducted in mangrove waters of 

Lombok island, West Nusa Tenggara, Indonesia from 8 to 
19 April 2013. Fish sampling was done in five stations 
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Figure 1. Fish sampling stations in Lombok island, West Nusa Tenggara, Indonesia 
 
 
 
 

 
which covered Cemare Estuary (station I, West Lombok 
District), Rasu Bay (station II, West Lombok District), Sepi 
Bay (station III, West Lombok District) and Aan Cape 
(station IV, Central Lombok District) (Figure 1). 

Procedures 
The sampling of fishes in each station was done using 

certain gears, namely cast net with mesh sizes of 1.5 cm 
and 2.5 cm, gill net with mesh sizes of ¾ inch, 1.5 inch and 
2 inches. Fish specimens were preserved in 10 % formalin. 
Then, the fish specimens were taken to fish laboratory in 
Bogor Zoological Museum, located in Cibinong. In the 
laboratory, the fish specimens were preserved using alcohol 
70-75% as a permanent preservation. All samples were 
identified according to the identification keys from Weber 
and de Beaufort (1916), Allen and Swainston (1988), 
Kottelat et al. (1993) and Peristiwady (2006). 

Data analysis 
The data were analyzed (with program past 2.1.4) to 

determine the fish composition that inhabit the region, 
using some indexes, namely species diversity index 
(Shannon and Weaver in Odum 1971), species richness 
index (Margalef in Odum 1971) and the fish composition 
similarities among the stations were analyzed using 
Sorensen similarity index (with program past 2.1.4). 

RESULTS AND DISCUSSION 

Characteristics of sampling locations  
Generally, mangrove trees found in sampling location 

were Rhizophora spp., Bruguiera sp., Avicennia sp., 
Excoecaria sp., Sonneratia alba and Aegiceras sp. The first 
location was Cemare River located in the Puyahan village, 
Lembar Subdistrict. In this location, the mangrove canopy 

1 

2 

3 

4 
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was relatively moderate to dense. The next location was 
Rasu Bay in the Labuan Tereng Village, Lembar 
Subdistrict, whose mangrove was relatively open, the edges 
are sloping and muddy, and a lot of trash, such as plastic 
waste, was trapped in in some mangrove roots. The third 
location was Sepi Bay at the Sangap Village and Sekotong 
Subdistrict. As the name implies, this location was 
relatively quiet, dominated by coastal sand and rocks, and 
the mangrove forest was relatively dense. The fourth 
location was Aan Cape located in Sengkol Village, Rujut 
Subdistrict in Central Lombok, which is a gently sloping 
beach and has open mangrove forest. 

The water around the Cemare River was relatively 
clear. Some fish anglers and wooden-ships of fishermen 
were occasionaly seen in this water. The water was 
relatively turbid at the Rasu Bay, while in Sepi Bay and 
Aan Cape the water was relatively clear. Aan Cape is 
visited by tourists for recreation and surfing. 

Fish composition 
The fish composition consisted of 38 species belonging 

to 28 genera and 20 families (Table 1). The results showed 
that the number of fish species in the mangrove water was 
relatively high in West Lombok. While the observations in 
each station revealed that station I was by dominated 
Oreochromis niloticus (34 individuals) and Ambassis sp. 
(20 individuals), station II by Ostorhinchus lateralis (5 
individuals) and Oryzias javanicus (4 individuals), station 
III by Chelon subviridis (9 individuals) and Ambassis sp. (7 
individuals), and station IV by Chanos chanos (5 
individuals) and Ambassis urotaenia (4 individuals). 

Rice fish O.javanicus and belodok P.argentilineatus 
were collected in all research stations (100%). The family 
of Gobiidae was represented by 7 species, and Chandidae 
by 4 species (Table 1). 

 
 
 
 
Table 1. Fish diversity in the mangrove waters at Lombok island, West Nusa Tenggara, Indonesia 
 

Family Species Location Amount (ind.) Distribution (%) 

Chanidae Chanos chanos 4 5 25.00 
Oryziidae Oryzias javanicus 1,2,3,4 21 100.00 
Hemirhamphidae Hyporhamphus quoyi 2,3 3 50.00 
 Zenarchopterus dispar 1,2,3 13 75.00 
Chandidae Ambassis buruensis 1,3,4 12 75.00 
 Ambassis interrupta 1,2,3 18 75.00 
 Ambassis urotaenia 2,3,4 9 75.00 
 Ambassis sp. 1,2,3 29 75.00 
Apogonidae Apogon amboinensis 1,2 8 50.00 
 Ostorhinchus lateralis 2,3,4 8 75.00 
 Sphaeramia orbicularis 2,3 3 50.00 
Carangidae Caranx ignobilis 1,3,4 5 75.00 
 Caranx sexfasciatus 3,4 3 50.00 
Leiognathidae Eubleekeria splendens 1,2,3 7 75.00 
Lutjanidae Lutjanus argentimaculatus 1,3,4 4 75.00 
 Lutjanus fulvus 1,3 2 50.00 
 Lutjanus sp. 1 1 25.00 
Gerreidae Gerres kapas 4 3 25.00 
 Gerres oyena 1,3,4 9 75.00 
Monodactylidae Monodactylus argenteus 1,3 4 50.00 
Scatophagidae Scatophagus argus 1,2,3 6 75.00 
Cichlidae Oreochromis niloticus 1,4 35 50.00 
Siganidae Siganus guttatus 1,3 3 50.00 
Mugillidae Chelon subviridis 2,3,4 15 75.00 
Sphyraenidae Sphyraena barracuda 1 1 25.00 
 Sphyraena sp. 3 1 25.00 
Eleotrididae Butis gymnopomus 1 1 25.00 
 Oxyeleotris uropthalmoides 1,3 4 50.00 
Gobiidae Acentrogobius viridipunctatus 2,3 5 50.00 
 Acentrogobius sp. 1 1 25.00 
 Glossobius aureus 1,2,3,4 6 100.00 
 Glossogobius giuris 1,2,3 2 75.00 
 Papillogobius reichei 1,3 9 50.00 
 Periophthalmus argentilineatus 1,2,3,4 11 100.00 
 Redigobius sp. 1,2,3 4 75.00 
Anabantidae Anabas testudineus 1 4 25.00 
Monacanthidae Amanses scopas 4 1 25.00 
Mullidae Upeneus sulphureus 4 1 25.00 
Note: 1. Cemare Estuary (West Lombok); 2. Rasu Bay (West Lombok); 3. Sepi Bay (West Lombok); 4.Aan Cape (Central Lombok) 
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The occurence and comparison of fish species in each 
station 

Station III had the highest number of species, which 
was 27, followed by station I with 26 species, station IV 
with 17 species, and Station II with 16 species. 

The species diversity index (Hʹ) at each station ranged 
between 2.618 and 3.072, the evenness index (E) 0.803-
0.950 and the richness index (d) 4.328-6.206 (Table 3). 
Sepi Bay had the highest diversity of fish species i.e. with 
Hʹ= 3.072, evenness index, E= 0.932 and species richness 
index, d= 6.206.   

Ecosystem-based grouping of fish species diversity 
shows that Cemare Estuary (station I) had almost similar 
fish species composition with Sepi Bay (station III), with 
the degree of similarity 0.72, while Rasu Bay (station II) 
had the similarity level of fish species of 0.59 with stations 
I and III. Aan Cape (station IV) had different fish species 
composition from the other three stations, with similarity 
index of 0.44 (Figure 2). 
 
Table 2. The presence or absence of fish in each station 
 

Family  Species  Station 
I II III IV

Chanidae Chanos chanos 0* 0 0 1*
Oryziidae Oryzias javanicus 1 1 1 1
Hemirhamphidae Hyporhamphus quoyi 0 1 1 0

Zenarchopterus dispar 1 1 1 0
Chandidae Ambassis buruensis 1 0 1` 1
 Ambassis interrupta 1 1 1 0

Ambassis urotaenia 0 1 1 1
Ambassis sp. 1 1 1 0

Apogonidae Apogon amboinensis 1 1 0 0
 Ostorhinchus lateralis 0 1 1 1

Sphaeramia orbicularis 0 1 1 0
Carangidae Caranx ignobilis 1 0 1 1

Caranx sexfasciatus 0 0 1 1
Leiognathidae Eubleekeria splendens 1 1 1 0
Lutjanidae Lutjanus argentimaculatus 1 0 1 1

Lutjanus fulvus 1 0 1 0
 Lutjanus sp. 1 0 0 0
Gerreidae Gerres kapas 0 0 0 1
 Gerres oyena 1 0 1 1
Monodactylidae Monodactylus argenteus 1 0 1 0
Scatophagidae Scatophagus argus 1 1 1 0
Cichlidae Oreochromis niloticus 1 0 0 1
Siganidae Siganus guttatus 1 0 1 0
Mugillidae Chelon subviridis 0 1 1 1
Sphyraenidae Sphyraena barracuda 1 0 0 0

Sphyraena sp. 0 0 1 0
Eleotrididae Butis gymnopomus 1 0 0 0

Oxyeleotris uropthalmoides 1 0 1 0
Gobiidae Acentrogobius viridipunctatus 0 1 1 0
 Acentrogobius sp. 1 0 0 0
 Glossobius aureus 1 1 1 1
 Glossogobius giuris 1 0 1 1

Papillogobius reichei 1 0 1 0
Periophthalmus argentilineatus 1 1 1 1
Redigobius sp. 1 1 1 0

Anabantidae Anabas testudineus 1 0 0 0
Monachantidae Amanses scopas 0 0 0 1
Mullidae Upeneus sulphureus 0 0 0 1
  Number of species 26 16 27 17
Note: * 1: present, 0: absent 

Table 3. The indexes of species diversity (Hʹ), Evenness (E) and 
Species Richness (d) at each sampling station 
 

Station 
Index 

Cemare 
Estuary 

Rasu 
Bay 

Sepi 
Bay 

Aan 
Cape 

Species diversity 
index (H) 

2.618 2.635 3.072 2.667 

Evenness index (E) 0.803 0.950 0.932 0.941 
Species Richness 
index (d) 

5.045 4.328 6.206 4.431 

 
 
 
 

 
 
Figure 2. Grouping the mangrove ecosystem based on common 
fish species in each station 
 
 

Discussion 
Various fish species were collected in the mangrove 

waters allegedly because the ecosystem conditions and 
general physical waters were relatively good. Mangrove 
plants with good conditions were found at the edge of 
water, with various substrate characteristics, sandy, rocky 
and muddy. Similarly at Ujung Kulon National Park 
(TNUK) Pandeglang, Banten, where the mangrove 
ecosystem was in good condition, 43fish species, belonging 
to 33 genera and 24 families were found (Wahyudewantoro 
2009). While in Guimaras mangrove waters, the 
Philippines, 50 species of fish were found. The condition of 
the mangrove vegetation there was quite good, consisting 
of several species, i.e Avicennia sp., Bruguiera sp., Ceriops 
sp., Excoecaria agallocha, Heritiera littoralis, Nypa 
fruticans, Rhizophora sp. and Sonneratia sp., with varying 
extents. The rivers were located 50 to 150 meters from the 
coastline with sandy to muddy substrate (Abroguena et al. 
2012).  

Each of research stations had dominant fish, whose 
number of individuals was relatively more abundant than 
the other species. This is consistent with the statement Nip 
and Wong (2010) that the fish community in a mangrove 
waters will be dominated only by a few species of fish, 
although the number of individual catches was relatively 
abundant. As in the Sikao Creek mangrove estuary, 
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Southwest Thailand from 455 individuals, after 
identification, only 19 species were found dominant 
(Zagars et al. 2013). In the mangrove areas in the Egyptian 
Red Sea, 269 juvenile fishes represented 21 species (El-
Regal and Ibrahim 2014). 

The fish species caught in all locations were common 
fish species found in the mangrove ecosystem. These fishes 
allegedly exploited the mangrove area as feeding ground or 
nursery ground, as indicated by the fish catch, which 
ranged from juvenile to almost adult. Some studies suggest 
that mangroves are thought to provide more food for 
juvenile fish than other ecosystems, and there are about 
70% -90% of juvenile-sized fish located within the 
mangroves (MacDonald et al. 2009; Mwandya et al. 2009). 
This hypothesis was reinforced by Nip and Wong (2010), 
showing that in the waters of the mangrove East of 
Hongkong half of the number of fish caught was still in 
juvenile size. 

Rice-fish O.javanicus and belodok P.argentilineatus 
had high adaptability to all stations. The group of fish 
Oryzias spp. which belong Adrianichthyidae family 
generally live in freshwater. Kottelat et al. (1993) state that 
O. javanicus is often found in brackish and mangrove 
waters. According to research conducted by Yusof et al. 
(2013), O.javanicus was widely distributed in mangrove 
waters on the west coast of Peninsular Malaysia. While on 
the Saddang river in Tana Toraja Regency, South Sulawesi, 
O. javanicus could be found swimming in groups in the 
downstream and estuaries (Pratama et al. 2015). Belodok is 
the other mangrove species resident, because mangrove 
ecosystems provide abundant food and appropriate 
nutritional requirements (Gosal et al. 2013). Belodok also 
utilizes of the pneumatophores of Sonneratia alba as 
shelter from predators (Burhanuddin and Martosewojo, 
1978 in Wahyudewantoro 2009). Magel et al. (2017) and 
Nanjo et al. (2014a) added that mangrove trees and roots 
could reduce the threat to juvenile fish both from some 
predators, as well as from extreme changes in 
environmental conditions.  

Gobiidae and Chandidae families had the highest 
number of species throughout the research stations. It is 
suspected that species of these families are permanent or 
temporal residents in mangrove waters. Pramudji (2008) 
reported that in coastal area of Mahakam Delta, fish species 
of Gobiidae were found from the larval stage to adult. 
Gobiidae juvenile was also abundant in mangrove in 
Eastern Hong Kong, which may serve as feeding and 
nursery place (Nip and Wong 2010). Species members of 
Chandidae also have a wide spread of habitat, but some 
Ambassis spp. are more common in marine areas, estuaries 
and mangrove. Similarly, in the Sikao Creek, Southwest 
Thailand, where the species of Ambassis interruptus and A. 
vachellii are dominant, it is believed that the these species 
eat the microbenthos which is abundant in these waters 
(Zagars et al. 2013). 

Table 2 shows that more fish species visited the Sepi 
Bay than the other stations. Accordingly, the species 
diversity index and species richness index in Sepi Bay 
(station III) were higher than those in Cemare Estuary 
(station I), Rasu Bay (station II), and Aan Cape (station 

IV). The high diversity in Sepi Bay might be caused by the 
high production of litter, which was 9.9 ton/ha/year 
(Zamrony and Rohyani, 2008). Day et al. (2012) argue that 
the leaves are a source of nutrients for the surrounding 
organisms. Falling leaves or litter, will then be broken 
down by microorganisms into detritus, which in turn will 
be utilized by various juvenile fish, shrimp and crab and 
shell as a source of food. The results of research conducted 
by Zagars et al. (2013) showed that mangrove trees can 
provide 70% primary nutrients for various species of fish. 
Sepi Bay mangrove water was better, because it is 
supported by a substrate of sand and rocks, so it is likely to 
attract fish species other than the resident fishes in the 
region. Habitat variations in mangroves such as substrate 
base, physical and environmental conditions can affect the 
diversity of existing fish species, and influence to structural 
heterogeneity of mangroves which attract much attention of 
juvenile fish (Nanjo et al. 2014a; Nip and Wong 2010).  

The evenness index of each research stations was 
relatively not much different. Odum (1971) says that if 
there is no concentration of individuals of a specific 
species, the value of the evenness index will be high. The 
species richness index of the Rasu Bay (station II) was the 
lowest. This situation may be due to the the poor mangrove 
conditions in the Rasu Bay because of the amount of 
garbage either floating or caught in the mangrove trees and 
residual oil from motor boat combustion polluting the 
water. Fragmentation of habitat caused by poor 
environmental quality, allegedly contributes to the wealth 
of existing fish species (Abroguena et al. 2012). 

Cemare Estuary (station I) and Sepi Bay (station III), 
had the highest similarity index, with 19 common fish 
species. The Rasu Bay (station II), had the 9 common fish 
species with the Sepi Bay and Cemare Estuary. Aan Cape 
had very different species composition, having only one 
common fish species with the other stations.  

At the stations I and III, the mangrove vegetation cover 
was relatively moderate to dense, with sandy and muddy 
substrate, whereas at station II, the mangrove cover was 
relatively open, with young seedlings of mangrove plants, 
and with muddy substrate. Station IV had very open 
mangrove covering, sandy substrate, and was visited by 
many local people and tourists. Existing habitat conditions 
are suspected to be one of the causes of the species 
composition difference. Generally, the composition of 
fauna species in another location is influenced by similarity 
of habitat type or abiotic condition factors (Capenberg 
2011).  

In conclusion, a total of 38 species of fish were 
collected from four research stations in Lombok Island. 
Oryzias javanicus and Periopthalmus argentilineatus had 
100% local distribution or were found in all research 
stations. Gobiidae was the dominant family with 7 species, 
higher than the other familes. Sepi Bay (station III) had the 
highest diversity index (Hʹ=3.072) and species richness 
index (d=6.206), and the third highest of evenness index (E 
= 0.932). The highest number of fish species was found in 
station III (27 species), followed by station I (26 species), 
station IV (17 species), and station II (16 species). 
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Abstract. Winarni B, Lahjie AM, Simarangkir B.D.A.S., Yusuf S, Ruslim Y. 2018. Forest gardens management under traditional 

ecological knowledge in West Kalimantan, Indonesia. Biodiversitas 19: 77-84. Local wisdom of Dayak Kodatn people in West 

Kalimantan in forest management shows that human and nature are in one beneficial ecological unity known as Traditional Ecological 

Knowledge (TEK). Former cultivation forest areas are managed in various ways, including planting forest trees, fruit-producing plants, 

and rubber trees until they transform into the forest garden. This research used three models, monoculture rubber cultivation (Model 1), 

combined rubber and camphor cultivation (Model 2), and combined rubber and durian cultivation (Model 3). This research intended to: 

(i) analyze the production of rubber latex and durian fruit; (ii) analyze the growth increment of camphor and durian trees; (iii) analyze 

the financial feasibility of rubber tree plantation, combined rubber and camphor tree plantation, and combined rubber and durian trees 

plantation; (iv) formulate the model of rubber cultivation. This research also used measurement methods other than field measurement, 

which were tree diameter and height, rubber latex and durian fruit weight, and questionnaire interviews. The maximum productions of 

rubber latex from three models were achieved at the age of 17 years, while maximum production of durian fruits was achieved at the age 

of 55 years. The maximum growth increment of camphor and durian trees were achieved at the age of 40 years. Based on NPV analysis 

and IRR, those three models were worthy of being cultivated. Financially, the combined rubber and durian cultivation (Model 3) was the 

most profitable, followed by monoculture rubber cultivation (Model 1), and lastly the combined rubber and camphor cultivation (Model 

2). 

Keywords: Financial analysis, increment and production analysis, traditional ecological knowledge  

INTRODUCTION 

Forest resources have multiple functions that provide 

many benefits to human life (Mönkkönen et al. 2014). 

Forest benefits are not only obtained from timber 

management, but also from non-timber forest products 

(Jensen 2009). Non-timber forest products will provide 

more benefits and profits to locals especially those who 

live near the forest, since forests can provide various life 

necessities such as food, medicine, clothing and household 

appliances (Rist et al. 2012; Dawson et al. 2014; Martins et 

al. 2014). In addition to that, it will also encourage 

participation from locals to maintain the forest 

sustainability (Kovacs et al. 2014). Relatively small 

damages using mono-cable winch on forest floors induced 

by logs skidding on top soil and residual stands (Ruslim et 

al. 2016). Tropical forests play an important role in global 

carbon sequestration and the impact of land-use changes 

need to be concerned prior to preventing the loss function 

of tropical forests (Sarjono et al. 2017). 

A central challenge for sustainable societies is 

balancing the individual use of shared natural resources 

with sustaining the “public goods” inherent in resources. 

For example, if we decide to sell Pacific old-growth forests 

on public lands, we give up public goods like water 

purification, soil retention, reductions in fire hazard, and 

unique biodiversity (Becker and Ghimire 2003).  

The harmonization of the individual consumption of 

natural resources with sustaining the “public goods” 

inherent in natural resources has been indentified as the 

main challenge for sustainable society. Here, negative 

impact can occur when Pacific old-growth forests become 

public land, such as reduction in level of water 

purifications, soil retention, fire hazard and unique 

biodiversity (Becker and Ghimire, 2003). This condition 

can be analyzed into knowledge specific of Traditional 

Ecological Knowledge (TEK) (Gadgil and Berkes 1991; 

Warren and Rajasekaran 1993, Nabhan 1997). Generally, 

traditional monitoring method adopted by indigenous 

cultures have characteristics of rapid, low cost and 

traditional method in harvesting (Moller et al, 2004). 

Traditional Ecological Knowledge cover the level of 

awareness of natural histories related to local wildlife to 

cultural norms, which is adopted for land management and 

resource allocation (Becker and Ghimire, 2003). Thus, the 

term of "Traditional Ecological Knowledge" has been 

approved by the work of the International Conservation 

Union (IUCN) working group (Johannes 1989, Williams 

and Baines 1993). 



 B IODIVERSITAS  19 (1): 77-84, January 2018 

 

78 

Dayak Kodatn is one of the Dayak tribes in West 

Kalimantan, spread into several villages in Sanggau 

District. Historically, the Dayak Kodatn people often leave 

their villages, moving from one place to another to hunt 

and farm. This habit of living out in nature ultimately 

forms a strong and intimate relationship between them and 

nature. This ultimately leads to awareness within the Dayak 

Kodatn community of the need for maintaining harmony 

with the forest. The Dayak Kodatn people have their own 

local wisdom in utilizing forest resources for the purposes 

of their life, for example in terms of cultivation. This is 

evident from the way they first clear forests for cultivation 

and eventually manage the area after the cultivation cycle 

is completed. The former forest farming areas are managed 

in various ways including planting various species of forest 

trees and fruit-producing trees, and rubber plantations to 

form forest garden areas. This local wisdom has been tested 

for hundreds of years since the time of their ancestors and 

it is evident that the forest they manage still exists today. 

One of the most popular uses of forest garden today is the 

rubber plantation. The rubber plantations have unique 

features, in which other species of plants can grow among 

the existing rubber plants, for example, rubber planting 

with tengkawang, rubber planting with durian, and rubber 

planting with camphor. Such conditions make rubber 

plantations look more like forests (Rufinus et al. 2011; 

Winarni et al. 2017). The relationship between the Dayak 

Kodatn people and the forest can be understood as what is 

called as Traditional Ecological Knowledge.  

Sanggau District is the district with the widest rubber 

plantation area and the largest rubber production in West 

Kalimantan Province. The total area of smallholder rubber 

plantation in Sanggau District and West Kalimantan 

Province in 2015 was 63,653 ha and 349,090 ha, while the 

production was 42,575 tons and 209,993 tons with the 

number of farmers of 42,712 families and 261,575 

households (General Secretary of Agriculture Ministry, 

2016).  

The existence of several models of rubber cultivation 

there needs financial analysis. The financial viability of the 

rubber cultivation model is intended to provide data and 

information related to rubber cultivation development 

strategies. This research intended to: (i) analyze the 

production of rubber latex and durian fruit; (ii) analyze the 

growth increment of camphor and durian trees; (iii) analyze 

the financial feasibility of rubber tree plantation, rubber 

combined with camphor tree plantation, and rubber 

combined with durian trees plantation; (iv) formulate the 

model of rubber cultivation. 

MATERIALS AND METHODS 

Study area   

Sanggau District is a district with the widest area of 

rubber plantation and the largest rubber production in West 

Kalimantan Province. This research was conducted in 2016 

for one year in Dusun Sanjan, Sungai Mawang Village, 

Sanggau District, West Kalimantan Province, Indonesia 

(Figure 1).  

The objects of this study included: (i) farmers or locals 

cultivating forest garden with commodities using rubber 

plants (Hevea braziliensis), camphor (Dryobalanops 

camphora), and durian (Durio zibethinus) as respondents; 

(ii) rubber and camphor plants, harvested durian; (3) 

institutions or agencies that are able to provide information 

in this study, namely customary leaders, village heads and 

sub-district heads, also Forestry and Estate Crops Office of 

Sanggau District. 

 

 

 

 
Figure 1. Research location in Dusun Sanjan (■), Sungai Mawang Village, Kapuas Sub-district, Sanggau District, West Kalimantan 

Province, Indonesia  

Sungai Mawang 
Village 
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Data collection 

This study emphasized case studies which have been 

examined in developed countries, namely New Zealand and 

northern Canada. The study used data from direct and 

indirect approaches from 2000 to 2016. Here, direct 

approach included observation from perennial crop 

production, while indirect approach included secondary 

data through farmers and representatives.  

 This study identify traditional ecological knowledge as 

“a cumulative body of knowledge, practice and belief, 

emerging by adaptive processes and passing through to 

next generations by cultural transmission” (Berkes, 1999). 

The character of TEK is the agricultural productivity 

associated with local wisdom. It may be expected to adapt 

with a global problem oriented conservation based on 

western sciences. For example, The International Forest 

Resources and Institute (IFRI) research approach has been 

used as pilot-tested for the research of the Traditional 

Ecological Knowledge in Loma Alta by providing People 

Allied for Nature (PAN). Here, PAN provides a theoretical 

framework for understanding people–forest relationships in 

the watershed (Gibson and Becker 2000). This framework 

can be expected to support the economic resilience that 

increases food security, sustainability, preservation of local 

biodiversity and maintenance of cultural heritage. 

Specifically, data collection was done in the following 

manner (Linger 2014): (i) observation by conducting direct 

observation on the operation of rubber, camphor and durian 

cultivation activities including: types of activities 

undertaken, production costs, and earned income; (ii) direct 

measurements in the field including: diameter and height of 

camphor and durian trees, the weight of rubber latex and 

durian fruit; (iii) library research, data collecting through 

literature review and reports from institutions related to 

rubber, camphor and durian cultivation activities in 

Sanggau District, West Kalimantan Province; and (iii) 

structured interviews with questionnaires, discussions and 

direct interviews with rubber, camphor and durian farmers 

and local government officials. The amount of US$ 1 was 

equal with IDR 9,595 in 2000 and IDR 13,436 in 2016. The 

difference of exchange rate US$ to IDR from 2000 to 2016 

showed inflation of 2.1% year-1. 

Data analysis 

Production and financial analyses were done for three 

models of rubber cultivation in forest garden, namely: (i) 

monoculture rubber plantation (Model 1); (ii) rubber 

combined with camphor tree plantation (Model 2); and (iii) 

rubber combined with durian tree plantation (Model 3). 

Analysis of camphor and durian timber production was 

done by calculating the total volume of standing stock and 

analyzing the growth increment of camphor and durian 

trees. The increment is an increase in tree dimension 

growth (height, diameter, base area, and volume) 

associated with tree age or a particular period. Based on the 

measurement period, there are mean annual increment 

(MAI) and current annual increment (CAI) (Van Gardingen 

et al. 2003). 

MAI =
Vt

t
 

 

Where: MAI = mean annual increment, Vt = total 

standing volume at age t, t = tree age  

CAI =
Vt − Vt−1

T
 

 

Where: CAI = current annual increment, Vt = total 

standing volume at age t, Vt-1 = total standing volume at 

age t-1, T = time interval between each measurement age  

The production analyses of rubber latex and durian fruit 

were done by calculating the total production of rubber 

latex and durian fruit, and then based on the period of 

measurement (cycle), average annual production (AP) and 

marginal annual production (MP) were calculated (Van 

Gardingen et al. 2003). 

AP =
Pt

t
 

 

Where: AP =average annual production, Pt = total 

production at age t, t = tree age 

MP =
Pt − Pt−1

T
 

Where: MP = marginal annual production, Pt = total 

production at age t, Pt-1 = total production at age t-1, T = 

time interval between each measurement age  

The financial feasibility of three rubber cultivation 

models was analyzed using several investment criteria, i.e. 

net present value (NPV) and internal rate of return (IRR). 

NPV calculation is based on the difference between the 

benefit and cost at present value (current time value). In 

this criteria, it is said that business is feasible if NPV > 0. 

IRR calculation is the average rate of annual profit for 

business in investing and expressed in percent. The 

magnitude of the IRR indicates the interest rate that a 

business can afford or in other words is the ability to gain 

income from the cost invested. If IRR > deposit rates, then 

the business is feasible (Graves et al. 2007). 

NPV = ∑
Bt − Ct

(1 + i)t

n

t=0

 

 

Where: Bt = benefit in year t, Ct = cost in year t, n = 

economic life time of cultivation, i = prevailing interest rate 

 

IRR = i1 +  
(i2 − i1)(NPV)

(NPV1 − NPV2)
 

 

Where: NPV1 = NPV is positive, NPV2 = NPV is 

negative, i1 = interest rate when NPV is positive, i2 interest 

rate when NPV is negative  
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RESULTS AND DISCUSSION 

Research location profile 

Dusun Sanjan is a region dominated by hilly areas, 

surrounded by dense forest area combined with green yard 

plants that grow around the houses; there are rivers that 

divide the area of the village, the Solang River, Gang 

River, Sabal River, Sanjan River, and Awik River. The 

existence of forests is very influential on the availability 

and the clarity of the river water. These rivers become the 

lifeblood for the locals to meet various necessities of life, 

such as bathing, washing, even as drinking water. 

Dusun Sanjan is included in the governmental area of 

Sungai Mawang Village, Kapuas Subdistrict, Sanggau 

District, West Kalimantan Province. From Dusun Sanjan, 

the Sanggau district capital, 13 km away, can be reached 

within 20 minutes by motor vehicle. The total area of 

Dusun Sanjan is about 5,260 ha which consists of 

residential areas, forest areas, fields, and locally owned 

farms. Dusun Sanjan is inhabited by 416 people or about 

121 families. The majority of the residents of Dusun Sanjan 

are the Dayak Kodatn people whose main livelihoods are 

rubber incision in the morning and farming in the fields 

during the day (Rufinus et al. 2011). 

Production potential of rubber latex and durian fruit 

Rubber cultivation monoculture in Model 1 used a plant 

spacing of 7 m x 3 m. The data on the potential of rubber 

latex production in Table 1 shows that rubber trees can be 

tapped from 5 years to 25 years. The graph of rubber latex 

production, which was the graph of the relationship 

between the average annual production (AP) and the 

marginal annual production (MP) was presented in Figure 

2.A.The graph shows that the point of intersection between 

AP and MP occurs at the age of 17 years with an AP value 

of 219 kg ha-1year-1. After the point of intersection, the 

value of AP and MP will decrease which means production 

will continue to decrease. At the age of 17 years, the 

average annual production of latex has reached the 

maximum, meaning maximum production potential of 

rubber latex totaling 219 kg ha-1 year-1 will be reached at 

the age of 17 years. 

Rubber cultivation in Model 2 was a rubber-camphor 

tree combined plantation. Camphor trees were planted 

among the rubber trees. The plant spacing between rubber 

trees was 7 m x 3 m. In this case, it was seen that the 

density of trees planted in forest garden in Model 2 was 

higher than that in Model 1, because of the presence of 

camphor trees among the rubber trees. The potential for 

latex production was presented in Table 1. The graph of 

latex production was presented in Figure 2.B. The 

intersection point between AP and MP occurrs at the age of 

17 years, meaning that in Model 2, maximum latex 

production is achieved at age 17 years with an AP value of 

127.06 kg ha-1 year-1. When compared to rubber latex 

production in Model 1 where the rubber trees were 

cultivated monoculture with an AP value of 219 kg ha-1 

year-1, then rubber combined with camphor cultivation in 

Model 2 has decreased the rubber latex production. This 

shows that tree density affects rubber latex production.  

Tree density will affect the intensity of sunlight, the 

process of photosynthesis and tree growth (Pompelli et al. 

2010). 

 
Table 1.  Models of rubber latex potential production and durian 

fruit potential production 

 

Age (year) P AP MP 

    

Rubber latex potential production (Model 1) 

 

5 780 156  - 

7 1170 167 195 

10 1885 189 238 

13 2730 210 282 

15 3283 219 276 

17 3725 219 221 

20 4082 204 119 

25 4368 175 57 

    

Rubber latex potential production (Model 2) 

 

5 480 96.00  - 

7 714 102.00 117.00 

10 1140 114.00 142.00 

13 1596 122.77 152.00 

15 1908 127.20 156.00 

17 2160 127.06 126.00 

20 2412 120.60 84.00 

25 2616 104.64 40.80 

    

Rubber latex potential production (Model 3) 

 

5 375 75.00  - 

7 550 78.57 87.50 

10 830 83.00 93.33 

13 1170 90.00 113.33 

15 1410 94.00 120.00 

17 1600 94.12 95.00 

20 1770 88.50 56.67 

25 1860 74.40 18.00 

    

Durian fruit potential production (Model 3) 

 

3 120 40.00 - 

5 200 40.00 40.00 

8 340 42.50 46.67 

10 450 45.00 55.00 

15 800 53.33 70.00 

20 1260 63.00 92.00 

25 1850 74.00 118.00 

30 2600 86.67 150.00 

35 3500 100.00 180.00 

40 4500 112.50 200.00 

45 5500 122.22 200.00 

50 6365 127.30 173.00 

55 7000 127.27 127.00 

60 7450 124.17 90.00 

Note: P = total production (kg ha-1), AP = average annual 

production (kg ha-1.year-1), MP = marginal annual production (kg   

ha-1 year-1) 
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Figure 2. A. The production of rubber latex (Model 1), B. The production of rubber latex (Model 2), C. The production of rubber latex 

(Model 3), D. The production of durian tree (Model 3), E. Camphor tree standing volume increment (Model 2), F. Durian tree standing 

volume increment (Model 3) 

 

 

 

 

Rubber cultivation in Model 3 was a rubber-durian tree 

combined plantation, where a forest garden area was 

planted with rubber trees and durian trees. The plant 

spacing of rubber trees was 7 m x 3 m, while durian trees 

were planted among rubber trees. The potential for latex 

production (Table 1) shows that AP values begin to decline 

after the age of 17 years. Based on the data in Table 1, a 

graph of latex production was created, i.e. graph of the 

relationship between AP and MP in Figure 2.C. The 

intersection point between AP and MP occurs at the age of 

17 years with an AP value of 94.12 kg.ha-1.year-1, 

indicating that maximum latex production has been 

achieved because after the point of intersection, the value 

of AP and MP will decrease which means the production of 

latex will continue to decline. When compared to latex 

production in Model 1 (AP=219 kg ha-1 year-1) in which 

rubber trees were cultivated in monoculture and Model 2 

(AP=127.06 kg ha-1 year-1) where rubber combined with 

camphor trees, Model 3 (AP=94.12 kg ha-1 year-1), in which 

rubber was combined with durian trees, produced the 

smallest latex production. 

Durian fruit production potential (Table 1) shows that 

AP values begin to decline after the age of 55 years. The 

graph of the relationship between AP and MP in Figure 2.D 

shows that the point of intersection between AP and MP 

occurs at the age of 55 years with an AP value of 127.27 kg 

ha-1 year-1. This means that maximum durian fruit 

production has been reached, because after the point of 

intersection, durian fruit production will continue to 

decrease as indicated by the decreasing AP and MP values. 

Production potential of camphor timber and durian 

timber 

The forest garden model that planted camphor trees 

among rubber trees with plant spacing of camphor trees at 

7 m x 3 m was Model 2. The potential for camphor growth 

increment (Table 2) shows that MAI values begin to 

decline after 40 years. Based on the data in Table 2, a graph 

of camphor tree standing volume increment was prepared, 

which was a graph of the relationship between MAI and 

CAI which can be seen in Figure 2.E. The relationship 

graph between MAI and CAI has the following 

characteristics: CAI curve reaches peak rapidly and 

decreases rapidly, while curve MAI peaks slowly and 

declines slowly (Dinga 2014; Muliadi 2017; Winarni 

2017). From the graph of camphor tree standing volume 

increment in Figure 2.D, it can be seen that initially, the 

MAI is under CAI, and CAI reaches the first peak of the 

MAI. After the CAI reaches its peak, the CAI declines and 

at one time intersects with the MAI.  

According to Muliadi (2017) and Winarni (2017) the 

cutting rotation of timber follows the biological cycle of 

the stand, i.e. the stand will be harvested when MAI is 

equal to CAI, i.e. at the point of intersection between MAI 

and CAI. The intersection point between MAI and CAI 

occurs at the age of 40 years with a MAI value of 3.09 m3 

ha-1 year-1. After the point of intersection, the MAI and 

CAI values will decrease, which means the volume will 

continue to decrease. At the age of 40 years, the mean 

annual increment of camphor tree has reached a maximum, 

meaning that the maximum production potential of 

camphor timber has been attained and the camphor tree is 
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ready to be harvested. 

  The forest garden model that planted durian trees 

among rubber trees with plant spacing of durian trees at 7 

m x 6 m was Model 3. The data in Table 2 presented the 

potential for durian growth increment combined with 

rubber trees (Model 3). The durian growth increment 

potential indicates that the value of MAI begins to decline 

after the age of 40 years. Graph of durian tree standing 

volume increment, i.e. the graph of the relationship 

between MAI and CAI was presented in Figure 2.F. The 

intersection between MAI and CAI showing that the 

maximum production potential of durian timber has been 

attained and the durian tree is ready to be harvested occurs 

at 40 years of age at MAI value of 5.64 m3 ha-1 year-1. 

Financial feasibility of rubber cultivation model 

Financial analysis is intended to determine to what 

extent an activity that requires cost can provide a return 

within a certain period. Thus, a planning and 

implementation tailored to the goals to be achieved are 

required. The purpose of the financial analysis is to assist 

decision makers in determining the investment selection in 

an appropriate activity, from various alternatives that can 

be implemented. Financial analysis is conducted for the 

benefit of the individual or institution that invests in the 

project, e.g. farmer, entrepreneur or company. 

In performing financial analysis, data analysis on the 

stages of activities undertaken in rubber cultivation, cost 

and income component analysis, and feasibility analysis 

were done using NPV and IRR parameters. Sustainable 

local forest management in addition to local knowledge, 

needed to be taken into business account costs and with 

more definitive analysis to ensure that forest functions were 

maintained (Muliadi et al. 2017). The cost components 

required to cultivate forests include the initial costs for land 

preparation until harvest (Florian 2014). The income 

component was obtained from the sale of fruit, sap, timber, 

and firewood. According to Martins et al. (2014) trees 

provide an important meaning for the locals because they 

can produce firewood, timber for home construction and 

medicines. According to Jensen (2009); Rist et al. (2012); 

Dawson et al. (2014), the benefits of forests are not only 

derived from timber management but also other benefits of 

non-timber forest products. Harvesting activities begin in 

the 5th year for rubber latex, the 3rd year for harvesting 

durian fruit, while camphor timber is harvested in the 30th 

year and durian timber is harvested in the 25th year. Selling 

prices based on local market prices applicable at the time of 

the study were: rubber latex  Rp 6,500  kg-1, durian fruit Rp 

10,000  kg-1, camphor timber Rp 2,300,000  m-3 and durian 

timber Rp 500,000  m-3. 

The financial feasibility of three rubber cultivation 

models  was analyzed using net present value (NPV) and 

internal rate of return (IRR) investment criteria. In these 

criteria, it is said that business is feasible if NPV > 0 and 

IRR > interest rates are applicable at the time the 

investment is implemented (Graves et al. 2007). The 

interest rate used was 6% year-1. The recapitulation of the 

results of financial analysis on the three models of rubber 

cultivation was presented in Table 3. 

Table 5.  Camphor growth increment potential combined with 

rubber tree (Model 2) and Durian growth increment potential 

combined with rubber tree (Model 3) 

 

Age 

(year) 
n D H F V MAI CAI 

        

Camphor growth increment potential combined with rubber 

tree (Model 2) 

 

3 400 3 2.3 0.8 0.52 0.17  - 

5 360 4 3 0.79 1.07 0.21 0.28 

8 350 6.4 4 0.77 3.47 0.43 0.80 

10 340 8 5 0.76 6.49 0.65 1.51 

15 320 12 7.5 0.74 20.08 1.34 2.72 

20 300 16 9 0.73 39.61 1.98 3.91 

25 280 20 10 0.71 62.42 2.50 4.56 

30 250 23.6 11.2 0.7 85.69 2.86 4.65 

35 220 27.7 12 0.68 108.13 3.09 4.49 

40 200 31 13 0.63 123.57 3.09 3.09 

45 160 35.3 14 0.62 135.85 3.02 2.46 

50 140 38 15 0.61 145.21 2.90 1.87 

        

Durian growth increment potential combined with rubber 

tree (Model 3) 

 

3 220 3.5 2 0.82 0.35 0.12 - 

5 220 5.8 3 0.8 1.39 0.28 0.52 

8 220 9.3 4 0.78 4.66 0.58 1.09 

10 210 11.6 5 0.76 8.43 0.84 1.88 

15 210 17.4 7 0.74 25.85 1.72 3.48 

20 210 23.2 9.4 0.73 60.89 3.04 7.01 

25 210 28.7 11.3 0.72 110.47 4.42 9.92 

30 200 34.4 13 0.66 159.41 5.31 9.79 

35 178 40 14 0.63 197.19 5.63 7.56 

40 155 45 15 0.61 225.45 5.64 5.65 

45 144 48 16 0.58 241.69 5.37 3.25 

50 120 52 17.3 0.57 251.18 5.02 1.90 

55 110 54.3 18 0.56 256.64 4.67 1.09 

60 96 57.3 19 0.55 258.56 4.31 0.38 

Note: n = number of trees (tree ha-1), d = tree diameter (cm), h = 

branch-free height (m), f = tree form factor, V = total volume 

(m3.ha-1), MAI = mean annual increment (m3 ha-1 year-1), CAI = 

current annual increment (m3 ha-1 year-1) 

 

 

 

Tabel 3.  Recapitulation of financial analysis results of rubber 

cultivation in forest garden 

 

Land 

model 
Commodity 

Cycle 

(year) 
NPV (Rp) 

IRR 

(%) 

Business 

scale (ha) 

1 Rubber 25 93,419,000 14.2 10.1 

2 Rubber and 

camphor 

50 83,482,000 12.3 14.7 

3 Rubber and 

durian 

60 228,324.000 12.8 5.6 

Note: NPV = Net Present Value, IRR = Internal Rate of Return 

 

 

 

The three rubber cultivation models in the forest garden 

yielded NPV > 0 and IRR > 6%, so the three models were 

feasible to be undertaken. Rubber cultivation combined 

with durian (Model 3) with 60 years plant cycles resulted in 

NPV value of Rp 228,324,000, IRR of 12.8%, and required 
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land business scale of 5.6 ha to generate profit. The 

monoculture rubber plantation (Model 1) yielded a smaller 

NPV value than Model 3, which amounted to Rp 

93,419,000, IRR of 14.2% and required a wider land 

business scale than Model 3, which was 10.1 ha. The 

rubber plantation combined with camphor (Model 2) 

yielded the smallest NPV value of Rp 83,482,000, IRR of 

12.3%, and required the most extensive land business scale, 

i.e. 14.7 ha. From the results, it can be seen that rubber 

plantation combined with durian in forest garden was one 

of the promising alternatives to mobilize the economy of 

the locals. Non-timber forest products can contribute 

significantly to the economy of locals surrounding forests 

and well-managed forests will bring benefit both 

economically and ecologically (Jensen 2009; Mönkkönen 

et al. 2014). 

The Dayak Kodatn community in West Kalimantan has 

its own local wisdom in cultivating forest resources for the 

necessities of life. Farmed forest areas are managed in 

various ways by planting various species of forest trees, 

and fruit plants, and rubber plants to form the forest garden 

area. This is a form of local wisdom from locals to preserve 

biodiversity.  This day, the locals are growing more rubber. 

As rubber latex can be tapped anytime and the timing of 

sellout can be set, meaning that the locals can sell rubber 

latex when the market price is high. Rubber trees begin to 

be tapped at the age of 5 years (Winarni et al. 2017). Local 

wisdom has been tested and proven that the forest they 

manage is still there today. Local wisdom is a value that is 

believed to be true and a reference for the local community 

in taking daily action and becomes a determinant in the 

development of civilized society, because local wisdom 

contains elements of intelligence, creativity, and local 

knowledge provided by the community (Sumarniasih 2015; 

Lokers et al. 2016; Muliadi et al. 2017). Apuy et al. 2017 

state the low production growth of plant biomass that 

produces timber is not solely influenced by modern human 

management, but also influenced by natural management 

and local management. 

Although the new innovation rubber platation tend to 

decrease the price of rubber commodities, this innovation 

can still be adapted by harvesters due to the government 

programs through long term loan in order to increase 

standard of living of the harvesters. For example, the price 

of rubber in 2000 was IDR 12,200 kg-1 and the price went 

down to be IDR 6,500 kg-1 in 2016.  It showed that the 

price of rubber decreased during the period of observation 

by around 4% year-1. The commodity price of durian in 

2000 was IDR 4,500 kg-1 and the price went up to be IDR 

10,000 kg-1 in 2016. It showed that the price of rubber 

increased during the period of observation by around 5% 

years-1. The price of champor in 2000 was IDR 1,430,000 

m-3 and the price went up to be IDR 2,300,000 m-3 in 2016. 

It showed that the price of champor increased during the 

period of observation by around 3% year-1.  In comparison 

with staple commodities, the price of  rice in 2003 was IDR 

2,600 kg-1 and the price went up to be IDR 10,000 kg-1 in 

2016. It showed that the price of rice increased by 10% 

year-1. Based on the result, it can be concluded that 

business scale of perennial crops to get adequate food 

security must be 5 to 10 times as high as that of wetland 

rice. 

It could be concluded that the maximum production of 

rubber latex of trees cultivated in the three models was 

achieved at the age of 17 years, which were 219 kg ha-1 

year-1 (Model 1), 127.06 kg ha-1 year-1 (Model 2), and 

94.12 kg ha-1 year-1 (Model 3). The maximum durian fruit 

production was achieved at the age of 55 years, which was 

127.27 kg ha-1 year-1 (Model 3). The maximum annual 

growth increment of camphor was attained at the age of 40 

years, which was 3.09 m3 ha-1 year-1 (Model 2) and the 

maximum annual growth increment of durian was attained 

at age of 40 years, which was 5.64 m3 ha-1 year-1 (Model 3). 

Based on the results of the financial analysis with NPV > 0 

and IRR > 6%, the three models of rubber cultivation were 

feasible to be cultivated. Financially, rubber cultivation 

combined with durian (Model 3) was the most profitable, 

followed by rubber cultivation in monoculture (Model 1), 

and the last was rubber cultivation combined with camphor 

(Model 2). 
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Abstract. Suryaningsih S, Sukmaningrum S, Simanjuntak SBI, Kusbiyanto. 2018. Diversity and longitudinal distribution of freshwater 
fish in Klawing River, Central Java, Indonesia. Biodiversitas 19: 85-92. The aims of this study were to evaluate the diversity and 
longitudinal distribution of fish in Klawing River, Purbalingga (Central Java). The survey was performed using a clustered random-
sampling technique. The river was divided into upstream, midstream and downstream regions. Species diversity was measured as the 
number of species, and the longitudinal distribution was assessed by determining the fish species present in each of the three regions. 
Eighteen fish species of eleven families were identified in the Klawing River: Cyprinidae, Bagridae, Mastacembelidae, Anabantidae, 
Cichlidae, Channidae, Eleotrididae, Beleontinidae, Osphronemidae, Poecilidae, and Siluridae. Cyprinidae exhibited the highest number 
of species (six), followed by Bagridae and Cichlidae (two species each). The other families were represented by one species each. A 
single cluster analysis showed that the upstream population had a similarity of 78% and 50% with the midstream and downstream 
populations, respectively. Species and family diversities were higher in the midstream populations than in the upstream and downstream 
populations. This longitudinal distribution may be due to differences in environmental conditions and suggests that management of the 
land surrounding the Klawing River is a key factor in the conservation of freshwater fish.  

Keywords: cluster analysis, freshwater fish, longitudinal distribution, Klawing  

INTRODUCTION 

The Klawing River is located in Purbalingga, Central 
Java and is one of the tributaries of the Serayu River. The 
Klawing River is an important freshwater fish habitat in 
Java. In total, Java has 213 species of freshwater fish, 
several of which are endemic (Hubert et al. 2015). 
However, Javanese ecosystems and biotas are currently 
threatened. Recent research on freshwater fish species 
diversity and distribution in Javanese rivers has yielded 
various results. In the Brantas River (East Java), Suharijanti 
et al. (2008) found nine species of fish, while Djumanto 
and Probosunu (2011) found 12 species in upstream Opak 
River, Yogyakarta. In the lakes of the Cisadane River basin 
(West Java), Hadiaty (2011) found a total of 32 fish species 
belonging to 19 families. 

Land use differs along the Klawing River, with 
plantation forests and intensive agriculture systems in the 
headwaters area, settlements in the midstream area, and 
agriculture in the downstream area. Such differences in 
land use result in different fish macro- and microhabitats. 
According to Mercado-Silva et al. (2012), the vegetation, 
land use, and topographic conditions in a basin determine 
the hydrology and chemistry of receiving waters and exert 
direct effects on resident organisms. However, other factors 
such as water temperature, channel depth, and biological 
interactions determine the species present in a particular 
river region. As mentioned by Atkore et al. (2011), the 
distribution patterns of fishes are generally controlled by 
the dispersal mechanism, historical factors, and tolerance 
of environmental factors.  

There is a significant drop in elevation along the 
Klawing River, from 247m asl upstream to 36m asl 
downstream, which is a major factor affecting water flow. 
Water flow represents the main force behind freshwater 
ecosystems determining the distribution, abundance, and 
diversity of fish. The movement of water across the 
landscape influences the ecology of rivers across a broad 
range of spatial and temporal scales. River flow strongly 
influences the ichthyofauna. By regulating the input of 
organic matter, it affects the phenology of reproduction and 
spawning behavior of local fish assemblages, and 
determines habitat diversification. Diversity and 
distribution of freshwater fish assemblages are generally 
influenced by water levels and flow variability (Bradford 
and Heinonen 2008), geo-hydrological features of the river 
(Angermeier and Davideanu 2004), and microhabitat 
heterogeneity (Shervette et al. 2007). To varying degrees, 
the diversity of freshwater assemblages is aggravated by 
urbanization, habitat alteration, anthropogenically-induced 
climate change (Vescovi et al. 2009; Paller et al. 2011) and 
the presence of invasive alien fish species (Guerrero 2002).  

Determining the longitudinal profile of the fish 
assemblage along the Klawing River should provide 
information to detect relationships between coarse 
gradients in the assemblage structures and factors such as 
temperature and stream flow (Vannote et al. 1980). In 
general, fish assemblage structure is thought to change 
predictably from headwaters to downstream reaches, with 
biotic zones in which species are added or replaced in 
response to continuous gradients in temperature, channel 
morphology, and water velocity. It is important to describe 
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the fish species diversity and longitudinal distribution in 
the Klawing River, in order to develop conservation 
strategies. This study aimed to determine the fish diversity 
and longitudinal distribution along the Klawing River and 
to describe the effects of physicochemical parameters on 
these variables.  

MATERIALS AND METHODS 

Study site 
In general, the study site was chosen to reflect the 

variety of land uses found along the Klawing River, such as 

forest, secondary forest, agriculture, and human settlement. 
The Klawing River is 55.5 km long, 15.6-47.3 m wide and 
0.65-2.16 m deep. The substrate composition changes 
gradually along the river. The survey employed a clustered 
random sampling technique: we divided the river into three 
regions, upstream, midstream and downstream, and then 
collected fish samples at three sampling sites per area. The 
three upstream sampling sites were at Tlahab Kidul (256 m 
asl.), Plumbungan and Banjarsari), the three midstream 
sites were at Onje (96 m asl.), Sindang, and Lamongan, and 
the three downstream sites were at Jetis, Bokol, and 
Kedungbenda (at 36.3 m asl.).  

 
 

 
 
 

 
 
 
Figure 1. Sampling sites along the Klawing River, Purbalingga, Central Java, Indonesia (07016’520”S and 109021’209”E to 07028’827” 
S and 109019’270”E). Note: No. 1 to 9, see Table 1. 
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Table 1. Habitat description of study site, along Klawing River, Purbalingga, Central Java, Indonesia 
 
Region 
category Location Coordinate Habitat description Water quality 

Upstream  1. Tlahab Kidul   (07016’520’’S, 
109021’209”E) 

Elevation: 256 m asl.  
Land use system : Secondary forest 
Depth (m): 0.45-0.6 
Width (m): 16-22 
Substrate: rock, big stones 

Temperature (0C): 26-27 
Depth of visibility (m): 0.55-0.70 
Velocity (m/s) : 1.4-1.5 
pH: 7-8 
O2 : 9.2-14.5 
CO2: 1.9-3.1 
 

 2. Plumbungan   (07016’934”S) 
108022’340”E) 

Elevation: 174 m asl.  
Land use system: Secondary forest 
Depth (m): 0.45-0.60 
Width (m): 18-25 
Substrate: rock, big stones 

Temperature (0C): 27-28 
Depth of visibility (m): 0.50-0.70 
Velocity (m/s) : 1.2-1.36 
pH : 6.9-7.5 
O2 : 10.0-13.6 
CO2: 2.1-3.3 
 

 3. Banjarsari  (07018’247”S) 
108022’749”E) 

Elevation: 134 m asl.  
Land use system: Agricultural areas 
Depth (m): 0.55-0.75 
Width (m): 27-30 
Substrate: rock, big stones 

Temperature (0C): 24-29 
Depth of visibility (m): 0.51-0.70 
Velocity (m/s) : 1.1-1.4 
pH: 7-8 
O2 : 12.6-15.2 
CO2: 1.4-3.3 
 

Midstream  4. Onje   (07020’050”S 
109022’291”E) 
 

Elevation: 96 m asl.  
Landuse system: Agricultural areas 
Depth (m) : 0.6-0.9 
Width (m): 25-33 
Substrate: small stones, gravel 

Temperature (0C): 26-31 
Depth of visibility (m): 0.42-0.54 
Velocity (m/s): 0.78-0.92 
pH: 7-7.5 
O2 : 9-13.8 
CO2: 1.9-5 
 

 5. Sindang   (07021’940”S 
109023’070”E) 
 

Elevation: 71 m asl.  
Landuse system: Agricultural areas 
Depth (m): 0.65-1.0 
Width (m): 33-45 
Substrate : small stones, gravel 

Temperature (oC): 26 -31 
Depth of visibility (m): 0.56-0.54 
Velocity (m/s): 0.80-0.92 
pH: 7-7.5 
O2: 8.5-13.5 
CO2: 2.1-4.5 
 

 6. Lamongan  (07024’355”S 
109024’154”E) 

Elevation: 43.2 m asl.  
Landuse system: Agricultural areas and 
human settlements  
Depth (m): 0.7-1.1 
Width (m): 40-58 
Substrate: small stones, gravel 

Temperature (0C): 26-31 
Depth of visibility (m): 0.50-0.60 
Velocity (m/s): 0.80-0.92 
pH: 7-7.5 
O2: 8.0-13.8 
CO2: 2.0-4.6 
 

Downstream  7. Jetis   (07025’448”S 
109023’187”E) 

Elevation: 40 m asl.  
Land use system:  Agricultural areas, 
human settlements and sand mining 
Depth (m): 0.8-1.0 
Width (m): 42-52 
Substrate: sand, mud 

Temperature (0C): 27-32 
Depth of visibility (m): 0.37-0.50 
Velocity (m/s) : 0.63-0.75 
pH: 7-7.5 
O2: 8.3-12.5 
CO2: 2.4-6.9 
 

 8. Bokol   (07028’365”S 
109021’090”E) 

Elevation: 38 m asl.  
Land use system: Agricultural areas and 
sand mining 
Depth (m): 1.1-1.3 
Width (m): 42-55 
Substrate: sand, mud 
 

Temperature (0C): 27-32 
Depth of visibility (m): 0.35-0.45 
Velocity (m/s): 0.60-0.78 
pH: 7-7.5 
O2: 7.9-12.5 
CO2: 2.1-7.1 
 

 9. Kedungbenda  (07028’370”S 
109019’625”E) 

Elevation: 36 m asl.  
Land use system: Agricultural areas, 
and sand mining 
Depth (m): 42-60 
Width (m): 1.3-1.9 
Substrate: gravel, sand, mud 
 

Temperature (0C): 24-29 
Depth of visibility (m): 0.51-0.70 
Velocity (m/s): 1.25-1.42 
pH: 27-31 
O2: 8.0-12.0 
CO2: 2.3-8 
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Fish collection 
Fish samples were collected using electric fishing 

(Gorman and Karr 1978; Lestari 2006) and seine nets with 
0.5 and 1-inch mesh size. Fish samples were collected 
during the months of June to September 2016, once a 
month with four replications. Sampling efforts were 
performed for one hour at each site.  

Fish identification 
Fish samples were preserved using formalin 10 %, and 

then alcohol 70% for the permanent collection in bottles. 
The fresh fish samples from the sampling area were taken 
to the laboratory using an ice box; then the fish specimen 
was washed with running water before being preserved by 
formalin 10%. Next, the fish specimens were preserved in a 
10% formalin solution for fixation, after that, they were 
moved into 70% ethyl alcohol storage. The fish specimens 
were identified based on Saanin (1984), Kottelat et al. 
(1993), Froese and Pauly (2012), and FishBase (2017a,b,c). 
Fresh fish samples were transported to the laboratory in an 
ice box, washed in running water, preserved in 10% 
formalin, and transferred to 70% alcohol (Haryono et al. 
2012).  

Environmental parameters measurement 
Physicochemical parameters measured were water 

depth, river width, water temperature, depth of visibility, 
water velocity, acidity (pH), oxygen, carbon dioxide, and 
river substrate. The physicochemical parameters for the 
different sampling sites are presented in Table 1. 

In the upstream region, the riparian zone was vegetated 
with secondary forest while the bottom substrate comprised 
large and medium-sized stones. In the midstream, the land 
use in the riparian zone comprised open fields, rice fields, 
and human settlement, while the bottom substrate consisted 
of medium stones and gravel. In the downstream, the land 
use of the riparian zone comprised open fields, rice fields, 
sand mining and human settlement, while the substrate of 
the bottom was gravel, sand, and mud.  

Data analysis 
The mean number of individuals, species abundance, 

diversity, evenness, and dominance were compared 

between regions and seasons by two-way analysis of 
variance and a post-hoc Fisher LSD test. Diversity was 
estimated using the Shannon index (Magurran 1988). 
Evenness was calculated as Shannon diversity divided by 
the logarithm of the number of species. The values for 
Dominance were expressed as the complement of the 
Simpson’s index (D = 1 - S). These indices were analyzed 
using the statistical package PAST (Hammer et al. 2001). 

RESULTS AND DISCUSSION 

Species diversity and abundance 
 A total of 472 individuals belonging to 18 species and 

11 families (Table 2) were collected from the Klawing 
River. Cyprinidae with 6 species had the highest number of 
individual fish caught (82.6% of the total catch), followed 
by Bagridae and Cichlidae each with two species (3.2% 
and 2.5% of the catch, respectively), and Anabantidae, 
Chanidae, Eleotridae, Belontiidae, Mastacembelidae, 
Poeciliidae, Osphronemidae, and Siluridae each 
represented by only one species (Figure 2a). The eighteen 
species are listed in Table 2. Our result showed quite a low 
species diversity when compared to the other rivers in Java.  

The Logawa River, which is located in the same 
biogeographic region, reportedly harbors 33 fish species of 
11 families (Lestari 2004). Nuryanto et al. (2012) detected 
22 fish species belonging to 10 families in the Cileumeuh 
River (Cilacap, Central Java). Roesma et al. (2016) 
detected 24 fish species belonging to 10 families in the 
Batangtoru River, South Tapanuli, North Sumatra. Yustina 
(2001) detected 70 species of fish along the Rangau River, 
Riau, and Sumatra. In a different biogeographic region, 
Pathak et al. (2013) detected 33 fish species belonging to 
14 families in the Gangga River basin, India. Thus, 
differences are observed not only in species richness but 
also in composition. This may result, in part, from 
differences in the land use systems around the rivers 
(Humpl et al. 2006). 

 
 

 

 
A B 

 
Figure 2. A. The number of families and species of fish in the Klawing River. B. Abundance of each species 
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Table 2. Fish abundance and species diversity according to their longitudinal distribution in the Klawing River, Purbalingga, Central 
Java, Indonesia 
 

Families Species Number of individual fish 
Upstream Midstream Downstream Total 

Cyprinidae Puntius orphoides 31 45 22 98 
Hampala macrolepidota 5 7 0 12 
Barbonymus gonionotus 6 4 3 13 
Osteochilus vittatus 0 8 9 17 
Rasbora lateristriata 87 124 36 247 
Cyprinus carpio 0 3 0 3 

Bagridae Mystus micracanthus 0 5 7 12 
Hemibagrus nemurus 0 2 0 3 

Cichlidae Oreochromis niloticus 0 3 0 3 
O. mossambicus 0 4 5 9 

Anabantidae Anabas testudineus 0 2 9 11 
Eleotrididae Oxyeleotris marrmorata 0 4 7 11 
Belontiidae Trichogaster pectoralis 0 4 6 10 
Mastacembelidae Macrognathus aculeatus 3 6 0 9 
Poecilidae Poecilia reticulata 3 6 0 9 
Chanidae Chana striata 0 0 3 3 
Osphronemidae Osphronemus goramy 0 2 0 2 
Siluridae Ompok hypothalamus 0 1 0 1 
  
 Number of individuals 135 230 107 472 
 Number of species  6 17 10 18 
 Dominance_D 0.4724 0.3347 0.1851  
 Shannon_H 1.051 1.691 1.97  
 Simpson_1-D 0.5276 0.6653 0.8149  
 Evenness_e^H/S 0.4766 0.3192 0.7171  
 
 
 

 
Within the body of the river our results showed that the 

diversity of fish was significantly different between 
upstream, midstream and downstream (F2,9 = 13,73. p 
=0,002). Species abundance was highest in the midstream 
(17 species and 230 individuals) followed by downstream 
with (10 species and 107 individuals) and the lowest was in 
the upstream (46 species and 135 individuals). Species 
composition of the fish between sampling sites was 
different, with upstream having the lowest diversity index 
(H = 1.051; E =0.476), then midstream (H= 1.691; E = 
0.319), and with downstream having the highest (H = 1.97; 
E = 0.717). The distribution of freshwater fish assemblages 
showed low dominance (0.18 - 0.47) and relatively high 
evenness (0.312 - 0.71), which means that the allocation of 
niche space is distributed fairly equitably for most 
dominant and non-dominant fish species thriving in the 
river. Our results were consistent with those of Torgesen et 
al. (2006), Rahim et al. (2009), Nautiyal et al. (2013), 
Paller et al. (2013), and Pathak et al. (2013). Their studies, 
like ours, found that fish diversity of the rivers gradually 
increased from upstream to downstream with the lowest 
diversity occuring upstream. But our findings differed from 
the other studies in the geohydrological and 
physicochemical factors that affected the diversity and 
distributions of the fish. In previous research, differences in 
diversity and distribution of fish were found to be affected 
especially by differences in temperature and flow between 
sections of the rivers, but in our research the important 
variation in environmental factors was in velocity (F2,9 = 

86,841p = 0,001) and light of the river waters, (F2,9 = 8,487p = 0,008), 

while other environmental factors analyzed did not show 
any significant differences (Table 1). Water temperature 
and rainfall were found as major influential factors for 
species distribution. Fish communities respond 
significantly and predictably to almost all kinds of 
anthropogenic disturbances, including eutrophication, 
acidification, chemical pollution, flow regulation, physical 
habitat alteration and fragmentation, human exploitation 
and introduced species (Li et al. 2010). 

There were temporal variations in the fish assemblage 
we observed in the Klawing River; H differed significantly 
between months (F2,9 = 13.73 p = 0.002), as did abundance 
(F2,9 = 13.03, p = 0.002). The highest abundance was in 
June and then it gradually decreased until September. In 
contrast, diversity increased from June through to 
September (Figure 3 a, b). This difference was likely 
caused by water flow. Paller et al. (2013) found that water 
level fluctuation and dissolved oxygen concentrations exert 
marked effects on fish assemblage structure. In Central 
Java, the water level is significantly lower during the dry 
season (April to October). The lower diversity and 
equitability during the dry season serve as indicators of 
water and habitat qualities. Increase in fish diversity in the 
rainy season is attributed to the diverse riverine habitats 
formed by rising water levels. During rainy months, the 
volume of aerated water (Dissolved Oxygen) is sufficient 
to replenish the watersheds, which increases the nutrient-
carrying capacity of the river water, leafding to greater 
diversity in the aquatic biota (Vescovi et al. 2009). 
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Figure 3. A. Abundance, and B. H-index of fish in the Upper, Middle, and Lower reaches of the Klawing River, Purbalingga, Central 
Java, Indonesia  from June to September 2016 
 
 

 
Fish distribution 

Six species were found upstream (Table 1), but none 
were unique. The species found upstream and midstream 
included Hampala macrolepidota, Poecilia reticulata, and 
Macrognathus aculeatus.  

Hampala macrolepidota was also found in the Batang 
Toru River (Roesma et al. 2016), which differs from the 
Klawing River only in its flow velocity. The Batang Toru 
River reportedly had clear water, a flow velocity of 0.85-
0.88 m/s, and a substrate of rocks, sand, and gravel; 
however, the altitudes of the sampling sites were not stated. 
H. macrolepidota is considered an ecological indicator 
species. P. reticulata was found in the upstream and 
midstream areas. Similarly, Rachmatika et al. (2002) found 
this species in the upstream areas of the Cibareno River of 
Mount Halimun National Park, which has a similar water 
temperature 20-29°C, pH (6.0-7.5) and dissolved oxygen 
content (8-10 ppm); however, the altitude of the sampling 
sites in that study was not mentioned. In contrast to 
Nuryanto et al. (2012), this species was found upstream, 
but whether the conditions were similar to those in our 
study is unclear. Roesma et al. (2016) identified M. 
aculeatus at the Simajambu sampling site upstream in the 
Batangtoru River, South Tapanuli, North Sumatra. This site 
is characterized by clear water, a flow velocity of 0.85-0.88 
m/s, and a substrate comprising rocks, sand, and gravel. 

 In our study, seventeen species were identified in the 
midstream, some of which - Cyprinus carpio, Oreochromis 
niloticus, Osphronemus gourami, and Ompok 
hypothalamus, - were unique to the midstream region.  

In general, these four species are considered to occur 
midstream in rivers. In our study, C. carpio was found only 
in the midstream at an altitude of 43.2-96 m asl. This is in 
accordance with the findings of Lestari (2004) in the 
Logawa River, Banyumas, Central Java. Nuryanto et al. 
(2012) reported that O. niloticus was present only in 
upstream, in the Cilemeuh River, Majenang, Cilacap. 
Similarly, this species was found at the Simajambu 
sampling site upstream in the Batangtoru River, South 

Tapanuli, North Sumatra (Roesma et al. 2016). There are 
potential differences in the physicochemical parameters 
between the two rivers. In this study, O. gourami was 
found midstream but was not detected in other studies. The 
area around the Klawing River is fundamental for the 
cultivation of gourami. In this study, O. hypothalamus was 
found only in midstream, but it has also been found on the 
Sei Jaya River (a tributary of the Barito River) and 
downstream on the Sebangau River, East Kalimantan, 
which has a water temperature of 29.6. -31.4°C, a light 
intensity of 0.34-0.53m depth, pH of 4.31-5.20 and 
dissolved oxygen content of 3.76-6.74ppm. However, the 
altitude of the sampling sites was not mentioned (Haryono 
2012). The pH and oxygen levels differ significantly from 
those of our study, probably because the research site was a 
river located in peat soil. According to FishBase (2017b), 
O. hypothalamus lives in medium to large-sized, slow-
flowing, lowland rivers, streams, and lakes with peat soil. It 
feeds on fish, prawns, and crustaceans. It moves to 
seasonally flooded habitats during high tide periods and is 
generally found around submerged woody vegetation. 

In this study, Osteochilus vittatus was found only in 
midstream and downstream. Djumanto et al. (2011) 
reported this species at stations 2-5 located downstream on 
the Opak River, which is near the midstream region of the 
river and is characterized by a water temperature of 28.8-
29.2°C, light intensity of 0.20-0.90 m depth, flow velocity 
of 0.49-1.13 m/s, and pH of 7.0-7.3. Again, the altitude of 
the sampling sites was not provided. Nuryanto et al. (2012) 
detected this species in all areas; however, the 
physicochemical parameters and the altitudes of the 
sampling sites were not provided. This species was found 
only in the midstream and downstream in our study, but 
upstream in the Cileumeuh River.  

Trichogaster pectoralis, found midstream and 
downstream in our study, was detected in the Batang 
Kerang floodplain, Balai Ringin, Sarawak, by Rahim et al. 
(2009), at sampling sites characterized by brown or black 
water, a water temperature of 25.6-26.6°C, a light intensity 
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of 0.63-1.26 m, pH of 4.55-5.45, and a dissolved oxygen 
content of 1.55-1.66 ppm; however, the altitude of the 
sampling sites was not specified. According to FishBase 
(2017c), this species is found in shallow, sluggish or 
standing-water habitats with abundant aquatic vegetation. 
T. pectoralis can breathe air directly and absorb oxygen 
from water and thus is well adapted to poor-quality 
habitats. This species originates from the Mekong basin in 
Laos, Thailand, Cambodia, and Vietnam and from the 
Chao Phraya basin. At least one country has reported that 
the introduction of this species has had an adverse 
ecological impact.  

In our study, the downstream area harbored 10 fish 
species. Channa striata was found at an altitude of 36-40 m 
asl., compared with 51 m (site 13) and 81 m (site 6) in the 
study of Ohee et al. (2016); the differences are possibly due 
to the different biogeographies of Papua and Java. Our 
results are consistent with the findings of Lestari (2004) in 
the Logawa River, Banyumas, Central Java, in that C. 
striata was found at similar altitudes (i.e., 25-40 m asl.).  

Cyprinus carpio was found in midstream regions at 36-
40 m asl. Rachmatika et al. (2002) found this species in the 
midstream and downstream regions, which had water 
temperatures of 22-29°C, pH of 6.5-7.5, and dissolved 
oxygen content of 8-10 ppm; however, the altitude of these 
sampling sites was not mentioned. According to FishBase 
(2017a), adult C. carpio inhabits warm, deep, slow-
flowing, and still waters such as lowland rivers and large, 
well-vegetated lakes. The species is hardy and tolerant of a 
wide variety of conditions, but generally favors large 
bodies of water with stagnant or slow-flowing water and 
soft-bottom sediments. C. carpio thrives in large turbid 
rivers and is more active at dusk and dawn. Adults and 
juveniles feed on a variety of benthic organisms and plant 
material. The species develops along shores or in 
backwaters. Adults often engage in considerable spawning 
migration to suitable backwaters and flooded meadows. In 
this study, Mystus micracanthus and was found midstream 
and downstream,while Hemibagrus nemurus was found 
only in midstream , which is in agreement with the findings 
of Nuryanto et al. (2012) in the Cileumeuh River, 
Majenang, Cilacap Regency. Rahim et al. (2009) detected 
M. micracanthus only at sampling sites with brown water, 
while H. nemurus was found at sites with brown or black 
water; both have poor physicochemical parameters. These 
two species can survive under such conditions because of 
their ability to take in oxygen directly from the air.  

In general, our results show that certain species of fish 
are distributed in particular river regions. Oberdroff et al. 
(1993) reported a similar longitudinal zoning of fish 
species, such zoning may be associated with differences in 
the relative ease of laying eggs on appropriate spawning 
substrates, usually gravel or submerged plants. Such a 
pattern was evident in the Klawing River. 

A Bray-Curtis dendrogram of the fish species 
distribution in the upstream, midstream, and downstream 
regions of Klawing River is shown in Figure 5. The highest 
species richness was observed midstream, and the fish 
assemblage shifted from tolerant to thermally inclined 
groups in the upstream and downstream reaches. The 

altitude gradient (driving water velocity and river substrate 
variations) exerts a major influence on fish assemblage 
pattern. Our findings, therefore, support the pattern of an 
ecological guild structure inferred from predictions of the 
river continuum concept (Bhat et al. 2012). According to 
Alabaster and Lloyd (1982), variations in water chemistry 
can influence fish diversity and distribution. 

The distribution of fish families differs between this 
and prior studies. The number of families detected in this 
study (11) was lower than those reported by Azmir et al. 
(2010) (14 families) at Gunung Machinchang, Pulau 
Langkawi, Malaysia; by Sjafei et al. (2001) (20 families) in 
the Cimanuk River; by Hadiaty (2011) (19 families) in the 
Cisadane River basin, Jabodetabek. The number we 
detected is smaller than that reported by Lestari (2004) (11 
families) in the Logawa River, Banyumas, but higher than 
that reported by Roesma et al. (2016) (10 families) in the 
Batangtoru River.  

Cyprinidae was the largest family seen in the Klawing 
River (82.6%) and was detected in all regions of the river. 
This is in agreement with the findings of Rahim et al. 
(2009) (79.8-63.8%), Lestari (2004) (65%), Atkore et al. 
(2011) (53.48%), Nuryanto et al. (2012) (45.45%), Roesma 
et al. (2016) (45.83%), Ibarra et al. (2005) (42.5%), and 
Azmir et al. (2010) (29.36%).  

 

 
 
Figure 4. Fish species distribution along a longitudinal gradient in 
Klawing River, Purbalingga, Central Java, Indonesia 
 
 

 
 
Figure 5. Bray-Curtis Cluster Analysis Dendrogram shows the 
distribution pattern of the species in the Klawing River, 
Purbalingga, Klawing River, Central Java, Indonesia 
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In conclusion, 18 fish species belonging to 11 families 
were found in the Klawing River, which indicates that the 
river has low fish species diversity. The family Cyprinidae 
had the largest number of species (six). Some species were 
distributed along the length of the river, while others were 
limited to certain areas. The fish species distribution was 
linked to variations in physicochemical parameters along 
the river, especially light, water velocity, and substrate.  
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Abstract. Gunawan R, Ramadhan UG, Iskandar J, Partasasmita R. 2017. Local knowledge of utilization and management of sugar 
palm (Arenga pinnata) among Cipanggulaan People of Karyamukti, Cianjur (West Java, Indonesia). Biodiversitas 19: 93-105. Sugar 
palm, locally known as kawung or aren, (Arenga pinnata (Wurmb.) Merr.) has long been known for its various ecological, economic, 
and socio-cultural uses among rural people of West Java. Rural people have utilized and managed kawung based on their local 
knowledge. Nowadays, however, the abundance of kawung trees has been decreasing in many areas, for example, through reduction in 
planting and destruction. The decreasing experience in managing kawung trees among local people has eroded their local knowledge, 
and therefore documenting this knowledge is important before it disappears entirely. This paper (i) reports local knowledge of the 
Cipanggulaan people of Cianjur, West Java on landraces of sugar palm; (ii) identifies various uses of sugar palm by those people, and 
(iii) describes traditional management systems for the sugar palm conducted by those people. This study adopted qualitative methods 
developed in ethnobotany based on participant observation and in-depth interviews. Research findings identified two local landraces and 
at least 10 different plant parts used in various ways. Particular attention was paid to the making of palm sugar in various ways. 
Conservation of the sugar palm has traditionally been conducted by selective harvesting of the sugar palm fruit and allowing some 
palms to regenerate naturally.  

Keywords: Local knowledge, species variation, utilization, management, sugar palm 

INTRODUCTION 

Sundanese people who live in rural areas of West Java 
have known sugar palm plant, locally known as kawung or 
aren (Arenga pinnata (Wurmb) Merr), for a long time. This 
plant plays important roles in ecological, economic, and 
socio-cultural functions for rural people. On the basis of 
ecological functions, for example, the sugar palm plant has 
been known as protection for soil against erosion due to its 
root strength in holding soil. In terms of socio-economic 
and cultural functions, the sugar palm plant has 
traditionally been utilized for various purposes, for 
instance, its flowers are tapped to obtain sap for making 
special Sundanese drink (tuak) or making sugar (gula 
kawung). Tapping sugar palm plant has traditionally been 
done by the rural Sundanese people. The old Sundanese 
lontar-leaf manuscript of 1518, called Sanghyang Siskanda 
ng Karesian (registered as ‘kropak 630' in the National 
Museum) documented this traditions as follows: “…. imah 
kaosi, loit kaosi, paranje kaosi, huma kaomean, sadapan 
(kawung) karaksa, palana ta gurip, sowe waras nyewana 
(kropak 630, translated by Atja and Danasasmita 1981)”. 
This can be translated as: “ ….[our need] in the household 
(imah) is fulfilled, barn (leuit) is filled with rice, cage 
(paranje) is packed with chicken, swidden fields (huma) 

are managed, sugar palm (kawung) is tapped, chicken is 
taken care of, and our life is always healthy".  

Based on this manuscript, it can be inferred that based 
on the advice from Sundanese ancestors, each household of 
rural people who would like to achieve a good livelihood 
and to be always healthy (hurip), some endeavors must be 
carried out, such as swidden fields (huma) to be managed, 
sugar palm to be tapped, and the chicken to be looked after. 
In addition, the special mythology on the sugar palm plant 
has been popularly known by Sundanese people, 
particularly for old generation. Based on Sundanese 
mythology, for example, the sugar palm plant is similar to 
the paddy crop in that it has been traditionally believed as 
originated from the tomb of the Goddess Dewi Asri or Nyi 
Pohaci (Prawirasuganda 1964; Iskandar 1998). 

Therefore, based on ecological history, initially, both 
paddy and sugar palm had traditionally been respected by 
the rural people. However, unlike paddy crops, sugar palm 
plant had not been cultivated intensively. Sugar palms are 
scatteringly found in various biotopes: secondary forest, 
garden or mixed garden, even in the home-garden. Most 
sugar palms have grown naturally. Normally when 
seedlings of sugar palm are naturally found, which are 
predominantly dispersed by common palm civet or luwak 
(Paradoxurus hermaphroditus Pallas 1777) in some agro-
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ecosystem types, such as swidden farming, garden or 
mixed-garden, they are not given special treatment, but the 
surrounding area is usually left weeded (cf Iskandar 1998).  

Historically, because villages have been closely 
interrelated with sugar palm plant, the villagers have 
mythology and plentiful local knowledge of this plant. As a 
result, the villagers have utilized sugar palm based on their 
local knowledge as well as their cosmos or beliefs (cf. 
Toledo 2002; Berkes 2008). Local knowledge, in this case, 
has been called with various terms, including folk 
knowledge, traditional knowledge, indigenous knowledge, 
traditional environmental (or ecological) knowledge, 
people science or rural people knowledge. It may be 
defined as knowledge owned by local people, orally 
transmitted and inherited intergeneration based on practical 
engagement in everyday life and constantly reinforced by 
experience, trial and error, and deliberate experiment which 
is characteristically the product of many generations of 
intelligent reasoning (Ellen and Harris 2000).  

Since the sugar palms have been managed by the rural 
people based on the local knowledge and beliefs, these 
plants have been utilized sustainably for a long time. 
Nowadays, however, due to human population increase, 
intensive market economic penetration, and the erosion of 
local knowledge, the utilization of sugar palms in many 
rural areas has decreased. For example, in many cases 
sugar palms have been vastly cut, even various biotopes 
which were previously full of sugar palms, have been 
converted into commercial monoculture gardens, such as 
vegetable gardens. As a result, population of sugar palms 
has rapidly decreased in many rural areas of West Java. 
Today the populations of sugar palm are found only some 
areas, particularly in the upland of remote rural areas. It is 
interesting that although sugar palm trees have rarely been 
found in many rural areas, the trees are still abundantly 
found in Cipanggulaan, Karyamukti Village, Cianjur, West 
Java. These trees have traditionally been managed and 
utilized for a long-standing. Indeed, the hamlet name of 
Cipanggulaan is referring to a ‘location of sugar 
processing' because sugar palm trees have been 
predominantly found in this area, and have been 
traditionally tapped to make sugar.   

Some studies on the sugar palms in many rural areas of 
Indonesia have been conducted by some scholars. For 
example, study on variations and utilization of sugar palms 
was carried out by Irawan et al. (2009). The study on 
insects as pollinator, pest, and diseases of the sugar palm 
plant was done by Siregar (2016). Some studies in relation 
with utilization of sugar palm trees, various benefits of 
sugar palm, and as raw material of bioethanol, and local 
institutional of palm sugar and the role of sugar for 
livelihood income, business and potential of agribusiness of 
the sugar palm were also carried out (Rachman 2009; 
Effendi 2010; Lempang 2012; Nuryanti et al. 2015; 
Wirastini 2015; Yuldiati et al. 2016). Other studies on the 
processing of sap and the quality of sap of sugar palm, and 
characterization and quality sugar of sugar palm, and 
microbial and organoleptic quality of tuak were also 
conducted (Kalengkongan 2013; Mussa 2014; Victor 2015; 
Choong et al. 2016; Jaya et al. 2016). In addition, the 

production and content of starch in stalk of sugar palm 
were investigated (Fitriani et al. 2012; Manatar et al. 2012).  

This paper elucidates local knowledge of local people 
of Cipanggulaan, Cianjur, West Java on varieties or 
landraces, utilization, and conservation of sugar palm 
(Arenga pinnata (Wurmb) Merr). Three main aspects are 
elucidated in this paper, namely (i) local knowledge of the 
villagers on landraces of the sugar palm; (ii) traditional 
utilization of the sugar palm by villagers; and (iii) 
traditional conservation system of the sugar palm carried 
out by villagers. 

We use the word landrace (following Shigeta 1996; 
Brush 1991, see also Iskandar and Ellen 1999), to 
distinguish local people of Cipanggulaan categories for 
sub-division of ancestral crop species from ‘varieties' in the 
conventional Western taxonomic sense. Thus, in this 
context, a landrace is a local category for grouping the 
sugar palm plant according to characteristics reflected in 
specific vernacular names.  

MATERIALS AND METHODS 

Study area 
This research was carried out in Cipanggulaan Hamlet, 

Karyamukti Village, Campaka Sub-district, Cianjur 
District, West Java Province, Indonesia (Figure 1).  

Cipanggulaan hamlet was chosen due to some 
considerations. For example, the people in this hamlet still 
predominantly manage and utilize sugar palm trees. In 
addition, most old people and tappers still use and own 
local knowledge of the sugar palm plant.  

To reach Cipanggulaan we can use motorcycle from 
Bandung to Cianjur with an approximate distance of 62 
km. From Cianjur, we continue to travel by motorcycle 
heading to Warung Kondang and to Cikancana, Lampegan 
Pal Dua and finally arrive at Cipanggulaan Hamlet. The 
distance from Cianjur to Cipanggulaan is approximately 
about 25 km and it takes about 2 hours to reach there by 
motorcycle.  

The Cipanggulaan Hamlet has total area of 
approximately 35 hectares and is located in the Southwest 
of Cianjur. To the northwest and northeast the hamlet is 
bordered by Karesian Mountain and Gunung Padang, 
respectively. To the East, it is bordered by megalith site of 
Gunung Padang and to the south is bordered by Pasir 
Alam. The altitude of Cipanggulaan is 800 m above sea 
level and has annual rainfall of about 3000 mm. The 
agricultural land use types consist of homegarden, garden 
or mixed garden, and wet paddy fields. The gardens are 
predominantly cropped with monoculture systems, such as 
cassava (Manihot esculenta Crantz), chili (Capsicum 
frutescens L.), banana (Musa paradisiaca L.), and coffee 
(Coffea arabica L.). Like in other areas of West Java, each 
monoculture garden system is popularly named according 
to the predominant crop, such as garden of cassava (kebun 
singkong), garden of chili (kebon cabe rawit), banana 
garden (kebon pisang), and garden of coffee. In addition, 
the garden is predominantly planted with mixed annual and 
perennial crops locally named talun for ancient term or 



GUNAWAN et al. – Local knowledge of utilization and management of Arenga pinnata 

 

95

now is called kebun campuran (mixed-garden) (cf. 
Iskandar and Iskandar 2011; Iskandar et al. 2016.). In 
addition, the sugar palm trees (Arenga pinnata (Wurmb) 
Merr) are usually found in the mixed garden (Figure 2). 

The sugar palm trees in the mixed-garden or garden are not 
purposely planted by people, but they are predominantly 
dispersed by careuh or luwak (civet-Paradoxurus 
hermaphroditus Pallas 1777).  

 
 
 

 
 
Figure 1. Study site in Cipanggulaan Hamlet, Karyamukti Village, Campaka Sub-district, Cianjur District, West Java Province, Indonesia  
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Figure 2. The sugar palm trees are predominantly found in the mixed-garden 
 

 
 
According to the village statistic, Cipanggulaan’s 

population in 2015 was 171, consisting of 9 males and 73 
males, belonging to 51 households. The main occupations 
of the people are farmers, labor farmers and other off-farm 
labor, and traders. Ten out of 51 households were farmers 
who were intensively involved in managing and utilizing 
the sugar palm trees. They consisted of 6 households as 
sugar palm juice tappers (tukang sadap kawung) and 4 
households as processors of the sugar palm fruits into 
kolang-kaling.  

Procedure 
The method used in this study was qualitative with an 

ethnobotanical approach (cf. Martin 1995; Alexiades and 
Sheldon 1996; Cunningham 2001; Albuquerque et al. 
2014). Some techniques, namely observation, participant 
observation, and deep interview were applied to collect the 
primary data in the field. The observation was conducted to 
observe the general environmental conditions of the 
hamlet, land use, and garden (mixed-garden) that are 
planted with the sugar palm trees. Participant observation 
was carried out by involving the researchers doing some 
activities, such as going to the garden, tapping the sap, and 
processing the sap to make sugar, and also asking some 
questions to informants in relation to activities being done. 
Semi-structure and/or depth interview were purposively 
carried out to some informants, such as formal village 
leader staff, informal leaders, sugar palm farmers, sugar 
palm juice tappers, the processors of the sugar palm juice 
namely palm sugar and brown sugar makers.  

The primary data, statistical data, and reports were 
analyzed by cross-checking, summarizing and 
synthesizing, and making a narrative account with 
descriptive analysis and evaluative (cf. Newing et al. 
2011).  

RESULTS AND DISCUSSION 

Local knowledge of the sugar palm  
The sugar palm (Arenga pinnata (Wurmb) Merr), 

family of Arecaceae is locally known in Cipanggulaan as 
kawung or aren in Indonesian. According to informants, 
kawung can traditionally be divided into two varieties 
(landraces) namely kawung cibuy and kawung alit or 
kawung saeran. The kawung cibuy is characterized as 
having a tall and large trunk, bearing a lot of fruit, and can 
be tapped. With approximately 30 m of height, the lush 
kawung cibuy produces a lot of fiber, having shiny and 
greasy leaves, with curvy leaf midrib. On the contrary, the 
kawung alit or kawung sareran is a short tree, having a 
small-size trunk, producing little fruit, and either can or 
cannot be tapped. The kawung saeran or kawung alit is not 
that tall, less than 30 meters in height, producing little fiber 
which is dry and bristle (jogrog). In term of sap production, 
kawung cibuy produces more sap than kawung alit or 
kawung saeran. This sugar palm classification of the 
Cipanggulaan is similar to that of Rancakalong, Sumedang 
of West Java. According to informants of Rancakalong, the 
landraces of the sugar palm can be classified based on tree 
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height, trunk diameter, amount of fruit, possibility of being 
tapped, and vegetation canopy closure in their habitat 
(Irawan et al. 2009). Similarly, based on the Baduy people 
of South Banten, the landraces of the sugar palm can be 
traditionally classified as the big trunk called kawung gede 
and the small one called kawung salompet (Iskandar 2012).  

Moreover, in Cipanggulangaan, sugar palm plant is 
further classified based on its age or stage of growth. There 
are six categories of the sugar palm trees based on their 
stage of growth, namely cumohok, cumawene, mepek, 
mapak, jeunah, and bungkul (Table 1 and Figures 3, 4).  

Table 1 indicates that the sugar palm tree has a lifespan 
of about 30 years from its early seedling (cumohok) until its 
unproductive stage (bungkul) and it can grow to a height of 
more than 20 meters and reaches its productivity—to be 
tapped and harvested-, at the age of 17 years. However, in 
some cases, the trees can be firstly tapped before they reach 
17 years since the trees start to produce flowers at the age 
of 7-10 years. In addition, at this time the stem is full of 
starch (Burkill 1935).  

 
 
 
Table 1. The folk-classification of the sugar palm based on its age or stage of growth 
 

Local vernacular  Height of tree 
(meters)

Age of tree 
(years) General characteristics 

Cumohok 1-1.5 < 1 The sugar palm seedling has several leaf midribs similar to that of congkok 
plant (Curculigo latifolia Dryland). 
 

Cumawene 1.5-3 1-15 The sugar palm tree has continuously growing young shoots and still has 
an edible white terminal bud (humut). 
 

Mepek 3-10 15-17 The leaf midribs have not appeared and the tree do not have terminal bud 
(humut). 
 

Mapak 10-20 17-20 The sugar palm begins to produce stalks (leungeun) of flowers (jari or 
langari) and fruit (caruluk) but the stalks are not ready to be tapped and the 
fruit is not yet ripe. 
 

Jeunah >20 20-30 The stalks are ready to be tapped and the fruit can be harvested.  
 

Bungkul Stump shape less 
than 10 m 

>30 The sugar palm tree is not productive anymore—the stalks are no longer 
tapped and the fruit is no longer harvested. Often, the trunk is cut, leaving 
only the stump called bungkul.  
 

 
 
 

 
 
Figure 3. The sugar palm plant called cumohok, and cumawene 

 
 
Figure 4. The sugar palm plant called jeunah 
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Utilization of kawung 
Cipanggulaan people in general, and particularly our 

informants, see sugar palm tree (kawung) as one, among 
many, important plant. The plant is considered the most 
versatile tree among the palm trees since almost every part 
of the tree such as root, trunk, hair of trunk, inner part of 
tree, rachis, leaf, leaflet midrib, and stalk of flowers (Table 
2, Figure 5), is useful. The utilization of kawung is 
predominantly based on the knowledge inherited from their 
ancestors as well as their individual experiences of trial and 
error processes (cf. Ellen and Harris 2000; Ellen 2006). 
The traditional utilizations of kawung among the 
Cipanggulaan including making sugar from its juice, and 
harvesting the fiber and leaves for various purposes, are 
generally similar to those of the Rancakalong people, 
Sumedang West Java and Baduy people of South Banten 
(Iskandar 1998; Irawan et al. 2009). However, some special 
uses of kawung among the Cipanggulaan, are recorded; for 
example, the trunk hair (jawul) is traditionally used as 
tinder for igniting fire, whereas, this use is not recorded 
among the Baduy and Rancakalong. In addition, the rachis 
of the plant is used for book marking, for instance, when 
people recite the Holy Koran, while that part is rarely used 
in Baduy or Rancakalong. Moreover, the utilization of the 
starch and the making of kolang kaling are predominantly 
done among both Cipanggulaan and Rancakalong, but 
these uses have never been documented in Baduy. 

Making palm sugar  
Making palm sugar is done through several stages, 

namely, climbing the sugar palm tree using a long bamboo 
ladder (naek tangkal kawung pake sigay), opening the bark 
(ngabalukang), beating the peduncle/stalk of flower 
(ninggur), swinging the peduncle (ngayun), cutting the 
peduncle (magas), and tapping the sap (nyadap).  

Climbing the sugar palm tree (naek kana sigay). The 
tapper climbs the palm tree using a long bamboo ladder 
(sigay). The sigay is made of bambu gombong 
(Gigantochloa verticillata (Willd) Murr) whose internodes 
are holed to use as foot holder for the tapper (Figure 6).  

Opening the bark (ngabalukang or mukaan). The bark 
covering the peduncle and flowers are removed. The bark 
is cleaned and the fiber and dirty materials are removed.  

Swinging and beating the peduncle (ngayun dan 
ninggur). The peduncle which is approximately located 20 
cm under the base of the peduncle is swung and beaten. 
Beating dan swinging are done several times periodically. 
The informants informed us that these activities can be 
carrried out for about a month and are aimed to open pores 
of the peduncle. As a result, the sap drips smoothly. 

 Cutting peduncle (magas). Cutting the beaten 
peduncle is done using a tapping knife (peso sadap) 
(Figure 7). After the peduncle is beaten for about one 
month, the color of flowers attached to the peduncle will 
change from the brownish green to dark brown. After one 
month the color of flowers will change to black and oily 
(lalunyu) locally called humanyir. The next stage is tapping 
the peduncle (nyadap) which is carried out twice a day, 
namely early morning between 0.5.00 and 0.6.30 am and 
late afternoon between 4.00 and 5.00 pm. So, for each 

penduncle, we have to prepare two bamboo containers 
(lodong) for daylight and overnight tappings.  

The collected juice (lahang) is then processed to make 
sugar. These stages of processing the lahang takes 
approximately 6 hours, traditionally done by wives in the 
kitchen or special place called cipanggulaan.  

 The stages of sugar making can be seen in Table 4.  
 

Management and conservation of the sugar palm 
Based on information from the informants, the sugar 

palm plant (kawung) has been known by people of 
Cipanggulaan for a long time. This plant species has 
important ecological and socio-economic functions, and 
may be considered one of ‘biocultural keystone species' (cf. 
Ellen 2006). In terms of ecological functions, for example, 
result, this plant predominantly grows in dry land and does 
not need intensive maintenance (cf. Iskandar 2014). The 
kawung has also been perceived or believed, particularly by 
the old generation, to be created from the tomb of Nyi 
Pohaci goddess, similar to the creation of rice (Dewi Sri in 
Javanese) and the mythology on the sap of the peduncle of 
flowers for making sugar (cf. Prawirasuganda 1964; 
Iskandar 1998; Iskandar 2014). In addition, the kawung 
tree has been considered as a multi-function species, such 
as being used for making sugar (gula kawung), 
kolangkaling, vinegar, and so on for the rural people. As a 
result, there is a popular expression among the 
Cipanggulaan people that ‘hirup mah kudu sampurna 
saperti kawung’ meaning that human life must be perfect, 
fruitful, and providing benefits for other people similar to 
the sugar palm plant. There is another saying, ‘kun kal 
kawung walatum kal kawung’ which means ‘the human life 
must be similar to that of kawung. A dead tiger leaves its 
stripes, A dead elephant leaves its ivory, while a dead 
human leaves his/her services beneficial for others.  

 

 
Figure 5. Various parts of the sugar palm plant (kawung) which 
have been traditionally utilized by people of Cipanggulaan, 
Cianjur, West Java, Indonesia  
 

Leaf: Daun

Fruit Bunch: Carucuk 

Young leaf: 
Daun muda

Black fiber: Ijuk
Rachis: Harupat

Stalk: Leugeung kawung
Bark: Pelepah Harupat

Inflorescence: 
Kembang kawung 

Trunk: Batang 

Root: Akar 
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Table 2.Traditional uses of different parts of sugar palm plant (kawung) 
 
Parts of kawung Uses Processing 
Root  - Traditional jamu for curing back pain, 

and fatigue, and virility drug.  
- For curing and clearing mucus in the 

eye and eye cataract 

Traditional jamu: the roots are cleaned and boiled with 3 glasses of 
water, combined with alang-alang roots (Imperata cylindrical L), red 
ginger (Zingiber officinale Rosc), kumis kucing (Orthosiphon 
stamineus Benth), brotowali (Tinospora crispa L.), root of avocado 
tree (Persea americana Mill), for about 30 minutes until the 
remaining water left is about one glass, and let it stand until the 
concoction gets warm or cool before it is drunk; for curing eyes and 
cataract: the fresh root is cut and the water coming out from the root 
is dripped into the eyes.  

Trunk  - Wood stick (iteuk or tongkat)  
- Handle of a machete or an ax (gagang 

or perah golok or kampak)  

Handle of a machete or an ax: trunk of the tree called ruyung is said 
to be the best material for this purpose, particularly its thickness and 
endurance. The ruyung is molded as handle of a machete that has 
been designed before, smoothened using a special knife, and 
perfected by sandpaper, until finally installed to the handle of a 
machete. All of these stages are done by males. 

Hair of trunk 
(kawul) 

- Tinder for igniting fire  Two gandawesi (firestones) are hit to each other, causing ignition. 
Then, the ignition is put on tinder (kawul) until it is lit or becomes 
ember. The ember is used to light traditional cigarettes made of 
tobacco wrapped in young palm leaf. 

Inner part of 
trunk  

- Inner part of trunk where starch is taken 
(onggol- onggol, sayur aci kawung)  

In the past, the Cipanggulaan people used to obtain starch from the 
trunk and make various traditional cakes, such as onggol-onggol and 
sayur aci kawung from the kawung starch. Nowadays, however, the 
trunk is sold to middlemen who usually come to their hamlet and 
collect the trunk to be processed and made into starch.  

Fiber  - Raw material of rope (bahan tambang)
- Raw material of roof (bahan hateup) 
- Filter of palm juice (panyaring lahang) 

People of Cipanggulaan used to collect and process palm fiber for 
various purposes such as rope, roof, or filtering palm juice. Today, 
however, they usually harvest the palm fiber and sell it to middlemen. 

Rachis (harupat) - Amulet and talisman (tolak bala or 
sawen) 

- Material for traditional wedding ceremony  
- Material for igniting fire in the kitchen 

(Neurakeun seuneu di dapur)  
- Hair ornaments and bun  
- Bookmarker and pointing tool when 

reciting Holy Koran  
- Material for making an arrow or blowpipe  
- Material for making a puncture tool to 

determine fruit maturity of sugar palm  
 

Rachis of palm (harupat) is usually used for various purposes, such as 
stick for determining the maturity of palm fruits. The harupat is taken 
from the fiber mound and used for special purpose.  

Leaf  - Traditional tobacco or traditional 
cigarettes wrapper  

Making traditional cigarettes wrappers: the young yellowish palm 
leaves are harvested and separated from the midribs (disebet), then 
the leaves are half-dried under the sun, before thinned and 
smoothened with a knife (dipaud) to remove outer skin (kulumud) of 
the leaves. Finally the smoother leaves are cut in accordance with the 
cigarette size and ready to be used. They are used as smoking paper. 

Leaflet midrib 
(nyere or lidi) 

- Material for making brooms of leaflet 
midrib (sapu nyere or lidi) 

- Material for making traditional basket 
(membuat keranjang) 

- Material for making woven plate  

Making brooms from leaflet midribs: the leaflet midribs are separated 
from the leaves using a knife (disebet), and then dried under the sun 
before tied with bamboo straps (dismpay). People and informants say 
that kawung midribs are more elastic than that of the coconut (Cocos 
nucifera) (nyere kalapa). Owing to their elasticity, the kawung 
midribs can be molded and woven to make baskets and plates 

Fruit (caruluk) - Material for making kolang kaling Processing kolang-kaling: ripe palm fruit is boiled for about 5 hours 
to remove its itchy sap, and then peeled and separated from its rind, 
and beaten (digeprek) to flatten it before finally soaked and stored in a 
container filled with water.  

Stalk of flowers 
(tangan kawung)  

- Material for making vinegar  
- Material to make sugar  

Producing palm vinegar: the clear and whitish sap (lahang) is stored 
in bottles and dried under the sun for about a week. Detailed stages of 
palm sugar (gula kawung) making are provided in the following 
section below. 
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Figure 6. A man is climbing the sugar palm tree 
 
 

 
 
Figure 7. A man is cutting the peduncle 
 
 
 

 
 

Figure 8. The liquid is poured into bamboo internodes to be molded 
 
 

 
 
Figure 9. The sugar that is molded with the bamboo internode is 
put in the kettle, and the residual is cracked with a spoon 

 
 

Although the sugar palm plant provides a lot of benefits 
for the rural people, this plant is not intensively cultivated 
by the people of Cipanggulaan. Based on our observation 
and on our informants accounts, we found that the sugar 
palm trees grow in various land uses, including mixed-
gardens assisted by luwak or common palm civet 
(Paradoxurus hermaphroditus Pallas 1777). Based on 
animal ecology, the luwak has special behavior of loving to 
eat various fruits, including the ripe sugar palm fruits (cf. 
Iskandar 2015; Partasasmita et al. 2016). As the animal 
defecates, its feces contain the sugar palm fruit, and if it is 
left to the natural process, the seed will grow into a sugar 
palm tree. Or, later on, the seeds from the feces of the civet 
are collected and transferred to a proper nursery. These 
seedlings are maintained by individual households. For 
instance, to avoid nutrient competition, grass and other 
plants surrounding the palm seedlings are removed; for 

more protection measure, fences are built encircling the 
young trees.  

To sum up, based on the ecological history, the 
Cipanggulaan people of Karyamukti, Cianjur, West Java 
have utilized and managed the sugar palm plant (kawung) 
for a long time. Various parts of the kawung plant have 
traditionally been used among the Cipanggulaan. The 
utilization and management of the kawung plant have been 
based on traditional knowledge or traditional ecological 
knowledge and beliefs (cf. Toledo 2002; Berkes 2008). 
Obtaining, distributing, and circulating traditional 
knowledge have been done among individuals of the 
Cipanggulaan in three stages, namely parental learning, 
peer group learning, and individual learning (cf. Puri 
1997). The parental learning exists among male children 
aged less than 17 years that are involved in various 
activities utilizing various parts of the sugar palm plant in 
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each household. The peer group learning process takes 
place among groups of young people before marriage 
where they share and learn knowledge and experiences on 
the utilization of the sugar palm plant. And finally, the 

individual learning process occurs when each adult 
acquires various knowledges of the sugar palm based on 
his or her personal experiences by trial and error. 

 
 
 

Table 4. Processing of making sugar (gula kawung) 
 
Stages Tools Processing activities 
Putting the juice (lahang) into the 
kettle  

Bamboo internode (lodong), 
fiber (injuk), kettle (kancah) 
and stove (hawu) 

The kettle is put on a burning traditional stove (hawu) and the 
juice (lahang) is poured into a kettle. To get a clear and clean 
juice, the juice is filtered by fiber and other filtering tools. This 
is to avoid dirty materials such as firewood charcoal that has 
been used to smoke the bamboo internodes (lodong) to avoid 
sour juice.  

Boiling the juice  Kettle (kancah), stove (hawu) 
wooden spoon (cocolek), and 
filter (serok) 

The juice starts to boil after about one or two hours and this is 
the time to stir the liquid continuously using a wooden spoon. 
By doing this, the liquid starts to produce white foam (budah 
bodas) that needs to be removed to get a clean and clear sugar. 
Stirring the liquid is continuing 

The juice starts to boil and gets 
thicker  

Kettle (kancah), stove (hawu) 
and wooden spoon (cocolek)  

After boiling for approximately two hours, the juice starts to 
get thicker and the color changes from white to dark brownish 
called wedang ngora (dilute liquid)  

Changing color and texture 
(wedang nggora) 

Kettle (kancah), stove (hawu) 
and wooden spoon (cocolek) 

The boiling process is continuing for more than 30 minutes 
until the wedang ngora (dilute liquid) turns into wedang kolot 
(concentrated liquid), and the juice is getting thick, and the 
color turns into dark yellow. Stirring is still continuing to avoid 
overdone.  

Thicker juice and dark yellowish 
(wedang kolot) 

Kettle (kancah), stove (hawu), 
wooden spoon (cocolek), and 
filter (serok) 

After the color has changed to dark yellowish (wedang kolot), 
some dirty substances, including cinder can be clearly spotted 
and removed (diserok) with a serok (spoon filter). 
The juice boiling is carried out for more than 4 hours; the 
concentrated liquid color will change from the dark yellowish 
to yellow called nyengka. The boiling process is continuing, 
and nyengka stage will change to peueut ngora or humanjuang. 

The peueut ngora or humanjuang 
stage 

Kettle (kancah), stove (hawu) 
and wooden spoon (cocolek)  

The boiling process uses smoldering fire that renders the 
peueut ngora or humanjuang continues boiling, and it will 
change the liquid to a darker brown called peueut kolot. 
The peueut kolot is continued to be boiled and stirred and until 
it turns bright brownish red.  

Putting kaliki (Ricinus communis 
L) or muncang (Aleurites 
moluccana (L) Wild) fruits 
(dipepes) 

Kettle (kancah), stove (hawu) 
and wooden spoon (cocolek), 
kaliki, candlenut (muncang), 
and coconut oil  

To make the peueut kolot thickened and firm, special 
ingredients, such as fruit or oil must be added. This act is called 
dipepes or mepes.  
The ingredients used for making thick and firm consist of three 
pieces of pounded fruit of kaliki (Ricinus communis L) mixed 
with approximately a spoonful of vegetable or coconut oil. 

The liquid has changed to become 
peueut kolot 

Kettle (kancah), stove (hawu) 
and wooden spoon (cocolek)  

After the mepes process has been finished and the liquid has 
become the peueut kolot, the liquid starts to produce fragrant 
aroma of sugar.  
Up to this point, the peueut kolot is considered ready to be 
lifted as indicated by the wooden spoon (cocolek) lifted from 
the kettle, the peueut kolot can be seen as a thin tissue form 
called peueut rumamat. While the peueut kolot is still dilute 
liquid, it is called gumayot.  

The kettle (kancah) is lifted from 
the burning furnace (hawu 
membara)  

Kettle (kancah), wooden 
spoon (cocolek) 

The peueut that has been considered ‘‘well cooked’ (rumawat) 
in the kettle is taken from the burning stove.  
The stirring process (pengguisan) using a wooden spoon is 
continuously carried out for about between 10 minutes and 15 
minutes to get the good liquid viscosity. As a result, the sugar 
production will be solid (pepel), and the color changes to sort 
of dark brown or chocolate color.   
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The stirring (pengguisan) must be done in appropriate time in 
order to get a good quality of sugar and to avoid a hole in the 
middle of the sugar (kohok, kopong, poporong) and bad taste, 
considered rough (resag or kasar).  

The sugar is poured into bamboo 
internodes to be molded (nitis or 
nyetak gula)  

Wooden spoon (cocolek), 
bamboo internode mold 
(caman, ganduan), and 
cutting board (talenan or 
ebeg). 

The thick sugar (peueut) is molded into bamboo internodes 
with a diameter of 5 cm and a height of 10-12 cm called 
ganduan (Figure 8). The peueut is taken from the kettle using a 
wooden spoon and put in the bamboo molder called caman and 
then put on a woven bamboo measuring approximately 20 cm x 
40 cm (ebeg). 
The peueut kolot from the kettle is put in ganduan or caman 
little by little, that is, filled a half part, and after 5 minutes, is 
fully filled to get hard and solid sugar (pepel or padat). If the 
peueut is filled at once, the sugar may be broken.  

The leftover sugar in the kettle is 
scraped (kukurud)  

Kattle (kancah) and wooden 
spoon (cocolek) 

Not all the peueut in the kettle can be taken for molding (nitis), 
but there is residual stuck on the kettle. This residual is cracked 
using a wooden spoon called kukurud (Figure 9). 

The sugars are wrapped ( 
ngabungkus, ngabonjor or 
pengemasan). 

Dry banana stem (bebog cau 
garing) and bamboo 
winnowing tray (nyiru or 
niru) 

After the peueut is molded in the bamboo molder, it is let stand 
for 5 minutes to get the sugar hardened.  
The sugar is released from the bamboo molder and put on the 
dry bamboo winnowing tray (nyiru).  
The sugar is wrapped with dry banana stem. One pack 
consisting of 4 pieces of sugar (gandu) is called sabonjor. 
While one piece consisting of 2 pieces of gandu is called one 
pack (sabungkus). 

Sugar seepage (kamalancin) Ebeg, and mold (ganduan) After the peueut is released from the bamboo internode molder 
and put on ebeg, there is reddish brown water seepage under 
the ebeg originating from the sugar called kamalancin. 

The sugar is stored  Plastic bag (kantong keresek), 
or paper bag (kantong kertas)  

After wrapping (bonjor and bungkus), the sugar must be put in 
warn dry wrapper of hard paper bag or plastic bag (kantong 
keresek). Then, it is better to put it on the upper stove place 
(para seuneu) to make it warm and smoked. This will make the 
sugar tastes better and dry. 

Washing the tools  Kettle (kancah), wooden 
spoon (cocolek), filter (serok), 
bamboo internode (caman), 
molder (ganduan), and ebeg 

All activities of the sugar making are done. Therefore, all tools 
including the juice container (lodong) must be cleaned. The 
lodong need to be smoked (dipuput) after it is washed; this is to 
avoid fermentation process inside the lodong indicated by sour 
smell. 

The bamboo internode is smoked 
(muput lodong) 

Bamboo internode (lodong) 
and piece of bamboo burned 
(awi tali dibakar) 

The bamboo internode (lodong) that has been used must be 
resmoked (dipuput) by burning a bamboo firewood put it in the 
lodong until it produces smokes, and this process is repeated 
three times. Then, the bamboo internode is put in dry place 
upside down (ditonggengkeun). It is aimed at avoiding the 
lodong to get sour smell and in the end, to keep the liquid later 
on. The smoking of the bamboo internode (muput) is done 
during boiling liquid in the kettle.  

 

 
 
 
 

Nowadays, however, population increase and intensive 
penetration of market economy to villages have resulted in 
significant changes in village lives and have impacted 
sugar palm trees as well. Many mixed-garden areas, where 
sugar palm trees grow have been converted to other land 
uses. This situation leads to a process of local knowledge 
erosion. And consequently, the utilization and processing 
of various products of the sugar palm plant done by the 
Cipanggulaan people have dramatically changed (Table 5). 

As indicated in Table 5, at present, the utilization and 
the process of the sugar palm plant has dramatically 

changed. As a result, the population density of the sugar 
palm trees has continuously decreased over time. 
Traditionally, to avoid the local extinction of the sugar 
palm in their area, the Cipanggulaan people made several 
efforts. For example, if the palm fruits have to be 
harvested, some fruits must be left as sources of seeds, 
hunting the common palm civet (careuh) was prohibited, 
and some fruit-producing trees were planted in mixed 
garden to attract the civets to come and help distribute 
feces containing seed the sugar palm seeds.  
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Table 5. Changes of utilization and processing of various products of the sugar palm tree 
 
In the past At present 
Intoning and chanting spells (jampi and jangjawokan) in local 
vernacular before tapping activities were always part of the 
activities and was believed to be an important step 

Tapper does not recite spell anymore before tapping flower 
peduncle and replace it with intoning the Muslim prayer in Arabic 
(syahadat).  

Most tools used to make sugar were obtained and made locally of 
various sources, such as caman, lodong, guisan that are made of 
bamboo, wood harvested from the forest or mixed-garden. Dried 
banana stem for wrapping the sugar was obtained from garden, 
and so on. 
 

Many tools and materials used for making and packaging sugar 
are obtained not from the local, but are bought from shops, for 
instance, plastic bag for wrapping the sugar. 

Almost all parts of the sugar palm trees, including root, leaflet 
midrib, fiber, were utilized by local people. 

Some parts of the sugar palm plant are no longer used, for 
instance, ijuk is no longer used for roof and replaced with tiles. 
Kolang kaling and gula aren are produced to make cash money to 
fulfill the household economic function for rural people.  

Population of the sugar palm trees was predominantly found in 
various rural land use systems, such as mixed-garden. In addition, 
the population of civet as disperser of sugar palm seeds was 
commonly found. 

Population of the sugar palm trees tends to be decreasing due to 
land conversion, and consequently, the habitat of palm civet has 
been disturbed, and the animal as seed dispersal is rarely seen. In 
addition, a newly emerging habit that makes civet as pet, leads to 
increasing civet hunt and sale as pet.  

 
 

 
 

Nowadays, however, population size of the sugar palm 
trees in Cipagulaan has continuously dwindled over time, 
because the input rate to population stock by civet-assisted 
natural regeneration is less than the output rate of stocks, 
by many cuttings of palm trees or natural death due to old 
age. It can be concluded that the rural people of 
Cipanggulaan have an extensive local knowledge on 
variations (landraces) of species of the sugar palm plant 
and the folk classification of the sugar palm based on its 
age or stages of growth. Traditionally, various different 
parts of the plant, including roots, wood, trunk, stem, leaf, 
fruit, leaflet midrib, and hair of trunk of the sugar palm 
plant have been used for various economic purposes and 
socio-culture functions. Nowadays, the population size of 
the sugar palm trees has been dwindling. Therefore, 
conservation of the sugar palm trees that have been 
traditionally endeavored, including leaving some the fruit 
natural regeneration and prohibition of hunting the 
common palm civet as the palm seed dispersal must be 
conducted. To maintain the sustainability of the utilization 
of the sugar palm plant in the rural area, the cultivation of 
this species must be carried out based on local knowledge 
combined with the Western scientific knowledge, instead 
of relying on civet-assisted regeneration. 
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INTRODUCTION 

The composition and structure of the world's flora 
irreversibly changes under the influence of anthropogenic 
activity (Pitman and Jørgensen 2002). One of the problems 
arising from the anthropogenic activity is that invasive 
weeds can displace wild plants from established natural 
communities (McKenney et al. 2007; Puliafico et al. 2011). 
The problem of synanthropic species is one of the facets of 
the global biodiversity problem (Orrock et al. 2008). 
Biodiversity is the main parameter of the evolutionary 
process, at the same time its outcome and the factor acting 
on the principle of feedback (Cardinale et al. 2012). A 
sufficient level of biodiversity is a necessary condition for 
the normal functioning of natural ecosystems (Bukvareva 
2014). 

Preservation of the species composition of background 
ecosystems is called for to implement protected areas, and 
in this regard there is reason for an optimistic approach 
(Krupnick and Knowlton 2017). However, creation of a 
network of protected areas does not solve the problem, and 
the problem of biological invasion is becoming 
increasingly important not only for economically exploited 
territories, but also for protected ones (Iacona et al. 2016; 
Florens et al. 2017; Ngugi and Neldner 2017; van Wilgen 
et al. 2017). One of the reasons for this is that even in 
protected areas it is impossible to completely protect 
phytocenosis from human influence. For example, 
economic and scientific activity in these territories is 
associated with the formation of various types of roads. 

The roadside environment promotes the spread of plants 
(Uchida et al. 2014; Bagavathiannan and Norsworthy 2016) 
and roads become corridors for invasive plant species 
(Meunier and Lavoie 2012). 

The Ilmen State Reserve serves as a reserve for the 
genetics and central fund of the flora of the South Urals 
and a reference for background plant communities. It can 
be used for comparison in the context of environmental 
monitoring of phytocoenosis beyond its borders, which are 
at different stages of anthropogenic transformation 
(Kostryukova et al. 2017). 

The effectiveness of practical activities for monitoring 
vegetation cover largely depends on the development of 
theoretical questions of plant cover synanthropisation. It is 
very important to build the process of tracking the natural 
or artificial enrichment of the local flora. The special 
complex of climatic and ecological-phytocenotic factors is 
observed in the South Urals region. In the literature there is 
little data on weeds of the Ilmen State Reserve 
(Gorchakovskiy and Kozlova 1998; Gorchakovskiy et al. 
2005; Koroteeva et al. 2014). Degree of invasion was 47.2 
% and 45.6 % in 1998 (Gorchakovskiy and Kozlova 1998) 
and 2005 (Gorchakovskiy et. al. 2005) respectively. 

Taking into account the tendency to increase the share 
of weed plants and the proportion of invasive species, these 
data undoubtedly need to be updated. The aim of this work 
was to study weeds biodiversity structure of the Ilmen State 
Reserve and to identify a role of some factors (forest and 
roads types) in the invasion success of adventive weeds 
species. 
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MATERIALS AND METHODS 

Study area  
The Ilmen State Reserve, Chelyabinsk, Russia is 

located on the eastern macroslope of the South Urals 
between 54°58'–55°20' N and 60°07'-60°21' E and is a part 
of the South Ural physical-geographical region of the Ural 
Mountains. The reserve preserves the habitats of endemic 
and relict plants, as well as rare and protected species. 

In the scheme of geomorphological zoning of the 
Chelyabinsk region, the Ilmen State Reserve is included in 
the erosion-denudational relief region of the eastern 
foothills of the Southern Urals, developed on a complex of 
igneous rocks. The study area is located at the southern tip 
of the Ilmen Ridge (Figure 1), which is a gently sloping 
terrain slope that ends on the shore of Lake Ilmenskoe. The 
coordinates of the sampling sites: site 1–55° 0'13.28"N, 
60°10'26.98"E; site 2–54°59'52.91"N, 60° 9'56.01"E; site 
3–54°59'32.52"N, 60°10'54.98"E; site 4–54°59'57.00"N, 
60°11'30.34"E; site 5–54°59'29.69"N, 60°10'29.14"E; site 
6–54°59'21.32"N, 60°10'46.77"E. 

The studied territory is interesting for the boundary 
location between the steppe and forest-steppe zones, 
complex relief, and a variety of rocks. All this led to a high 
floral and phytocenotic variety of vegetation. The terrain of 
the territory is longitudinally ridged and steep (400–300 m 
above sea level). According to botanical-geographical 
zoning, the study area is located within the subzone of the 
forested-birch forest in the southern taiga forest zone. In 
the west, this subzone borders on dark coniferous forests of 
watershed ridges, in the east - on the forest-steppe of the 
Trans-Ural Peneplain. Variegated vegetation cover was 
formed under the influence of complex climatic and 
geological processes (Gorchakovskiy et al. 2005). 

The territory of the Ilmen State Reserve is 90 % 
covered by forests, which are classified as the South Ural 

region pine forest and larch-pine forest. The main forest-
forming species are pine and birch, occupying 56 % and 40 
% of the reserve area, respectively. The area occupied by 
vegetation of paths and roads makes approximately 6.4 % 
of the entire protected area (Gorchakovskiy et al. 2005). 

On the territory of the the Southern Forestry of Ilmen 
State Reserve, where studies were conducted, the forest is 
represented by two types of biotopes–birch and pine. 

Sample collection 
Studies were conducted during the vegetation period in 

2013–2017. Six sampling sites were selected (Figure 1) 
depending on two types of forests (in the birch forest with 
snelte-mixed-grass-grass and pine forest with green mixed-
grass-grass) and three types of roads (gravel, earth and 
foot). Figure 2 shows pictures which were taken at each 
sampling sites. 

The collection was carried out according to generally 
accepted procedures. The work was attended by 30 
students and teachers of the South Ural State University, 
Chelyabinsk, Russia. 

The choice of sampling sites was associated with 
landscape features, the distribution of vegetation, as well as 
the anthropogenic load exerted on these landscapes. 
Expedition routes were planned on the basis of analysis of 
natural zoning schemes of the territory, remote sensing 
materials of the Earth (Landsat/ETM+ space images); with 
an assessment of the landscape diversity of the territory. 

The total length of the routes was about 10 km. 
Generalization and comparison of geographically linked 
data was carried out in the geographic information system 
(GIS). In total, about 1000 plants were processed. Species 
were identified using the handbook by Gubanov et. al. 
(1992). 

 
 
 
 
 
 

 
 
Figure 1. Map of the studied sites of , Chelyabinsk, Russia i.e., the Southern Forestry of Ilmen State Reserve: 1, 4–grave roads, 2, 5–
earth roads, 3, 6–foot paths. 
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Figure 2. Types of studied plant complexes of the road network of the Ilmen State Reserve, Russia. A. Site 1, B. Site 2, C. Site 3–pine 
forest: gravel, earth and foot roads, respectively; D. Site 4, E. Site 5, F. Site 6–birch forest: gravel, earth and foot roads, respectively 
 
 
 

Species diversity of weeds was defined for each sites 
selected structure unit of roads with area 25 m2. We have 
identified local and invasive species on the basis of five-
year studies. We calculated the degree of invasion, % (Di) 
by the formula (Gorchakovskiy et al. 2005) for each sites : 

 
Di= Ni/Nw, 
 
Where, Ni : the number of invasive species in site, Nw : 

the total number of weeds in site. 
We analyzed the data using graphs. The graphs were 

constructed by the method of calculating the similarity on 
the basis of the Jacquard coefficient as an index of 
generality, taking into account the positive coincidences for 
cluster analysis. Graphs were calculated using a special 
program module "GRAPHS" (Nowakowski 2004). 

RESULTS AND DISCUSSION 

Species of weeds 
We found 51 species of weeds, 37 and 14 of them are 

local and invasive species, respectively. The composition 
and structure of weed plants on the roads of pine and birch 
forests is different. We found that the birch forest was 
characterized by a great biodiversity of weeds than the pine 
forest. This is consistent with the literature data 
(Gorchakovskiy et al. 2005). Intensity of introduction into 
natural phytocenosis of invasive species of weeds is related 
to the type of roads. When comparing the species 
abundance of weed plants of different types of roads, it was 

noted that along the gravel and earth roads the species 
diversity and the abundance of weeds was higher both in 
pine and birch forests (Table 1). This is due to the 
condition of the soil along these roads. Soil quality 
deteriorates for foot roads. 

The results are consistent with the literature data. 
Stagnant phenomena, water logging, acidification of soil, 
increase in nitrates (Koroteeva et al. 2014) are observed in 
the inter-wheel space and tracks that form along the dirt 
road. Background plant species are not able to withstand 
such anthropogenic pressure. Weeds begin to dominate the 
emerging new groupings and communities, replacing the 
background species (Gorchakovskiy et al. 2005). In the 
course of such transformations, flora depletion occurs, and 
the stability of phytocenoses decreases. On the site of 
indigenous plant communities, new ones are formed, in 
which the cenotic positions of the background species 
seriously change. 

In the birch pine forest, the number of weeds species is 
higher than in the pine forest. However, extremely adapted 
weeds species was found, which spread both in pine and 
birch forests (Figure 4). A. pilosa, E. repens, G. pratense, 
G. hederacea, P. major, P. angustifolia, P. caeruleum, S. 
officinalis, T. officinale, V. chamaedrys, V cracca is weed 
species encountered on all sites. Of them P. major and T. 
officinale is invasive species for territory of the Southern 
Forestry of the Ilmen Reserve. According to Koroteeva et 
al (2014) these two species are antropofites. Their 
appearance was noted on the embankments of the railway 
on the border of the Ilmen Reserve in the previous studies 
(Gorchakovskiy et al. 2005). 
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Table 1. The composition and structure of weed plants on the roads of pine and birch forests 
 

Weeds species  Native 
(N) 

Adventive 
(A) 

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 
N A N A N A N A N A N A 

Achillea millefolium L.  +  + – + – – – + – + – + – 
Adenophora lilifolia (L.) A. DC.  +  – – – – – – + – + – + – 
Aegopodium podagraria L.  +  + – + – – – + – + – + – 
Agrimonia pilosa Ledeb.  +  + – + – + – + – + – + – 
Alopecurus pratensis L.  +  + – – – – – – – – – – – 
Amaranthus retroflexus  L.  + – – – – – – – + – – – – 
Amoria repens (L.) C. Presl  +  + – + – – – + – + – – – 
Arctium lappa L.   + – – – – – – + – + – – – 
Artemisia absinthium  L. +  – – – – – – + – + – + – 
Artemisia vulgaris L. +  – – – – – – + – + – + – 
Barbarea vulgaris W.T.Aiton +  + – – – – – + – + – – – 
Carduus crispus  L.  + – – – – – – – + – – – – 
Carum carvi L.  +  – – – – – – + – + – + – 
Carex digitata L.  +  – – – – – – + – + – – – 
Capsella bursa-pastoris  L.   + – + – + – + – + – + – – 
Chenopodium album L.  +  – – – – – – + – + – + – 
Deschampsia caespitosa L. +  – – – – – – + – + – – – 
Echinochloa crus-galli (L.) Beauv.  + – – – – – – + – + – + – 
Elytrigia repens (L.) Nevski   + – + – + – + – + – + – + 
Euphorbia esula L. +  + – + – – – + – + – – – 
Galeopsis bifida Boenn.   + – – – – – – + – + – – – 
Geranium pratense L.  +  + – + – + – + – + – + – 
Geranium pseudosibiricum J.Mayer  +  + – + – – – + – + – + – 
Geum urbanum L.  +  – – – – + – + – + – + – 
Glechoma hederacea L.  +  + – + – + – + – + – + – 
Heracleum sibiricum L.  +  – – – – – – – – – – + – 
Leucanthemum vulgare Lam.  +  + – + – – – + – + – + – 
Luzula pilosa (L.) Willd.  +  – – – – + – – – – – – – 
Oberna behen (L.) Ikonn.  +  + – + – – – + – + – – – 
Phleum pratense L.  +  + – + – – – – – – – – – 
Pimpinella saxifraga L.  +  – – – – – – – – + – – – 
Plantago major L.   + – + – + – + – + – + – + 
Plantago media L.   + – – – – – + – – – + – + 
Poa angustifolia L.  +  + – + – + – + – + – + – 
Poa annua L. +  + – – – – – – – – – – – 
Polemonium caeruleum L.  +  + – + – + – + – + – + – 
Polygonum arenastrum Boreau   + – – – – – – – + – + – + 
Pulmonaria mollis Wulf. ex Hornem.  +  – – + – + – – – – – – – 
Ranunculus acris L.  +  – – – – + – + – + – + – 
Senecio jacobaea L.  +  – – – – – – + – + – + – 
Setaria viridis  L.   + – – – + – – – – – + – + 
Sonchus arvensis  L.  + – – – – – – – + – + – + 
Stachys officinalis (L.) Trevis.  +  + – + – + – + – + – + – 
Stellaria graminea L.  +  – – + – + – + – + – + – 
Stellaria media (L.) Vill.   + – + – + – – – + – + – – 
Taraxacum officinale Wigg.   + – + – + – + – + – + – + 
Tripleurospermum inodorum  L.  + – – – – – – – + – + – + 
Urtica dioica L.  +  – – – – + – + – + – + – 
Veronica chamaedrys L.  +  + – + – + – + – + – + – 
Vicia cracca L.  +  + – + – + – + – + – + – 
Viola canina L.  +  + – + – – – – – – – – – 
                
Sum   20 5 19 6 14 5 31 10 32 10 24 8 
Sum weeds 37 14 25 25 19 41 42 32 
Degree of invasion, %   20.0 24.0 26.3 24.4 23.8 25.0 
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Figure 4. Types of plants common along all types of roads in pine and birch forests: A. A. pilosa, B. E. repens, C. G. pratense, D. G. 
hederacea, E. P. major, F. P. angustifolia, G. P. caeruleum, H. S. officinalis, I. T. officinale, J. V. chamaedrys, K. V. cracca 
 
 
 
 

 
 
Figure 5. Distribution of stations on clusters on the basis of weed 
plants biodiversity (the Jacquard coefficient is qualitative) 
 
 

 
A large number of species in the birch forest is 

associated with more favorable conditions for the growth of 
grass and shrub species in comparison with the pine forest. 
Firstly, birch forests are more passable than pine forests, 
there are more paths in them. The road-trail network of 
birch forests is used much more often than pine forest. 
Therefore, in the birch forest, the spread of the seeds of 
weeds by humans is more likely. Secondly, it is lighter in 
the birch forest, moderate humidity, slightly higher air 
temperature because broad leaves generally contain more 
water than needles (Blauw et al 2017). 

Influence of various factors on degree of invasion 
The greatest degrees of invasion were obtained for the 

foot road. This suggests that it should not underestimate the 
danger of the foot road in protected areas. So, the foot 
roads play a crucial role in the invasion success of 
adventive weeds. A greater number of seeds transferred on 
clothing and shoes than on tires of cars traveling on gravel 
and earth roads. 

It is noted that the degree of invasion defined in the 
present study is two times less than the literature data for 
1998 and 2005 (Gorchakovskiy and Kozlova 1998; 
Gorchakovskiy et al. 2005). There was difficult social and 
economic situation in protected areas, but situation has 
improved over recent years. This was reflected in the 
degree of invasion.  

The distribution of clusters on the basis of weeds 
biodiversity using the Jacquard coefficient (Figure 5) 
showed that the most affected were the phytocenoses of 
birch forests. So the stations of the birch forest (Site 4, 5, 6) 
form a single cluster and for them the similarity of the 
synanthropic flora is 71 %. Stations of pine forests form 
two clusters with a low similarity Jacquard coefficient for 
weeds 41 %. This can be seen from Figure 5. 

Based on the above study, it is concluded that the 
increase in the number of species in the weed of the reserve 
are attributed to the action of the anthropogenic factor. The 
intensity of the use foot routes should be reduced in 
protected areas. The degree of invasion, which 
characterizes the strength of anthropogenic impact, has 
declined in recent years for all types of roads in birch and 

A B C D E 

F G H I J K 



MASHKOVA et al. – Weeds in Ilmen Reserve, Russia  

 

111

pine forests. The most resistant to the introduction of weeds 
is the pine forest. 
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INTRODUCTION 

Lichen is an important pioneer on soil and rock surface, 
such as in the newly opened forest, burning forests and 
traces of volcanic lava flows (Campbell et al. 2003), and 
does not require high living conditions (Tjitrosoepomo 
1986). Lichen is one of the epiphytic organisms generally 
regarded as an indicator of air quality (Shukla and Upreti 
2011) which can be found in abundance in the bark of a 
tree, a rock, or a variety of other substrates (Hale 1974; 
Nash 2008). There is a cosmopolitan and adaptable lichen 
that may be found in various ecosystem types of the world. 
However, the general properties of lichen vegetation in an 
area is determined mainly by climatic variations and 
altitude (Zulkifly et al. 2011) and lichen can be found from 
the tropics to the polar region (Ahmadjian 1993; Nash 
2008).  

Graphidaceae lichen is the most dominant crustose 
lichen communities in tropical ecosystems (Hale 1974; 
Lucking et al. 2009), and is the largest family of tropical 
crustose lichen that comprises more than 1,800 species 
(Lucking et al. 2014). Graphis  is  the largest element in 
this family (Lucking 2009) and is one of the largest genera 
in Graphidaceae, consisting of more than 300 taxa 
(Lucking et al. 2009;  Rivas Plata et al. 2011).  Several  
data about Graphidaceae lichen in Indonesia have been 
known, namely data of eight genera (Graphina, Graphis, 
Phaeographina, Phaeographis, Sarcographa, 
Sarcographina, Glyphis and Fissurina) from Bogor, 
Cibodas (Indonesia) and Singapore (Sipman, 2003); 23 
species of Graphis from Java Island, Krakatau, Sulawesi, 

Kalimantan (Lucking et al. 2009), and 82 species (Lucking 
et al. 2014). 

In Bali Island, Indonesia, there are a lot of Plumeria 
spp. trees planted. Plumeria is a tropical plant that 
flourishes in lowlands to an altitude of 700 m asl., and is 
one of the ornamental plants at homes, offices, and public 
parks (Wrasiati et al. 2011). The flowers are mainly used 
for religious ceremonies in Bali (Adiputra, 2011). Plumeria 
trees have thin and smooth bark on which the lichen family 
Graphidaceae live. The taxonomic study of Graphidaceae 
Indonesia is very limited, so the aim of this research was to 
collect data about Graphis in Bali Island, Indonesia. 

MATERIALS AND METHODS 

Study area 
Lichen was collected from Denpasar City (69 m asl., 

8°38’9”S 115°12’44”E, temperature 31°C, humidity 56%); 
Klungkung district (35 m asl., 8°33’17”S 115°27’35”E, 
temperature 38°C, humidity 54%); Tabanan district (1269 
m asl., 8°16’10”S 115°9’48”E, temperature of 25°C, 
humidity of 58% (Figure 1).  

Sample collection and identification  
The specimens were collected and identified in 

December 2014 to July 2015 and deposited in the 
herbarium of Laboratory of Plant Systematics (LabPS), 
Faculty of Biology Universitas Gadjah Mada, Yogyakarta, 
Indonesia. Stereomicroscope (Olympus CX22) with 7x to 
45x at magnifications were used to observe the 
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morphological features. Anatomical features were studied 
under light microscope XSZ-107BN with 40x to 1000x 
magnifications using Optilab microscope camera. Thin 
hand-cut sections of thalli and ascomata were observed in 
water and lactophenol aniline blue 1%. Lichen substances 
were identified using thin layer chromatography (TLC) 
following standard methods in solvent C (Orange et al. 
2010). The chemical color tests used potassium hydroxide 
(K), calcium or sodium hypochlorite (C), para-
phenylenediamine (P), and iodine solution (J) (Wirth 
1995). Microcrystals test (Hale 1974; Huneck and 
Yoshimura 1996) was performed by crystallizing reagents: 
GE (glycerine-acetic acid), GAW (glycerine alcohol-
water), GAoT (glycerine alcohol o-toluidin), GAAn 
(glycerine alcohol aniline). Photographs were taken using 
Nikon Coolpix S220 digital camera.  

Description was made based on the data obtained from 
the results of morphological, anatomical, and chemical 
characterization, followed by identification. Identification 
was performed using the identification key of Graphis 
lichen (Lucking et al. 2009); and journals related to lichen 
family Graphidaceae, as follows: Hale (1961), Wirth and 
Hale (1978), Dobson (1992), Wirth (1995), Huneck and  

Yoshimura (1996), Archer (1999; 2000; 2007), Sipman 
(2003), Nash (2008), Lucking et al. (2009), Lucking 
(2009), Rivas Plata et al. (2010), Seavey and Seavey 
(2011), Rivas Plata et al. (2012), Jia and Kalb (2013), and 
Lucking R (2014, pers. comm.).  

RESULTS AND DISCUSSION 

Taxonomic description of these newly recorded species 
Graphis modesta Zahlbr. (1911); The Lichenologist 41 (4): 
408 (2009); The Bryologist 114 (4): 779 (2011) (Figures 2A-
a) 

Thallus corticolous, crustose, whitish-gray, uneven 
thallus surface, slightly white pruina, many oxalate crystals 
on the thallus surface and between layers of algae; 
ascomata lirellae, erumpent, short, 1-2 mm, radiate 
branched; labia entire; disc exposed; lateral thalline 
margin; excipulum completely carbonized; yellowish to 
brownish hymenium, 82-122 μm high, clear, paraphyses 
simple; ascospores brownish-gray, no halonate, ascospores 
8 per ascus, transverly 7-9 septate, 8-10 locular, 18-34 x 5-
7 μm, I+ blue.  

 
 
 

 
 
 
 
 

 
 
Figure 1. Study area of Graphidaceae lichen diversity: 1. Denpasar City, 2. Klungkung District, 3. Tabanan District, Bali Island, 
Indonesia 
 
 

1 
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Chemistry: Thallus K+, P−, C−, KC−; stictic acid; 
microcrystalline test identified as nephroarctin acid, 
baeomycesic acid.  

Specimen examined: Indonesia: Bali Island: Lumintang 
Village-Denpasar City, 69 m asl., on bark of Plumeria spp., 
December 2014, Jun-LD3 (LabPS). 

Distribution: Solomon Island, Everglades National Park 
(Florida), South Western Ghats of India. 

Note: Graphis discarpa resembles Graphis modesta in 
having stictic acid, but distinguished from G. modesta by 
concealed disc and lirellae with thick complete thalline 
margin (Lucking et al. 2009). G. modesta also resembles G. 
handelii characterized by shorter lirellae, branched and 
non-pruinose, hymenium inspersed and norstictic acid 
presence. Graphis crebra is also similar to G. modesta, but 
differs in its lateral carbonized exciple, and norstictic acid 
presence (Seavey & Seavey 2011).  

Graphis immersicans A.W. Archer (Figures 2B-b) 
Holotype: Graphis leptocarpa var. invita Vain., 

Annales Academiae Scientiarum Fennicae 15 (6): 205 
(1921)  

Holotype: Graphis immersicans A.W. Archer Aust. 
Syst. Bot. 14 (2): 262 (2001) (Lucking et al. 2009) 

Thallus corticolous, crustose, brown, uneven surface 
thallus, many oxalate crystals on the of thallus surface and 
between layers of algae; ascomata lirellae, erumpent, black, 
short, 1-3 mm, partially branched; labium striate; disc 
exposed with white pruina; lateral thalline margin; 
excipulum completely carbonized; yellowish to brownish 
hymenium, 73-108 μm high, clear, paraphyses simple; 
ascospores gray-brown, halonate, ascospores 6-8 per ascus, 
transversely 6-7 septate, 7-8 locular, 15-22 x 5-7 μm, I + 
blue.  

Chemistry: thallus K−, C−, P−, KC−; microcrystalline 
test identified as acetylprotentol acid, thiophanic acid, 
pseudoplacidiolic acid, barbatine acid, sekikaic acid, 
confluentic acid, psoromic acid.  

Specimen examined: Indonesia: Bali Island: Lumintang 
Village-Denpasar City, 69 m asl., on bark of Plumeria spp., 
December 2014, Jun-LD3 (LabPS). 

Distribution: Philippines, Australia. 
Note: Graphis immersicans resembles G. oxyclada, but 

differs in its erumpent lirellae, with lateral thalline margin, 
short to elongated and sparsely to irregularly branched. 

Graphis palmicola Makhija and Adaw. Mycotaxon 91: 378 
(2005) (Figures 2C-c) 

Thallus corticolous, crustose, brownish-yellow, uneven 
surface thallus, many oxalate crystals on the thallus surface 
and between layers of algae; ascomata lirellae, erumpent, 
black, elongate with tapered tip, 2-4 mm, unbranched; labia 
entire; disc exposed; lateral thalline margin; excipulum 
completely carbonized; yellowish to brownish hymenium, 
86-108 μm high, clear, paraphyses simple; ascospores 
hyalin and halonate, ascospores 8 per ascus, transverly 5-7 
septate, 6-8 locular, 14-23 x 5-7 μm, I+ blue.  

Chemistry: Thallus K+, P−, C−, KC−; microcrystalline 
test identified as lichexanthone acid, divaricatic acid, 
placodiolic acid, fumarprotocetraric acid.  

Specimen examined: Indonesia: Bali Island: Lumintang 
Village-Denpasar City, 69 m asl., on bark of Plumeria spp., 
December 2014, Jun-LD3 (LabPS). 

Distribution: India 
Note: Graphis palmicola resembles G. deserpens Vain. 

which has irregularly branched lirellae and muriform 
ascospores. 

Graphis nana (Fee) Spreng. (1927) The Lichenologist 41 
(4): 396 (2009) (Figures 2D-d) 

Synonym: Opegrapha nana Fee, Essai Cryptog. Écorc. 
Officin., tab. XV.p. 26 (1824) 

Thallus corticolous, crustose, brownish-white, uneven 
thallus surface, many oxalate crystals between layers of 
algae; ascomata lirellae, sessile, black, short, 0.-1.5 mm, 
unbranched; labia entire; disc concealed; lacking thalline 
margin; excipulum laterally carbonized; I +ve, yellowish to 
brownish hymenium, 41-64 μm high, clear, paraphyses 
simple; ascospores hyaline, ascospores 8 per ascus, 
transversely 6-8 septate, 7-9 locular, 17-28 x 5-7 μm, I+ 
blue.   

Chemistry: Thallus K−, P−, C−, KC−; microcrystalline 
test identified as leucotylin, placodiolic acid, 
fumarprotocetraric acid.  

Specimen examined: Indonesia: Bali Island: Gunaksa 
Village, Klungkung Regency, 35 m asl., on bark of 
Plumeria spp., January 2015, Jun-LD3 (LabPS). 

Distribution: South America. 
Note: Graphis nana resembles G.urendrae which has 

prominent, basal thalline margin, elongated and partly 
branched lirellae. 

Graphis dupaxana Vain. (Figures 3E-e) 
Lectotype: Graphis dupaxana Vain., Annales 

Academiae Scientiarum Fennicae 15 (6): 241 (1921), 
Philippines. 

Holotype: Graphis moultonii Vain., Annales 
Academiae Scientiarum Fennicae 15 (6): 243 (1921), 
Indonesia (Borneo). 

Holotype: Graphis leioplaca Müll. Arg., Flora 
(Regensburg) 63 (2): 20 (1880), Brazil.   

Thallus corticolous, crustose, grayish-white, uneven 
thallus surface, soralia present, many oxalate crystals on 
the thallus surface and between layers of algae; ascomata 
lirellae, erumpent, black, short, 0.5-3mm, rare and 
irregularly branched; labia striate; disc closed; lacking 
thalline margin; excipulum completely carbonized; 
yellowish to brownish hymenium, 58-79 μm high, clear, 
paraphyses simple; ascospores hyaline, ascospores 8 per 
ascus, , transverly 8-12 septate, 9-13 locular, 23-34 x 5-7 
μm, I + blue.  

Chemistry: Thallus K−, P−, C−, KC−; microcrystalline 
test identified as acetoxyhopan acid, sordidone, dissectic 
acid, placodiolic acid, barbatic acid.  

Specimen examined: Indonesia: Bali Island: Baturiti 
village, Tabanan Regency, 1269 m asl., on bark of 
Plumeria spp., February 2015, Jun-LD3 (LabPS). 

Distribution: Borneo (Indonesia), Philippines, Brazil. 
Note: This species resembles G. rimulosa, but differs in 

ascospores size G. rimulosa has 30-50 x 7-13 μm 
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ascospores, whereas G. dupaxana has 20-40 x 5-9 μm 
ascospores. According to Lucking et al. (2009) Graphis 
moultonii Vain. was the holotype from Borneo (Indonesia), 
which has prominent lirellae character, basal thalline 
margin; transversely 5-11 septa, ascospores 20-35 x 5-8 
μm. 

Graphis maritima (A.W. Archer) A.W. Archer, Syst. 
Biodiv. 5 (1): 16 (2007) (Figures 3F-f) 

Synonym: Graphina maritima A.W. Archer, 
Mycotaxon 89 (2): 322 (2004) 

Thallus corticolous, crustose, grayish-white, uneven and 
wrinkled thallus surface, many oxalate crystals on thallus 
surface and between layers of algae; ascomata lirellae, 
prominent, black, variable (short, straight, curve, or notched), 
0.5-2 mm, unbranched; labia entire, disc closed; lateral 
thalline margin; excipulum completely carbonized; yellowish 
to brownish hymenium, 67-92 μm high, clear, paraphyses 
simple; ascospores hyaline, ascospores 6-8 per ascus, 
muriform, halonate, 9-10 x 2-4 locular, 23-45 x10-15 μm.  

Chemistry: Thallus K−, P−, C−, KC−; I +; 
Microcrystalline test identified as bellidiflorin acid, 
placodiolic acid, ergosterol, dissectic acid, acetylportentol 
acid, barbatic acid.  

Specimen examined: Indonesia: Bali Island: Baturiti 
Village, Tabanan Regency, 1269 m asl., on bark of 
Plumeria spp., February 2015, Jun-LD3 (LabPS). 

Distribution: Solomon Island. 
Note: This species resembles G. comma (Ach.) Spreng. 

but differs in the size of ascospores, basal thalline margin. 
According to Archer and Elix (2007), this species is 
previously only known in the Solomon Islands but now is 
reported that it is also present in North Queensland. This 
species resembles G. platycarpa Eschw., but differs in the 
apical exciple character and the larger ascospores size 
which is between 50-70 x 14-20 μm, and similar to G. 
geraensis is at a glance in having septate ascospores. 

Graphis subradiata (Nyl.) Lucking (Figures 3G-g) 
Graphis subradiata (Nyl.) Lücking, The Lichenologist 

41 (4): 441 (2009) 
Synonym: Graphis analoga var. subradiata Nyl., Acta 

Societatis Scientiarum Fennicae 7: 465 (1863), Graphina 
analoga var. subradiata (Nyl.) Zahlbr., Catalogus 
Lichenum Universalis 2: 395 (1923) 

Thallus corticolous, crustose, grayish-white, uneven 
and wrinkled thallus surface, many oxalate crystals on the 
thallus surface and between layers of algae; ascomata 
lirellae, erumpent, black, short, curved irregularly, 0.5-5 
mm, rare and irregularly branched; labia striate; disc 
closed; lateral thalline margin; excipulum completely 
carbonized; yellowish to brownish hymenium, 98-127 μm, 
clear, paraphyses simple; ascospores hyaline, ascospores 4-
8 per ascus, muriform, 25-45: 9-15 μm.  

Chemistry: Thallus K−, P−, C−, KC−; microcrystalline 
test identified as placodiolic acid, leucotylin acid, 
sordidone, dissertic acid, thiophanic acid.  

Specimen examined: Indonesia: Bali Island: Baturiti 
Village, Tabanan Regency, 1269 m asl., on bark of 
Plumeria spp., February 2015, Jun-LD3 (LabPS). 

Distribution: Colombia  
Note: G. subradiata resembles G. multisulcata (Mull. 

Arg.) Lucking and Chaves but differs in very short and 
unbranched lirellae.  

Discussion 
In this study, Graphidaceae lichens were found in all 

three locations, but they were rarely found in a place with 
an altitude of 1269 m (Baturiti village), that are dominated 
by foliose lichen and moss. Graphidaceae lichen is an 
important element of crustose lichen community in the 
tropics, easily found at lower altitudes. The main character 
is the ascomata lireliform which a line or elongated in 
shape. 

The morphological, anatomical, chemical characteristics 
of thallus and ascomata lirellae varied. Generally thallus 
lichen is white-gray in color. Lichen samples collected had 
brownish-white, brown, green, yellow, and brownish 
yellow in color. The emergence of the lirellae was 
categorized into four types, immersed, erumpent, 
prominent and sessile, and all four types were clearly 
distinguished by the cross-sectional lirellae (Lucking et al. 
2009). Thalline margin was absent, lateral or complete. The 
relative length of the lirellae was found very short (1-2 
mm), short (2-3 mm), elongated (> 3-10 mm). The 
branching patterns of lirellae were unbranched, sparse 
branched, and radiate branched. Disc lirellae was observed 
in open and close positions. 

The disc was opened when it had full hydration, but 
was closed in dry conditions. However, some species had 
opened discs even in dry conditions. The samples were 
found to have entire labia and striate labia. According to 
Lucking (2009), there was no correlation between the 
combination of the emergence of lirela, thalline margin, 
relative lirellae length, and branching with labia striation. 
Excipulum on Graphis is generally carbonized. Almost half 
of all Graphis species have complete carbonized 
excipulum, about one-third have lateral carbonized 
excipulum and other species have apical carbonized 
excipulum (Lucking 2009). 

Graphis species were characterized by hyaline 
ascospores, positive reaction to iodine, ascospores septa 
with lens-shaped lumina. Ascospores changed during 
development. Young ascospores had thin endospores and 
weak iodine reactions. Matured ascospores, post-matured 
ascospores, and endospores were destroyed when the 
iodine reactions disappeared, and often ascospores 
shriveled. The number of ascospores per ascus should be 
observed from several asci of different lirellae. Ascospores 
were often lost prematurely or their numbers were difficult 
to quantify in the ascus. If there are more than four 
ascospores per ascus, the most likely number is eight 
(Lucking et al. 2009). 

 
 
 

 



 B IODIVERSITAS 19 (1): 112-118, January 2018 

 

116

 
A B C D 

 

 
a b c d 

 
Figure 2. A-D. Lirellae morph ; a-d. cross section of ascomata. A,a. Graphis modesta, B,b. Graphis immersccans, C,c. Graphis 
palmicola, D,d. Graphis nana. Scale bars: A-D = 2 mm; a-d = 100 µm 
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Figures 3. E-F. Lirellae morph ; e-f. cross section of ascomata. E-e. Graphis dupaxana, F-f. Graphis maritima, G-g. Graphis 
subradiata. Scale bars: E-F = 2 mm; e-f = 100 µm 
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Ascospore sizes in a limited species varied, the biggest 

one being twice as big as the smallest one (for example, 25-
50 μm, 50-100 μm, 100-200 m). The results of the study 
were followed by a class of ascospore sizes (Lucking 
2009), range of size: very small (15-25 m), small (25-45 
μm, mostly 30-40 m ascospores), medium (45-80 μm, 
mostly ascospores 50-70 m), large (80 to 150 μm, mostly 
ascospores 100-130 m) and very large (150-300 μm, mostly 
ascospores 180-250 m). The size of ascospores should be 
measured in adult ascospores only, i.e. fully developed 
endospores and various sizes should be assessed, 
measuring at least ten sample ascospores, with different 
ascus and from various lirellae (Lucking et al. 2009). 

In most species of Graphidaceae, mature spores react 
with almost all iodine concentrations and rapidly change to 
the blue-violet color. The reaction seems to be fairly 
constant, so it is very useful in species identification. Most 
Graphis species are lack of secondary substances (Archer 
2006; Lucking 2009). Norstictic or stictic acid is very 
common in Graphis, whereas salazinic and protocetraric 
acids are relatively rare. 

The secondary substance in Graphis is identified by the 
spot test. Most lichen researchers also use spot test 
techniques to routinely identify lichen substances, and the 
use of TLC is needed in dubious cases. Microchemical 
reactions with thallus and lirellae slices use 10-20% KOH 
solution (to test the presence of norstictic, salazinic, or 
stictic acid). Continuous pale color to bright yellow efflux 
without crystal formation indicates stictic acid, the 
characteristic of stictic-yellow acids is easily recognizable 
(Lucking et al. 2009). 

Seven lichen samples identified based on the 
morphological, anatomical and chemical characters were 
Graphis modesta Zahlbr. (Lucking et al. 2009; Seavey and 
Seavey 2011), G. immersicans A.W. Archer (Lucking et al. 
2009), G. palmicola Makhija and Adaw. (Lucking et al. 
2009), G. nana (Fee) Spreng. (Lucking et al. 2009), G. 
dupaxana Vain. (Lucking et al. 2009), G. maritima 
(A.W.Archer) A.W.Archer (Lucking et al. 2009), G. 
subradiata (Nyl.) Lucking (Lucking et al. 2009). 

Key to the species Graphis in Bali Island, Indonesia 
 
1a. Labia entire  …………………………………..……..……. 2 
1b. Labia striate  ............………...……………………..….... 5 
 
2a. Ascospores transversely septa  ………………..……….…. 3 
2b. Ascospores muriform, ascospores 6-8 per ascus, 23-45 x 

10-15 µm, lirellae prominent, lateral thallin margin ……   
……………........................................… Graphis maritima 

 
3a. Excipulum laterally carbonized, lacking thallin margin, 

disc closed, lirellae short, sessile ……….……… G. nana 
3b. Excipulum completely carbonized ………………..…… 4 
 
4a. K positive (yellow), stictic acid, lirellae short, erumpent, 

ascospores 18-34 x 5-7µm, ascospores 8 per ascus, 8-10 
locular, 7-9 septate .......................................... G. modesta 

4b. K negative, no substance, lirellae elongate, prominent, 
ascospores 14-23 x 5-7µm, ascospores 8 per ascus,  

      6-8 locular, 5-7 septate ….……...……..........  G. palmicola 

5a. Ascospores transverly septa …..……………..…......……. 6 
5b. Ascospores muriform, lateral thalline margin, prominent, 

ascospores 24-55 x 9-15 µm, ascospores 4-8 per ascus … 
………..…………………………………… G. subradiata 

 
6a. Lirellae with lateral thallin margin, erumpent, ascospores 

15-22 x 5-7µm, ascospores 6-8 per ascus, 7-8 locular, 6-7 
septate ……………………………………. G. immersicans 

6b. Lirellae lacking thallin margin, prominent, ascospores 23-
34 x 5-7µm, ascospores 8 per ascus, 9-13 locular, 8-12 
septate …...……………………….………… G.dupaxana 
 
 
In conclusion, new record of Graphis (Graphidaceae) 

was collected for the first time in Bali Island, which was 
discussed in this study. The results of this study are 
expected to be the basis for further lichen research and 
studies of the diversity of Graphidaceae in other areas. 
Seven species of Graphis have been found and newly 
reported, namely: Graphis modesta Zahlbr., Graphis 
immersicans A.W. Archer, Graphis palmicola Makhija & 
Adaw., Graphis nana (Fee) Spreng., Graphis dupaxana 
Vain., Graphis maritima (A.W. Archer) A.W.Archer, 
Graphis subradiata (Nyl.) Lucking. All species were 
identified based on morphological, anatomical and 
chemical characteristics. 
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Abstract. Herawati W, Amurwanto A, Nafi’ah Z, Ningrum AM, Samiyarsih S. 2018. Variation analysis of three Banyumas local salak 
cultivars (Salacca zalacca) based on leaf anatomy and genetic diversity. Biodiversitas 19: 119-125. A variation analysis of three salak 
cultivars was conducted in Banyumas District, Central Java, Indonesia. The aim of the study was to investigate variation amongst the 
cultivars based on anatomy and genetic diversity by using RAPD (Random Amplified Polymorphic DNA) technique. The result of the 
study showed that all salak cultivars have similar variation in leaf anatomy. The only distinguishing characteristic is the number of 
trichomes on cultivars Kedung Paruk and Kalisube per 1 mm2 unit of leaf area, while the cultivars of Candinegara lacked trichomes. Ten 
primers could detect 50 polymorphic bands (80,6%) from a total of 62 bands which could be observed clearly. The percentage of 
polymorphic loci in 'Candinegara' was 64%, 'Kedung Paruk' 62%, and 'Kalisube' 44%. The heterozygosity value of 'Candinegara' was 
0.1590, 'Kedung Paruk' 0,1449, and 'Candinegara' (0.0235). Meanwhile, the furthest genetic distance was shown by 'Kedung Paruk' and 
‘Candinegara’ (0.0704). This result gives us important basic information about cultivars of Salacca zalacca in Banyumas District which 
have high genetic diversity and germplasm. These results can be used for further research such as for conservation and genetic 
engineering. 

Keywords: Anatomical characteristics, molecular, snake fruit  

INTRODUCTION  

Salak (Salacca zalacca) is a species of palm tree 
(family Arecaceae) native to Java and Sumatera in 
Indonesia. The fruits are known as snake fruit due to the 
reddish-brown scaly skin. Cultivar diversity of salak in 
Indonesia is relatively high especially at the center of salak 
cultivation such as in Java island, where there are many 
different names of salak based on their area of origin 
(Nandariyah 2010). Two popular cultivars with sweet 
flavor are salak pondoh from Yogyakarta province and 
salak Bali from Bali island. . A high demand for these two 
cultivar increased ,local salak cultivar plantation is 
decrased and nearly ectinct. Currently, Banyumas local 
salak which is sour and relatively big is difficult to find and 
may contribute to diversity losses. Farmers are reluctant to 
plant Banyumas local salak although it can still be 
processed into chips snacks, jam, and syrup. Salak fruits 
contain quite high nutrients and can also be used as an 
antioxidant ( Aralas et al. 2009)  

In Banyumas District, there are three salak cultivars 
based on their origin of growth, namely ‘Kedung Paruk’at 
Kedung Paruk, Ledug Village, Kembaran Sub-district, 
‘Kalisube’at Kalisube Village, Banyumas Sub-district, and 
‘Candinegara’at Candinegara Village, Pekuncen Sub-
district. Some studies on morphological characters of 
Banyumas local salak cultivar have been carried out 
(Herawati et al 2012) but none on leaf anatomy and 
molecular characters. Molecular markers such as DNA 

have advantages compared to morphology markers due to 
their stability, consistency and lack of environmental 
interference (Zulfahmi 2013). One of the molecular 
techniques that are frequently used in genetic diversity 
analysis is RAPD (Random Amplified Polymorphic DNA). 
RAPD is considered practical for use over the other 
markers since the DNA required is lower, it is less costly, 
does not require blotting and data can be collected quickly 
(Gurijala et al. 2015). This marker resulted from DNA 
amplification process in vitro with PCR (Polymerase Chain 
Reaction) (Williams et al. 1990), and it is used to identify 
diversity in both intra or interspecies levels (Singh et al. 
2010; Langga et al. 2012).  

Therefore, a study on genetic characteristics such as 
DNA is important to complete salak cultivar characteristic 
data that can be used for conservation plan strategies. The 
morphological, anatomical and molecular characters of 
salak are essential for the establishment and conservation 
of germplasm collections, providing valuable information 
to breeding programs and agronomic studies regarding 
desirable attributes (Santos et al. 2012). The snake fruit 
germplasms could be combined through breeding activities 
to select new varieties which have desirable traits that meet 
the consumer’s demand. Such an ideal fruit is an alternative 
food for the peoples’ choice of vitamins, minerals, and 
fibers sources. This diversity of food is supported the 
Indonesian government policy of food diversification 
(Budiyanti et al. 2015) 
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The aim of this study was to know the genetic diversity 
of Banyumas local salak cultivars based on anatomy leaf 
and RAPD method. Understanding of genetic variation 
would be highly important information in preserving and 
utilizing germplasm. 

MATERIALS AND METHODS  

Study area  
Fresh S. zalacca specimens used in this study were 

obtained from the fields at Salak center in Banyumas 
District, Central Java, Indonesia. Samples of three 
Banyumas local salak cultivars were Kalisube’, ‘Kedung 
Paruk’ and S. zalacca ‘Candinegara’.  

Anatomical characters 
Leaf anatomy was observed from longitudinal and 

transverse sections. The anatomy preparations used the 
paraffin method ( Sass,1958). The variables studied were 
cuticle thickness, mesophyll thickness, epidermis thickness, 
stomata size, the number of stomata, and trichomes. All of 
the parameters were measured with light microscope 
(CH20) with the ocular micrometer inside of 400x 
magnified. 

Molecular character 
RAPD analysis steps included isolation, purification, 

quantification, dilution, amplification of DNA, 
electrophoresis, and visualization.The analysis was done in 
Laboratory of Molecular Genetics, Balai Besar Penelitian 
Bioteknologi dan Pemuliaan Tanaman Hutan (BBPBPTH) 
Yogyakarta, Indonesia.  

DNA extraction used the modified CTAB method 
(Doyle and Doyle, 1990). The extract was purified using 
Gene Clean III Kit (Q-biogene). DNA concentration was 
quantified using the "NanoVue" (GE Healthcare) and 
expressed in the ratio of the absorbance at 260 and 280 nm 
(A260/280). Then, DNA was diluted to 2.5 ng/µL for the PCR 
reaction. DNA was amplified using a controlled 
programmed machine GeneAmp thermocycler PCR 
System 9700 (Perkin Elmer) Applied Biosystems. Ten 
primers were used in this study namely OPA-9, OPA-10, 
OPA-11, OPA-16, OPA-18, OPC-8, WTO-18, OPM-10, 
the OPW-13 and OPX-17. Modified amplification method 
followed Nandariyah (2010). PCR began with pre-
denaturation at a temperature of 95 °C for 5 minutes, 
followed by 45 cycles of reaction consisting of 
denaturation at 94 °C for 30 seconds, annealing at 37 °C 
for 30 seconds, the elongation primer (extension) at a 
temperature of 72 °C for 1 minute 30 seconds, the final 
extension at 72°C for 7 minutes, and was finalized with 
holding at 4 °C. PCR amplification products were run in 
electrophoresis tank on a 1.2% agarose gel at a voltage of 
120 Volts in 1x TBE buffer solution for ± 3 hours. 
Electrophoresis results were photographed using Fotodyne 
Image Analyzer (BIO-RAD Gel DocTM EQ) equipped 
with UV light. 

Data analysis 
 Data were analyzed descriptively based on the 

presence or absence of DNA fragments generated by 
primers at each locus. Quantitative analysis results of the 
binary data was performed using the program of POPGEN 
1:32 (Yeh et al. 1999) for genetic diversity and genetic 
distance. 

   
  
 
 

  

 
 

 

 
Figure 1. The location of Banyumas local S. zalacca cultivar in Banyumas District, Central Java, Indonesia 
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RESULTS AND DISCUSSION 

Leaf anatomy characteristics 
The results showed that three cultivars have the same 

leaf anatomy structure but differ in size (Figure 2). The 
Kalisube cultivar has a cuticle 5.48 µm thick, while 
Candinegara is 0.5 µm. Cultivars of Candinegara had an 
epidermal layer 13.13 µm thick, while Kalisube was 
thinnest at 11.63 µm. A cultivar of Kedung Paruk had a f 
mesophyll 133.50 µm thick while Candinegara had the 
thinnest mesophyll at 115.50 µm. The leaf tissue layer 
thickness (epidermis thickness, mesophyll thickness, and 
cuticle thickness) exhibited variation among all examined 
cultivars. Stomata sizSe, varies between 14 to 16.50 µm 
long and 3.20 to 3.35 µm wide. Kalisube had the highest 
number of stomata per 1 mm2 unit of leaf area, 28.80 
Kedung Paruk had the fewest number of stomata,e 20.80. 
The density of trichoma on Kedung Paruk and Kalisube 
were the only one trichomes per mm2 unit of leaf area 
while the cultivars of Candinegara did not have trichomes 
(Table 1). There was a significant variation in leaf stomata 
frequency amongstcultivars.The higher stomatal density or 
stomatal index can be used as an indicator for higher 
transpiration rate, higher metabolism, and absorption of 
mineral and water (Muradoglu and Gundogdu 2011). 
Micromorphological characters of leaf surfaces can assist 
in taxonomic identification and classification because of 
their high structural diversity (Solangi et al. 2010; Gari 
2011). 

RAPD diversity 
Based on the results of measurements using NanoVue, 

the value of total purity of DNA samples ranged from 
1.679 to 1.995 at concentrations ranging from 73.5 to 239.5 
ng/mL, while after the purified DNA purity values 
expressed in A260/280 ranged from 1.810 to 2.122 with DNA 
concentrations ranging from 17.5 to 83.0 ng/mL. 

DNA concentration illustrates the amount of DNA 
contained in the RNA solution. DNA obtained from the 
extraction called total DNA is DNA that is not clean 
because it is mixed with contaminants such as RNA and 
others. Weeden et al. (1992) stated that the DNA 
purification that is not perfect may still contain 
polysaccharides, phenolic compounds or other 
contaminants so that with increasing concentration, the 
contaminant DNA also increases. Purification process 
needs to be done to remove contaminants since they can 
prevent the formation of DNA suspension that interferes 
the amplification process. DNA concentration after 
purification in this study ranged from 17.5 to 83.0 ng/μL. 
The amount of DNA produced was more than sufficient for 
use in PCR analysis. sDNA purity can be determined using 
the ratio of the optical density values at various 
wavelengths. A260/280 as value ratio of the absorption at a 
wavelength of 260 nm and 280 nm is commonly used as an 
indicator of the purity of DNA. DNA is pure if the ratio of 

absorption at 260 nm and 280 nm is 1.8. Khosravinia et al. 
(2007) stated that if A260/280 is smaller than 1.8 indicated the 
presence of phenol or protein contamination on the 
extraction, meanwhile if A260/280 is 2 or greater showed the 
presence of RNA. In this study, DNA quantification of 
purified DNA resulted in the score that ranged from 1.810 
to 2.122. This shows that the DNA samples of all three 
cultivars bark have a sufficient purity value for the analysis 
of PCR-RAPD. 

DNA dilution was made to obtain a uniform 
concentration for using in PCR analysis. DNA 
concentration required for PCR-RAPD amplification in this 
study is 2.5 ng/mL. If DNA concentration is too high or too 
low it will affect the results of amplification. This is 
confirmed by Langga et al. (2012) that if the DNA dilution 
is less pure and less precise, primers will not attach to the 
target DNA. Young et al. (2000) also stated that RAPD 
genetic markers is very sensitive to the reaction conditions 
and the quality of the DNA template. Therefore, 
concentration and purity of DNA, primers and genomic 
DNA preparation procedures need to be consistent. 

 Analysis of three Banyumas cultivars, namely S. 
Zalacca 'Kalisube', S. Zalacca 'Kedung Paruk' and S. 
Zalacca 'Candinegara' using ten primers capable of 
detecting 50 clear polymorphic bands (80.6%) from a total 
of 62. The length of polymorphic band ranging from 300-
2300 bp. The resulting number of polymorphic bands 
ranged from 2-11 with an average of 6 bands per primer. A 
primer that produces the highest amount of polymorphism 
is OPA-16, while one that produces the lowest amount of 
polymorphism is OPD-18 (Table 2). 

Polymorphism of DNA fragments generated in this 
study (80.6%) is in line with several previous studies using 
RAPD techniques. RAPD analysis from Nandariyah (2010) 
using 12 salak cultivars in Java with six random primers 
resulted in 68.4% polymorphism. Roslim et al. (2003) 
analyzed the genetic relationship of coconut type in 
Banyuwangi, Lubuk Pakam, and Paslaten using ten primers 
produces 80% polymorphism. Karsinah et al. (2002) 
detected the genetic diversity in citrus germplasm using ten 
primer generated 91.8% polymorphism. The results showed 
that the ten primers showed G + C content between 60-70% 
indicated that primers are good enough to use for PCR-
RAPD. This is consistent with the statement of Poerba 
andYuzammi (2008) that the successful amplification of 
genomic DNA using PCR-RAPD technique is also 
determined by the base sequence of the primers used and 
the quality or content of the primer in each reaction. RAPD 
markers obtained with random amplification of DNA 
segments from a single arbitrary primer. Primers used are 
typical of 10 bp. G + C content of bases in primer 
sequences used for PCR-RAPD should contain more than 
40% G + C bases (usually containing 50-80% G + C) and 
does not contain sequences that are palindromic.  
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A B C 

 
Figure 2. The anatomical structure of leaves (400x). Note: A. Kedung Paruk, B. Kalisube, and C. Candinegara. Cuticle (1), epidermis 
(2), mesophyll (3), vascular bundle (4)  
 
 
Table 1. Average anatomical character of leaf (n = 3) 
 

Cultivar Thickness (µm) Size stomata (µm) Density (mm2) 
Cuticle Epidermal Mesophyll  Length  Width  Stomata Trichome 

Kedung Paruk 5.15 12.38 133.50 15.50 3.30 20.80 1.00 
Kalisube 5.48 11.63 115.50 16.50 3.20 28.80 1.00 
Candinegara 5.00 13.13 126.50 14.00 3.35 21.60 - 
 
 
 
Table 2. List of primers, sequences, loci, number of bands and G+C content in RAPD analysis 
 

Primer Sequence 
(5’ - 3’) 

Locus 
(bp) No. polymorphic bands No. monomorphic bands Total 

OPA-9 GGGTAACGCC 300-1000 6 2 8 
OPA-10 GTGATCGCAG 500-1300 4 3 7 
OPA-11 CAATCGCCGT 700-1300 3 0 3 
OPA-16 AGCCAGCGAA 500-2200 11 2 13 
OPA-18 AGGTGACGGT 750-1500 3 1 4 
OPC-8 TGGACCGGTG 750-1200 5 1 6 
OPD-18 GAGAGCCAAC 900-1500 2 1 3 
OPM-10 TCTGGCGCAC 850-2300 3 1 4 
OPW-13 CACAGCGACA 590-1300 7 1 8 
OPX-17 GACACGGACC 550-1200 6 0 6 

Total 50 
(80,6%) 

12 
(19,3%) 

62 
(100%)

 
 

 
Visual observations in the bands of RAPD 

amplification product of Salak Banyumas local cultivars 
with the same primer showed the individual variation of the 
number, length, and intensity of the band. Certain 
individual bands showed large numbers of amplifications 
while others showed small bands amplification. Similarly, 
the length of the bands produced varied greatly among 
individuals. One was the result of amplification using the 
primer of OPA-16 (Figure 4) in which the length of the 
bands produced varied greatly among individuals. 
Variation in the amount and length of the bands was due to 
differences in the annealing of primer to the genomic DNA 
strands. According to Harkingto (2007) the genomic DNA 
sequence differences between one individual or another 
causing DNA variation or polymorphisms among 
individuals, while the primer regions with the same 

sequence lead to monomorphism DNA among individuals. 
The intensity of band variations, such as thick and clear, 
thin and vague were due to the differences in the copy 
number of amplification resulted from the presence of 
repetition of certain sequences in the genome, such as the 
order sequence of tandem repeats 

The analysis of PCR-RAPD generated polymorphic 
bands showed variations in the number, length, and 
intensity of the resulting bands. Gusmiaty et al. (2012) 
stated that the DNA fragment size differences or 
polymorphisms of DNA fragments were due to primer 
annealing location or site at nucleotide bases that scattered 
throughout the genome. DNA amplification occurred when 
primer attached to adjacent two complementary sites with 
reverse orientation. The distance of amplification sites 
caused DNA fragments with various sizes.  
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Figure 4. Amplification results of RAPD using OPA-16. Note: No. 1-6 = Kalisube, 7-12 = Kedung Paruk, 13-18 = Candinegara with 
monomorphic band (a) 
 
 
 
 

Absence of band amplification on some primers could 
result from (i) reagent components used are not correct, (ii) 
the nucleotide sequences of the primers are not 
complementing with the nucleotide bases in the DNA 
template, so that primers are not able to amplify DNA 
fragments, (iii) complementary nucleotide sequences of the 
DNA template has a distance amplification that is too far 
away, and (iv) the same amplification direction between 
two annealing positions (Roslim et al. 2003).  

Annealing is also one important step that will determine 
the success of PCR. This is confirmed by Gusmiaty et al. 
(2012) in which the annealing temperature phase regulation 
of the PCR process is very influential in the process of 
primer annealing. Change in temperature of one degree in 
the primer annealing phase will cause failure attachment. 
Prana and Hartati (2003) also stated that in addition to 
determination of the base sequence and quantity of primer, 
RAPD-PCR amplification success is also determined by 
the suitability of PCR conditions that include temperature 
annealing and extension.  

Genetic diversity of local Banyumas salak cultivar 
Parameters used to determine the genetic diversity in a 

population are percentage of polymorphic loci (ppl), the 
number of alleles observed (na), effective number of alleles 
(ne) and the genetic variation (h) (Finkeldey 2005). 
 
Table 3. The results of variation measurement in local Banyumas 
salak cultivar 
 

S. zalacca 
cultivar 

No. 
samples na ne H PPL 

Kalisube 6 1.4400 1.1731 0.1136 44.00% 
Kedung Paruk 6 1.6200 1.2133 0.1449 62.00% 
Candinegara 6 1.6400 1.2360 0.1590 64.00% 
Note: na = number of alleles observed; ne = number of effective 
alleles, h = genetic variation, PPL = percentage of polymorphic loci 

Based on Table 3, it can be seen the values of the 
effective number of alleles and heterozygosity on each of 
the different cultivars so that genetic diversity in each of 
salak cultivars is different. The value of genetic diversity of 
S. zalacca 'Candinegara' occupied the highest position with 
a mean value of the effective allele of 1.2360 and the value 
of heterozygosity of 0.1590. This is possible because of the 
occurrence of crossbreeding and the possible distribution of 
seeds in the population of S. zalacca 'Candinegara' with the 
help of humans so that the genetic diversity increased. If it 
is considered from the magnitude of genetic diversity in S. 
zalacca 'Candinegara' then the population of S. zalacca 
'Candinegara' is more suitable for breeding material when 
compared to other sampling locations. Sobir et al. (2005) 
stated that high genetic diversity is a source of genes that 
can be utilized to form a recombination so that there are 
opportunities to improve characters of a plant and to form 
new varieties that are superior. 

Value of genetic diversity and the percentage of 
polymorphic loci are used to describe genetic diversity. 
The genetic diversity of each salak cultivar can be viewed 
from the percentage of polymorphic loci (Table 3). The 
highest percentage of polymorphic loci was shown by S. 
zalacca 'Candinegara' by 64%, followed by S. zalacca 
'KedungParuk' by 62% and the lowest was S. zalacca 
'Kalisube' by 44%. 

The percentage of polymorphic loci of each cultivar is 
high enough to show the high diversity in cultivars, while 
the differences in the percentage of polymorphic loci are 
small as seen in S. zalacca 'Candinegara' and S. zalacca' 
Kedung Paruk' showing the low diversity among cultivars 
or almost the same genetic structure. Genetic diversity is a 
key in plant breeding. Plant breeding program is a way to 
increase the genetic variability in a population. Studies of 
genetic diversity have important benefits in helping 
artificial selection, preparing test provenances (source/ 

a 

a 
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origin) as well as controlling a cross. Selection is the first 
step in getting new superior cultivars and it needs high 
genetic diversity for its effectiveness (Olivia and Siregar 
2012).  

Conservation of genetic resources is necessary to 
maintain genetic diversity. Cultivars that have higher 
genetic diversity will have the ability to adapt and avoid 
extinction. High genetic diversity will likely to produce 
some individuals that are resistant to extreme 
environmental conditions and to some diseases Olivia and 
Siregar (2012). 

Genetic distances among local salak Banyumas 
cultivars 

Analysis of genetic relationship was done to get an 
overview of the genetic information on local Banyumas 
salak cultivars . Results are presented in Table 4. It was 
found that the genetic distance between the local Banyumas 
salak cultivars showed a range between 0.0235 to 0.0704. 
The closest genetic distance was indicated by S. zalacca 
'Kalisube' and S. zalacca 'Candinegara' at 0.0235 while the 
farthest genetic distance was indicated by S. zalacca 
'KedungParuk' and S. zalacca 'Candinegara' at 0.0704. 
High genetic distance indicated that relationship between 
both cultivars was far enough and that the small genetic 
distance value indicated that the relationship was close. 
Cluster analysis was performed using UPGMA method 
(Unweight Pair Group Method with Arithmetic) to produce 
dendrogram. Dendrogram was created based on genetic 
distances of Nei (1972) in POPGEN 1.32 that illustrated 
the relationship between three local Banyumas salak 
cultivars (Figure 5). 

Based on Figure 3, it caan be seen that local Banyumas 
salak cultivars are divided into two groups The first group 
includes S.zalacca 'Kalisube' and S. zalacca 'Candinegara'. 
The second group comprises S.zalacca' KedungParuk'. The 
low genetic distance among cultivars in a large 
geographical distance between cultivars indicates that the 
two, namely S. zalacca 'Kalisube' and S. zalacca 
'Candinegara' came from the same source.  

The tendency of such grouping is also shown in the 
results in Olivia and Siregar (2012) in the population of 
Sengon at community forests in Java. Ağaoğlu et al. (2006) 
stated that grouping not related to the geographical location 
was due to RAPD markers used showed good DNA 
variations in coding and noncoding regions. To obtain an 
accurate grouping, it is necessary to analyze DNA using 
more primers and more samples. The more distance 
between samples, the smaller the success of the cross, but it 
is possible to obtain superior genotypes when the crossing 
is successful. Crossing between individuals within a close 
genetic relationship will increase homozygosity as a 
consequence of meeting bad alleles. Crossing between 
individuals with a large genetic distance has the effect of an 
increase in heterozygosity. Information genetic relationship 
may be useful for the process of making good quality of 
seeds (Julisaniah et al. 2008). 

 
 

 
 

Table 4. Genetic distance among three local Banyumas salak 
cultivars 
 

S. zalacca 
cultivar Kalisube Kedung 

Paruk Candinegara 

Kalisube * 0.0444 0.0235 
Kedung Paruk 0.0444 * 0.0704 
Candinegara 0.0235 0.0704 * 
 

 

 

 
      
      
  
Figure 5. Dendrogram of genetic relationship among local 
Banyumas salak cultivars  
 
 
 
 

In conclusion, based on the results and discussion, it 
can be concluded that the local Banyumas salak cultivars 
have high genetic diversity. Detection of genetic 
differences and discrimination of genetic relationship 
between salak cultivars are for sustainable utilization and 
conservation of plant genetic resources.  
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Abstract. Lahjie AM, Isminarti, Simarangkir BDAS, Kristiningrum, R, Ruslim Y. 2018. Community forest management: Comparison of 
simulated production and financial returns from agarwood, tengkawang and rubber trees in West Kutai, Indonesia. Biodiversitas 19: 
126-133. Research was conducted in planted forests of agarwood (Aquilaria spp.) and tengkawang (Shorea macrophylla) and in 
plantations of natural rubber (Hevea brasiliensis) in West Kutai District, East Kalimantan Province, Indonesia. The research aimed (i) to 
find out the productivity of agarwood and tengkawang trees in mixed plantings (ii) to measure their rate of development in order to 
estimate the maximum Mean Annual Increment (MAI) for agarwood and tengkawang and (iii) to carry out a comparison with natural 
rubber production of the investment feasibility of planted forests of these trees using a financial analysis of Pay Back Period, Net 
Present Value (NPV), Net Benefit/ Cost (B/C) Ratio and Internal rate of Return (IRR). The research was based on measurements carried 
out in plots, 0.25 ha in extent, selected by systematic random sampling from three model plantations. Plantation Model I was a 
combination of agarwood and tengkawang in one piece of land in which the agarwood trees were planted at a spacing of of 5m x 2.5m 
and the tengkawang tree were also planted at a spacing of 5m x 2.5m. This means that there were a total of 200 agarwood saplings and 
200 tengkawang saplings in the plot. Model II was the combination of agarwood and tengkawang in one piece of land, in which 167 
agarwood saplings were planted and 166 tengkawang saplings were planted in a different planting arrangement (at the planting distance 
of 5m x 3 m). Model III was rubber trees in an area of 0.25 ha with 119 saplings. The data for natural rubber were collected in series 
from the farmers. The measurement variables for agarwood and tenkawang included the diameter and height of trees using series 
measurement until they reached 30 years and then the results were simulated. The research findings showed that in Model I, agarwood 
was found to have higher maximum MAI while in Model II, tengkawang was found to have higher maximum MAI. This was the result 
of a silvicultural technique in which thinning, maintenance and intermediate harvest were carefully controlled. These two models were 
feasible for business because the values of their IRR were 14% and 13.3% respectively, while in Model III, rubber cultivation was not 
feasible for business because the value of its IRR was only 4.7%. 

Keywords: Aquilaria spp., production, Shorea macrophylla, simulation  

INTRODUCTION 

 Agarwood and tengkawang are economically valuable 
forestry trees grown in Indonesia, particularly in West 
Kutai, Kalimantan, the focal area of the study reported in 
this paper. Agarwood is commonly known in Indonesia as 
‘gaharu’, and belongs to the genus Aquilaria Lam. in the 
family Thymelaeaceae. Its mature trees produce a prized 
fragrant wood. Tengkawang is the Indonesian name given 
to several timber-producing tree species in the genus 
Shorea Roxb.ex C.F. Gaertn. of the Dipterocarpaceae 
family (Kettle 2010). The natural distribution area for 
tengkawang includes India, Thailand, Malaysia, Indonesia, 
Sarawak, Sabah, and The Philippines (Kettle 2010; Saner et 
al. 2012; Widiyatno et al. 2014). The tengkawang tree can 
be found in Kalimantan and Sumatera islands 
(Purwaningsih 2004; Kettle 2010).  

In contrast to these species, plantations of natural 
rubber (Hevea brasiliensis), a native of the tropical 
rainforest of the Amazon Basin, are these days often seen 

as problematic, competiting with the planted forest species 
both in economic terms and in terms of conservation goals 
(Wu et al. 2016). 

Forest destruction and resulting land degradation in 
East Kalimantan is of serious concern. This condition 
arises as the result of forest fires, illegal logging, human 
population pressures, forest function conversion, as well as 
unsustainable forest management practices (Gonner and 
Seeland 2002). These factors together accelerate the 
process of forest decline and land degradation (Sunandar 
2005). Analysis of satellite imagery reveals that the total 
land area of critical concern in East Kalimantan is as much 
as ± 6.4 million ha, which consists of ± 4.3 million ha 
located inside forest areas and 2.1 ha located outside the 
forest areas (Edward et al. 2014). 

Fire is a major threat to production forests, especially 
following desiccation from sustained droughts (Wilcove et 
al. 2013). The canopy disruption and trail networks that 
result from logging promote forest desiccation, while fine 
slash from logging is highly flammable when dry. Burnt 
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production forests are also vulnerable to further 
disturbance, such as from subsequent fires, salvage-logging 
(Van Nieuwstadt et al. 2001), invasion by grasses 
(Veldman et al. 2009), and even conversion to persistent 
Imperata grasslands (Van Nieuwstadt et al. 2001). 
Fortunately, if a logged forest is not subject to burning 
soon after extraction, then susceptibility to fire can 
diminish within a few years (Blate 2005). 

Forests both natural and planted are of considerable 
environmental and economic value at the local, regional 
and global scale, providing many goods and service to a 
growing population (Kettle 2010). The extent of critical 
land in West Kutai has reached 1 million ha. In 1995, the 
extent of critical land in all of East Kalimantan was 
approximately 3.5 million ha. Relevant to this figure, the 
rate of forest and land destruction in East Kalimantan has 
been estimated to reach 290 thousand ha year-1 (Sunandar 
2005). The demand for timber products will continue to 
increase in future, so the development of more effective 
ways for managing the timber-harvesting system is 
paramount to the continued protection of diversity in 
tropical forestry (Ruslim et al. 2016). 

In two catchments in Indonesian Borneo, it has been 
estimated that there is a 10-fold higher runoff from skid 
trails and roads, than from harvest or control plots which 
differed in runoff only marginally (Hartanto et al. 2013). In 
Southeast Asia, the additional runoff after logging was 
assessed by Chan and Parker (1996) to be insufficient to 
produce detectable flooding downstream. However, 
complete forest conversion results in 100-800% increase in 
annual water flow (Bruijnzeel 2004) because of enhanced 
runoff in rainstorms, with peak flows being 185% higher 
and water levels rising nearly twice as quickly as under 
forest cover (Douglas 1999), and with greatly increased 
evapotranspiration. In Indonesian Borneo alone, such flood 
displaced 1.5 million people between 2009 and 2012, 
especially in the deforested middle reaches of rivers (Wells 
et al. 2013).  

Rubber cultivation is another form of land-use in West 
Kutai. It was developed in the 1980s, funded by soft loans 
from the Asia Development Bank with the purpose of 
increasing the people's income and welfare. Rubber trees 
(Hevea brasiliensis), though originally an imported species 
from South America, are a source of great economic and 
social value throughout Southeast Asia. But compared with 
primary tropical forests, areas of rubber monoculture have 
significantly lower biodiversity, lower total biomass carbon 
stocks, rapidly fluctuating microclimate temperatures and 
negative hydrological effects (Fox et al. 2014; Liu et al. 
2017: Ziegler et al. 2009). Improved rubber-based 
agroforestry systems, which combine agricultural, 
ecological and forestry techniques to create more diverse, 
productive, healthy, and sustainable land use, provide a 
promising solution to these problems and have been 
applied in practice in some cases (Feng 2007; Fox et al. 
2014; Parham 2000). But not all of these agroforestry 
systems were designed with a comprehensive consideration 
of ecological principles. Below-ground interactions and 
associations between rubber trees and other intercropped 
species remain poorly documented, particularly regarding 

water-use (Ziegler et al. 2009). Rubber trees have been 
referred to as ‘water pumps' because rubber trees can 
deplete water sources at the basin scale (Tan et al. 2011).  

Since rubber trees can produce latex for one hundred 
days in a year, rubber tree plantations can support the daily 
economic needs for farmers. Rubber is called a cash-crop, 
but today, this commodity has dropped in popularity and 
does not attract the attention of the people because the price 
of rubber has decreased by 5.7% every year. In the last 
decade, some farmers have replaced rubber plantations 
with forest plants because the costs are cheaper and 
developement can be carried out by the farmers themselves 
by collecting seed from the forests (Mulyoutami et al. 
2003). This does not need a big investment compared with 
rubber plantation. The investment is mainly in the form of 
manpower (Saner et al. 2012). Therefore, some Dayak 
people have tended to return to their original farming 
practices, developing the natural resources that exist around 
them, although at present, it is only only a limited number 
of people who have returned to this type of cultivation.  

It is because of this, that we undertook the research 
reported in this paper. Our aims were (i) to determine the 
productivity of this kind of cultivation based on the forest 
species agarwood and tengkawang, compared with that of 
rubber trees (ii) to measure the rate of development of 
agarwood and tengkawang in order to obtain estimates of 
the maximum value for the Mean Annual Volume 
Increment MAI of the these species in model plantations 
(iii) and to find out the investment feasibility of such 
plantation models using financial analysis through 
estimation of Pay Back Period, Net Present Value (NPV), 
Net Benefit/Cost Ratio (B/C ratio) and Internal Rate of 
Return (IRR). Measurements of the agarwood and 
tengkawang plantations were based on a systematic random 
sampling of plantation model areas of 2,500 m2.  

MATERIALS AND METHODS 

Study area 
The research was located in Desa Galeo Asa, Barong 

Tongkok Sub-district, Province of East Kalimantan, 
Indonesia. The study sites were located in the vicinity of 
0° 09’ 14.48” S  – 115° 44’ 16.53” E (Figure 1). 

Data collection 
Both direct and indirect approaches were adopted to 

analyse incremental growth of trees from 2005 to 2015. 
Specifically, the direct approach was based on observation 
of the increment in volume production by trees. However, 
due to limited data, simulations were then carried out using 
a law of diminishing returns model.  

In economics, diminishing returns is the decrease in the 
marginal (incremental) output of a production process as 
the amount of a single factor of production is incrementally 
increased, while the amounts of all other factors of 
production stay constant. Probably the best way to illustrate 
this principle of diminishing returns as it applies to risk 
reduction is by reference to a case study such as that of 
Mold et al. (2010). 
 



 B IODIVERSITAS 19 (1): 126-133, January 2018 

 

128

  

 

 

 
Figure 1. Location studies of Barong Tongkok Sub-district (■), West Kutai District of East Kalimantan, Indonesia 
 

 
 

Table 1. Research plots of agarwood and tengkawang in Desa Galeo Asa, East Kalimantan, Indonesia (Isminarti et al. 2016) 
 

Model Objects Planting distance Total number of trees  
in 0.25 ha Agarwood Tengkawang Rubber 

I Agarwood + tengkawang 5m x 2.5m 5m x 2.5m - 400 
II Agarwood + tengkawang 5m x 3m 5m x 3m - 333 
III Rubber with monoculture cultivation - - 7m x 3m 119 

 
 
 
 
 

 The simulation determined the potential wood 
production in a one hectare scale area, facilitating 
comparison between plantation models. The research was 
carried out based on three model plantation areas. Model I 
included agarwood stands and tengkawang (Shorea spp.) 
stands in combination, planted initially at a spacing of 5m x 
2.5m for each species (making a total number of 400 trees 
within 0.25 ha-1, i.e. 200 agarwood and 200 tengkawang); 
Model II also included agarwood stands and tengkawang 
stands, but with a different arrangement and a planting 
spacing 5m x 3 m (making a total number of 333 trees 
within 0.25 ha-1) (Lusseti et al. 2016). Model III included 
rubber which was cultivated in a monoculture system with 
a tree spacing of 7m x 3m (with 119 tree in a 0.25 hectare 
plot-1). Table 1 shows details of the three models. Model I 
consisted of agarwood and tengkawang with a spacial 
arrangement of agarwood-tengkawang-agarwood-tengkawang 
and so forth. Model II had a spacial arrangement of 
agarwood-tengkawang-agarwood-tengkawang-tengkawang, 

repeated with agarwood-tengkawang-agarwood-
tengkawang-tengkawang, and so forth. 

The variables measured within the plots to obtain 
estimates of the potential production of agarwood and 
tengkawang were as follows: Tree Volume, Total Volume, 
Mean Annual Volume Increment (MAI), and Current 
Annual Increment (CAI) (Van Gardingen et al. 2003).  

We calculated the Mean Annual Increment and Current 
Annual Increment using the Van Gardingen et al. (2003) 
formula: 

 
 
In which: MAI = Mean Annual Increment (m3 ha-1year-

1), Vt = total volume at age t (m3ha-1), t = tree age (in years) 
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Where: 
CAI  = Current Annual Increment (m3 ha-1 year-1) 
Vt  = Total volume at age t (m3 ha-1) 
Vt-1  = Previous total volume (m3 ha-1) 
T  = Second age minus the first age (in years) 
 
Due to the page limitation, details of the methods used 

in the third task, the financial feasibilty analysis, are not 
included in this paper, but are available as an internal 
report by contacting the authors. The financial feasibility 
analysis compared the Pay Back Period (APP), Net Present 
Value (NPV), Net Benefit Cost B/C Ratio and (Internal 
Rate of Return) IRR for the three plantation models. 

RESULTS AND DISCUSSIONS 

The simulation of potential production of agarwood 
trees in Model I  

 The agarwood cultivation at a planting distance 5m x 
2.5 m can carry 800 trees ha-1 with replanting around 20% 
ha-1 in the first and second years of growth. Cultivation of 
agarwood combined with tengkawang (Model I) took the 
form of agarwood – tengkawang, agarwood – tengkawang, 
and so forth. Simulation based on the results of 
measurement showed that the maximum production of 
agarwood was achieved at the age of 15 years, with a total 
volume (Vt) of 97.97 m3ha-1, an average diameter of trees 
(D) of 20 cm and a branch-free height (H) of 8 meters. The 
potential production of agarwood based on its potential 
life-cycle is presented in Table 2. According to this 
simulation, at age 15 years when maximum production is 
reached, the mean annual increment (MAI) is 6.53 m3 ha-

1year-1 and the current annual increment (CAI) is 6.63 m3 

ha-1 year-1. 
Table 2 shows that the number of trees declines year by 

year. This is due to natural death of trees. which occurs 
naturally. Replanting activity is conducted only up to the 
age of 2 years; after that, there is no replacement of trees 
that die. The average diameters of agarwood at age of 8, 10 
and 15 years is 13.5 cm; 16 cm and 20 cm respectively. 
This means that the diameter accretion from time of 
planting decreases every year, namely 1.69 cm year-1; 1.60 
cm year-1 and 1.33 cm year-1 respectively. 

The graph of the mean annual increment (MAI) and 
current annual increment (CAI) of agarwood trees in 
Model I against time in years, based on the data in Table 2, 
is presented in Figure 2. It shows that the intersection point 
of the maximum annual increment and current annual 
increment curves for agarwood in the Model I plantation 
(i.e. with a planting distance of 5m x 2.5m) occurs at 15 
years of age with the total volume being 97.97 m3 and with 
MAI and CAI values of 6.53 m3 ha-1 year-1 and 6.63 m3 ha-1 

year-1 respectively. T 
The distribution of agarwood trees at the age of 15 

varies, ranging from 14 cm to 24 cm, but the most frequent 
diameter at that age is 20 cm. 

The simulation of potential production of tengkawang 
trees in Model I 

The planting distance of tengkawang cultivation was 
5m x 2.5m or 800 trees ha-1 with replanting around 20% ha-

1 in the first and second years of growth. Tengkawang was 
planted in combination with agarwood stands, with a 
planting pattern of agarwood – tengkawang, agarwood – 
tengkawang, and so forth. The results of simulation based 
on our measurements, showed that the maximum 
production of tengkawang would be reached at the age of 
40 years based on its life cycle. At 40 years of age, the 
maximum total volume (Vt) would reach 150.31 m3 ha-1; 
the average tree diameter (D) would be 38 cm and the 
branch-free height (H) would reach 17 m according to the 
data in Table 3. The results of our simulation indicates that 
the maximum production of tengkawang is reached at the 
age of 40 years, at which time the mean annual increment 
(MAI) reaches 3.76 m3 ha-1 year-1 and the current annual 
increment (CAI) is 3.83 m3 ha-1 year-1. 

Table 3 shows that the number of trees declines year by 
year. This is due to natural death of trees. which occurs 
naturally. Replanting activity is conducted only up to the 
age of 2 years; after that, there is no replacement of trees 
that die. The average diameter of the tengkawang trees (in 
mixed plantation with agarwood) at age of 10, 30, and 40 
years reaches 11.2 cm; 28 cm and 38 cm respectively. This 
means that the diameter accretion from time of planting 
decreases every year, namely 1.12 cm year-1; 0.93 cm year-

1 and 0.90 cm year-1 respectively. 
Figure 3 shows that the intersection point of the 

maximum annual increment and current annual increment 
curves for tengkawang in the Model I plantation (i.e. with 
a planting distance of 5m x 2.5m) occurs at 40 years of age, 
with the total volume being 150.31 m3 and with MAI and 
CAI values of 3.76 m3 ha-1year-1 and 3.83 m3 ha-1 year-

1respectively. The diameter of tengkawang trees at the age 
of 40 years (in the Model I plantation) varies, ranging from 
32 cm to 42 cm, but the most frequent diameter at that age 
is 38 cm.  

The simulation of potential production agarwood trees 
in Model II  

The planting distance of agarwood cultivation was 5m x 
3m or 666 trees ha-1, plus 20% replanting. The pattern of 
planting of agarwood combined with tengkawang in Model 
II was as follows: agarwood-tengkawang-agarwood-
tengkawang-tengkawang, repeated with agarwood-
tengkawang-agarwood-tengkawang-tengkawang, and so 
forth. Simulation based on the results of measurement 
showed that the maximum production of agarwood was 
achieved at the age of 15 years, with a total volume (Vt) of 
61.36 m3 ha-1 an average diameter of trees (D) of 18.4 cm 
and a branch-free height (H) of 7.4 m. The potential 
production of agarwood in the Model II plantation based 
on a simulation of the tree life cycle is presented in Table 
4. 

The results of our simulation indicates that the 
maximum production of tengkawang is reached at the age 
of 15 years, at which time the mean annual increment 
(MAI) reaches 4.09 m3 ha-1 year-1and its current annual 
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increment (CAI) is 5.07 m3 ha-1 year-1. The graph of the 
mean annual increment (MAI) and current annual 
increment (CAI) of tengkawang trees in Model II against 
time in years, based on the data in Table 4, is presented in 
Figure 4 (Isminarti et al. 2016). 

The diameter of agarwood trees at the age of 15 years 
(in the Model II planting) varies, ranging from 11 to 24 
cm, but the most frequent diameter is 18 cm.  

 
Table 2. Simulated potential wood production of agarwood trees 
in Model I, based on a planting distance of 5m x 2.5m (Isminarti 
et al. 2016) 
 
Ages N D H F Vt MAI CAI 
3 750 5.5 4.0 0.75 5.34 1.78 - 
5 730 8.5 5.5 0.73 16.62 3.32 5.64 
8 680 13.5 6.5 0.71 44.90 5.61 9.42 
10 650 16 7.3 0.68 64.84 6.48 9.97 
15 600 20 8.0 0.65 97.97 6.53 6.63 
20 520 23 8.5 0.62 113.80 5.69 3.17 
25 480 24.5 9.0 0.60 122.13 4.89 1.67 
30 440 25.5 9.5 0.59 125.89 4.20 0.75 
Note: N: Population of agarwood (trees ha-1); D: Tree Diameter 
(cm); H: Branch-free Height (m); Vt: Total Volume (m3ha-1); 
MAI: Mean Annual Increment (m3 ha-1year-1); CAI: Current 
Annual Increment (m3 ha-1year-1) 
 
 
Table 3. The simulated potential wood production of tengkawang 
trees in Model I, at a planting distance of 5m x 2.5m (Isminarti et 
al. 2016) 
 
Ages N D H F Vt MAI CAI 
3 650 4.6 3.3 0.83 2.96 0.99  - 
5 580 6.5 4.5 0.82 7.10 1.42 2.07 
8 440 9.4 6.0 0.77 14.10 1.76 2.33 
10 380 11.2 7.0 0.75 19.64 1.96 2.77 
15 300 15.5 9.0 0.72 36.66 2.44 3.40 
20 240 19.8 11.0 0.70 56.87 2.84 4.04 
25 200 24.0 13.0 0.69 81.12 3.24 4.85 
30 180 28.0 14.6 0.66 106.75 3.56 5.13 
35 150 33.2 16.3 0.62 131.16 3.75 4.88 
40 130 38.0 17.0 0.60 150.31 3.76 3.83 
50 120 41.5 18.0 0.58 169.37 3.39 1.91 
Note: N: Population of tengkawang (trees ha-1); D: Tree Diameter 
(cm); H: Branch-free Height (m); Vt: Total Volume (m3 ha-1); 
MAI: Mean Annual Increment (m3 ha-1 year-1); CAI: Current 
Annual Increment (m3 ha-1 year-1) 

 
 
Table 4. Simulated potential wood production of agarwood trees 
in Model II (Isminarti et al. 2016) 
 
Ages N D H F Vt MAI CAI 

3 640 5.5 3 0.78 3.56 1.19 - 
5 620 8.8 4.3 0.73 11.83 2.37 4.14 
8 600 12.6 5.5 0.71 29.20 3.65 5.79 

10 500 15.5 6.3 0.69 40.99 4.10 5.90 
15 480 18.4 7.4 0.65 61.36 4.09 4.07 
20 440 21 8 0.63 76.77 3.84 3.08 
25 400 23.4 8.5 0.61 89.15 3.57 2.48 
30 380 25.5 9 0.57 99.51 3.32 2.07 

Note: N: Population of agarwood (trees ha-1); D: Tree Diameter 
(cm); H: Branch-free Height (m); Vt: Total Volume (m3ha-1); 
MAI: Mean Annual Increment (m3 ha-1year-1); CAI: Current 
Annual Increment (m3 ha-1year-1) 

 
 
Figure 2. Trend over time (in years) for MAI and CAI of 
agarwood trees in Model I 
 
 

 

 
Figure 3. Trend over time (in years) for MAI and CAI of 
tengkawang trees in Model I 
 
 
 

 
 
Figure 4. Trend over time (in years) for MAI and CAI of 
agarwood trees in Model II  
 

Simulation of potential production and of diameter 
distribution for tengkawang trees in the Model II 
plantation 

The results of the simulation in Table 5 show the 
production of tengkawang trees peaks at the age of 40 
years, at which time the mean annual increment (MAI) 
reaches 5.43 m3ha-1 year-1, when current annual increment 
(CAI) is 5.27 m3 ha-1 year-1. 

The total volume of tengkawang at the age of 10, 30, 40 
years is estimated to be 27.66 m3 ha-1; 153.15 m3 ha-1 and 
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217.16 m3 ha-1 respectively. The values for MAI of 
tengkawang in Model II at the age of 10, 30, 40 years are 
2.77 m3ha-1year-1, 5.11 m3 ha-1 year-1 and 5.43 m3 ha-1year-1 
respectively. The total volume and mean annual increment 
from 10 to 40 years increases because tengkawang 
increases in volume accretion. However, based on Table 5 
after the age of 40 years, the rate of growth of tengkawang 
trees declines. This means that the maximum for the mean 
annual increment of tengkawang is reached at the age of 40 
years, at which time tengkawang trees in Model II are 
ready to be harvested.  
The graph of mean annual increment (MAI) and current 
annual increment (CAI) of wood production for tenkawang 
trees in Model II based on this data is presented in Figure 5 
(Isminarti et al. 2016). 

 In Figure 5 it can be seen that the intersection of the 
mean annual increment (MAI) curve with the current 
annual increment curve (CAI) for tengkawang in Model II 
occurs at 40 year of age, at which time the total volume 
(Vt) is 217.16 m2 and the MAI and CAI values are 5.43 
m3.ha-1.year-1 and 5.27 m3.ha-1.year-1, respectively.  

 

Production of natural rubber trees in a monoculture 
plantation 

The rubber trees in monoculture cultivation (Model III) 
started to produce latex at the age of 3 years and continued 
through to 25 years of age, with a total production of latex 
rising from 900 kg ha-1 to 3,600 kg-1 after 25 years (Table 
6). The average production rose from 121.43 kg ha-1year-1 
to 176.47 kg ha-1year-1 between 7 years and 17 years after 
planting.  

Table 6 shows that rubber was able to produce natural 
rubber/latex at the age of 3 years with a total production of 
300 kg ha-1. This means that the average annual production 
of rubber over the first three years was 100 kg ha-1 year-1. 
The natural rubber plantation reached its maximum 
production at age 17 years with a total production of 3,000 
kg ha-1, the average production of 176.47 kg ha-1year-1 over 
the first 17 years and an average current annual production 
of 175 kg ha-1 year-1 in the 17th year. However, the rubber 
trees continued to produce latex until they reached 25 
years, but with a declining annual production of latex after 
the 17th year. Average annual production and current 
annual production of rubber at the age of 25 years was144 
kg ha-1 year-1 and 50 kg ha-1 year-1, respectively. Rubber 
farmers commonly harvest their natural rubber (latex) from 
trees aged 7 through to 25 years, although the peak 
production of natural rubber is reached at the age of 17 
years and after this age, rubber production tended to 
decrease until the age of 25 years. Graphically, the 
production of natural rubber under monoculture cultivation 
can be seen in Figure 6 (Isminarti et al. 2016). 

Figure 6 showed that the time series curves for average 
annual production (AP) and current annual production 
(MP) intersect at 17 years of age, the age of optimum 
production. However, after 17 years, the average annual 
production and marginal production decreased as can be 
seen in the graph. 
 

Table 5. Simulated potential wood production of tengkawang 
trees in Model II 
 
Ages N D H F Vt MAI CAI
3 580 4.8 4.4 0.88 4.06 1.35 -
5 570 6.5 5.5 0.86 8.94 1.79 2.44
8 500 9.0 7.3 0.83 19.26 2.41 3.44
10 390 11.6 8.5 0.79 27.66 2.77 4.20
15 320 16.0 10.4 0.78 52.17 3.48 4.90
20 300 19.0 12.5 0.77 81.83 4.09 5.93
25 240 24.0 14.0 0.76 115.46 4.62 6.73
30
35 
40 
50

210
190 
140 
130

28.0
33.0 
40.0 
45.0

15.8
17.8 
19.0 
20.5

0.75 
0.66 
0.65 
0.60 

153.15 
190.82 
217.16 
254.18 

5.11
5.45 
5.43 
5.08

7.54
7.53 
5.27 
3.70

Note: N: Population of tengkawang (trees ha-1); D: Tree Diameter 
(cm); H: Branch-free Height (m); Vt: Total Volume (m3ha-1); 
MAI: Mean Annual Increment (m3 ha-1 year-1); CAI: Current 
Annual Increment (m3 ha-1year-1) 
 

 
Table 6. Production of natural rubber (latex) in monoculture 
cultivation Model III (Isminarti et al. 2016) 
 

Ages TP (kg) AP 
(kg ha-1 year-1) 

MP
(kg ha- 1year-1)

3 300 100.00 -
7 850 121.43 137.50
10 1450 145.00 200.00
13 2170 166.92 240.00
15 2650 176.67 240.00
17 3000 176.47 175.00
20 3350 167.50 116.67
25 3600 144.00 50.00
Notes: TP: Total Production (kg ha-1); AP: Average Product (kg 
ha-1year-1); MP: Marginal Product/Average Current Annual 
Product (kg ha-1 year-1) 
 
 

 
Figure 5. Trend over time (in years) for MAI and CAI of 
tenkawang trees in Model II  
 

 
Figure 6. Natural rubber latex production from plantation trees 
(Hevea brasiliensis) under monoculture cultivation (Model III) 
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Financial analysis for wood production from mixed 
agarwood and tengkawang cultivations (Model I and 
Model II) compared with the cultivation of rubber trees 
for their latex (Model III). 

The product prices required for financial modeling of 
the forest tree plantings and rubber plantations are listed as 
follows: the price for agarwood wood was taken to vary 
between Rp. 3,000 and Rp. 7,000 kilogram-1 based on 
current markets: the price for tengkawang wood was taken 
as Rp. 3,000 m-3; while the price for natural latex was taken 
as Rp. 5,000 kg-1, a much lower price compared to the price 
of rubber 15 years ago which reached Rp. 11,500 kg-1. The 
financial analysis of the forest tree plantings was based on 
a 40 year cycle. 

As pointed out in the Material and Methods section, it is 
not possible in the limited space available here to describe 
the full details of the methods used in the financial 
analysis. Here, we just present the results of the analysis. 

Financial analysis of agarwood and tengkawang 
cultivation (Model I) 

The financial analysis for agarwood cultivated in 
combination with tengkawang (Model I) at an interest rate 
of 5%, estimated the Pay Back Period is 9.7 years, Net 
Present Value (NPV) is Rp 160,668,000 and Net 
Benefit/Cost (B/C) Ratio is 6.4. The model analysis 
estimated the Internal Rate of Return (IRR) is 14%. The 
results indicate that agarwood and tengkawang cultivation 
(Model I) based on a 40 year cycle and and an interest rate 
of 5% is a feasible business of because its positive NPV, 
indicating that the cultivation of agarwood combined with 
tengkawang would be profitable. In addition, the value of 
the net B/C Ratio for this business was estimated to reach 
6.4, which means that the value in rupiah obtained from the 
investment would be 6.4 times as much as the value of 
rupiah that had been invested. A value for the Net B/C 
Ratio > 1 is another indicator that this business is 
profitable. The value of its IRR (14%) is higher than the 
Minimum Acceptability Rate (MAR = 5%). 

Financial analysis of agarwood and tengkawang 
cultivation (Model II) 

The financial analysis for agarwood cultivation 
combined with tengkawang (Model II) at an interest rate of 
5%, estimated the Pay Back Period is 14.3 years, Net 
Present Value (NPV) is Rp 155,796,000 and Net 
Benefit/Cost B/C Ratio is 6.0. The model analysis 
estimated the Internal Rate of Return (IRR) is 13.3%. The 
results indicate that agarwood and tengkawang cultivation 
(Model II) based on a 40 year cycle and an interest rate of 
5% is a feasible business because of its positive NPV, 
indicating that agarwood cultivation combined with 
tengkawang would be profitable. In addition, the value of 
the net B/C for this business was estimated to reach 6.0, 
which means that the value in rupiah obtained from the 
investment would be 6.0 times as much as the value of 
rupiah that had been invested. A value for Net B/C Ratio > 
1 is another indicator that this business is profitable. The 
value of its IRR (13.3%) is higher than the Minimum 
Accessibility Rate (MAR = 5%). 

Table 7. Recapitulation of financial analysis of agarwood, 
tengkawang, and rubber (Isminarti et al. 2016) 
 

Models 
Cycle 
(year) 

PBP 
(Year) 

NPV 
(Rp.) 

Net 
B/C 

IRR 
(%) 

Agarwood + 
Tengkawang 
(Model I) 

40 9.7 +160,668,000 6.4 14 

Agarwood + 
Tengkawang 
(Model II) 

40 14.3 +155,796,000 6.0 13.3 

Rubber 
monoculture 
cultivation 
(Model III) 

25 18.7 -1,772,000 0.95 4.7 

Note: PPB: Pay Back Period (year); NPV: Net Present Value 
(Rp.); Net B/C: Benefit/Cost Ratio; IRR: Internal Rate of Return 
(%) 

 

Financial analysis of natural rubber produced under 
monoculture cultivation (Model III) 

The financial analysis for rubber cultivation (Model 
III) at an interest rate of 5%, estimated the Pay Back 
Period is 18.7 years, Net Present Value (NPV) is negative 
Rp. 1,772,000 and Net Benefit/Cost B/C Ratio is 0.95. The 
model analysis estimated the Internal Rate of Return (IRR) 
is 4.7%. The results indicate that monocropped rubber 
cultivation (Model III) at an interest rate of 5% is not a 
feasible business because the value of its NPV was 
negative, its Net B/C Ratio was less than 1, and its IRR was 
lower than the Minimum Accessibility Rate (MAR = 5%). 

 
Recapitulation of the financial analyses 

A summary of the results of the financial analysis for 
cultivation of agarwood, tengkawang, and rubber is 
outlined in Table 7. The data in Table 7 show that both 
models of agarwood and tengkawang cultivation (Model I 
and Model II) are feasible businesses, because the results 
of their financial analysis indicate that their NPV values 
were higher than zero; their Net B/C Ratios were higher 
than one, and their IRR values exceeded the value of MAR 
= 5%. On the other hand, the results for the financial 
analysis indicate that natural rubber produced as a 
monoculture (Model III) is not a feasible business, becuase 
the value of its NPV was negative, its net B/C Rasio was 
less than zero and its IRR which was smaller than MAR.  

The results of the financial analysis showed that 
agarwood and tengkawang forestry production is 
economically more viable than plantation production of 
natural rubber. The values for IRR in Model I (agarwood – 
tengkawang) and Model II (agarwood-tengkawang-
agarwood-tengkawang-tengkawang) were significantly 
higher than MAR (5%). In another comparable study, 
Winarni et al. 2017 obtained an estimate of 9.52 m3/ha-1 
year-1 for the MAI of tengkawang monoculture trees at 40 
year of age growing in West Kalimantan. However, in our 
study we obtained an MAI value of 5.43 m3/ha-1 year-1 for 
tengkawang combine with agarwood trees at the age of 40 
years. This growth difference of 4.09 m3/ha-1 year-1 is likely 
due to the fact that rainfall is higher in West Kalimantan 
higher than at Sekolaq Muliaq in East Kalimantan. Growth 
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analysis of agarwood combined with tengkawang at a 
planting distance of 5m x 2.5m, both in Model I and 
Model II showed that agarwood reaches its maximum 
productivity at the age of 15 years at which time it 
achieved a total estimated volume of 97.97 m3 and 61.36 
m3 respectively in Model I and Model II. Tengkawang 
reached its peak productivity much later, at the age of 40 
years, and produced a total volume at that age of 150.31 m3 
ha-1 and 217.16 m3 ha-1 respectively in Model I and Model 
II (Isminarti et al. 2016). 

The results of the financial analysis for producing 
agarwood and tengkawang, in mixed forest stands in 
Model I and Model II arrangements, showed that they 
wouldbe feasible businesses with NPV values above zero 
Net B/C Ratios higher than one, and their IRR values 
exceeding the value of MAR. Therefore, it is recommended 
that the government should play a role in stabilising the 
price of wood, in giving financial capital assistance, and in 
interest subsidiees to help finance the estabishment of such 
activities. Viewed from the results of their financial 
analysis, wood of agarwood and tengkawang as forestry 
products were superior to natural rubber as a plantation 
product, therefore the government should consider giving 
greater support to such forestry programs than it currently 
does to plantation programs. 

The production of agarwood and tengkawang is viewed 
as Local Ecological Knowledge (LEK) based on relatively 
uncomplicated techniques in the combination of species 
and the maintenance of plantations. This creates sustainable 
production of materials of high economic value. 
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Abstract. Dinanti RV, Winarni NL, Supriatna J. 2018. Vertical stratification of bird community in Cikepuh Wildlife Reserve, West Java, 
Indonesia. Biodiversitas 19: 134-139. The complexity of heterogeneous strata can be used to determine the distribution of resources in 
bird communities. However, deforestation causes damage and may disturb the bird community in the forest. Cikepuh Wildlife Reserve 
in West Java, Indonesia is an example of degraded forest due to deforestation. Illegal logging in the area leads to approximately 7000 
hectares of forest conversion into a plantation area. This study was conducted to test the hypothesis of the differences in the diversity of 
birds in each stratum of vegetation and the differences in the diversity of birds in forest and plantation. The study was conducted in 
March 2016. Point count method was used for bird surveys. The calculation of Shannon-Wiener diversity index showed that forest had a 
higher diversity of birds (Hʹ = 3.09) than plantation (Hʹ = 2.78). Based on the rank abundance graph, each vegetation stratum had a 
different type of curve. The middle canopy layer had the highest bird abundance while the emergent and understory layers had the 
lowest abundance.  

Keywords: Bird community, Cikepuh, diversity, stratification 

INTRODUCTION 

Tropical forests have layers of canopy known as 
vertical stratification which provide microhabitat and 
resources for fauna, including birds (Pearson 1971; 
Whitehurst et al. 2013). In general, forests that have 
heterogeneous strata harbor high diversity of bird species. 
The complexity of heterogeneous strata can also be used to 
determine the distribution of resources in the bird 
community. A bird community spreads vertically with the 
unique composition in each stratum. Preference for a 
stratum can be the main factor which separates the feeding 
type in birds. For example, frugivorous birds often occupy 
the middle canopy because this layer has high diversity of 
fruits (Parker and Brown 2000). 

According to Soerianegara and Indrawan (2005), 
canopy in tropical rainforests has several strata as follows: 
(i) emergent layer which is the top layer, consisting of trees 
with a height of more than 30 m and usually have 
discontinuous crown, tall and straight trunks and branch-
free trunks. (ii) upper canopy consists of trees that are 20-
30 m tall with continuous crown, and tree trunks that are 
usually much branched. Tree species of this stratum require 
less light. (iii) middle canopy is filled by trees that are 4-20 
m high, having continuous crown. The trees in this stratum 
are low, small and heavily branched. (iv) understorey is 
commonly referred to as a layer of shrubs, 1 to 4 m high. 
This stratum is also formed by young tree species or in the 
seedling phase, small palms, large herbs, and large ferns. 
(v) Ground layer is a layer of vegetation covering the 
ground with height from 0 to1 m, generally dominated by 

tree seedlings and herbs. Saplings and seedlings have their 
own characteristics on the needs of light. Some can grow 
under the shade of the parent trees, some can grow if they 
get enough light. 

Birds that live in the forest are highly dependent on the 
condition of forest vegetation, but deforestation damages 
and disturbs the bird community in it. According to Forest 
Watch Indonesia (2015), the rate of deforestation in 
Indonesia reaches 1.3 million hectares each year. Illegal 
logging, forest fires and illegal pouching have changed the 
forest ecosystems. Such deforestation also occurred in 
Cikepuh Wildlife Reserve in Sukabumi, West Java, an 
important habitat for Green turtle. Deforestation in Cikepuh 
Wildlife Reserve occurred at the beginning of 1999. Illegal 
logging has changed the forest into plantation area 
(Polosakan 2010; Ministry of Environment 
2015).Understanding bird stratification may support 
conservation management of protected areas. Research on 
bird stratification is required to support conservation area 
management (Acharya and Vijaryan 2017). Understanding 
habitat and the relationship of the birds provides insights 
on habitat use, which ultimately aids the conservation of 
species. Because of this importance, this research was 
conducted to see the effect of vertical stratification on bird 
communities in Cikepuh Wildlife Reserve, specifically to 
determine (i) the differences in bird abundance and 
diversity among strata of vegetation (ii) the differences 
between bird communities in forest and plantation areas 
and the types of feeding guilds among strata of vegetation. 
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MATERIALS AND METHODS 

Study area  
The research was conducted in Cikepuh Wildlife 

Reserve, Sukabumi, West Java, Indonesia in March 2016 
(Figure 1). Cikepuh Wildlife Reserve has suffered from 
continuous deforestation which occurred at the beginning 
of 1999 that changed the forest into plantation area 
(Polosakan 2010; Ministry of Environment 2015). The 
general topographic condition of the area is heterogeneous, 
from flat to hilly and steep slopes. The average annual 
rainfall was 3400 mm (Polosakan 2010) and the climate 
was categorized as climate B in Oldeman classification,  

meaning that the area has 7-9 of consecutive rainy months. 
The area consists of secondary forest composed of Indian 
rosewood (Dalbergia latifolia), fig tree (Ficus variegata), 
burflower-tree (Neolamarckia cadamba) and teak 
plantation. The area is surrounded by coconut plantation, 
paddy fields, and villages. The study was carried out at 
both the forest and the coconut plantation (Figure 2). We 
set up 3 transects in the secondary forest area, while 3 other 
transects were located in the plantation area. The length of 
each transect was approximately 1.2 km with 6 count 
points on each transect. The distance between each transect 
was 500 m, while the distance between the points was 200 
m (Figure 3) (Bibby et al. 2000). 

 
 
 
 
 
 

 
 
Figure 1. Map of Cikepuh Wildlife Reserve, West Java, Indonesia. A. Coconut and teak plantation, B. Secondary forest 
 
 
 
 

 
 
Figure 2. Survey location in Cikepuh Wildlife Reserve, West Java, Indonesia. A. Coconut plantation, B. Teak plantation, C. Secondary 
forest 
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The procedures 
Point count method was used to survey the bird 

abundance and diversity. This method was performed by 
standing at a point for 10 minutes and recording the birds 
around the point including species, number of individuals, 
and height of birds (Bibby et al. 2000). Bird detection was 
done by audio or visually. Whenever needed, bird calls 
were recorded and Xeno-canto website (http://www.xeno-
canto.org/) was used to identify the bird calls. The bird 
observation started at 6 a.m and ended at 10 a.m, and at 
least 3 times replications were carried out in each point.  

Data analyses 
The diversity of birds in each location and stratification 

was calculated using Shannon-Wiener (H') diversity index 
(Bibi & Ali. 2013). Simpsons dominance index (D) was 
calculated to see the dominance of bird community at each 
stratum (Singh et al. 2013). The Margalef Index was used 
to identify species richness in different strata of vegetation 
(Margalef 1958). Bird abundance at each location and 
strata was also analyzed visually using rank abundance 
curve (Figure 4). This analysis changes the number of 
individuals (pi) of each species to log 10 (pi) (Magurran 
2004). 
 

 
 
Figure 3. Illustration of point count method in Cikepuh Wildlife 
Reserve, West Java, Indonesia 

 
 

 
Figure 4. Graph model of rank abundance curve 

Shannon Wiener Diversity  
 
H’ = - Σ pi ln pi 
 
pi = ni / N 
 
with, 
H’ = value of Shannon-Wiener diversity index 
pi = proportion of species i 
ni = number of individual species i 
N = number of species in community 

Simpsons Dominance Index  
 
D = Σ  
 
With, 
D = value of Simpsons Dominance Index 
ni = number of individual species i 
N = number of species in community 

Margalef Index  
 
R = ( S-1)/(ln N) 
 
With,  
R = value of Margalef Index 
S = number of species  
N = number of individual 
 
 

RESULTS AND DISCUSSION 

During the study, 1386 bird individuals were 
recorded, belonging to 27 families and 61 species. The 
number of species encountered in the forest was 51, while 
in the plantation area was 44. The bird with the highest 
abundance in both forest and plantation was Sooty-headed 
Bulbul (Pycnonotus aurigaster). In term of vegetation 
strata, the layer with the highest diversity and species 
richness was the middle canopy. Middle canopy is a layer 
of forest with various vegetations which support animal use 
of this layer (Table 1) (Pearson 1971; Parker and Brown 
2000; Khakim et al. 2015). 

The lowest species diversity and richness were found at 
the ground layer. Only 2 species were found at the ground 
layer of the forest which were terrestrial birds, namely 
Banded Pitta (Pitta guajana) and Red Junglefowl (Gallus 
gallus), whereas Banded Pitta (Pitta guajana) and Javan 
Munia (Lonchura leucogastroides) were found at the 
ground layer of the plantation. The low diversity in the 
lower and uppermost stratification is influenced by the 
availability of food and environmental conditions. The 
ground layer in Cikepuh was quite dry which might be a 
further limiting factor for birds (Polosakan 2010). 
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Table 1. Species richness and diversity based on vegetation strata in Cikepuh Wildlife Reserve, West Java, Indonesia 
 

Layer Number of Species SRI (Margalef) SDI (Shannon-Wiener) 
Forest Plantation Forest Plantation Forest Plantation 

Ground layer 2 2 0.4 0.4 0.4 0.7 
Understorey layer 15 18 3.3 3.4 2.4 1.9 
Middle canopy 36 27 6.1 4.3 2.6 2.3 
Upper canopy 23 23 4.6 4.6 2.6 2.5 
Emergent layer 4 4 0.7 0.6 0.8 0.5 
Total 51 44 7.8 6.4 3.1 2.8 
 
 
 
 

The uppermost stratum or emergent layer in Cikepuh 
area was not available because the trees were small, which 
gave less support for the bird community. The presence of 
secondary forest trees such as Macaranga sp., Mallotus sp. 
and several species of the family Moraceae were an 
indicator that forest destruction had occurred in Cikepuh 
reserve area (Polosakan 2010, Slik et al. 2003). Tall trees in 
this forest were very rare and the bird species that could be 
found in this layer were generally Cave Swiflet (Collocalia 
linchi) and Crested Serpent Eagle (Spilornis cheela).  

The patterns of community stratification for forest and 
plantation areas are of the log normal type (Figure 5). 
Although both have the same type, there are still 
differences in gradient and curve length. Forested areas 
have gentler sloping and longer graphs than plantation 
areas. The gradient of the graph describes the species 
evenness, while the length of the graph describes the 
species richness. Forest areas with gentler and longer 
graphs mean that species evenness in the forest was higher 
and there was no significant dominant species (Chmel et al. 
2016).  

The curves of rank abundance in forest understorey, 
middle canopy and upper canopy, decline quite slowly and 
equally (Figure 6 left). It explains that forest area had 
higher species evenness. The presence of rare species in 
forest was also smaller than in plantation area. The curves 
of rank abundance in plantation understorey, middle 
canopy and upper canopy have steeper slope and sharply 
decline (Figure 6 right). From points 3 until 9 in plantation 
area there are significant differences in the decline of the 
curve. It means that the evenness was smaller than in forest 
area because there were more dominant species in 
plantation. The curves of ground layer and emergent cannot 
be explained clearly because the level of species encounter 
was smaller. 

The species that dominated the forest ground layer was 
Banded Pitta (Pitta guajana) (Table 2). This species can be 
found in primary or secondary forest areas especially near 
the water stream with forest floor covered by leaf litter 
(Rheindt and Eaton 2010). The plantation ground layer was 
dominated by Javan Munia (Lonchura leucogastroides). 
This species is one of the seed-eater birds, so the paddy 
field near coconut plantation was the main food source for 
Javan Munia. The forest understorey was dominated by 
Lesser Coucal (Centropus bengalensis) and Horsfield's 
Babbler (Malacocincal sepiarium), while the plantatation 
understorey was dominated by Lesser Coucal (Centropus  

 
 
Figure 5. Rank of abundance plots of bird community in Cikepuh 
Wildlife Reserve, West Java, Indonesia 
 
 
 

  

 
 
Figure 6. Rank of abundance plots of bird community on forest 
(above) and plantation (bottom) in Cikepuh Wildlife Reserve, 
West Java, Indonesia 
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Table 2. Dominant species in each layer of Cikepuh Wildlife Reserve, West Java, Indonesia 
 

Secondary forest Plantation 
Layer Species Df (%) Layer Species Df (%) 
Ground layer Pitta guajana 87.5 Ground layer Lonchura leucogastroides 61.5 

Gallus gallus 12.5 Pitta gujana 38.5 
Understorey Centropus bengalensis 19.4 Understorey Lonchura punctulata 51.3 

Malacocincla sepiarium 14.9 Centropus bengalensis 10.7 
Middle canopy Pycnonotus aurigaster 30.1 Middle canopy Pycnonotus aurigaster 39.3 

Dicaeum trochileum 16.2 Nectarinia jugularis 9.1 
Upper canopy Pycnonotus aurigaster 30.3 Upper canopy Pycnonotus aurigaster 25.2 

Pycnonotus goiavier 9.8 Streptopelia chinensis 12.6 
Emergent Collocalia linchi 74.3 Emergent Collocalia linchi 84.6 

Hemiprocne longipenis 17.9 Acridotheres javanicus 5.7 
 
 
 
 
 

 
 
Figure 7. Species richness based on feeding guilds on each layer 
of Cikepuh Wildlife Reserve, West Java, Indonesia 
 
 
 
bengalensis) and Spotted Munia (Lonchura punctulata). 
Horsfield Babbler (Malacocincla sepiarium) was not found 
in the plantation because the plantation understorey had 
lower diversity than the forest understorey. Cave Swiflet 
(Collocalia linchi) dominated the emergent layer. This 
species belongs to the Apodidae family which has very 
small feet, so it rarely perches except when it is in its nest. 
The emergent layer becomes the most suitable layer due to 
the abundance of insects as a food source and the lack of 
branches that can disrupt the movement of this species 
(Wisnubudi 2009; Manchi and Sankaran 2010). 

Sooty-headed Bulbul (Pycnonotus aurigaster) was the 
dominant species at the middle canopy and upper canopy 
(Table 2). Although according to IUCN (2016) data, Sooty-
headed Bulbul population decreased, in some areas it is still 
dominant. IUCN considers an overall population estimate 
for countries or worldwide, but the abundance of local 
habitats can support a large number of this spcies, as shown 
in this study; it even had the highest values among all 
species. This dominance is probably due to Sooty-headed 
Bulbul’s preference for open secondary forest areas rather 
than closed forest areas (Van Balen et al. 1986). In 
addition, this research was conducted during the fruiting 

season so that Sooty-headed Bulbul as one of frugivore 
species was more easily observed. 

Based on the data obtained, each stratum had a group of 
birds pertaining to different feeding guilds (Figure 7). 
Feeding guilds represent a group of species that utilize a 
common trophic resource (O’Connell et al. 2000). Among 
the recorded species, 3 species were nectarivores, 5 species 
carnivores, 21 species frugivores and 34 species 
insectivores. Insectivores and frugivores were the most 
common guild in the Cikepuh Wildlife Reserve. Both 
guilds were more concentrated in the understorey and 
canopy. The canopy layer was the densest stratum. The 
presence of insects in the foliage and fruit on the branches 
of trees influences the number of frugivore and insectivore 
bird’s activity in the canopy. In addition, at the time of the 
study many trees were in fruiting time so that the frugivore 
birds were more easily observed. This is in accordance with 
the results of Chmel et al. research (2016) which stated that 
insectivores and frugivore were abundant in the thick 
vegetation strata. 

In conclusion, forest area of Cikepuh Wildlife Reserve 
had a higher species richness (51 species) than the 
plantation area (44 species). Each layer of vegetation also 
had different bird species composition. The stratum with 
the highest abundance was found in the middle canopy, 
presumably because this layer provides various resources 
required by various species. Emergent and ground layers 
had the lowest abundance because the Cikepuh Wildlife 
Reserve had experienced deforestation and forest fires that 
reduced the abundance of of tall trees and short plants. The 
guild types of insectivore and frugivore dominated the 
understorey and canopy. This is likely because of the 
abundant insects and fruit in that layer. 
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Abstract. Yuzammi. 2018. The diversity of aroids (Araceae) in Bogor Botanic Gardens, Indonesia: Collection, conservation and 
utilization. Biodiversitas 19: 140-152. Bogor Botanic Gardens is an ex-situ conservation centre, covering an area of 87 ha, with 12,376 
plant specimens, collected from Indonesia and other tropical countries throughout the world. One of the richest collections in the 
Gardens comprises members of the aroid family (Araceae). The aroids are planted in several garden beds as well as in the nursery. They 
have been collected from the time of the Dutch era until now. These collections were obtained from botanical explorations throughout 
the forests of Indonesia and through seed exchange with botanic gardens around the world. Several of the Bogor aroid collections 
represent ‘living types’, such as Scindapsus splendidus Alderw., Scindapsus mamilliferus Alderw. and Epipremnum falcifolium Engl. 
These have survived in the garden from the time of their collection up until the present day. There are many aroid collections in the 
Gardens that have potentialities not widely recognised. The aim of this study is to reveal the diversity of aroids species in the Bogor 
Botanic Gardens, their scientific value, their conservation status, and their potential as ornamental plants, medicinal plants and food. The 
methods of the research include direct observation in the garden and nursery collections, analysis of the Gardens’ long-term registration 
database, as well as herbarium studies in both the Herbarium Bogoriense and the Gardens’own herbarium. A total of 130 species of 
aroids belonging to 36 genera have been cultivated in the Bogor Botanic Gardens. It is estimated that the gardens has 29% of the total 
number of genera in the world (21 genera are native to Indonesia). The aroid collection consists of terrestrial plants, aquatic plants and 
climbing plants (61 species, 12 species and 57 species, respectively). Amorphophallus paeoniifolius has developed further as a food 
plant. Genera such as Aglaonema, Alocasia, Apoballis, Rhaphidophora and Scindapsus have long been used as ornamental plants. 
Futhermore, some Homalomena species can be extracted for essential oils, while Epipremnum pinnatum has application in the treatment 
of cancer. Descriptions of some endemic, rare and high value species are discussed in this paper.  

Keywords: Araceae, Bogor Botanic Gardens, ex-situ conservation, living type, utilization 

INTRODUCTION 

Bogor Botanic Gardens is an ex-situ conservation 
facility, covering an area of 87 ha located in the heart of 
Bogor City, West Java, Indonesia. The Gardens was 
initially named ‘s Lands Plantentuin te Buitenzorg and was 
planned as a centre for acclimatization of economic plants. 
Today, in the year of her 200th anniversary, the role of the 
Bogor Botanic Gardens has evolved to fulfill its mission 
through five principal functions: conservation, research, 
education, tourism, and environmental services. The 
decline in the quality of our natural environment, the 
phenomenon of climate change, and the degradation of our 
rainforests have focussed attention on the Gardens’ 
ultimate goal, that is the goal of conserving the flora of 
Indonesian for the long-term. 

As a centre for ex-situ conservation, the Gardens has 
collected many plant species from rainforests 
representative of all parts of the Indonesian archipelago. 
The Gardens has also cultivated various species from 
overseas through a seed exchange programme with other 
botanic gardens wordwide. Apart from these external 
collections, there exist native plants in the Gardens, that 
date from vegetation preceding the official foundation of 
the Gardens, that are accepted as part of the Gardens’ 

collection, and that are regarded as a spontaneous 
collection. The Gardens’ collections consist of 214 
families; 3,201 species; and over 12,376 specimens 
(registration database of Bogor Botanic Gardens). One of 
these collections is the family Araceae—the aroids. 
Members of this family have been cultivated in the 
Gardens since the beginnings of the Dutch era, but the 
aroid collection has been judiciously added to, and 
continues to be so, right up to the present day.  

The Araceae is one of the largest monocot families. The 
members of the family are dispersed world-wide, notably 
in the tropics, with particular concentrations in tropical 
America, mainland Southeast Asia, and the Malesian 
region (Malaysia, Indonesia, Singapore, Brunei, the 
Philippines, Timor Leste and Papua New Guinea) (Mayo et 
al. 1997, Boyce 2015). According to Boyce (2015) and 
Boyce and Wong (2015), the Malesian Region contains the 
largest proportion of the world’s Araceae, with an 
estimated 42 established genera and about 12,000 validly 
named species. It is believed that the number of valid 
species may expand as research reveals new species. 
Indonesia has the largest number of Araceae genera among 
the Malesian countries. 

The occurence of some endemic and rare Araceae 
species, such as Amorphophallus titanum (Becc.) Becc. ex 
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Archang, emphasises the value of the Gardens in terms of 
its conservation function. The collections have high 
scientific value because many new species have been 
erected on the basis of the Gardens’ collections. Those 
particular collections are called ‘living types’, and some are 
still alive in the Gardens, such as Scindapsus splendidus 
Alderw. The potential of the Araceae collection for 
conservation and economic purposes has not yet been fully 
explored. Therefore, this study aims to make known the 
diversity of the aroids species in the Bogor Botanical 
Gardens collected from the colonial era up to the present 
day; aims to reveal its scientific value; aims to conserve its 
rare endemic members; and aims to list the species with 
particular potential for ornamental horticulture, for 
medicinal uses, and for food production. 

MATERIALS AND METHODS 

All of the materials used in this study were based on the 
cultivated plants growing in the Center for Plant 
Conservation Botanic Gardens, Indonesian Institute of 
Sciences (LIPI), Bogor City, West Java, Indonesia or 
popularly known as Bogor Botanic Gardens. The method 
of the study was based on direct observation of all the 
Gardens’ aroid collections, both in the field and in the 
nursery (cultivated in the glass house and in the screen 
house). Plant materials obtained from forests first have to 
be acclimatized in the nursery, by growing them out until 

they produce inflorescences adequate for identification 
purposes.  

The inflorescence is an important character in the 
identification of aroid species.There are two important 
parts of the infloresecence; they are the spadix and the 
spathe. The real, numerous, tiny flowers are attached to the 
spadix. Details of this can be seen in Figure 1. 

To ensure the validity of species names, herbarium 
studies were needed. The herbarium studies were 
conducted at the Herbairum Bogoriense and at the 
Gardens’own herbarium. Others supporting data were 
obtained from the registration database of the Bogor 
Botanic Gardens that records the Gardens’ plant listings 
over the years. 

RESULTS AND DISCUSSION 

The aroids collections at the Bogor Botanic Gardens 
As a centre of plant conservation, the Bogor Botanic 

Gardensis the ultimate stronghold for preserving the 
richness of Indonesian biodiversity. The Gardens’ 
collection consists of about 12,376 specimens and 3,201 
species in total (based on the registration database in 
August 2017), excluding specimens in the nursery. The 
estimated number of species actually exceeds this, because 
many specimens are still held in the nursery. In general, the 
Gardens’ collections are from throughout the Indonesian 
lowland forests, as well as from overseas via seed exchange 
among botanic gardens word-wide. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

A B 
 
Figure 1. Inflorescence. A. Bisexual flowers : a. spadix, b. spathe, c. hermaphrodite flowers, d. stipe, e. peduncle; B. Unisexual flowers: 
a. spadix, b. spathe, c. limb, d. lower spathe, e. constriction, f. appendix, g. male zone, h. sterile zone, i. female zone, j. stipe, k. peduncle 
(illustration by Lesley Elkan) 
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The Araceae is one of the richest families in the 
Gardens. The members of this family are spread in several 
beds of the Gardens and also in the nursery. Based on 
observation, there are 36 genera (29% of the total genera 
word-wide), of which 21 genera are native to Indonesia 
(58.3% of the total number of genera in Indonesia). 
Currently, the Araceae in the Gardens is estimated to 
comprise about 130 validly named species (3.7% of the 
world’s aroid species and about 13.9% of the total number 
of Indonesian species) (see Table 1 and Figure 3). As 
mentioned above, the number of genera of Araceae in the 
Gardens is slightly over half the number of genera in 
Indonesia. The Gardens still needs to collect about 15 
genera in order to complete a collection of all native genera 
known to exist in the archipelago. To fulfill this purpose, 
therefore, continuing flora exploration of the Indonesian 
forests is necessary. 

In general, the habitats of the Araceae can be divided 
into three categories: terrestrial, climbing, and aquatic (here 
used in broad sense). The Bogor Botanic Gardens houses 
genera from all three habitats of the family; seven genera 
for the aquatic habitat, of which four genera are native to 
Indonesia, with 12 species in total; 17 genera for the 
terrestrial, of which 11 genera are native to Indonesia, with 
61 species in total; and 12 genera of climbers, of which six 
genera are native to Indonesia, with 57 species in total 
(Figure 2 and Table 2). These numbers, both for genera and 
species native to Indonesia, are inadequate for such a large 
and old botanic garden. An increase in the number of 
genera and species could be achieved by collection efforts 
in the Indonesian forests with more focus on endemic and 
rare species of Araceae especially for conservation 
puposes. As can be seen in Figure 2, the Gardens needs to 
acquire nine more of the aquatic genera, namely Aridarum, 
Bakoa, Becephalandra, Cryptocoryne, Furtadoa, 
Hottarum, Ooia, Piptospatha dan Podolasia. On the other 
hand, for the terrestrial habitat, only three more genera 
(Arisaema, Remusatia dan Typhonium) are required to 
complete a representative collection, and for the climbers 
only three more genera (Pedicellarum, Phymatarum and 
Pothoidium) are required (Yuzammi et al. 2017). 

Conservation and scientific value of the collection 
The Bogor Botanic Gardens was established by C.G.C 

Reinwardt on 18 May 1817, with the purpose of 
accomodating all the living collections of the time that had 
been collected from the forests, notably from Java. Several 
collections were introduced from overseas such as from 
Africa and Latin America. One of these collections was the 
oil palm (Elaeis guineensis). During the Dutch Era, 
research had focussed on development of the Gardens 
collections to meet economic needs (Sukarya and Witono 
2017).  

Since the time of its foundation, many botanists from 
around the world have visited the Gardens to conduct 
research or to carry out flora explorations in the Indonesia 
forests; for example Carl Ludwig Blume, Johannes Elias 
Teijsmann, Justus Karl Hasskarl, Cornelis Rugier Willem 
Karel van Alderwerelt van Rosenburgh (known as 
Alderwerlt), Heinrich Gustav Adolf Engler and Cornelis 

Andries Backer (van Steenis-Kruseman 1950). Many new 
species have been published based on the Gardens’ 
collections such as Amorphophallus decus-silvae Backer & 
Alderw. and Lasia concinna Alderw. These collections 
were called ‘living types’; later on, these were not used 
directly for determining the species but usually the ‘type 
specimens’ were made from the same plant material. The 
type specimens are used as the reference for determining 
species names. 

 
 

 
Table 1. The number of genera and species of Araceae in the 
world, Indonesia, and the Bogor Botanic Gardens, Indonesia 
 
Region  Genera Species 
World 125 3525 
Indonesia 36 669* 
Bogor Botanic Gardens 36 129 
Note: *Estimated number (the calculation is still in progress) 
 
 
 
 

 
Figure 2. Number of Araceae genera in three habitat categories, 
for Indonesia as a whole and for the collection held in the Bogor 
Botanic Gardens (BBG)     
    
 
 
 

 
 
Figure 3. Number of Araceae genera in the world; in Indonesia; 
and in the Bogor Botanic Gardens (BBG) indigenous (native) and 
non-Indonesian collections 
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Table 2. The number of genera and species of the Araceae family cultivated in the Bogor Botanic Gardens (BBG), together with the 
source locations for the collections 
 

Genera Habitat Number of 
species (world) 

Number of 
species (BBG) Source locations of the collections  

Aglaonema Terrestrial 22 6 Sumatra, Java, Kalimantan, Sulawesi, Maluku, S.E. Asia 
Alocasia Terrestrial 100 8 Sumatra, Java, Kalimantan, Sulawesi, Tropical Asia 
Aglaodorum Aquatic 1 1 Tropical Asia 
Amorphophallus Terrestrial 220 11 Sumatra, Java, Kalimantan, Sulawesi, Maluku, LSI, Papua, 

Germany 
Amydrium Climber 5 3 Kalimantan, Sulawesi, Papua 
Anadendrum Climber 40 1 Sumatra, Kalimantan, Papua 
Anchomanes Aquatic 6 1 Tropical Africa 
Anthurium Climber 950 10 Costa Rica, Australia, Peru, Tropical America, Brazil, 

Germany 
Anubias Aquatic 8 1 Tropical Africa 
Apoballis Terrestrial 12 4 Sumatra 
Cercestis Climber 10 1 Congo (Tropical Africa) 
Colocasia Terrestrial 19 1 Sumatra, Java 
Culcasia Terrestrial 28 1 The Netherlands 
Cyrtosperma Aquatic 13 5 Sumatra, Papua, Solomon Island 
Dieffenbachia Terrestrial 68 6 Costa Rica, Colombia, Belgia, USA, Singapore, The 

Netherlands, Brazil 
Dracontium Terrestrial 24 2 Nicaragua, South America, England 
Epipremnum Climber 15 5 Sumatra, Java, Kalimantan, Sulawesi, Maluku, Malaysia 
Gonatopus Terrestrial 5 1 Tropical Africa 
Holochlamys Terrestrial 1 1 Papua 
Homalomena Terrestrial 98 8 Sumatra, Java, Kalimantan, Sulawesi, Maluku, Papua, 

Peninsula Malaysia 
Lasia Aquatic 2 1 Java, Kalimantan, Papua 
Leucocasia Terrestrial 1 1 Sumatra, Java 
Monstera Climber 48 3 Mexico, Polandia, Tropical America 
Montrichardia Aquatic 2 1 Brazil 
Philodendron Climber 482 13 Colombia, England, Brazil, Italy, The Philippines, India, 

Costa Rica, Mexico, Polandia, Venezuela 
Pistia Aquatic 1 1 Circum tropical 
Pothos Climber 70 3 Sumatra, Java, Kalimantan 
Rhaphidophora Climber 104 8 Sumatra, Java, Kalimantan, Sulawesi, Maluku, Papua, 

India, England 
Rhodospatha Climber 28 1 Peru 
Sauromatum Terrestrial 9 1 Sumatra 
Schismatoglottis Terrestrial 119 4 Sumatra, Java, Kalimantan, Sulawesi, Maluku, Papua 
Scindapsus Climber 35 7 Sumatra, Java, Kalimantan, Sulawesi 
Spathiphyllum Terrestrial 49 2 Sumatra, Java, Sulawesi, Maluku 
Syngonium Climber 34 3 Mexico 
Xanthosoma Terrestrial 140 3 Brazil, Panama, Colombia, Tropical America, Guatemala, 

Puerto Rica, Cuba, Suriname, West Africa 
Zamioculcas Terrestrial 2 1 Tropical Africa 
   130  
Sources: (Mayo et al. 1997; Sari et al. 2010; The Plant List 2013; Boyce and Wong 2015; Boyce and Croat 2016; Yuzammi et al. 2017; 
and direct observation in the field) 

 
 
 
 
Cornelis Rugier Willem Karel van Alderwerelt van 

Rosenburgh (Alderwerelt.) and Heinrich Gustav Adolf 
Engler were two important botanists who published many 
new Araceae species based on the Gardens’ collections. 
Alderwerlt primary interest was in fern but he also 
described many new species in the Araceae. He almost 
never collected material from the field, describing most of 
his species from material at the Bogor Botanic Gardens 
(van Steenis-Kruseman 1950). Lasia concinna Alderw., 
Schismatoglottis wahaiana Alderw., Scindapsus 

mamilliferus Alderw. and Scindapsus splendidus Alderw. 
are among the species erected from the Gardens’s 
collections. On the other hand, Engler mostly working 
based on living collections at the Botanischer Garden 
Berlin Dahlem as well as on herbarium specimens which 
were sent to him by many botanists from around the world. 
He travelled to Bogor, arriving in December 1905 and 
staying until February 1906. He undertook field trips in 
Java, visiting Mount Gede, Mount Papandayan, Kawah 
Manuk (West Java) and Mount Tengger, Tosari (East Java) 
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(van Steenis-Kruseman, 1950). Many new species have 
been published by Engler based on the Gardens’collections 
for example, Epipremnum falcifolium Engl., Homalomena 
gigantea Engl. (Synonym for Homalomena pendula 
(Blume) Bakh.f.), Schismatoglottis treubii Engl. (Synonym 
of Apoballis rupestris (Zoll. & Moritzi ex Zoll.) S.Y.Wong 
& P.C.Boyce) and Scindapsus treubii Engl. (Hay et al. 
1995). Unfortunately, recent observation in the 
Gardens’collections found that one of remaining ‘living 
types’, Scindapsus treubii Engl., (and other Aroids) was no 
longer survived. It is presumed that prolonged drought 
during 2016 – 2017 the death of caused this valuable 
species. So, only three of these species — Epipremnum 
falcifolium Engl., Scindapsus mamilliferus Alderw. and 
Scindapsus splendidus Alderw. (Figure 4) — have survived 
until the present day (Yuzammi and Rivai 2015).  

Those survivors are all climber, while none of the 
terrestrial aroids survived (Table 3). In addition to the 
environmental changes around the Gardens, termites also 
caused lossing the Gardens’collections. In general, most of 
member of the aroids can not endure much longer in 
drought or exposure sunlight directly, notably terrestrial 
aroids, such as Aglaonema, Alocasia, Homalomena and 
Schismatoglottis.  

Several species of the Araceae are threathened in their 
habitat, therefore conservation efforts are urgently needed, 
particularly for endangered and endemic species — some 
species of Amorphophallus for example. Yuzammi et al. 
(2014) reported that A. discophorus Backer & Alderw., a 
locally endemic and rare species in East Java, is presumed 
extinct in the wild. Unfortunately, the Gardens expeditions 
have failed to refind and collect it. Two endemic and rare 
species of Amorphophallus, A. gigas Teijsm.& Binn.and A. 
titanum (Becc.) Becc. ex Arcang, are now cultivated in the 
Gardens. Another rare, endemic rare species is A. asper 
(Engl.) Engl. & Gehrm., which has recently been collected 
from the wild. These last three species are only found in 
Sumatra. 

The occurrence of aroids is often interconnected with 
particular animals, for example bats, birds and mammals. 
These are known as frugivores and as seed dispersers. 
According to Vieira and Izar (1999) aroids are important 
food sources for arboreal and semi-arboreal mammals in 
the Brazilian Atlantic rainforest and may play important 
roles in seed dispersal. Hetterscheid and Ittenbach (1996), 
Yuzammi et al (2017) mentioned that Bulbuls and hornbills 
are known as the distributors of Amorphophallus seeds. 
Other aroid species, such as Alocasia spp., play important 
ecological roles in filling forest gaps.  

Utilization and future potential 
Many species of the Araceae have the potential to be 

developed as ornamental plants, due to their remarkable 
diversity leaf shapes, as well as the attractive color of the 
leaves and/or inflorescences in some species. Additionally, 
some species have application as medicinal plants, food 
sources, forages, or for extraction of essential oils. A list of 
the potential uses of members of the Araceae collection in 
the Gardens is provided below, in Table 4.  

As ornamental plants 
Members of the genus Aglaonema are well-known as 

ornamental plants due to their attractive and colorful leaf 
blades. Many of the members can cross-breed producing 
new hybrids, some of which have high economic value. 
Several genera such as Alocasia, Aglaodorum, 
Cyrtosperma and Spathiphyllum are well known 
commercially. Many aroids in the collection of Bogor 
Botanic Gardens have not had much public exposure, yet 
they actually have high potential to be developed as 
ornamentals; these include Amydrium humile, Apoballis 
acuminatissima, Cyrtosperma beccarianum, 
Rhaphidophora angustata and Pothos roxburghii (see 
Table 4).  

As sources of food 
Almost all members of the Araceae family contain 

oxalate crystals which can cause irritation and itching. 
However, these irritating substances can be removed from 
aroid tubers after extensive treatment; by slicing them 
under running water, soaking in saline water, or burying 
them in charcoal husks (Yuzammi et al. 2017). Taro 
(Colocasia esculenta) is one species in the Araceae that has 
long been used as a food source. In addition, Sugiyama and 
Santosa (2008) reported that the tubers of several species of 
Amorphophallus have been used for various purposes in 
several countries world-wide. One of these species is A. 
paeoniifolius, well-known locally in Indonesia as ‘suweg’, 
the tuber of which is used by some people as a functional 
food (Isnaini and Yuzammi 2013, Yuzammi et al. 2014). 
Utami (2008) found that the Glycemic Index (GI) value for 
the tuber of this species is 36, which means that it is 
suitable for diabetics in preventing high blood sugar levels. 

As medicinal plants 
The utilization of Araceae for medicinal purposes has 

long been known, notably in China. In Chinese traditional 
medicine, the rhizome of Homalomena aromatica is often 
used to relieve lower back pain and numbness of the knee 
(IMC 2003). On the other hand, Xin et al. (2014) reported 
that the rhizome of H. occulta can be applied to cure 
stomach aches and arthritis, and also as an anti-
inflammatory agent and as a tonic. Koller (2008) stated that 
both the rhizome and the leaf of Alocasia macrorrhizos can 
be used to treat cancer, tumors and snake bites. 
Futhermore, Saswati et al. (2013) revealed that material 
from several species of the Araceae family can inhibit the 
activity of certain pathogenic bacteria. The species 
are:Anchomanes difformis, which inhibits the activity of 
Klebsiella pneumoniae and Staphylococcus aureus 
bacteria; Epipremnum aureum, which inhibits the activity 
of the bacteria Escherichia coli, Bacillus subtilis, B. cereus 
and Micrococcus luteus; Dieffenbachia picta, which 
inhibits the activity of Salmonella typhi and Pseudomonas 
aeruginosa; and Colocasia esculenta, which inhibits the 
activity of Vibrio cholerae and V. harveyi. 
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Figure 4. Three of ‘living types’ plant collections have survived in the Bogor Botanic Gardens. A. Epipremnum falcifolium Engl.; B. 
Scindapsus mamiliferus Alderw.; C. Scindapsus splendidus Alderw.  
 
 
 
 
 
Table 3. List of new species have been published based on the Gardens’ collections (called as ‘living types’)  
 

Name of ‘Living Type’ Plants Protologue Bed no in BBG Notes 

    
Aglaonema robustum Alderw. 
[Synonym of Aglaonema commutatum Schott] 

Bull. Jard. Bot. Buitenzorg III, 
4: 328 (1922) 

XI.B.IX. 147 Death in 2015  

Aglaonema elongatum Alderw. 
[Synonym of Aglaonema simplex Blume] 

Bull. Jard. Bot. Buitenzorg III, 
4: 324 (1922) 

XI.B.IX. 61 Death in 1928 

Aglaonema grande Alderw. 
[Synonym of Aglaonema simplex Blume] 

Bull. Jard. Bot. Buitenzorg III, 
4: 325 (1922) 

XI.B.IX. 62 Death in 1955 

Alocasia crassifolia Engl. [Synonym of Alocasia 
alba Schott] 

Pflanzenr. 71 (IV.23E): 82 
(1920) 

XI.B.VII. 123 Death record not available 

Alocasia crassinervia Engl. [Synonym of 
Alocasia puber (Hassk.) Schott] 

Pflanzenr. 71 (IV.23E): 82 
(1920) 

XI.B.VII.55 Death in 1949 

Alocasia inornata Hallier f. Meded. Rijks-Herb. Leiden 26: 
7 (1915) 

XI.B.VII. 120 Death record not available 

Alocasia nobilis Hallier f. [Synonym of Alocasia 
inornata Hallier f.] 

Meded. Rijks-Herb. Leiden 26: 
6 (1915) 

XI.B.VII. 9 Death record not available 

Amorphophallus brooksii Alderw. [Synonym of 
Amorphophallus gigas Teijsm. & Binn.] 

Bull. Jard. Bot. Buitenzorg III, 
1: 368 (1920) 

XI.B.VII. 74 Death in 1920 

Amorphophallus decus-silvae Backer & Alderw. Bull. Jard. Bot. Buitenzorg III, 
1: 369 (1920) 

XIX.K. 45 Death in 1954 

Anadendrum malaianum Backer & Alderw. 
[Synonim of Anadendrum microstachyum (de 
Vriese & Miq.) Backer & Alderw.] 

Bull. Jard. Bot. Buitenzorg III, 
1: 369 (1920) 

XII.B.IV. 6 Death record not available 

Epipremnum ceramense var. flavispathum 
Alderw. [Synonym of Epipremnum ceramense 
(Engl. & K.Krause) Alderw. 

Bull. Jard. Bot. Buitenzorg III, 
1: 376 (1920) 

Z. 34 Death in 1940 

Epipremnum falcifolium Engl. Bot. Jahrb. Syst. 25: 11 (1898) Y.2 & 2a Survived, up to now 
Epipremnum mirabile f. multisectum Engl. 
[Synonym of Epipremnum pinnatum (L.) Schott.] 

Bot. Jahrb. Syst. 25: 12 (1898) Z. 141 Death record not available 

Homalomena gigantea Engl. [Synonym of 
Homalomena pendula (Blume) Bakh f.] 

Pflanzenr.55 (IV.23Da): 62 
(1912) 

XI.B.X. 103 Death in 2015 

A B C 
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Homalomena polyandra Alderw. [Synonym of 
Homalomena punctulata Engl.] 

Bull. Jard. Bot. Buitenzorg III, 
4: 178 (1922) 

XI.B.IX. 134 Death in 2001 

Homalomena rubrovaginata var. subpurpurea 
Alderw. [Synonym of Homelomena humilis var. 
major (Hassk.) Furtado 

Bull. Jard. Bot. Buitenzorg III, 
4: 332 (1922) 

XI.B.X. 3 Death in 1950 

Lasia concinna Alderw. Bull. Jard. Bot. Buitenzorg III, 
1:379 (1920) 

II.Q.D. 5 Death in 2016 

Rhaphidophora foraminifera (Engl.) Engl. 
[Synonym of Epipremnum foraminiferum Engl.] 

Pflanzenr. 37 (IV.23B): 45 
(1908) 

XI.B.X. 100 Death in 1920 

Rhaphidophora octovulata Alderw. [Unresolved 
name] 

Bull. Jard. Bot. Buitenzorg III, 
4: 195 (1922) 

IX.B.IX. 51 Death in 1969 

Rhaphidophora peeploides Engl. Bot. Jahrb. Syst. 25: 7 (1898) Z. 61 Death in 1984 
Rhaphidophora pilosula Alderw. [Synonym of 
Rhaphidophora puberula Engl.] 

Bull. Jard. Bot. Buitenzorg III, 
1: 386 (1920) 

Z. 112 Death in 1948 

Schismatoglottis acutangula Engl. [Synonym of 
Schismatoglottis calyptrata (Roxb.) Zoll. & 
Moritzi 

Pflanzenr. 55 (IV.23Da): 110 
(1912) 

XI.B.X. 147 Death in 1950 

Schismatoglottis bifasciata Engl. Pflanzenr. 55 (IV.23Da): 107 
(1912) 

XI.B.X. 61  Death in 1930 

Schismatoglottis calyptratoides Alderw. 
[Synonym of Schismatoglottis calyptrata (Roxb.) 
Zoll. & Moritzi 

Bull. Jard. Bot. Buitenzorg III, 
4: 213 (1922) 

XI.B.X. 165  Death in 1925 

Schismatoglottis concinna var. nitida Hallier f. ex 
Engl. 

Pflanzenr. 55 (IV.23Da): 97 
(1912) 

XI.B.X. 48 Death in 1920 

Schismatoglottis eximia Engl. Pflanzenr. 55 (IV.23Da): 101 
(1912) 

XI.B.X. 65 Death in 1949 

Schismatoglottis glauca Engl. Pflanzenr. 55 (IV.23Da): 106 
(1912) 

XI.B.X. Death record not available 

Schismatoglottis hastifolia Hallier f. ex. Engl. 
[Synonym of Apoballis hastifolia (Hallier f. ex 
Engl.) S.Y. Wong & P.C. Boyce] 

Pflanzenr. 55 (IV.23Da): 116 
(1912) 

XI.B.X. 56 Death in 1920 

Schismatoglottis irrorata Engl. [Synonym of 
Schismatoglottis motleyana (Schott) Engl.] 

Pflanzenr. 55 (IV.23Da): 109 
(1912) 

XI.B.X. Death record not available 

Schismatoglottis latevaginata Engl. Pflanzenr. 55 (IV.23Da): 106 
(1912) 

XI.B.X. 25 Death in 1960 

Schismatoglottis latifolia var. rubescens Engl. 
[Synonym of Apoballis rupestris (Zoll. & Moritzi 
ex Zoll.) S.Y. Wong & P.C. Boyce 

Pflanzenr. 55 (IV.23Da): 118 
(1912) 

XI.B.X. 51 Death in 1920 

Schismatoglottis longicuspis Engl. [Synonym of 
Schismatoglottis wallichii Hook. f.] 

Pflanzenr. 55 (IV.23Da): 100 
(1912) 

XI.B.X. Death record not available 

Schismatoglottis opaca Engl. [Synonym of 
Schismatoglottis tecturata (Engl.) Schott] 

Pflanzenr. 55 (IV.23Da): 86 
(1912) 

XI.B.X. 120 Death in 1927 

Schismatoglottis puberulipes Alderw. Bull. Jard. Bot. Buitenzorg III, 
4:200 (1922) 

XI.B.X. 118 Death in 1996 

Schismatoglottis rotundifolia Engl. [Synonym of 
Apoballis mutata (Scort ex. Hook f.) S.Y. Wong 
& P.C. Boyce 

Pflanzenr. 55 (IV.23Da): 122 
(1912) 

XI.B.X. Death record not available 

Schismatoglottis rubrocincta Engl. [Synonym of 
Apoballis acuminatissima (Schott) S.Y. Wong & 
P.C. Boyce 

Pflanzenr. 55 (IV.23Da): 106 
(1912) 

XI.B.X. Death record not available 

Schismatoglottis ruttenii Alderw. [Synonym of 
Schismatoglottis calyptrata (Roxb.) Zoll. & 
Moritzi 

Bull. Jard. Bot. Buitenzorg III, 
4:211 (1922) 

XI.B.X. 69 Death in 1990 

Schismatoglottis treubii Engl. [Synonym of 
Apoballis rupestris (Zoll. & Moritzi ex Zoll.) S.Y. 
Wong & P.C. Boyce] 

Pflanzenr. 55 (IV.23Da): 119 
(1912) 

XI.B.X. Death record not available 

Schismatoglottis wahaiana Alderw. Bull. Jard. Bot. Buitenzorg III, 
4:209 (1922) 

XI.B.X. 10 Death record not available 

Scindapsus mamiliferus Alderw. Bull. Jard. Bot. Buitenzorg III, 
1: 387 (1920) 

Z. 58 Survived, up to now 

Scindapsus splendidus Alderw. Bull. Jard. Bot. Buitenzorg III, 
4: 226 (1922) 

Z. 54 Survived, up to now 

Scindapsus treubii Engl. Bot. Jahrb. Syst. 25: 13 (1898) Y. 10 Death in 2017 
    
Sources: Hay et al. 1995, The Plant List 2013, Registration database of the Bogor Botanic Gardens (BBG) and and direct observation in 
the field 
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As aromatic plants 
Many members of the genus Homalomena release a 

refreshing pleasant smell when the rhizomes or petioles are 
crushed. Dfferent species of the genus produce different 
aromas; for example, H. cordata has a smell similar to 
carrot, whereas H. pendula smells likes mango. Moreover, 
essential oils can be extracted from the rhizomes of 
Homalomena aromatica and can be used as a component in 
oriental perfumes (Chomchalow 2002, IMC 2003, 
Goswami et al. 2016). Additionally, Policegoudra et al. 
(2012) reported that the H. aromatica rhizomes yielded 2% 
of essential oil in which 62.5% of major constituent was 
linalool.  

Further research is needed into such essential oils, 
particularly for Indonesian species. 

Description of selected species 
Short descriptions of selected species are presented 

below (Figure 5). The selection criteria are based on those 
species that are native to Indonesia and that are 
representative of the potential mentioned above. 

Aglaonema pictum (Roxb.) Kunth. 
Description. Terrestrial herb, c. 50 cm high; petiole 

shorter than lamina, 4-8 cm long; leaf blade lanceolate, tip 
acuminate, entire or crenate, slightly dull, dark green with 
irregular, blackish-green blotches with silver pattern 
adaxially, 20 cm long; midrib very conspicuous abaxially, 
sunken adaxially. 

Habitat. Found in secondary forest, air humidity 25-
45%, on sandy clay, at elevation up to 1000 m 

Distribution. Endemic to Sumatra and Nias island 
(Nicolson 1969) 

Notes. Having colorful blade, like an army uniform, 
therefore members of this species have potential to be 
developed as ornamental plants. This species can also be 
used as a parent for hybridization purposes.  

Alocasia suhirmaniana Yuzammi & A.Hay 
Description. Terrestrial herb, 50-65 cm high; leaves 1-3 

together; petiole yellowish-green, densely longitudinally 
and obliquely mottled purple-brown, minutely and densely 
puberulous; leaf blade broadly ovate-sagittate, c. 55 cm 
long, peltate, pendent, thinly leathery, margin slightly 
undulate, glossy dark green above with pale green major 
venation, dark purple beneath 

Habitat. Found in lowland secondary forest, in shady 
places, often on limestone.  

Distribution. Endemic to Southeast Sulawesi  
Notes. Alocasia suhirmaniana has high potential as an 

ornamental leaf plant, owing to the beautiful color and 
form of its leaves. Yuzammi and Hay (1998) and Hay 
(1998) stated that the species is distinguished from the 
Longiloba group by having puberulent petioles and a 
blackish-purple spathe.  

Amorphophallus paeoniifolius (Dennst.) Nicolson 
(Yuzammi et al. 2017) 

Description. Terrestrial herb; tuber depressed globose, 
dark brown with rootscars prominent, c. 30 cm in diam.; 

petiole c. 2 m long, surface somewhat corrugate to strongly 
echinate-verrucate, pale to dark green or blackish green 
with large and small pale bloches and numerous tiny dark 
dots; leaf blade c. 3 m in diam., highly dissected; 
inflorescence with short peduncle; spathe campanulate; 
limb spreading strongly undulate. 

Habitat. Found in secondary forest, teak forest, grave 
yards, at disturbed places, on shady to fully exposed area, 
at elevations up to 800 m.  

Distribution. Madagascar, eastward through India to 
Malesia, Thailand, Indochina, southern China, Polynesia 
and northern Australia. 

Notes. There are two kinds of landrace, knowing as 
‘walur’ and ‘suweg’ by the Javanese people. The first one 
has a rough to very rough petiole and the latter has a 
somewhat smooth to slightly rough petiole. Only ‘suweg’ 
is edible as a food source, after significant processing 
treatment. 

Amydrium humile Schott 
Description. Occasionally a climbing plant, often 

forming sprawling ground colonies; stem brownish, c. 2 cm 
in diam., forming internodes from which the leaves 
emerge; leaves scattered; petiole rounded, green, somewhat 
swollen at based and c. ⅓-½ of the upper part, the color of 
the swollen part somewhat different to the whole petiole, 
yellowish green; leaf blade cordate, sometimes with 
posterior lobes overlapping, leathery; the inflorescence 
emerges from internodes of branches. 

Habitat. Found in secondary forest, at slightly shady 
and moist sites, sometimes found on thick litter over rocks, 
on sandy-clay soil type, c. 90% air humidity, at an 
elevation of 1,260 m; Dzu and Boyce (1999) mentioned 
that this species occurs at an elevation up to 1,800 m.. 

Distribution. Sumatra and Peninsular Malaysia. 
Notes. Amydrium humile is the only member of the 

genus that forms sprawling colonies and does not flower on 
climbing shoots (Dzu and Boyce 1999).  

Apoballis acuminatissima (Schott) S.Y.Wong & P.C.Boyce 
Description. Terestrial herb, c. 30 cm high; petiole red 

to reddish-purple, glabrous; leaf blade oblong-lanceolate 
with slight basal lobes, c. 15 cm long, pale green, plain or 
with sliver bloches adaxially, bright red abaxially. 

Habitat. Found on well drained soils, on hills, often 
growing on sandy clay, at elevations of 400-1.500 m. 

Distribution. Endemic to Sumatra 
Notes. The genus Apoballis is differentiated from 

Schismatoglottis in having a deciduous wing sheath to the 
petiole. Also, the sterile zone separating the staminate and 
pistillate flower zones is inflated and with only a few 
scattered staminodes. Moreover, the spathe limb hardly 
opens and remains attached until late in infructescence 
development (Wong and Boyce 2010). This species has 
high potential as an ornamental, owing to the beautiful 
coloration of its leaf blade in many clones; it is suitable 
both as an indoor and outdoor plant.  
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Table 4. The potential of species of Araceae cultivated in the Bogor Botanic Gardens for use as ornamentals and in aquascapes, as food 
sources, as vegetables, as animal feedstock, as medicines, and as aromatic plants 
 

Genera Species  
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Aglaonema commutatum Schott •    
costatum N.E.Br. •    
marantifolium Blume •    
nitidum (Jack) Kunth •    
pictum (Roxb.) Kunth • •   
simplex (Blume) Blume •    

Alocasia alba Schott •    
 longiloba Miq. •    
 macrorrhizos (L.) G.Don • • • • 
 portei Schott •    
 reginae N.E.Br. •    
 ridleyi A.Hay •    
 sarawakensis M.Hotta •    
 suhirmaniana Yuzammi & A.Hay •    
Aglaodorum griffithii (Schott) Schott    •
Amorphophallus asper (Engl.) Engl. & Gehrm. •    
 beccarii Engl. •    
 borneensis (Engl.) Engl. & Gehrm. •    
 decus-silvae Backer & Alderw. •    
 gigas Teisjm.& Binn. •    
 hirsitus Teisjm.& Binn. •    
 muelleri Blume • •    
 paeoniifolius (Dennst.) Nicolson •  • • 
 pendulus Bogner & Mayo  •    
 titanum (Becc.) Becc. ex Archang •    
 variabilis Blume •    
Amydrium humile Schott •    
 medium (Zoll. & Moritzi) Nicolson •    
 zippelianum (Schott) Nicolson •    
Anadendrum microstachyum (de Vriese & Miq.) Backer & Alderw. •    
Anchomanes difformis (Blume) Engl. •    
Anthurium cordatum (L.) Schott •    
 crassinervium (Jacq.) Schott •    
 digitatum (Jacq.) Schott •    
 geitnerium A.Regel •    
 obtusilobum Schott •    
 palmatum (L.) Schott • •   
 pedato-radiatumSchott •    
 pedatum (Kunth) Endl. ex Kunth •    
 pentaphyllum (Aubl.) G.Don •    
Anubias barteri var.glabra N.E.Br.    •
Apoballis acuminatissima (Schott) S.Y. Wong & P.C. Boyce •    
 hastifolia (Hallier f. ex Engl.) S.Y. Wong & P.C. Boyce •    
 mutata (Scort. ex Hook.f.) S.Y. Wong & P.C. Boyce •    
 rupestris (Zoll. & Moritzi ex Zoll.) S.Y. Wong & P.C. Boyce •    
Cercestis mirabilis (N.E.Br.) Bogner •    
Colocasia esculenta (L.) Schott • •  • 
Culcasia mannii (Hook.f.) Engl. •    
Cyrtosperma beccarianum A.Hay    •
 cuspidispathum Alderw.    •
 johnstonii (N.E.Br.) N.E.Br.    •
 macrotum Becc. ex Engl.    •
 merkusii (Hassk.) Schott    •
Dieffenbachia amoena Bull. •    
 bowmannii Carrière •    
 fournieri N.E.Br. •    
 seguine (Jacq.) Schott •    
 splendensW.Bull •    
 memoria-corsii Fenzi. •    
Dracontium gigas (Seem.) Engl. •    
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 polyphyllum L. • •   
Epipremnum aureum (Linden & André) G.S. Bunting •    
 falcifolium Engl. •    
 giganteum (Roxb.) Schott •    
 nobile (Schott) Engl. •    
 pinnatum (L.) Engl. • •   
Gonatopus boivinii (Decne.) Engl.    
Holochlamys beccarii (Engl.) Engl. •    •
Homalomena caerulescens Jungh. ex Schott •   •
 cordata Schott    •
 gigantea Engl. •    •
 humilis (Jack) Hook.f. •    
 lindenii (Rodigas) Ridl. •    
 megaphylla M.Hotta    •
 pendula (Blume) Bakh.f. • •   •
 punctulata Engl. •    
Lasia spinosa (L.) Thwaites •   •
Leucocasia gigantea (Blume) Schott • •    
Monstera adansonii var. laniata (Schott) Madison •    
 deliciosa Liebm. • • •   
 obliqua Miq. •    
Montrichardia arborescens (L.) Schott •   •
Philodendron bipinnatifidum Schott ex Endl. • •   
 crassinervium Lindl. •    
 erubescens K.Koch.& Agustin •    
 gloriosum André •    
 hederaceum (Jacq.) Schott •    
 imbe Schott exKunth • •   
 melanochrysumLinden & André •    
 ornatum Schott •    
 panduriforme (Kunth) Kunth •    
 pedatum (Hook.) Kunth •    
 sagittifolium Liebm. •    
 squamiferum Poepp. •    
 tripartitum (Jacq.) Schott • •   
Pistia stratiotes L. •   •
Pothos junghuhnii Schott •    
 roxburghii de Vriese •    
 scandens L. •    
Rhaphidophora angustata Schott •    
 conica Engl. •    
 conocephala Alderw. •    
 foraminifera (Engl.) Engl. •    
 korthalsii Schott •    
 montana (Blume) Schott •    
 schlecteri K.Krause •    
 sylvestris Blume) Engl. •    
Rhodospatha latifolia Poepp. •    
Sauromatum horsfieldii Miq. •    
Schismatoglottis calyptrata (Roxb.) Zoll. & Moritzi •    
 lancifolia Hallier f. & Engl. •    
 pumila Hallier f. ex Engl. •    
 trivittata Hallier •    
Scindapsus cuscuaria (Aubl.) C.Presl. •    
 hederaceus Miq. • •   
 mamilliferus Alderw. •    
 pictus Hassk. •    
 roseus Alderw. •    
 splendidus Alderw. •    
 treubii Engl. •    
Spathiphyllum commutatum Schott •    
 cannifolium (Dryand. ex Sims) Schott •    
Syngonium auritum (L.) Schott •    
 podophyllum Schott •    
 schottianum H. Wendl. ex Schott •    
Xanthosoma helleborifolium (Jacq.) Schott •    
 robustum Schott •    
 sagittifolium (L.) Schott • •   
Zamioculcas zamiifolia (Lodd.) Engl. •    
Sources: Johnson 1999, Koller 2008, Saswati et al. 2013, and direct observation in the field 
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Figure 5. A. Aglaonema pictum (Roxb.) Kunth; B. Alocasia suhirmaniana Yuzammi & A.Hay; C. Amorphophallus paeoniifolius 
(Dennst.) Nicolson; D. Amydrium humile Schott; E. Inflorescence of Amydrium humile Schott; F. Apoballis acuminatissima (Schott) 
S.Y.Wong & P.C.Boyce; G. Cyrtosperma beccarianum A.Hay; H. Epipremnum pinnatum (L.) Engl.; I. Rhaphidophora angustata 
Schott; J. Rhaphidophora foraminifera (Engl.) Engl.: K. Schismatoglottis calyptrata (Roxb.) Zoll. & Moritzi 

 
 
 
 
 

Cyrtosperma beccarianum A.Hay (Hay 1998) 
Description. Helophytes of semi-shady sites, up to 150 

cm high; leaves 3-7; petiole sparsely armed to un-armed, 
rarely rather densely spiny, green, variously blotched and 
marble green, brown and pink; leaf blade with the anterior 
pointed down and posterior lobes up, posterior lobes 3-4 
times longer than anterior, yellowish green adaxially, pale 
green abaxially.  

Habitat. This species is found close to streams, in wet 
places or in swamp forest (Hay 1988). 

Distribution. Endemic to Papua  
Notes. Having a unique leaf-form, therefore the species 

has high potential as an ornamental plant.  

Epipremnum pinnatum (L.) Engl. (Boyce 1998) 
Description. Climber plant, climbing tree up to 15 m; 

pre-adult plants form ground colonies, adult plant climbing; 
stem smooth with internodes separated by variously 
prominent leaf scars, green, older stem sub-woody, pale 
brown papery epidermis; petiole glabrous, dark green, 
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canaliculate, 20-60 cm long with basal and apical 
geniculum; leaf blade 60-93 cm long, regularly pinnatifid, 
ovate to oblong-elliptic in outline, dark green adaxially, 
paler abaxially; pinna up to 6.5 cm wide with truncate to 
acute apex, pellucid dots occur especially adjacent to the 
midrib in leaves just beginning to exhibit pinnae, each 
pinna with 1 primary lateral vein with many interprimary 
veins. 

Habitat. Found in primary and secondary forest, on 
open areas in lowland monsoon forest and rainforest, as 
weeds on rubber plantation, sometimes growing on rocks 
and on the seashore, on various media including granite, 
andesite and limestone, at elevations 1-1,600 m.  

Distribution. Bangladesh, Andaman Islands, Myanmar, 
Thailand, Vietnam, Laos, China, Hongkong, Taiwan, 
Japan, Malaysia, Singapore, Indonesia, Philippines, 
Solomon Islands, Vanuatu, New Caledonia, New Guinea, 
Australia, Marshall Islands, Belau Islands, Fiji, Tonga, 
Cook Islands, Western Samoa  

Notes. Widespread species. It is well known as ‘daun 
ekor naga’ or dragon tail leaf and it can inhibit the growth 
of cancer cells (Yuzammi 2008). 

Rhaphidophora angustata Schott (Boyce 2000) 
Description. Climber plant, up to 20 m; stem smooth, 

bright green; leaves weakly spiralled on an adherent and 
flagelliform shoot, few to many-leaved fans; petiole deeply 
canaliculate with prominent petiolar sheath, apical most 
geniculate; leaf blade entire, falcate-lanceolate to falcate-
oblong,oblique,15-61 cm long; midrib prominent abaxially, 
slightly sunken adaxially; primary venation pinnate, 
slightly raised abaxially, somewhat impressed adaxially. 

Habitat. Found in primary and secondary lowland 
forest, in humid locations, along rivers, climbing on trees, 
sometimes on rock, at elevations of 125-1,500 m.  

Distribution. Sumatra and Peninsular Malaysia 
Notes. Rhaphidophora angustata is highly 

characteristic by its high-climbing stems with scattered 
large fan-like clusters of brilliant pale green leaf blades, 
and has for potential as an ornamental leaf plant. 

Rhaphidophora foraminifera (Engl.) Engl. (Boyce 2001) 
Description. Climber plant, climbing up to 15 m; pre-

adult plants form extensive terrestrial colonies; stem 
smooth, mid green; petiole canaliculate, 22-52 cm long, 
apical geniculum pubescent, prominent; petiolar sheath 
prominent; leaf blade ovate to oblong-lanceolate, slightly 
oblique, entire to slightly or extensively round to rhombic 
perforated on each side of the midrib, yellowish pubescent 
abaxially when young, 7-53 cm long. 

Habitat. Found climbing on trees in secondary forest, 
sometimes climbing on trees in thickets near the main road 
to South Sumatra, up to 800 m elvation (according to 
Boyce 2001, from 10-700 m).  

Distribution. Sumatra, Peninsular Malaysia, 
Kalimantan, Sabah, Sarawak, Brunei Darussalam 

Notes. Having unique perforations along the leaf blade, 
this species is a beautiful ornamental leaf plant.  

Schismatoglottis calyptrata (Roxb.) Zoll. & Moritzi (Hay 
& Yuzammi 2000) 

Description. Terrestrial herb, often forming colonies or 
clumps, c. 60 cm high; petiole smooth, greenish, c. 50 cm 
long, petiole sheath fully attached, persistent; leaf blade 
oblong-lanceolate with the base cordate, with posterior 
lobes rounded, blade usually dull midgreen, dull green, 
sometimes variegated with 1-2 bands or irregularly spotted 
grey-green to yellowish green adaxially, c. 35 cm long; 
Inflorescence 1-8 together, lower spathe narrowly ovoid, 
green; limb differentiated from lower spathe by an abrupt 
constriction, creamy to pale greenish-yellow, caducous 
immediately after female anthesis. 

Habitat. Found in lowland forest and lower montane 
forest, often along forest margins, on both wet and well-
drained soils, from sea level up to 1,700 m elevation. 

Distribution. China to Indo-China, toward east Vanuatu 
and all Malesian regions except they most seasonally 
monsoonal. 

Notes. Widespread species. This species has variation 
in leaf blade color so that at least some clones has potential 
to be developed as an ornamental plant. This species is 
suitable for growing as an ornamental leaf plant as well as 
a border plant in the garden.  

In conclusion, Bogor Botanic Gardens, Indonesia’s 
premier ex-situ plant conservation facility, has a high 
diversity of aroids (Araceae) in its collection. This 
collection has been cultivated from Dutch times up to the 
present day. Some species that still survive, are living 
types; among them Scindapsus splendidus and 
Epipremnum falcifolium. The aroid collection consists of 
130 species in 36 genera, of which 21 genera are native to 
Indonesia. The conservation efforts have been carried out 
particularly for endangered and endemic species, such as 
Amorphophallus titanum, A. gigas, A. asper and Apoballis 
acumatissima. Some species such as Alocasia spp. have 
important ecological value due to their ability to fill forest 
gaps. The occurence of aroids is often interconnected with 
certain animals, for example bats and birds. Those are 
recognised to be frugivorous and are dispersers of seeds. In 
addition, almost all members of the aroid family have high 
potential as ornamental plants. Some species are edible 
such as Amorphophallus paeoniifolius and Colocasia 
esculenta. Others have potential as medicine plants, 
notably Epipremnum pinnatum, while some species of 
Homalomena are known for their aromatic essential oils. 
On the other hand, there are many potentially useful aroids 
in Bogor Botanic Gardens that have not received much 
public attention; in particular, species with a climbing 
habit. Further research is recommended. Flora exploration 
throughout the forests of Indonesia must continue, in order 
to assemble for conservation purposes a complete 
representation of the archipelago’s genera of Araceae 
within the Bogor Botanic Gardens. 

ACKNOWLEDGEMENTS 

I gratefully acknowledge to all those researchers and 
support staff of Bogor Botanic Gardens who over the years 



 B IODIVERSITAS 19 (1): 140-152, January 2018 

 

152

have carefully collected representative specimens of 
Araceae from the forests of the Indonesian archipelago. 
Gratitude is also due to staff of the plant registration unit 
who record the data for the Araceae collection and to the 
plant propagation staff who take care of the Araceae 
collection in the Gardens and in its shade-house nursery 
facility. I would also like to express my thanks to Dr. 
Graham Eagleton (Australia) for his generous reading of 
the manuscript and for English corrections. 

REFERENCES 

Boyce PC, Croat TB. 2011-onwards. The Überlist of Araceae, totals for 
published and estimated number of species in aroid genera. 
http://aroid.org/ genera/160330uberlist.pdf 

Boyce PC, Wong SY. 2015. Compendium genera Aracearum 
Malesianum. Aroideana 38: 40-117. 

Boyce PC. 1998. The genus Epipremnum Schot (Araceae-Monsteroideae-
Monstereae) in West and Central Malesia. Blumea 43: 183-213. 

Boyce PC. 2000. The genus Rhaphidophora Hassk. (Araceae-
Monsteroideae-Monstereae) in the southern and western Indonesian 
archipelago. Gard Bull Sing 52: 101-183. 

Boyce PC. 2001. The genus Rhaphidophora Hassk. (Araceae-
Monsteroideae-Monstereae) in Borneo. Gard Bull Sing 53: 19-74. 

Boyce PC. 2015. Why is ‘Flora Malesiana’Araceae not currently a 
practicable undertaking - Fenestratarum as an example. Aroideana 
38E (1): 75-83. 

Chomchalow N. 2002. Production of Aromatic Plants in Asia - An 
Overview. www.journal.au.edu/au_techno/jul2002/article8.pdf. 
accessed 08 Des 2017. 

Dzu NV, Boyce PC. 1999.The genus Amydrium (Araceae: Monsteroideae: 
Monstereae) with particular reference to Thailand and Indochina. 
Kew Bull 54: 379-393.  

Goswami AK, Banu ZW, Hemanta Kr Sharma HKr. 2016. Cns effects of 
homalomena aromatica based on Linalool content: a review. Current 
Trends in Pharmaceutical Research 3(2): 20-38. 

Hay A, Bogner J, Boyce PC, Hetterscheid WLA, Jacobsen N, Murata J. 
1995. Checklist and botanical bibliography of the Aroids of Malesia, 
Australia, and the tropical western Pacific. Blumea Supplement 8. 
Hortus Botanicus, Leiden University, The Netherlands 

Hay A, Yuzammi. 2000. Schismatoglottideae (Araceae) in Malesia. 
Telopea 9 (1): 1-178. 

Hay A. 1988. Cyrtosperma (Araceae) and its old world allies. Blumea 33: 
427-469. 

Hay A. 1998. The genus Alocasia (Araceae-Colocasieae) in West Malesia 
and Sulawesi. Gard Bull Sing 50: 221-334. 

IMC. 2003. Homalomena aromatica. http:/imc.net.vn/ingredients-
en/homalomena-aromatica/?lang=en. 

Isnaini Y, Yuzammi. 2013. Potensi pengembangan suweg 
(Amorphophallus paeoniifolius (Dennst.) Nicolson) sebagai bahan 
pangan. Warta Kebun Raya 12 (1): 8-14. 

Johnson T. 1999. CRC Ethnobotany Desk Reference. CRC Press, 
Washington, D.C. 

Koller E. 2008. Javanese Medicinal Plants Used in Rural Communites. 
[Thesis]. Durchgeführt am Department für 
Pharmakognosie.Universität Wien. 

Mayo SJ, Bogner J, Boyce PC. 1997. The genera of Araceae. The 
Trustees, Royal Botanic Gardens, Kew.  

Nicolson DH. 1969. A revision of the genus Agalonema (Araceae). 
Smithsonian Institution Press, Washington. 

Policegoudra RS, Goswami S, Aradhya SM, Chatterjee S, Datta S, 
Sivaswamy R, Chattopadhyay P, Singh L. 2012. Short 
communication: Bioactive constituents of Homalomena aromatica 
essential oil and its antifungal activity against dermatophytes and 
yeasts. Journal de Mycologie Médicale 22: 83-87.  

Roy Saswati, Dutta CM, Paul SB. 2013. Antibacterial activity of Araceae: 
An overview. Intl J Res Ayurveda Pharm 4 (1):15-17. 

Sari R, Ruspandi, Ariati SR. 2010. An alphabetical list of plant species 
cultivated in the Bogor Botanic Gardens. Indonesian Institute of 
Science (LIPI), Center for Plant Conservation-Bogor Botanic 
Gardens, Bogor. 

Sugiyama N, Santosa E. 2008. Edible Amorphophallus inIndonesia - 
potential crops in agroforestry. Gadjah Mada Press. Yogyakarta.  

Sukarya DG, Witono JR (eds). 2017. Kebun Raya Bogor: dua abad 
menyemai tumbuhan bumi di Indonesia. PT Sukarya & Sukarya 
Pandetama, Bogor. 

The Plant List. 2013. Version 1.1. Published on the Internet; 
http://www.theplantlist.org/ (accessed 1st January 2017). 

Utami AR. 2008. Kajian indeks glikemik dan kapasitas in vitro pengikat 
kolesterol dari umbi suweg (Amorphophallus canpanulatus Bl.) dan 
umbi garut (Maranta arundinaceae L.). [Skripsi]. Departemen Ilmu 
dan Teknologi Pangan, Fakultas Teknologi Pertanian. Institut 
Pertanian Bogor, Bogor. 

van Steenis CGGJ-Kruseman MJ. 1950. Malaysian plant collectors and 
collections. Flora Malesiana I, vol.1. Noordhoff-Kolff N.V., Jakarta. 

Vieira EM, Izar P. 1999. Interactions between aroids and arboreal 
mammals in the Brazilian Atlantic rainforest. Plant Ecology 145 (1): 
75-82. http://www.jstor.org/stable/20050841, accessed 12 September 
2017. 

Wong SY, Boyce PC. 2010. Studies on Schidmatoglottideae (Araceae) of 
Borneo IX: A new genus, Hestia, and resurrection of Apoballis. Bot 
Stud 51: 249-255. 

Xin CL, Chun QB, Qi ZL, Zhi LL. 2014. Evaluation of nematicidal 
activity of the essential oil of Homalomena occulta (Lour.) Schott 
rhizome and its major constituents against Meloidogyne incognita 
(Kofoid and White) Chitwood. J Entomol Zool Stud 2 (4): 182-186. 

Yuzammi, Hay A. 1998. Alocasia suhirmaniana (Araceae-Colocasieae) A 
spectacular new aroid from Sulawesi, Indonesia. Telopea 7 (4): 303-
306. 

Yuzammi, Isnaini Y, Handayani T. 2014. Pengembangan dan 
pemanfaatan suweg berbasis kearifan lokal dalam upaya mendukung 
ketahanan pangan nasional. Prosiding Widyakarya Nasional Pangan 
dan Gizi X: Presentasi dan Poster. Penerbit Biro Kerjasama dan 
Pemasyarakatan Ilmu Pengetahuan dan Teknologi, LIPI. Jakarta. 
[Indonesian] 

Yuzammi, Kurniawan A, Asih NPS, Erlinawati I, Hetterscheid W. 2017. 
The Amorphophallus of Indonesia. Center for Plant Conservation 
Botanics Gardens, LIPI. Bogor. 

Yuzammi, Rivai RR. 2015. Scindapsus splendidus Alderw.:‘Living Type’ 
yang tersisa koleksi Kebun Raya Bogor. Warta Kebun Raya 13 (2): 3-
8. [Indonesian] 

Yuzammi, Witono JR, Hetterscheid WLA. 2014. Conservation status of 
Amorphophallus discophorus Backer & Alderw. (Araceae) in Java, 
Indonesia. Reinwardtia 14 (1): 27-33. 

Yuzammi. 2008. Keladi kanker (Epipremnum pinnatum (L.) 
Engl.):alternatif mengobati berbagai macam penyakit. Warta Kebun 
Raya 8 (2): 84-88. 

 



BIODIVERSITAS  ISSN: 1412-033X 
Volume 19, Number 1, January 2018 E-ISSN: 2085-4722  
Pages: 153-162 DOI: 10.13057/biodiv/d190122 

Nest existences and population of Pangolin (Manis javanica Desmarest, 
1822) at the designated area of Cisokan Hydropower, West Java, 

Indonesia 

SUSANTI WITHANINGSIH1,2,♥, FATHIMAH NOORAHYA1, ERRI N. MEGANTARA1,2, PARIKESIT1,2, 
TEGUH HUSODO1,2 

1 Program of Biology, Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Padjadjaran. Jl. Raya Bandung- Sumedang Km 
21, Jatinangor, Sumedang 45363, West Java, Indonesia. Tel. +62-22-7796412 ext. 104. Fax. +62-22-7794545, ♥email: susanti.withaningsih@unpad.ac.id 

2 Institute of Ecology (PPSDAL), Universitas Padjadjaran. Jl. Sekeloa Selatan I, Bandung 40213, West Java, Indonesia  

Manuscript received: 5 November 2017. Revision accepted: 20 December 2017.  

Abstract. Withaningsih S, Noorahya F, Megantara EN, Parikesit, Husodo T. 2018. Nest existences and population of Pangolin (Manis 
javanica Desmarest, 1822) at the designated area of Cisokan Hydropower, West Java, Indonesia. Biodiversitas 19: 153-162. Pangolin 
(Manis javanica) is one of the unique mammals found in Indonesia, which is categoryzed as protected species. However, the scientific 
information regarding with the population and distribution of this species is still low. Therefore, the study aimed to estimate the total 
population, distribution, and potential threat to Pangolin in the designated area of Cisokan Hydropower, West Java. Study was 
conducted using three methods; direct observation (survey) of animal signs (nest, footprint, tail print, claw marks, and feed left over), 
camera traps placement, and semi-structure interviews. The result shows that the active and abandoned (inactive) nests were found 
within the study site, and could be classified as tree nest, rock nest, and ground nest. The total population of Pangolin in Cisokan 
hydropower project site was estimated around 6-20 individuals. This population was distributed in five different areas; first areas were 
Pasir Gagak, Cigintung, Batu Nunggul, and Batu Sahulu; second area was Batu Wulung; third areas were Curug Japarana and Curug 
Walet; fourth areas were Hutan Gowek and Cadas Gantung; fifth area was Pongpok. The potential threats experienced by Pangolin were 
from illegal hunting activity and habitat fragmentation caused by infrastructure development and field clearing for crops plantation. 

Keywords: Distribution, nest, Pangolin, population 

INTRODUCTION 

Pangolin (Manis javanica) is known as one of the 
unique mammals inhabiting in the fragmented and remote 
habitat in some parts of Indonesia. The unique 
characteristic of the Pangolin is its body covered by a 
hardened-scaled made of keratin in most of its body except 
for the belly section (Farida 2010). Pangolin also has a 
specific behavior to roll in its body as a ball on a 
threatening condition, so that it has been named as 
Pangolin, which in Malay means to roll or roll in as a ball 
(Astuti 2012). In Indonesia, Pangolin is classified as a 
protected species referring to the Indonesian Government 
Policy No. 7, 1999 and also included into Convention on 
International in Trade Endangered Species (CITES) 
Appendix II watch list, indicating that Pangolin could only 
be sold internationally through quota system from origin 
countries (IUCN 2017). Despite all of the issued 
regulations, the declining population of Pangolin 
apparently still happens. Therefore, during the 17th 
Conference of the Parties (COP) 2016 all of the Pangolin 
species are included into Appendix I CITES list. The high 
demand and price of Pangolin at international market is one 
of the main factors causing the decreased population of 
Pangolin. In addition, the illegal hunting practices caused 
the wild population of Pangolin decreased more than 50% 
during last 15 years (Adiseno 2008).  

In Indo-China area, Pangolin has become one of the 
main ingredients for Traditional Chinese Medicine (TCM) 
for a hundred years as a part of heritage in the Chinese 
culture (Challender et al. 2014). The population of Manis 
pentadactyla, one of the local Pangolin species in Indo-
China, plummeted significantly leading to the increased 
status of this species becomes an extinct species. Therefore, 
the Pangolin hunting spread to other countries such as 
Indonesia, Malaysia, India, and even in Africa (Wirdateti et 
al. 2013). Indonesia is the main target market of Pangolin 
suppliers to collect Pangolin species by illegal sale practices, 
which was known very high in the world (Sutter 2014).  

One of the Pangolin’s remnant habitats in Java Island is 
around Cisokan Hydropower Project area in the Regency of 
West Bandung, West Java, Indonesia. Many types of 
ecosystems presented in this area, including secondary 
forest, production forest, agroforestry or talun, shrubs, 
areas of burned and damaged fields, paddy field, fishpond, 
local settlement, and yards. The development of electrical 
hydro-power (PLTA) in Cisokan and the human activity in 
the designated area of Cisokan, might disturb Pangolin 
activities and habitats leading to the declined number of its 
population. This study aimed to determine the population 
number of Pangolin and its distribution in the designated 
area of PLTA Cisokan, which could be recommended in 
the further management of adaptive conservation of Manis 
javanica. 
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MATERIALS AND METHODS 

This study was conducted using three methods; direct 
observation (survey) of signs, camera trap placement, and 
semi-structure interviews. Direct observation for signs was 
done to find footprints, tail prints, nests, claw marks, and 
feeding sites. The camera traps were placed at 20 locations 
to estimate the total number of individuals (population) and 
Pangolin distribution (Figure 1). The semi-structure 
interviews were conducted to gather initial information for 
M. javanica’s characteristics, presence, distribution and 
also the potential threats that may occur. 

The estimated number of individual was undertaken on 
the assumption that the individual observed and trapped by 
recorded camera located in the same designated area of 
Pangolin was assumed as the same individual (Jansen et al. 
2014). The determination of individual based on the 
camera trap recording also considered another Pangolin 
characteristics including the body size of the recorded 
Pangolin, time, and its direction of movement. The total 
number of individuals could be acquired from the number 
of active nests with the assumption that each nest was 
inhabited by one up to four Pangolins, because Pangolins 
are a solitary animal, however, during mating and breeding 
season, those nests could be inhabited by more than one 
individuals. The determination of the individual number of 
Pangolin was done by measuring footprints, on the 
assumption that the first and second footprints having the 

same size was found less than 7 km area, it came from the 
same individual.  

27 camera traps were placed at 20 locations; five 
camera traps placed at four different locations successfully 
recorded Pangolin's movement. The location of camera 
traps placement was shown in Figure 1. The distribution 
data was projected in a map, where coordinate points of the 
Pangolin’s signs and observations were interpreted into 
satellite imagery or maps. The distribution maps were 
made using QGIS ver.2.18 Las Palmas software. 

RESULT AND DISCUSSION 

Cues of Pangolin existences 
Pangolin is nocturnal, which the main activity is taking 

place during nighttime while during the daytime is used as 
sleeping or hibernation mode (Medway 1969). The result 
of field tracking using sign survey showed that 45 traces 
consisting of nests, footprints, tail prints, claw marks, and 
feeding site was found in the designated area (Table 1). 
Those cues were mostly found in the designated area 
confirmed by local people during the interview section, 
although not all of them were traced in all of designated 
area. There were also some traces found in another 
location, which has not been informed previously.   

 
 
 
 
 

 
 
Figure 1. Camera trap placement map for observing Pangolin existence located at 27 different places in Cisokan, West Java, Indonesia 
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Table 1. The traces of Pangolin found in the study site of 
Cisokan, West Java, Indonesia 
 

Trace Number 
Nest 36 
Footprints 2 
Tail prints 4 
Claw marks 1 
Feeding site 2 
Total 45 
  

 
Results from the field observation and sign survey 

showed that the trace of Pangolin’s nest was mostly found 
in the study area compared to other traces. This might 
happen because Pangolin is a nomadic animal, which 
tended to change its nest location on a daily basis resulting 
in many leaving nest sites in different places. In addition, 
nest is also the easiest trace to be found because it is more 
preservable compared to other traces such as footprint, tail 
prints, and claw marks, which could be easily erased or 
cleansed by rainfall.  

In this study, the trace of Pangolin’s footprint was only 
found twice (Figure 2). Pangolin's footprints are hard to be 
found because it could only be seen if the ground is wet 
enough, but the footprint will disappear in the open space 
because rain might wipe it off. Of the two footprints found, 
the only visible part of the footprint was three claws from 
Pangolin's rear legs. Pangolin usually lifts both of its front 
legs and rests on the rear legs when it is sniffing around 
(Masy'ud 2011). Furthermore, the posture of the front and 
rear legs differ because the front legs are mostly used for 
digging up the ground or dismantling tree bark when it is 
searching for food. Front legs claws have a long length 
bend inside while walking, therefore only its back part that 
touches the ground (van Strien 1983). Figure 2.A shows the 
footprint of Pangolin, which could only be observed in 
distance of 10 m before it disappeared. However, not all 
footprints were formed in a perfect shape, they were only 
seen as a mark on the ground. Figure 2.B shows a single 
footprint did not form a step mark. The width of both 
footprints from the top left to right was 2.5 cm. This result 

was in line with the sketch of Kanjanavanit (1997) in which 
the footprint in a perfect formation might spread up to 3.2 
cm.  

The tail print of Pangolin marking on the ground came 
from the movement of Pangolin tail and left a mark on 
trees, rock, and leaves during the rub activity (Figure 3). 
There were four tail prints found in this study. Tail prints 
are hard to be found as sign/trace, similar to footprints 
because they disappear easily when the rain comes. 
However according to the informant hunter, tail prints were 
easy to recognize and many traces could be found 
compared to footprints or claw marks. Tail prints might be 
found next to rock where Pangolin was passing through or 
even on grasses or leaves. This was because when Pangolin 
was moving, their tail was lifted based on observation in 
camera recording. Therefore, in most of the time Pangolin's 
tail was rubbing on to soil surface higher than the ground 
where they stepped on.   

The length of Pangolin's tail print might vary, 
depending on the surface, which it was rubbed and the 
direction of movement. Figure 3.A and 3.B show that the 
tail length reached up to 16 and 12 cm. But in Figure 3.C, 
the tail print dispersed on the leaves. The direction of 
Pangolin’s movement could be determined based on its tail 
print, which is located in the same direction as the tail print 
trace and goes to lower ground. The key informant 
mentioned that the tail of Pangolin would rub more 
frequently when they walked down to lower ground, but 
they tended to lift their tail when they are walking up to 
higher ground.  

The sign of a claw mark was only found once during 
this study. This is because the trace of claw mark is hard to 
be found and it was easily erased when rain comes as same 
as tail print and footprint. Moreover, claw marks left by 
Pangolin are somewhat alike with other animal’s claw 
mark like porcupine, and it might be difficult to 
differentiate from one another. If claw marks are found in 
single form, it is highly possible that the claw marks belong 
to Pangolin because this animal is a solitary animal, while 
porcupine's claw marks were commonly found in many 
traces because this mammal is social animal.  

 

 
 

Figure 2. A. and B. Footprint of Pangolin found at two different locations in Cisokan, West Java, Indonesia; C. Footprint sketch 
(Kanjanavanit 1997) 

1,5 cm 2 cm  3,2 cmA B C 
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Figure 3. Tail print of Pangolin found in Cisokan, West Java, Indonesia. A. Tail print on a branch; B. Tail print on a rock; C. Tail print 
on leaves 
 

 
 

 
 
Figure 4. The claw mark of Pangolin found in Cadas Gantung, Cisokan, West Java, Indonesia 
 

 

 
 
Figure 5. Types of Pangolin’s nest found in the study area of Cisokan, West Java, Indonesia: A. Rock nest; B. Ground nest; C. Tree nest 
 
 
 
 
Table 2. Type and number of nests found in the study area of 
Cisokan, West Java, Indonesia 
 

Nest type Number Total Active Inactive 
Tree 0 4 4 (11%) 
Rock 7 11 18 (50%) 
Ground 1 13 14 (39%) 
Total 8 (22%) 28 (78%) 36 
 

In the study area, claw mark was found at the entrance 
of rock nest on the river bank (Figure 4). Based on the claw 
mark, the movement of Pangolin could be trailed. Based on 
this claw mark, it showed that Pangolin had a tendency to 
go to higher grounds, while tail mark was found when the 
Pangolin went to lower grounds. In the area where claw 
marks were found, it seemed that marks have different 
length and connected each other, which showing its direction. 
The claw mark found had average length of 5-15.5 cm.  

3 cm 5 cm  A B 

A B C 

A B C 
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Nest characteristics of Pangolin 
There were three types of nest found in the study area, 

i.e. rock nest, ground nest, and tree nest. Nests sites were 
usually found in different environmental conditions. Figure 
5 illustrates the surrounding condition in nesting sites, 
while types and numbers of active and inactive nests are 
summarized in Table 2.  

Among the three nest types, rock nest was the most 
commonly used, not only by Pangolins, but also by 
Porcupine. According to the informants, some rock nests 
found in the study site were initially used as porcupine’s 
nests, which was then occupied by Pangolin. This is in 
accordance with Wirdateti et al. (2013) who pointed out 
that Pangolin often occupies other animal nest like 
porcupine’s or skunk’s nests. The number of rock nest 
found in the study site suggested that another animal 
species such as porcupine, was also living in rock nests 
besides of Pangolin. Rock nests have the average length of 
16-170 cm, 8-98 cm wide, and 77 cm up to 3 m in depth. In 
the present study, Pangolin made hole and path for rock 
nest by excavating the ground beneath rock, which could 
be seen from only two holes made from the rock cracks.
  

Ground nests were also found in a quite large number 
because Pangolin made a hole, not only for resting hole but 
also for food source. The main foods of Pangolin are ants 
and termites, and these kinds of foods required another hole 
excavation. However, Pangolin has to crack the dead tree 
bark in order to find termites. The ground nest is easier to 
be build because it has a soft texture, so that the energy 
requires to build the ground nest is more efficient by only 
using half strength of Pangolin than that to build another 
nest type (Mustikasari 2017). The ground nest has an 
average of 8-100 cm long, 15-73 cm wide, and 50 cm up to 
3 m deep. In a location where ground nest was found, 
another close holes was also commonly found, which may 
have a function as food holes.  

Tree nests had the average length of 21 cm up to 1 m, 
12-15 cm wide and 1-3 m in depth. Some holes on the tree 
had a large diameter on the entrance and they shrink on the 
inside, which were ended into a small path. Tree nest were 
usually found, both in life and dead trees, such as fallen 
tree trunks. This was in line with Lim and Ng (2008) who 
reported that Pangolin used three nests in one period; two 
of them were nest on a dead tree trunk and one was on 
living tree.   

Based on the utilization time, nest could be separated 
into active and inactive nests. Active nest is a fresh or 
newly used nest by Pangolin, while inactive nest is 
occasionally used and abandoned nest. However, inactive 
nest might be re-used in the future. Active nests located in 
the ground could be identified based on the sign and traces 
found near the nest, like footprint, tail prints, claw marks, 
feeding site, or fresh excavating material. Nest is 
considered as inactive if none of those traces or signs were 
found near the nest. Inactive nest might be identified by the 
presence of spider web covering the nest or leaves covering 
the entrance area of the nest. The example of active ground 
nest found during the data collection was shown in Figure 6 
where a fresh excavating material was found. 

 
 
Figure 6. Active ground nest of Pangolin in Cisokan, West Java, 
Indonesia 
   
 

The number of inactive nests was larger than active 
nests because Pangolin is a nomadic animal that tends to 
change its nest frequently. The nomadic behavior could 
also be found in Pangolin’s habitat at Perkebunan Teh 
Cigombong, South Cianjur, and at Suaka Alam Gunung 
Honje Timur, Pandeglang Banten, where activity traces of 
Pangolin could be seen in specific moving/exploring 
pattern with the pathway route was not in a straight line but 
winding from one place to another, and Pangolin never 
return to the same route again. But after approximately two 
months or so, Pangolin might use the same path route 
although it never return to the old-nest (Heryatin 1983). 
This was supported by Mustikasari (2017) who studied the 
Pangolin activity at the Cagar Alam Bojonglarang Jayanti 
in 2016, which indicated that 81% of Pangolin nests was 
inactive nests (Mustikasari 2017).  

As shown in Table 2, active nests in the study area were 
mostly rock nest. But ground nest was found in large 
number, although not all were resting holes; some were 
feeding hole. As the main foods for Pangolin are ants and 
termites, this animal has to dig a hole in the ground in 
search of foods. Pangolin finds ants and termites by sensing 
the smell from the ground before digging. After finding the 
estimated area, Pangolin digs the ground using its front 
leg's claws until ants or termites come out of their nest 
(Mustikasari 2017). This process left a lot of ground hole 
that makes a lot of inactive nest of Pangolin. According to 
Suratmo (1979), the feeding behavior of Pangolin is related 
to food availability, habitat or environment, season, threats, 
biological condition and feeding manner. Warsono (2002) 
also mentioned that feeding behavior is affected by genetic 
factors, surrounding temperature, available food, and 
habitat.  

The activity and performance of Pangolin 
The camera traps were able to capture some of Pangolin 

activities in several locations. The locations and time of 
camera trap's recordings are shown in Table 3. Based on 
the sign and camera trap recording, it was identified that 
Pangolins were distributed within five areas. The first areas 
were Pasir Gagak located in Block 1 and; Cigintung, Batu 
Sahulu and Batu Nunggul located in Block 2. The second 
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area was Batu Wulung, located in Block 3. The third area 
was Curug Japarana and Curug Walet located located in 
Block 5. The fourth area was Hutan Gowek and Cadas 
Gantung located in Block 5. And the fifth area was 
Pongpok, located in Block 5. The grouping of these areas 
was based on the capability of Pangolin to roam, which is 
around ±4.5-7 km in a single night with total roaming area 
of 6.97-43.3 ha (Heryatin 1982; Lim and Ng 2008). Some 
areas were separated by a big river, i.e. the first and the 
second area. While, the third and fourth areas were 
separated by Cisokan River and; Cilengkok River separated 
the fourth area with the second and third areas. The strong 
current of these two rivers might wash away Pangolin 
when they were trying to cross over. Therefore, areas 
separated by a strong river current were assumed as a 
different roaming area of Pangolin.  

In general, there were seven type and structure of plants 
communities found in the study area. These seven types 
were natural forest, riparian ecosystem, shrubs vegetation, 
production forest, agroforest called talun, huma, and rice 
field. Among these seven types, the trace existence of 
Pangolin were found in natural forest ecosystem, 
production forest, shrubs, and talun. Pangolin lives in more 
than one habitat such primary forest, secondary forest, even 
in plantation area of rubber, palm oil, or even in open 
spaces near human settlements area (Lekagul and McNeely 
1977; Davies and Payne 1982; Nowak 1999). In other areas 
in Indonesia like in Tanggamus and Lampung Barat 
Regencies, Pangolin was found in the production forest and 
secondary forest (Wirdatetiet al. 2013). 

In natural forest where signs were found at Hutan 
Gowek and near Curug Walet, some of the nearby plants 

found were Huru, Ki Hiang, Areuy, Kiara Bunut, Kiara 
Caringin, Kipancar, Kimokla, Ramo Giling, Bangsi. In the 
production forest at Cigintung, which was dominantly 
grown by Teak and Mahogany trees, the traces of Pangolin 
were found. The shrub vegetation usually appeared from 
abandoned huma or other upland agricultural land. There 
were many plant species found near the Pangolin’s signs at 
Pasir Gagak, Batu Sahulu, Batu Wulung, Pongpok, and 
Cadas Gantung such as Kaliandra, Katepos, Kirinyuh, 
Bayondah, Kaso, Saliara, Cau Kole, Mara, Gadung, 
Seuseureuhan, Beunying, Cangkoreh, Taleus, Kibanen, 
Calik Angin, Paku Rane. Some plant species used for nest 
materials were Kiara, Bungur, and Ki Acret.  

There were 12 Pangolin recordings acquired from five 
different camera traps placed in four different locations 
(Table 4). There was one location which two camera traps 
were placed in different facing angle. The total recordings 
acquired were 63 photos and 6 videos.  Results showed 
that the activity of Pangolin based on observation in 
camera traps happened mostly between 20.33 and 03.18 
local time. This is in accordance with the behavior of 
Pangolin as nocturnal animal. Most of collected recordings 
showed that the activity of a single individual, i.e. 
Pangolin’s walking and digging activities. To differentiate 
individual Pangolins, camera traps recording could be used 
because Pangolins do not have any specific characteristic 
from one another. The differences could be observed from 
Pangolin’s body size, recording time, and the direction of 
movement when it was recorded. Figure 7 shows one 
example of a footage captured from camera trap in two 
different locations.  

 
 
 
Table 3. Location and time of camera traps of Pangolins in Cisokan, West Java, Indonesia 
  

Camera code Coordinate (48 m) Place Elevation(m) Placement periode
Installing Collecting

PLN 2 743094.84 m E 9230635.66 m S Cigintung 703 07/02/2017 07/03/2017 
PPSDAL 2 743088.25 m E 9230622.41 m S Cigintung 699 07/02/2017 07/03/2017 
PPSDAL 3 742270.22 m E 9229976.83 m S Pasir Gagak 639 22/02/2017 09/03/2017 
PPSDAL 9 745011.59 m E 9231350.18 m S Batu Nunggul 495 09/03/2017 19/03/2017 
PPSDAL 6 746083.2 m E 9231201.34 m S Curug Walet 524 07/03/2017 10/04/2017 
   
 
Table 4. Time and Pangolin’s activity recorded through camera traps 

 
Camera 

code Record type Date Time (WIB) Number of 
individual Activities 

PPSDAL 2 Photograph 16/02/2017 23:03 1 Walk in and out of the hole 
PPSDAL 2 Photograph and video 20/02/2017 00:16-00:18 1 Walk in and out of the hole 
PPSDAL 2 Photograph and video 27/02/2017 02:31-02:34 1 Walk in and out of the hole 
PPSDAL 3 Photograph 02/03/2017 3:18 1 Walk 
PPSDAL 3 Photograph 02/03/2017 21:10-21:11 1 Digging/clawing (foraging) 
PPSDAL 3 Photograph 02/03/2017 23:16 1 Walk the opposite direction of the 

Pangolin recorded at 21.10-21.11 
PPSDAL 3 Photograph 06/03/2017 23:28 1 Walk 
PPSDAL 2 Photograph and video 06/03/2017 1:41 1 Walk in and out of the hole 
PLN 2 Photograph 06/03/2017 1:44 1 Walk 
PPSDAL 3 Photograph 07/03/2017 1:35 1 Walk 
PPSDAL 9 Photograph 13/03/2017 20:33 1 Walk 
PPSDAL 6 Photograph 02/04/2017 1.2 1 Walk 
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Figure 7. Java Pangolin recorded in camera trap in Cisokan, West Java, Indonesia 
 
 

  
Most of the sign of Pangolin existence were found on 

sloppy area. Commonly, Pangolins prefer steep slopes, 
because this area helps them in defensive mechanism. 
Under threatening situation, Pangolin would tuck in into a 
ball shape, and sloppy condition will help the animal to roll 
away from danger (Heryatin 1983). In this study, the signs 
of Pangolins were found at elevation of 531-757 m above 
sea level. Different with other studies, Pangolin’s signs 
were found on 10-100 m elevation above sea level 
(Mustikasari 2017), 25-250 m and 800-1200 m (Heryatin 
1983), and on 1450-2000 m (Bhandari and Chalise 2014). 
These results suggest that Pangolin is an adaptive animal 
that may live on different elevation, different temperatures, 
climate, and others natural conditions. In addition, to be 
able to adapt to different elevation, Pangolin lives on other 
type of habitat and food availability, which could be seen 
from results that Pangolin occupied four different plants 
communities of seven communities present in the study 
site. This indicates that Pangolin was able to live in 
different plant community present in the area, except in 
area where human activities was very intensive. There were 
three plants communities unoccupied by Pangolin, i.e. 
riparian ecosystem, huma and rice field. Based on feed 
taken, Pangolin was also considered as adaptive animal as 
ants and termites could be found easily in any kind of 
habitat.  

The ability of Pangolin as an adaptive animal in 
different kind of habitats was in line with Lim (2008) who 
studied the ecology and conservation of Java Pangolin. 
Pangolins found during his study, were found in secondary 
forest, agriculture area, and settlement. Lim also pointed 
out that Pangolin is also adaptive animal based on the type 
of staple food. Ants and termites could be found in every 
habitat indicate that food is available in every habitat. A 
large number of nests found in several locations where 
food was abundantly available near the nest. However, 
female Pangolin in her reproductive period showed a low 
adaptive level compared to another Pangolin. Female 
Pangolin during the period of rearing her infant only 
occupied large tree trunks with the diameter of breast 
height was more than 50 cm. This indicates that an intact 

natural forest is an important factor for Pangolins during 
their breeding/reproduction period, and the existence of this 
type of forest is well related to Pangolin existence in the 
future (Lim 2008).   

The estimation of Pangolin distribution and abundance 
Based on the estimation of four factors, i.e. location and 

roaming area, time of sign found or camera trap recording, 
Pangolin body size on camera trap recording and 
movement direction, the estimation data of Pangolin 
abundance and distribution were shown in Table 5 and 
Figure 8. From the data collection carried out during 
February until April 2017, 45 sign data and 12 camera trap 
data were obtained. From the whole data, it was estimated 
that the Pangolin population found were 6-20 individuals. 
The estimation was undertaken based on the analysis of 
location, time, and individual morphology. Based on the 
location and roaming area found, Pangolins in Cisokan 
were distributed into five different locations. Individual 
estimation based on camera trap recording referred to the 
recording time, direction of movement, and individual size. 
Generally, estimation based on the sign referred to the body 
size, time encountered, and Pangolin's movement direction. 
Meanwhile, nest-based estimation was based on the 
assumption that one active nest was occupied by single 
Pangolin to a maximum of four individuals under an 
assumption that a female Pangolin has three younglings 
(Nowak 1999).  

Based on the distribution map where Pangolin traces 
were found, it showed that the Pangolin existence could be 
divided into five different location (Figure 8). The first 
location covering Pasir Gagak, Cigintung, Batu Nunggul, 
and Batu Sahulu had an estimation of 2-4 Pangolins 
existence. The minimum estimation was based on the 
camera trap recording where Pangolin in different time 
sighted at the same location. The maximum estimation 
(four Pangolin individuals) was based on the camera trap 
recording and active nests. There were four camera traps 
recording on different time at three location, i.e. Pasir 
Gagak, Batu Nunggul, and Batu Sahulu; each camera 
recorded one active nest.  
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Table 5. Estimation of number of Pangolin individuals in the study area of Cisokan, West Java, Indonesia 
 
Location 
No. Location (BIA/Corridor) Data type Number of individual CT Fc FP TAPI FS Sc Br 
1 Pasir Gagak 2-4 - 1 1 1 - 1-4 2-4 

Cigintung 1-4 - - - - - 1-4 
Batu Nunggul 1 - - - - - - 
Batu Sahulu  - - - - - - 1-4 

2 Batu Wulung - - - - 1 - 1-4 1-4 
3 Curug Japarana - - - - - - 1-4 1-4 

 Curug Walet 1 - - - - - - 
4 Hutan Gowek - - - - - - 1-4 1-4 

Cadas Gantung - - - - - 1 1-4 
5 Pongpok  - - 1 1-2 - - 1-4 1-4 
Total         6-20 
Note: CT: Camera Trap; Fs: Feces; FP: Foot Print; TP: Tail Print; FS: Feeding Site; Sc: Scratch/claw marks; Br: Active Burrow/nest  
 
 
 

 
 
Figure 8. Distribution map of Pangolin sign found in the study areas of Cisokan, West Java, Indonesia 
 
 
 
 
 

In the second to the fifth location, the camera trap only 
recorded Pangolin in the third location and only sighted 
once, therefore, the maximum estimation was in 
accordance to the sign of active nests. The estimated 
number of individuals in this area was then accumulated in 
order to estimate the total population. Even though there 
was no exact number of Pangolin directly observed in the 
study site, it was estimated that the number of Pangolin 
was no less than 16 individuals. This was based on the 

assumption that the study site area was approximately 723 
Ha and each Pangolin individual might occupy 6.97-43.3 
ha of roaming area (Lim and Ng 2008). The estimated 
number of Pangolin population in the study area was also 
based on the average roaming area 5-7 Ha (PLN-LPPM 
UNPAD 2014). The present study could only estimate the 
total number of individual, but could not distinguish sex 
and age because of the limitation of the signs and camera 
trap recordings. 
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The impact of human activities toward the Pangolin 
population 

Human activities threatening the existence of Pangolins 
in the study area were illegal hunting and habitat 
destruction. Hunting activity practiced by local people at 
the beginning was intended to get Pangolin meat for self-
consumption and for Pangolin’s scale that could be used as 
repellent lemur pest in rice field. During the early 2000, 
local people began to understand that Pangolin’s scales 
have a high economic value, and the hunting activities 
started to change its purpose from self-consumption to 
commercial. Scales price could be as high as Rp 
100,000/kg, while living Pangolin could reach Rp 200,000-
Rp 250,000/kg. Pangolin hunter sold to outsiders (from 
Sukabumi and Cianjur Regencies) at the average price of 
Rp 300,000/kg.  

Factors affecting Pangolin habitat fragmentation in 
Cisokan area, in general, was landslide caused by the 
development of access road and land clearing for 
agriculture. Access road facilitated motorcycle that might 
produce noise from the engine. Local people stated that the 
development of access road using explosive materials 
caused landslide so that Pangolin could be buried 
accidentally. Other informant confirmed that when the 
explosive was used, some Pangolins were caught, which 
were then taken by local people for sale. Figure 9 
illustrates the abandoned nest of Pangolin located under the 
access road development area and buried by debris of 
landslide. 

Land clearing had been conducted since a long time ago 
by local people with the intention of making area for 
plantation, rice field, cash crop garden, huma, and talun to 
cultivate foods and fibers to fulfill daily needs. The 
cultivated land was usually given a fallow period after 
being used for several years. During the fallow period, 
shrubs and bushes would emerge which was called 
“reuma” by locals, and would be reopened after one or two 
year. Human activity in land cultivation might cause 
disturbance to Pangolins and led to the Pangolin’s inability 

for nesting in the disturbed site. Pangolin is a sensitive wild 
animal reacting to human activity. They tend to make their 
nests/burrows at least 1000 m from the disturbance sources. 
This is because Pangolins cannot adapt well to noisy 
situation. The noise coming from other animal or livestock 
and human voices would interrupt Pangolin activity and 
mostly would scare them off resulting in stress for the 
Pangolin (Wu et al. 2003; Sawitri et al. 2012). Other 
evidence shows that Pangolin is a very sensitive animal 
because Pangolin is unable to be habituated when there are 
humans around after one month of habituation process 
(Lim 2008). Huma, rice field and cash crop gardens were 
found in almost every part of the study site suggesting that 
high human activity is taking place in every land block. 
Only in Hutan Gowek (Block 5) huma, talun, rice field, or 
cash crop gardens were not present. However, at Hutan 
Gowek shrubby vegetation indicating land clearing for 
local people's plantation in the past could be found. Land 
clearing activity could also cause other disturbance for 
Pangolin aside from habitat destruction, like increasing the 
chance of Pangolin hunting.  

In conclusion, type of Pangolin nests found within the 
study area could be differentiated into three, namely tree 
nest, rock nest, and ground nest. Based on the sign survey 
and camera traps, Pangolin population within the 
designated area of PLTA Cisokan, West Java, were 
approximately 6-20 individuals. This estimated number 
was distributed in five different areas; the first area covered 
Pasir Gagak, Cigintung, Batu Nunggul, and Batu Sahulu; 
the second area was Batu Wulung; the third area was Curug 
Japarana and Curug Walet; the fourth area consisted of 
Hutan Gowek and Cadas Gantung; and the fifth area was 
Pongpok. The threats experienced by Pangolins originated 
from human activities might affect Pangolin’s existence, 
population, and distribution. Illegal hunting, habitat 
destruction and fragmentation caused by land use change 
from forest to huma, cash crop gardens, and talun, and also 
the development of access road could fasten Pangolin 
extinction in the study area.  

 
 
 

 

 
 
Figure 9. Pangolin hole covered by landslide in Cisokan, West Java, Indonesia 
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Abstract. Pamoengkas P, Siregar IZ, Dwisutono AN. 2018. Stand structure and species composition of merbau in logged-over forest in 
Papua, Indonesia. Biodiversitas 19: 163-171. Single selective cutting is the most common form of timber extraction in natural forest in 
the tropics. Although, vast tracts natural forests are already logged-over, the effect of logging on the structure and species composition 
has been sparsely documented, especially for merbau (Intsia bijuga). Merbau is an excellent timber species and intensively harvested in 
Papua. The objective of this study was to analyze the structure and species composition of merbau in the several logged-over forests at 
different ages, i.e., 1, 5, 11, 16, 21 years old after selective logging and primary forest as the reference plot. The study was conducted in 
February 2016 at Sarmi District, Papua. The distributions of merbau in each plot varies but when they were compared with that in the 
primary forest that had reached 9.81%. Thus, the decrease of merbau trees in the plots of logged forest areas was not significant. Index 
of Diversity of all growth stages was high. In general, the number of merbau seedling regeneration in the study plots are above the 
average value standardized in Selective Cutting and Replanting System (TPTI) regulation. With regard to the condition of sapling 
regeneration, we concluded that selective logging might not provide enough growing space for regeneration of merbau. Providing 
appropriate growing space is one of the key factors to achieve adequate merbau natural regeneration. 

Keywords: Composition logged-over forest, merbau, single selective cutting, structure  

INTRODUCTION 

Compared to the forested area of other islands in 
Indonesia, Papua is still relatively rich in forests. Papua 
still hosts vast area of forest-reckoned to cover over 42.2 
million hectares. Approximately 40.5 million hectares 
(96%) of the land area in Papua are forest areas. These 
forests, covering an area of 21.9 million hectares (51.87%) 
designated as production forest, 8 million hectares 
(19.01%) as a conservation area, and 10.6 million hectares 
(25.25%) as a protected forest. Its land comprises a large 
mountainous interior, forest lowlands, large areas of coastal 
mangrove swamps and is surrounded by numerous small 
islands and coral reefs. There are currently 24 large-scale 
forest/logging concessions in Papua, covering about 11 
million ha (Tokede et al. 2013). 

Merbau (Intsia spp.) is the dominant timber species in 
Papua and has been a valuable export commodity because 
of its strength. As a highly valued commercial tree, merbau 
is intensively harvested for its timber, as it is one of the 
most decay-resistant woods known. Over 90% of all logs 
harvested in Papua are exported to China, wherein the logs 
are sawn and processed for further export. Therefore, 
merbau has been a target of exploitation for more than 
three decades in Papua forests. Industry experts estimate 
that the majority of the merbau timber in international trade 
originate in the island of Papua. Until now merbau supply 
is still fulfilled by deforestation; therefore, it is feared that 
the practice will threaten merbau availability in nature. 
Tong et al. (2009) stated that the estimated coverage of 

merbau in Indonesia is almost 33 Million hectares, with an 
estimated volume of 6.17 m3/ha. Merbau was originally 
found from Eastern Africa, through Southern India, and 
onwards to Southeast Asia, Oceania and as far as Tahiti; 
however, today, merbau only exists in significant 
commercial quantities on the island of New Guinea. The 
provinces of Papua and West Papua alone had 49.5% of the 
total merbau in Indonesia in the 1980s.   

In tropical rain forests, especially in Indonesia, long-
term studies of stand structure and species composition 
using permanent sample plots are scarce. They are time-
consuming, difficult to maintain and very expensive (Sheil 
1998). Furthermore, the long-term effects of commercial 
logging have rarely been studied in the tropics (Finegan 
1996). Those studies have been done using 
chronosequences or time false series rather than permanent 
sample plots. 

It is well understood that the decrease and degradation 
of tropical forests affect not only the production of timber 
but also the environment. The loss of biological diversity 
threatens the sustainability and development of forests 
ecosystem in the future. Maintaining biodiversity has 
become a global concern and requires the implementation 
of sustainable management practices at a range of spatial 
scale (production forests). Many of logged-over forests in 
Papua still contain enough residual trees to give rise to a 
sufficient supply of ephemeral seedling stock. The 
implementation of Selective Cutting and Replanting 
System, so-called TPTI silvicultural system, should be 
considered to increase the productivity of logged-over 
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forests and maintaining their biodiversity. In general, 
selective cutting has caused changes in stand structure and 
species composition. Stand density decreases after although 
felling intensity is low. Changes in species composition are 
characterized by an increased density of regeneration per 
ha in logged over areas. As logging opens spaces that could 
provide an opportunity for natural regeneration, it will 
enrich the composition and species diversity. Although, 
vast tracts natural forests are already logged-over, the 
effect of logging on the structure and species composition, 
and its implication for second cutting cycle have been 
sparsely documented, especially for merbau (Intsia bijuga 
(Colebr.) Kuntze). 

There are two prevailing hypotheses with regard to the 
response of forests to selective cutting, the intermediate 
disturbance hypothesis, so-called ID Hypothesis (IDH) 
(Connell 1978), and the gap-phase regeneration hypothesis, 
so-called GR Hypothesis (GRH) (Brokaw 1987; Denslow 
1995; Denslow and Guzman 2000). IDH describes a 
unimodal relationship of species diversity to disturbance 
(Sheil 1999b). IDH in which small-scale (single tree fall) or 
large-scale disturbances (commercial logging) provide 
conditions in which a subset of species other than those 
occupying the undisturbed mature forest, can establish and 
mature. Such disturbances may lead to higher levels of 
diversity in comparison with a forest experiencing no 
disturbance. Similarly, selective logging provides gaps that 
might enable light-dependent, pioneer species to become 
established. Thus, according to both IDH and GRH, we 
expect that selective logging causes a temporary increase in 
species diversity. The gap-phase regeneration hypothesis 
describes that selective cutting forms a gradient in term of 
species recruitment, growth and gap size requirement. Such 
dissimilarity could maintain some diversity of colonizers 
(Brokaw 1987)  

The objective of the present study was to analyze the 
structure and species composition of merbau in the primary 
forest and several logged-over forests aging 1-, 5-, 11-, 16-, 
and 21-year-old after selective cutting. This research aimed 
to obtain more comprehensive information about the 
ecological processes occurred in logged forest areas. The 
recommendations suggested by the present study would be 
useful to plan the silvicultural activities for areas low in 
regeneration and species diversity. 

MATERIALS AND METHODS 

The study was conducted in February 2016 in the forest 
cluster of Apauwer River and Tor River (138005’-139000’ 
EL and 01030’-02030’ SL) at Sarmi District, Papua 
Province, Indonesia. The study location consisted of a 
primary forest (RKT2016); and 1-year-old (RKT 2015), 5-
year-old (RKT 2011), 11-year-old (RKT 2005), 16-year-
old (RKT 2000), and 21-year-old (RKT 1995) logged 
forests. This research was conducted in false time series. 

Sampling techniques 
The data used in this article were obtained from field 

research using stratified data. The study site was stratified 

into 1st strata: purposive data, and 2nd strata: systematic 
data (Kusmana 1997). Vegetation data were analyzed to 
find out species density and species composition in each 
plot. From the above vegetation data, the average height 
and diameter of the vegetation cover, the vertical and 
horizontal structure, composition, abundance, diversity, 
and basal area stand were calculated. 

Vegetation analysis 
Field data collection utilized for vegetation analysis to 

determine the structure and composition of stands. Plots 
used for this study were a combination of paths and 
terraced lines. Several plots, 20 m x 100 m in size, with 4 
replications were established in each logged-over forest. 
The method of data collection using vegetation analysis is 
presented in Figure 1. 

Data analysis 
Data collected in the present study were the number of 

tree species, diameter at breast height (dbh), total height 
and bole height. Those field data were used to determine 
forest stand structure, index of diversity, importance value 
index, basal area, and for clustering analysis. 

Forest stand structure 
Data processing was based on the classification of 

merbau and non-merbau, and the total of all the species. All 
trees with dbh ≥ 20 cm were measured for diameter, and 
each was identified for its species. The diameter 
distribution of residual stand was categorized into class 
intervals of 5 cm. The distribution was used to create 
models for forest standing structures, to show the number 
of trees in these groups per hectare based on their diameter. 

Index of diversity 
Species diversity expresses the community structure 

and measures the stability of the community, i.e., the 
ability of a community to defy change or to rebound from 
change or remain stable despite the disturbance 
components on it (Soegianto 1994). Species diversity was 
presented as the Shannon-Wiener Diversity Index (H'), 
based on the following formula:  
 
 
 

 
 
Figure. 1. Illustration of data collection methods for vegetation 
analysis. (A) at the seedling stage; (B) sapling; (C) pole; and (D) 
trees stages 
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H’ =  
 
Remark:  
H’ : Shannon-Wiener Diversity Index  
S : total species 
ni : the total number of one particular species found 
N : the total number of individuals found 
 
According to Magurran (1988), the value of Diversity 

Index ranges between 1.0 to 3.5. H' approaching 3.5 
indicates a higher level of diversity.  

Importance Value Index 
Importance Value Index (IVI) is a quantitative 

parameter used to express the degree of dominance of a 
species in a community. Species with the greatest IVI is the 
most dominant species, or the ruling species. Mueller-
Dombois and Ellenberg (1974) stated that the importance 
value index ranges from 0-300 determined using the 
following formula:  

 

 
 

 
 

 
 

 
 

 
 
Important Value Index (IVI) = Relative density + 

Relative dominance + Relative frequency 
  
The distribution of seedlings and saplings were not 

uniform, and according to IVI, the growth rate of seedling 
and sapling only ranges from 0 to 200. The diameter of 
seedlings and saplings are small; thus, they are not 
considered influential on IVI. Therefore, the final formula 
becomes:  

 

Important Value Index (IVI) = Relative density + 
Relative frequency 

 
According to Magurran (1988), the diversity index 

value of species is generally between 1.0 to 3.5. H 
approaching 3.5 corresponds to increasingly high levels of 
diversity. 

Basal area 
The diameter of the tree is used as the growth rate of 

the basal area (BA). It is one of the important factors to 
assess the tree growth on subplots. Due to the change in 
vegetation cover, the growth of BA per hectare was 
calculated based on the different number of living trees 
with a diameter at breast height > 20 cm in a plot 
throughout BA.  

Cluster analysis 
Cluster analysis identifies objects similar to each other 

but different from objects in other groups, that can be 
intellectually satisfying, profitable, or sometimes both. The 
analysis aims to group a set of objects in such a way that 
objects in the same group (called a cluster) are more similar 
(in some sense or another) to each other than to those in 
other groups (clusters). Principle clump analysis is based 
on the size of the proximity or similarity of each individual. 
Closeness is typically expressed as a dissimilarity function: 
the less similar the objects, the larger the function values. 
The Closeness standard used in this analysis is Euclidean 
distance. 

RESULTS AND DISCUSSION 

The measurement of vegetation was carried out in 1-
year-old (RKT 2015), 5-year-old (RKT 2011), 11-year-old 
(RKT 2005), 16-year-old (RKT 2000), and 21-year-old 
(RKT 1995) logged forests; and at the primary forests 
(RKT 2016) as the reference plot. The phytosociological 
parameters such as density, frequency, tree stands 
composition, and dominance for each growth stages-
seedlings, saplings, poles, and trees-were calculated.  

Stand composition 
To see the stand composition of the logged forest (LoA) 

and the primary forest, the grouping of merbau and non-
merbau species was done. The trees composition of the two 
groups is presented in Table 1.  

 
Table 1. Stand composition of both logged-over forest (LoA) and primary forest 
 

Stand Stand Density (N/Ha) Total Trees Population (%) Total Merbau Non-merbau p-value by t-test Merbau Non-merbau 
RKT*) 1995 15 120 0.000(**) 135 11.11 88.89 100 
RKT 2000 8 160 0.000(**) 168 4.95 95.05 100 
RKT 2005 20 130 0.000(**) 150 13.33 86.67 100 
RKT 2011 7 128 0.000(**) 135 4.94 95.06 100 
RKT 2015 5 168 0.000(**) 173 2.88 97.12 100 
RKT 2016 17 153 0.000(**) 170 9.81 90.19 100 
Note: *RKT = Annual Work Plan. RKT 1995 (21-year-old LoA), RKT 2000 (16-year-old LoA), RKT 2005 (11-year-old LoA), RKT 
2011 (5-year-old LoA), RKT 2015 (1-year-old LoA), and the primary forest. ** = significantly different at p < 0.05 
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Table 1 shows the distribution of the trees in the 

logged-over forests which span from 135 to 173 per ha. 
The tree distribution variation does not fluctuate. Based on 
the total number of trees per ha, the contribution of non-
merbau species is much greater than those of merbau on all 
research plots. The contribution of merbau to the total 
number of trees per ha in logged forest plots ranging from 
2.88% up to 13.33% The total number of the merbau 
population is much smaller compared to that of the non-
merbau one which is ranging from 86 to 97%Table 1 also 
shows that non-merbau dominated the stand composition in 
all the study plots. In general, the distribution of merbau 
population in the research plots are relatively balanced, 
except those in the RKT 2000 (16-year-old LoA), RKT 
2011 (5-year-old LoA), and RKT 2015 (1-year-old LoA) 
plots. 

The results showed that the proportion of merbau 
residual stands in the research plots was lower than that of 
the non-merbau. The distribution of merbau in each of the 
plots varies, but when compared to that of the primary 
forest (RKT 2016), the distribution is relatively less varied 
which was only 9.81% (Table 1) Thus, the decreased of 
merbau stands in the plots of the logged forests were not 
significant. Ecological recovery process occurred as shown 
in the plot of RKT 1995 and RKT 2005, with a percentage 
of 11.11% and 13.33%, respectively. Further, it was 
revealed that the population of merbau stands was 
predominant in three plots, RKT 1995, RKT 2005 and 
RKT 2016  

The effects of logging on merbau trees (stem diameter 
at breast height ≥ 20 cm) in the logged forest plots were 
relatively the same, as reflected in the distribution pattern 
within all the plots, except those in RKT 1995 and RKT 
2005 (Table 1). Merbau species showed low stand 
population in RKT 2015 (2.88%), RKT 2011 (4.94%) and 
RKT 2000 (4.95%) (Figure??). This low merbau stand 
density indicates that the cutting of merbau on the study 
plots occurred. Nevertheless, according to the regulation of 
Selective Cutting and Replanting System (TPTI), the 
number of merbau nucleus tree in the study plots are still 
more than enough of over 25 trees per ha. The 
implementation of TPTI aims to regulate natural 
production forest felling and establishment activities 
recommending a minimum number of 25 nucleus trees per 
ha. 

The relationship between mean diameter (dbh) and stem 
number (N) per ha is presented in Figure 2. Figure 2 shows 
that the relationship between dbh and N on all research 
plots tend to form a reverse-J shaped curve. This result 
shows that the larger the size of the tree, the fewer its total 
number, indicating that the forests are in balanced 
condition.  

The distribution pattern of tree diameters of merbau and 
non-merbau species is presented in Figure 3. Tree diameter 
distribution provides the necessary information about tree 
sizes that indicates successful or failed forest regeneration.  

 

 
 
 
 
 

 
A B C 

 

 
D E F 

 
Figure 2. Stand structure of trees in dbh classes (A) RKT 1995, (B) RKT 2000, (C) RKT 2005, (D) RKT 2011, (E) RKT 2015, (F) RKT 
2016 
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A B C 

 

 
D E F 

 
Figure 3. Merbau and non-merbau stand structure in the research plots. (A) RKT 1995, (B) RKT 2000, (C) RKT 2005, (D) RKT 2011, 
(E) RKT 2015, (F) RKT 2016 
 
 

 
Table 2. The top five species with the highest Importance Value Index (IVI) for all growth stages in the study plots. 
 
Tree Species Importance Value Index (%) 
 RKT 1995 RKT 2000 RKT 2005 RKT 2011 RKT 2015 RKT 2016 
Intsia spp. 44.49 20.70 49.28 22.39 9.45 36.06 
Pimeleodendron ambonicum 30.42 16.72 24.24 25.69   
Pometia pinnata 26.03 45.69 34.35 55.82 27.82 19.84 
Teijsmanniodendron bogoriense 22.99  16.45  35.57 32.89 
Pterygota forbesii 23.98    14.99  
Homalium foetidum  31.88    16.80 
Celtis latifolia  23.54 17.92 17.12   
Maniltoa sp1.    18.65   
Alstonia scholaris     13.58  
Haplolobus floribundus     11.27  
Myristica fatua      19.91 
 
 

 
 
The success of a species in a particular forest, as well as 

that of the silvicultural management, can be assessed from 
the species regeneration success. Studies in many forests 
showed that each tree species has specific stem diameter 
distributions. This distribution can serve as the indicator of 
success or failure of the species regeneration and 
establishment; hence the population status in a particular 
forest (Geldenhuys 2010; Everard et al. 1995; West et al. 
2000). Stem diameter distribution is a unique characteristic 
of each tree species, and differs between different species 
in the same forest stand, with generally the dominant 
species showing one type of curve and other associated 
species showing a different curve. Figure 3 shows the static 
curve of merbau stem distribution, which shows the 
competitive status of the species in the forest stand. 
Meanwhile, non-merbau species show an inverse-J shaped 
curve, indicating dominant species. Many obstacles hinder 

the regeneration process of merbau in the forest stand; 
therefore, growing spaces are required for their better 
natural regeneration.  

The top five tree species with the highest Importance 
Value Index (IVI) for all growth stage in the study plots are 
presented in Table 2. Table 2 shows that half of the 
research plots are dominated by Intsia spp, except the 1-
year-old (RKT 2015), 5-year-old (RKT 2011), and 16-year-
old (RKT 2000) logged forests, which are dominated by 
Teijsmanniodendron bogoriense and Pometia pinnata. 
Codominant species found in some research plots are 
Pimeleodendron amboinicum (RKT 1995 and RKT 2011), 
Homalium foetidum (RKT 2000), Pometia pinnata (RKT 
2005 and 2015), and Teijsmanniodendron bogoriense 
(RKT 2016).  

The diversity index of different tree growth stages is 
presented in Table 3.  
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Table 3. Diversity Index (H’) of different growth stages in all 
study plots 
 

Stage 
Diversity index (H') 

RKT 
1995 

RKT 
2000 

RKT 
2005 

RKT 
2011 

RKT 
2015 

RKT 
2016 

Seedlings 2.61 3.45 3.41 3.32 3.26 3.00 
Saplings 3.75 3.75 3.97 3.99 3.84 3.60 
Poles  3.00 2.93 3.22 2.81 2.92 3.12 
Trees 3.22 3.29 3.18 3.01 3.40 3.29 
 

 
Table 3 shows that the species diversity indexes for the 

tree stage in the study plots are higher than 3, suggesting a 
high diversity. The diversity of the tree species does not 
correspond to the age of the logged forest. Overall, the 
diversity index of each regeneration stages (seedlings, 
saplings, and poles) are quite high, except that of seedling 
in RKT 1995, and that of poles in RKT 2011.  

Forest regeneration 
Forest regeneration is the renewing of tree cover by 

establishing young trees naturally, promptly after the 
previous stand or forest has been cut. The method of 
regeneration, the species, and the standard density are 
determined to meet the goal of the management unit. 
Several parameters including the tree diameter at breast 
height (DBH); and the number of the seedling, sapling, and 
pole of the species must be determined. Such data are 
required to decide whether a regeneration in a particular 
area have met the TPTI requirements for the sustainable 
management. The number of individual seedling, sapling, 
and pole have been used as criteria for evaluating the 
degree of recovery after logging. 

Seedling regeneration 
Seedling density in the established plots is presented in 

Table 4. Table 4 shows that within the research plots, the 
population density of merbau seedling is lower than that of 
non-merbau seedling. Further, the data show that non-
merbau seedling is the largest seedling group in the 
primary forest (RKT 2016). Within the study plots, the 
population of seedling regeneration of merbau is lower than 
that of non-merbau. According to the TPTI regulation, 
there have to be at least 1000 seedlings per ha left after 
logging, or in other words the existence of seedlings should 
spread 40% equally within the forest area in order to the 
TPTI requirements to be achieved.  

Selective logging has a positive influence on the 
regeneration of seedlings as shown by the higher density of  

existing seedling regeneration in the logged forest plots 
(between 14000-26500 seedling ha-1) compared with that in 
the primary forest or RKT 2016 (13333 seedling ha-1). In 
general, the number of seedling regeneration for merbau in 
the study plots were above the threshold required by the 
TPTI regulation, except those in RKT 2005, RKT 2015 and 
RKT 2016 which were still below 1000 seedling ha-1 
(Table 4). 

The result is in accordance with the findings of Tokede 
et al. (2013) who stated that merbau natural regeneration 
varies according to characteristics of its growing site. In 
lowland forests of sandy and clayey, the forests generally 
have a low number of seedling and sapling. merbau natural 
regeneration varies among growing site, both in terms of 
the ability to germinate, and the sustainability for future 
growth. The sustainability of merbau growth depends on 
the level of the crown cover of other species that grow in 
association with merbau.  

Sapling regeneration 
Sapling density fluctuations in the study plots are 

presented in Table 5. Table 5 shows that the primary forest 
(2427/ha) has the lowest sapling population among all the 
plots. Non-merbau predominantly constituted the sapling 
population in the primary forest. The highest sapling 
density observed in RKT 2011 (3947/ha). In general, the 
proportion of non-merbau sapling population was much 
larger than that of merbau sapling within all the study plots. 
This low merbau sapling population is presumably caused 
by the selective logging that does not provide enough space 
for the merbau sapling to grow freely. Only two plots of 
RKT whose sapling population exceeded the amount 
specified by the TPTI standard (240 sapling ha-1), namely 
RKT 1995 and RKT 2000. Thus, providing more growing 
spaces for all seedlings is required. However, the overall 
sapling population density of both merbau and non-merbau 
species (2427-2947 sapling ha-1) were far higher than that 
required by the TPTI standard of 240 sapling ha-1. At 
sapling stage, the non-merbau species still dominate the 
entire plots. The high abundance non-merbau sapling is 
triggered by higher sun intensity penetrated through open 
canopies as a result of selective logging practices (Clark 
and Covey 2012). Similarly, poles and trees of non-merbau 
species predominantly constituted the entire research plots. 
In general, selective cutting might provide growing spaces 
required for the regeneration of climax species. The 
intensity of logging negatively affects the presence of tree 
species in the logged-over forest, impairing the proper 
species regeneration.  

 
 
Table 4. Density and species distribution in all study plot 
 

Stands Stand Density (N/Ha)  Total Population (%)  Total 
 Merbau Non-merbau  Merbau Non-merbau  

RKT 1995 1333 25167 26500 5.03 94.97 100 
RKT 2000 1500 12500 14000 10.71 89.29 100 
RKT 2005 333 14333 14666 2.27 97.73 100 
RKT 2011 1000 15500 16500 6.06 93.94 100 
RKT 2015 167 21833 22000 0.76 99.24 100 
RKT 2016 500 12833 13333 3.75 96.25 100 
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According to Weidelt (1994), the success of natural 

regeneration indicates the successful silvicultural 
technique, sufficient viable seeds availability, and suitable 
growing condition at the beginning of stage development. 
Thus, the future development of logged-over forest 
depends largely on the survival of existing seedlings and 
saplings, because the establishment of natural regeneration 
of many species after logging is rather uncertain. In 
addition, Chazdon et al. (2003) supported the statement of 
Weidelt (1994) that seedlings and saplings recruitment are 
affected in part by dispersal limitation. Species lacking tree 
stage in a secondary forest have a lower abundance of 
seedling and sapling. 

Pole regeneration  
Pole density and the fluctuations of the distribution 

pattern of the study plots are presented in Table 6. Pole 
regeneration in the logged forest areas with the exception 
of that in RKT 2005, was lower than that in the primary 
forest (RKT 2016). The proportion of merbau pole 
population was far lower compared with that of non-
merbau pole within the study plots. Residual stands of 
merbau were not found in RKT 2011, RKT 2015, and RKT 
2016 plots. Total merbau pole population in the study plots 
was lower compared with the number recommended by 
TPTI system of 75 poles ha-1 after logging. In RKT 2011, 
RKT 2015 and RKT 2016, merbau pole population were 
even absent at all. This result indicates that the merbau 
poles have not regenerated well. Timber stand 
improvement might be required to allow adequate 
regeneration and to provide enough space for the merbau 
pole regeneration. The pattern of merbau regeneration was 
not clear; thus the trends could not be detected. Large 

transitions in species composition occur after logging, but 
the direction of the transitions was not predictable. 

We found that the selective cutting of the overstory 
created numerous canopy openings, increased the light 
availability, and consequently changed the species 
composition. This finding is in line with the research 
conducted by Griffis et al. (2001), and Angers et al. (2005) 
who stated that the enhancement of light availability 
induces advanced regeneration, and changes coverage in 
the understory and eventually affects the species richness 
of the understory layer.  

Basal Area (BA) 
As one of the important parameters for stand density, 

the basal area provides valuable information on the degree 
of the forest stand recovery. Data on the basal area of the 
study plots are presented in Figure 4. 

 
 
 

 
Figure 4. Basal areas in the study plots 

 
 

 
 
 
Table 5. Sapling density in the study plots 
 

Stands Stand density (N/Ha)  Total Population (%)  Total 
 Merbau Non-merbau  Merbau Non-merbau  

RKT 1995 373 2880 3253 11.48 88.52 100 
RKT 2000 347 2826 3173 10.92 89.08 100 
RKT 2005 133 2800 2933 4.55 95.45 100 
RKT 2011 0 3947 3947 0.00 100.00 100 
RKT 2015 187 2906 3093 6.03 93.97 100 
RKT 2016 27 2400 2427 1.10 98.90 100 
 
 

 
 

Table 6. Regeneration potential and distribution pattern of pole stage in the study plots 
 

Stands Stand density (N/ha) Total Population (%) Total 
 Merbau Non-merbau  Merbau Non-merbau  

RKT 1995 7 206 213 3.12 96.88 100 
RKT 2000 7 206 213 3.13 96.87 100 
RKT 2005 13 227 240 5.55 94.45 100 
RKT 2011 0 200 200 0.00 100.00 100 
RKT 2015 0 186 186 0.00 100.00 100 
RKT 2016 0 226 226 0.00 100.00 100 
 



 B IODIVERSITAS 19 (1): 163-171, January 2018 

 

170

 
 

Figure 4 shows the effects of logging on trees with 
diameter at breast height ≥ 20 cm. The total basal area 
shows a consistent increasing trend over the years. In 
addition, Figure 4 shows that the plot of RKT 2005 had the 
largest total basal area of 19.79 m2 ha-1, surpassing the total 
basal area in the primary forests (19.64 m2 ha-1).  

The total basal area of the logged forests was relatively 
similar to one another except that in RKT 2011 which only 
reached 13.65 m2 ha-1 (Figure 4). Comparing the 
distribution of merbau stands to the total basal area of RKT 
2016 (19.64%) which represents the primary forest with 
logged forest plots, reveals the decrease in the distribution 
of merbau in the logged forest plots, 7.18% in RKT 2000, 
30.49% in RKT 2011, and 0.41% in RKT 2015. This result 
shows that the selective logging has decreased the 
population of merbau, but has increased the population of 
non-merbau species in all logged forest plots. Regeneration 
conditions depend on the logging intensity and stand 
condition before logging. This finding is still higher 
compared with that of the Dipterocarps forests in Central 
Kalimantan, Indonesia (ranged 3.54% to 15.8%) reported 
by Pamoengkas (2006). 

In our present study, the basal area of the primary forest 
was 19.64 m2 ha-1, lower than the average basal area of the 
entire tropical forests of 30 m2 ha-1 (Weidelt 1994). Other 
research by Sist and Saridan (1998) stated the basal area of 
the primary forest in Berau, East Kalimantan was 31.50 m2 
ha-1. Noorlaksmono (1993) reported that the basal area of 
the primary forests of Riau was 29.32 m2 ha-1. Meanwhile, 
Riyanto (1995) found that the basal area of primary forest 
in Jambi was 29.83 m2 ha-1. In addition, Weidelt and 
Banaag (1982) also reported that the basal area of Lauan 
Forest in the Philippines was 33.8 m2 ha-1. 

Grouping of the study plots 
The grouping of the study plots was carried out by 

using cluster analysis. Cluster analysis is a multivariate 
method to classify a sample of data based on arbitrary 
"similarities" and "differences" between data observations. 
The method of hierarchical cluster analysis is best 
explained by describing the algorithm or set of instructions, 
which creates the dendrogram results. Any desired number 
of clusters can be obtained by 'cutting' the dendrogram at 
the proper level at 3.11 (Figure 5).  

Figure 5 shows how the proximity of vegetation 
communities within the study plots was grouped into three 
clusters. RKT 1995 and RKT 2005 plots were grouped into 
cluster I, whereas RKT 2015 and RKT 2016 plots were 
grouped into cluster II; and RKT 2000 and RKT 2011 were 
grouped into cluster III. 

From the three clusters we revealed the difference in the 
condition of the vegetation or the regeneration process in 
the study plots. The density of merbau in cluster I was 
much higher compared with those in the other clusters. In 
addition, the pole regeneration of both merbau and non-
merbau species in cluster I were relatively similar with 
those in the other plots, except for that of the merbau which 
were higher compared with the other plots. Similar 
situation occurred for the sapling and seedling 
regenerations. In cluster II, the tree density of merbau and 
non-merbau were lower compared with that in cluster I, but 
still higher compared with that in cluster III. The 
regeneration of merbau at seedling and pole stages in 
cluster III were still less favorable than those in cluster I 
and II.  

 
 
 
 

 
Figure 5. Classification of the research plots 
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However, the overall regeneration was relatively similar 

to those in the other plots. The tree density of both merbau 
and non-merbau species in cluster II were lower compared 
with those in cluster I, but higher compared with those in 
cluster III. The seedling and sapling regeneration of 
merbau in cluster III were less favorable than those in 
cluster I and II. However, in general the regeneration 
processes were relatively similar among the study plots. 

Based on the present study, we conclude (i) The 
proportion of merbau in the logged forest areas ranged 
from 3% up to 13%, while the proportion of non-merbau 
stands dominated the species composition in those plots. 
The highest regeneration density and stocking of seedling 
to pole were exhibited by non-merbau stands, ranging from 
88% to 100%. How to improve the performance of the 
seedlings is an important issue to tackle; thus, the impact of 
the logging on the regeneration of merbau should be 
carefully taken into consideration; (ii) Forest management 
practices, such as provision of space for residual trees of 
merbau to grow freely should have been planned carefully. 
(iii) The diversity of seedling, sapling, pole, and tree in the 
entire plots of the present study were relatively high, 
indicating that the stability of the forest ecosystems is still 
well-protected.  
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Abstract. Purba GYS, Haryono E, Sunarto, Manan J, Rumenta L, Purwanto, Becking LE. 2018. Jellyfish Lakes at Misool Islands, Raja 
Ampat, West Papua, Indonesia. Biodiversitas 19: 172-182. Misool Islands, located in southern Raja Ampat in West Papua, has dozens 
of anchihaline lakes (marine lakes). Three of these lakes, Lenmakana, Karawapop, and Keramat, house populations of jellyfish. This 
study mapped and described the characteristics of the three ‘jellyfish lakes’ during field surveys in October 2015 and May 2016. The 
lakes ranged in area from 0.5−3.2 hectares. All three lakes harbored Mastigias papua, Lenmakana and Keramat lakes also harbored 
Aurelia sp., and Keramat had a third jellyfish species Cassiopea ornata. However, at Karawapop the jellyfish were not found on the 
water surface during the first round of field work because of effects associated with the El Niño phenomenon at that time. As a result of 
the El Niño effect, at Keramat, brown Mastigias became white in May 2016. The three lakes have different tidal delays (30−120 min) 
and dampened tidal amplitude (62%) compared to the sea. The benthos was found to be dominated by bivalves (Brachidontes sp.), algae 
(Cladophora sp., or Halimeda sp.) and sponges (predominantly Haliclona spp. and Tethya spp.). In addition, species of the family 
Synaptidae (Holothuroidea) were abundant and spread over almost all the bottom of Karawapop Lake, while tube-worms of the 
Polychaeta class were identified in Keramat Lake. Although these lakes are identified as a conservation area, currently there is no 
management activity in Lenmakana and Karawapop Lakes, despite the fact that the lakes are growing in popularity as a tourist site. Our 
paper provides the baseline data for future conservation efforts.  

Keywords: Anchialine Lake, conservation, jellyfish, Mastigias papua, Marine Lakes, Papua 

INTRODUCTION 

An anchialine lake (marine lake) is a body of seawater 
surrounded by land without connection to the sea surface, 
consisting of salty or brackish water that fluctuates due to 
tidal events (Holthuis 1973). Anchialine lakes vary widely 
in shape, size, depth, and distance to the sea. Around the 
world, there are more than 200 marine lakes with semi-
submerged karst characteristics concentrated in four main 
locations − Bahamas, Palau, Vietnam and Indonesia (West 
Papua and East Kalimantan) (Dawson et al. 2009). It has 
been reported that Palau has 57 lakes (Colin 2009), Ha 
Long Bay in Vietnam has about 46 lakes (Cerano et al. 
2006), Derawan Islands in East Kalimantan has 14 pieces 
of anchihaline habitat (Becking et al. 2011), and Raja 
Ampat in West Papua has at least 55 marine lakes (Becking 
et al. 2009; Becking et al. 2011; Becking et al. 2014). 
Fifteen of the lakes in Raja Ampat are in Wayag and Gam, 
and 40 or more in Misool.  

The most renowned marine lakes are Kakaban Lake in 
East Kalimantan (Indonesia) and “Jellyfish Lake” in Palau. 
These lakes house immense populations of the perennial 
jellyfish Mastigias papua and attract thousands of tourists 
who want to swim amongst the jellyfish.  

Investigations into marine lakes began in Palau, which 
has become the most researched location until now. The 
first scientific article by Hamner et al. (1982) concerned the 
characteristics of Jellyfish Lake in Palau. The 
characteristics observed were physical, chemical, and 
biological. The biological characteristics included the habit 
of Mastigias sp., which carry out a regular migration 
pattern each morning and afternoon. The next topic of 
research concerned the thirteen stratified lakes in Palau. 
Stratified or meromictic lake is a lake that is not mixed 
seasonally from top to bottom but remains permanently 
stratified for long period of time because of solute density 
(Hamner 1986 in Hamner and Hamner 1998). Stratified 
lakes are uncommon in tropical areas, but all the jellyfish 
in Palau were found in such stratified lakes. Hamner and 
Hamner (1998) explained factors that influence this 
condition.  

The main studies carried out on M. papua have focused 
on its evolutionary development within the marine lakes in 
Palau (Dawson 2004; 2005; Dawson and Hamner 2003, 
2005). Interestingly, Mastigias sp. is not present in all the 
lakes and if present, its abundance can change drastically 
over months or years. The change in abundance is thought 
to be mostly related to temperature fluctuations (Dawson et 
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al. 2001), but the causes may differ between individual 
lakes.  

Recently, three jellyfish lakes have been located in 
Misool, Raja Ampat, West Papua (Becking et al. 2014). 
One lake even has a population as dense as those found in 
Jellyfish Lake Palau, in Hang Du I Vietnam, and in 
Kakaban Berau Indonesia. After a brief published account 
by Becking et al. 2014, there have been no further 
publications on this subject. As tourism has been increasing 
in Misool, there has also been a steady increase in tourist 
visits to these unique lakes. Baseline information on the 
lakes is still lacking, as is any formal conservation 
management plan. In order to provide baseline data to 
inform conservation of the Misool Jellyfish Lakes, the 
study reported here aimed to document the physical 
conditions of the lakes (bathymetry; area dimensions; water 
quality; and tidal regime) and the dominant biota that 
inhabit the lakes.  

MATERIALS AND METHODS  

Study area  
This research was conducted in the southeastern 

Misool, one of seven Marine Protected Areas (MPAs) in 
the District of Raja Ampat, in West Papa, Indonesia 

(Figure 1). The Misool MPA has an area of 343,200 ha and 
includes a chain of karst rock (Mangubhai et al. 2012). 
Three lakes within the karst chain of islands were chosen as 
research sites: Lenmakana, Karawapop, and Keramat. The 
name of each lake derives from the name of the island 
where the lake is located.  

Procedures 
Lake morphology and bathymetry 

The shape of the lake was obtained using OSM Tracker, 
an android application. An inflatable boat was used and the 
tracker was turned on at a specific starting point before the 
boat proceeded around the lake, and then turned off when 
the boat returned to the starting point. Bathymetric data 
were obtained using a GPMAP 178/178C depth sounder. 
The karst walls that surround the lakes meant the GPMAP 
could not generate the geographic positions accurately. A 
hand GPS was then used to position the measured depth by 
GPMAP 178/178C. The boat was manually steered with 
oars, so it was not easy to control the boat’s stability on the 
surface when subject to wind and currents. It was difficult 
to obtain consistent lane tracking to measure the depth. 
Therefore, as many depth measurements were taken as 
possible, and the measurements inputted into ArcGIS 10.1 
software to create the bathymetric maps.   

 
 
 

 
 
Figure 1. Lenmakana, Karawapop, and Keramat Lakes in Misool Marine Protected Area in southern Raja Ampat, West Papua 
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Water quality 
The water quality parameters measured in this research 

were acidity using a pH meter (Hana Instruments HI 9025); 
temperature and dissolved oxygen using a YSI 550A 
instrument; and salinity percentage using an Atago hand-
held refractometer. Measurements were performed at three 
different sites in each lake and the results were averaged 
for each lake. Vertical temperature and salinity were 
measured using a conductivity logger (HOBO U24-002-C). 
The logger was attached to a wire sling and lowered meter 
by per meter. An U20L HOBO water level logger was 
installed along with the conductivity logger to get time 
series data of conductivity and water level. The recording 
time interval was set at one hour. Due to only having 5 
loggers, a long time series measurement (6 months 
duration) was only performed in Lake Lenmakana and on 
the reef in front of Harapan Jaya village. Installation in the 
sea aimed at comparing the results in the sea with 
measurements in the lake. Loggers were submerged at 2.5 
m and 3.5 m depth in the lake and sea, respectively. A 
correction logger was installed in the air at 4 m above sea 
level to get the water level correction. Data collection in 
Karawapop and Keramat lakes was conducted during field 
work with the recording time interval set at 15 minutes for 
six hours.  

Biota 
Biota that lives in the lakes were visually observed and 

identified using reference books (e.g., Colin 2009) or 
articles, as well as by consulting web-based identification 
sites (e.g., www.marinespecies.org; www.fishbase.org; 
www.algabase.org; www.reefbase; www.sealifebase.org, 
etc.). Abundance of biota was estimated subjectively as 
follows: few, moderate, many, or abundant. Few was 
defined as biota were present in the lake, but not a lot. 
Moderate was defined as biota that was more easily seen in 
the lake, while Many meant biota were seen in many parts 
of the lake. Abundant was defined as biota were dominant 
in the lake.  

Data analysis 
The low accuracy of the GPS plotter made it a 

challenging task to determine the geographic features of the 
lakes. Lenmakana Lake could be seen clearly in the Google 
Earth image. It was observed that the GPS location of this 
Lake was close to the position of the lake shown in the 
Google Earth image. This was not the case for Karawapop 
and Keramat lakes. Thus, latitude, longitude, and depth (z) 
were plotted in the Google Earth image 2014 by ArcGIS 
10.1. 

Data from loggers were calibrated with water quality 
data from a digital multimeter. Conductivity data (µS/cm) 
from the logger required calibration with conductivity and 
temperature data from the multimeter. After that, by HOBO 
menu, the conductivity was converted into to salinity (ppt). 
Water level data (m) was obtained by converting 
barometric pressure from the submerged logger after 
making corrections for air pressure readings obtained from 
the logger placed in the open air. After correction, water 

level data reduced by minimum value of them. The result 
of subtraction then gets the maximum value which 
calculated from every 24 hours of data. Mean from these 
maximum value were using for tide amplitude. Also, 
simple statistics (maximum, minimum, mean, and standard 
deviation) and graphs were used in the analysis of the 
temperature time series data.  

RESULTS AND DISCUSSION 

Lenmakana Lake  
Lenmakana is a meromictic lake (i.e., a stratified lake in 

which the water layers do not normally mix) located on 
Lenmakana Island (Figure 1). The time taken to reach the 
edge of the lake wall from the sea wall on foot was about 
12 minutes and requires climbing over karst rock. This lake 
covers 1.25 ha and has an 18 m maximum depth. The 
closest edge of the lake is 55. 8 m from the sea, and there is 
a cave in the north of the lake (110 cm high, 250 cm wide). 
It is not known whether or not the cave connects to the sea 
or to a neighboring lake also found on the island. The water 
level of the lake fluctuates with the tidal cycle.  

Bivalves (Brachidontes sp.) were abundant on the 
surface of the lake edge. There were five species of algae, 
with Cladophora sp. the abundant species at the bottom of 
the lake. The jellyfish Mastigias papua dominates the 
surface and water column of the Lenmakana Lake. There 
were also found moon jellyfish (Aurelia sp.), and the 
sponges Tethya spp. and Suberites diversicolor. The main 
substrata in the lake were stone, broken shells, and mud. 
Fish species found in the lake included Caranx ignobilis, 
Gobiidae spp., and Clarias sp. (catfish). These are not 
considered endemic species. They were introduced to the 
lake, since the normal habitat of these fish is fresh and 
brackish water not sea-water. 

Karawapop Lake 
Karawapop Lake is located on Karawapop Island in 

southern Misool Islands, only 23.9 m away from the sea. It 
takes only about 12 minutes to walk to the lake from the 
sea shore. There are two lakes found in Karawapop Island. 
The first lake is being used for the aquaculture of tilapia 
(Oreochromis mossambicus). That lake is located 89.41 m 
east of Karawapop Lake. The Aquaculture Lake (the name 
is used just for the purpose of this study) has an area of 
about 1.76 ha and a salinity of 5 ppt. Karawapop Lake is 
small in size (0.57 ha) and shallow (4.5 m). There is no 
significant connection with the sea, except through small 
holes and pores in the rocks. 

Almost all parts of bottom of the Karawapop Lake are 
covered with green algae (Cladopora sp.). The lake is 
unique as it has many different species of sea cucumbers) 
(family Holothuroidea). Sea cucumbers were abundant on 
green algae and rocks. Mussels, Brachidontes sp., were 
also fairly abundant in the lake. There was two dominant 
sponges present (Haliclona sp. and Suberites diversicolor). 
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Figure 2. Bathymetry of Lenmakana Lake, Misool karst islands, Raja Ampat, West Papua 
 

 
  

 
 
Figure 3. Bathymetry of Karawapop Lake, Misool karst islands, Raja Ampat, West Papua 
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Figure 4. Bathymetry of Keramat Lake, Misool karst islands, Raja Ampat, West Papua 
 
 
 

Medusae of the jelly fish Mastigias sp. were not visible 
on the first visit (November 2015). However, they appeared 
on the second visit (May 2016) in small numbers and sizes. 
This contradicts descriptions from local communities and 
Becking et al. (2014) who stated that Mastigias sp. is 
present all of the time and in large numbers. Tourists like to 
come to this lake to see the jellyfish and because of the 
ease and safety of access. It was unusual to find the blue 
spot mullet fish (Moolgarda seheli) in the lake since this 
species is mainly a fish of brackish waters. 

Keramat Lake  
Keramat Lake is located on Keramat Island, the closest 

island to Misool Island. It takes about 15 minutes walking 
to reach the lake from the sea side, with a moderate 
difficulty level. Different types of vegetation are found 
there including rattans, ferns, palms, Terminalia catappa, 
Barringtonia asiatica and other typical coastal forest 
vegetation. Keramat Lake size is 3.23 ha, and the point 
closest to the sea is 109 m from the shoreline. It is 
connected to the sea by a cave. The width and height of the 
mouth of the cave are 4.1 m and 3.4 m, respectively, and 
the maximum depth is 7.3 m. The east side of the Lake is 
the shallowest, and is mostly covered by mangroves 
(Bruguiera sp.) on a mud substrate.  

What was unique about this Lake was the presence of 
three species of jellyfish, Mastigias papua, Cassiopea 
ornata, Aurelia sp., as well as a ctenophore. Interestingly, 
some the Mastigias sp. jellyfish were brown in color in 

October 2015 but white in May 2016 (Figure 9). 
Halimeda sp. was the dominant algae in Keramat Lake, 

while Brachidontes sp. was the dominant mollusk. There 
were also three types of tube worm present in abundance in 
the lake. Shells and skeletons of worms formed part of the 
lake substrate. The only fish found in the lake was the 
trevally Caranx ignobilis. 

Water quality 
Water quality parameters and other physical 

characteristics of the three lakes are summarized in Table 
1. The highest water temperature was recorded at 
Lenmakana Lake, but its salinity was considerably lower 
than at the other two lakes. The vertical temperature 
profiles (Figure 5) do not show a permanent stratification 
such as in the lakes in Palau, except at Karawapop Lake, 
which showed a warmer temperature and lower salinity at 
the surface than in the deeper layers. It happened at north 
and south part. These conditions because measuring time 
were coincided with time when cooler sea water flew into 
lake. Salinity profile showed this sea water flew at 2 m 
depth with more saline plot.  

The temperature time series over 6 months of data 
collection showed that the maximum and the average 
temperatures in Lenmakana Lake were higher than those in 
the sea. The coldest temperatures were in the sea. The 
maximum temperature recorded in the lake water was 
1.64oC higher than the maximum recorded in the sea, while 
the minimum temperature in the lake exceeded by 1.28oC 



PURBA et al. – Marine Lake at Misool, Raja Ampat, Indonesia 

 

177

the minimum recorded in the sea. The average temperature 
in the lake was 0.98oC warmer than the average in the sea. 
Furthermore, the daily sea surface temperatures fluctuated 
more than that of the lakes. Nevertheless, the overall 
different standard deviations in the sea and in the lakes 
were small (0.03oC). They almost have the same dispersion 
of mean temperature. Naturally, rainfall and air 
temperature greatly affect the water temperature in the 
ocean because the ocean is more open with no barriers to 
the influence of the atmosphere. The average water 
temperature in the sea and lake showed a similar trend in 
the fluctuations over time from the beginning to the end of 
the recording (see Figure 6).   

Relative to the difference in temperature, the 
differences in daily average salinity between the lake and 
sea were larger (1.71 ppt). The sea salinity decreased 
gradually over a period of two and a half months from 

about 28.6 ppt to about 26.5 ppt; however, salinity in the 
lake was stable over the same period (Figure 7). Similar to 
the case for temperature, atmospheric conditions with its 
effect on precipitation, evaporation, and currents can 
produce greater changes in the salinity of the ocean than in 
the salinity of a protected marine lake. Of course one 
reason for it different in depth where logger installed. 
Logger installed at 1 m deeper in the sea would read more 
saline water than in the lake.  

Misool water has a semidiurnal tidal type with almost 
the same peak position (Figure 8). The amplitude of the 
tide in Lenmakana was 0.98 m, compared to 1.58 m in the 
sea. The tide range in Lake Lenmakana was about 1.2 m, 
compared to 2.26 m in the sea. The tidal delay in the 
Lenmakana Lake is about 1 to 2 hours (Figure 8). 
Karawapop and Keramat had a shorter delay, i.e. 30 and 45 
minutes (Table 1). 

  
 
Table 1. General features of the marine jellyfish lakes on the Misool karst islands of Raja Ampat, West Papua. Water quality parameters 
were measured by portable instruments. Tide (water height) was measured by loggers. 
 
Character Lenmakana Karawapop Keramat 
Size (ha) 1.25 0.57 3.23 
Maximum depth (m) 18 4.5 7.3 
Distance to the sea (m) 55.8 23.9 109.0 
Temperature (oC) 28.90-29.30 28.30-29.00 27.50-27.90 
Salinity (ppt) 26-29 32 32 
Oxygen (mg/L) 5.2 3.3 - 
pH 7.30 7.32 7.22 
Tide delay  1-2 hours 30 minutes 45 minutes 
Tidal amplitude (m) 0.98 - - 
Relative tidal amplitude to Sea (m) 1/1.6   
Presence of mangroves - - Yes 
Connection to sea Cave Crack and fissures Cave 
 
 
 

 
 
Figure 5. Water temperature-depth profiles of three lakes at 
Misool karst islands, Raja Ampat, West Papua measured by 
loggers. Solid lines represent temperature and dashed lines 
salinity. Blue = Lenmakana Lake, black = Karawapop Lake, red = 
Keramat Lake. ◊ for the south, □ for the middle, and Δ for the north.  

 
 
Figure 8. Water level from water level logger at 2.5 m at in the 
sea and in Lake Lenmakana, Misool karst islands, Raja Ampat, 
West Papua, recorded between 8 December 2015 (08:00 AM) to 
10 December 2015 (08:00 AM). 
 

º 
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Figure 6. Time series of temperature at Sea Harapan Jaya and Lemakana Lake at Misool karst islands, Raja Ampat, West Papua. The 
loggers were installed at 3.5 and 2.5 m depth respectively. Data points were the daily average from 24 hours of data recording 
 
 
 
 
 

 
 
 
Figure 7. Time series of salinity at Sea Harapan Jaya and Lenmakana Lake at Misool karst islands, Raja Ampat, West Papua. The 
loggers were installed at 3.5 m and 2.5 m, respectively. Data points were the daily averages from 24 hours of data recording 
 
 
 
 

Biological communities 
Table 2 shows the dominant biota identified in all the 

three lakes. Some biota are apparently abundant in one lake 
but might not be found in other lakes. Likewise, more 
species of one genus may be present in one lake but less in 
other lakes. 

Discussion 
Physical character  

Based on the size, basin depth and salinity, marine lakes 
in this study cannot be classified according to the 
anchialine habitat classification outlined by Santodomingo 
(2009). The three lakes do not meet the criteria of "lake"  
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defined as > 10 ha in area, a basin depth of 10 m, and 
salinity ranges from 23-27%. Likewise, they cannot be 
classified as "lagar", for which the criteria are that the area 
is <1 ha, basin depth is <5 m, and salinity is 26%. Nor do 
the lakes in this study conform to criteria that characterize a 
"blue pool" i.e. with size <200 m2, a deep basin, and with 
11% salinity Therefore, it seems that the marine lakes in 
Misool’s karst islands do not fit any of the three categories 
defined by Sanodomingo (2009). The jellyfish lakes in the 
three Misool Islands are small and of relatively shallow 
depth. 

Colin (2009) stated that lake formation is closely 
connected with sea level rise. The deeper the lake, the 
earlier the pool was formed. Therefore, lakes in Misool 
Islands are younger than in Palau, such as Tketau Lake that 
has a maximum depth of 60 m. Tketau Lake gradually 
started to form about 12,000 years ago, while shallower 
lakes began their development approximately 4,000 to 
5,000 years ago (Colin, 2009). Thus it would seem that the 
jellyfish lakes of the Misool karst islands should be 
categorized as young-age lakes. 

Being located at a distance very close to the sea, the 
jellyfish lakes have a close relationship with the sea. The 
longest tidal delay is in Lenmakana Lake. It is possible that 
the tidal delay is actually shorter than the 1-2 hours we 
have recorded in this study (See Table 1), because the time 
interval set for recording on the logger was one hour in 
order to get longer time series data. Except for jellyfish 
lake at Mecherchar in Palau, tidal delays in Misool Islands 
lakes are shorter than in Palau and in Maratua off the north 
coast of East Kalimantan (Table 3). The maximum tidal 
amplitude in Lenmakana Lake is 0.98 m, that is 
approximately 62% smaller than that in the sea. 
Lenmakana and Keramat lakes have surface caves large 
enough for sea water to enter and leave. Apparently, there 
are no caves or other natural water canals in Karawapop 
Lake that might represent a connection between the lake 
and the sea. However, there are cracks and fissures in very 
close proximity to the sea.  

It can be seen from Table 1 and 3 that, the physical 
characteristics of the jellyfish lakes are diverse. Therefore, 
there is no consistent feature in the environments of the 
lakes that could be considered as definitive criteria for the 
presence of jellyfish in the lakes. Vertical stratification 
occurs in Karawapop Lake (Figure 5). The temperature 
drops gradually (by 1.5oC), from the surface to a depth of 4 
m. Meanwhile, the northern profile is rather cooler. Salinity 
increases as the depth increase. The north salinity profile is 
a bit higher, in synchrony with the low temperature at 4 m 
(bottom). Since Karawapop is a shallow lake, it is 
impossible to form layer stratification. The vertical 
stratification occurs because sea water comes into the lake 
and brings cooler and more saline water.  

From the temperature and salinity parameter data 
recorded in Figure 5, the Jellyfish lakes in Misool Islands 
can be regarded as homogenous. However, at Lenkamana 

Lake there was a black layer. According to Hamner and 
Hamner (1998), meromictic lakes are identified as having 
anoxic conditions (a lack of O2 ) at specific depths. This 
lake decreased oxygen at 5-8 m and afterward anoxic 
(Becking LE, 2017, pers.com). Unfortunately, we did not 
carry out vertical oxygen measurements. Karawapop and 
Keramat lakes are holomictic lakes, i.e. lakes that are 
mixed in the entire water column, from surface to the 
bottom. Shallow depth results in the entire depth being 
stirred by gusts of the wind. This condition is the same as 
in Hang Du I in Vietnam, which only has 8 m depth.  

 
 
Table 2. Biota dominant in the three marine lakes investigated in 
Misool karst Islands, Raja Ampat, West Papua 
 

Biota 

L
en

m
ak
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a 

K
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K
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at

 

Algae    
Chondrus crispus + - - 
Cladophora sp. ++++ ++++ - 
Codium intricatum ++ - - 
Gelidium pusillum + - - 
Caulerpa serrulata + - - 
Halimeda sp. - - + 

Mollusc    
Brachidontes sp. ++++ +++ +++ 
Clithon diadema + -  
Lataxiena fimbriata ++ - ++ 
Codakia punctata - - + 
Trochus californicus - - + 
Tellina scobinata - + - 

Fish    
Caranx ignobilis + - + 
Gobiidae + - - 
Moolgarda seheli - + - 
Clarias sp. + - - 

Jellyfish    
Mastigias papua ++++ + +++ 
Aurelia sp. + - ++ 
Cassiopea ornata - - + 
Ctenophore - - + 

Sponges    
Tethya spp. +++ - +++ 
Haliclona spp. +++ +++ 
Suberites diversicolor - + - 

Holothuroidea     
Euapta godeffroyi - +++ - 
Opheodesoma serpentina - +++ - 
Synapta spp. - ++++ - 

Tube worm    
Filogranella spp.  - - ++++ 
Sabellidae - - ++++ 

Note: -: absent, +: few, ++: moderate, +++: many, ++++: 
abundant 
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Table 3. Characteristics of marine lakes with jellyfish at Palau, Vietnam, and Indonesia 
 

Parameter 

Jellyfish 
Lake- 

Mecherchar 
Palau 

Clear Lake- 
Mecherchar, 

Palau 

Big Jellyfish 
Lake-Koror 

Palau 

Goby 
Lake-Koror

Palau 

Hang Du I-
Halong Bay 

Vietnam 

Berau01- 
Kakaban 
Indonesia 

Berau03- Haji 
Buang, 

Maratua 
Indonesia 

Size (ha) 6.1 4.5 4.5 2.1 0.8 390 13.8 
Maks depth (m) 30 30 38 15 8 12 17 
Dist to the sea (m) 200 260 210 110 50 120 325 
Temp (oC) 28-31 29.5-30.5 30-31 29-31 29.1 29-31.5 29-30 
Salinity (ppt) 26-29 20-23 22-25 23 7 23-24 26-28.5 
Oxygen (ppm) 5-6 5.5 6 5 6.56 5.9-6.6 - 
pH - - - - 8.08 7-7.8 7.3-7.8 
Damp from Lagoon/ 
sea 

1/3 1/4 1/4 1/3 - 1/10 1/2.2 

Tide delay 1 hr 40 min 3 hr 2 hr 2 hr 30 m - 3 hr 30 min 2 hr 30 min 
Amplitude - - - - 0.5-1 0.19 0.75 
Jellyfish Mastigias 

Aurelia 
Mastigias Mastigias 

Aurelia 
Mastigias Mastigias Mastigias, 

Aurelia, 
Cassiopea  

Mastigias 

Mangrove + +++ - - ++ +++ + 
Connection with sea  2 large surf & 

1 small 
tunnels  

Mangrove  Crack, fissures 1 tunnels Undetectable Low  Low (porous) 

Sources: Becking et al. (2011), Colin (2009), Dawson and Hamner (2005), Hamner and Hamner (1998), Santodomingo (2009) 
 
 
 

From 57 lakes in Palau, there are 12 meromictic lakes 
(Hamner and Hamer 1998). Mastigias sp. is found in four 
of these lakes. Palau has many meromictic lakes, although 
it is in a tropical region. This is due to several factors: 
Palau has a high annual rainfall (3300-3500 mm -1); its 
lakes are mostly surrounded by mangroves with roots that 
probably cause tidal currents to become gentle, limiting the 
effects of tidal mixing; and there is midwater mixing by 
tidal jets from outside (Hamner and Hamner 1998). 
Rainfall in the Misool karst islands is not as intense as in 
Palau, except for July and August when monthly rainfall 
reaches 443.2 mm and 311.7 mm, respectively. Mangrove 
vegetation is present only in the Keramat Lake but only in 
small areas. Mangroves in Keramat Lake are concentrated 
in the east, while the cave giving entry to sea-water is in 
the West. Therefore, the mangroves do not cause 
weakening of the tidal influence, one of the steps in the 
processes leading to stratification. If stratified water 
column by black layer existed, weakening of the tidal 
current possibly does occur at Lenmakana Lake because 
the cave that experiences the tidal ebb and flow, does not 
come from the sea directly. It could be that the small lake 
situated beside Lenmakana Lake buffers the tidal current 
coming from the sea. The weak current would perhaps 
allow for stratification in Lake. 

Mastigias sp. and high-temperature  
The jellyfish genus Matigias is only found in warm 

water (Hale 1999). The medusae maintain a mutualistic 
symbiosis with zooxanthellae that need sunlight for 
photosynthesis. However, high temperatures are reported to 
bleach the scyphistomae stage due to temperature-
sensitivity of their symbiosis with zooxanthellae, and also 
to reduce strobilation of the scyphistomae. Dawson et al. 
(2001) reported that at 34oC in the El Nino of 1998/1999, 

zooxanthellae mortality sped up and their density reduced. 
Also, the high-temperature reduced the population of the 
ephyrae stage while small medusa did not survive.  

In contrast to the effects of high temperature, the 
specific effect of variation in salinity is not clear. Salinity 
of 7 PSU did not appear to be influential in the life of 
Mastigias in Lake Hang Du I in Vietnam (Ceranno et al. 
2006). The Mastigias population did not disappear even in 
the high salinity period of December 1998 to April 1999 at 
Palau. High tolerance of variation in salinity is suggested 
by the jellyfish’ daily vertical migration from the surface to 
18 m depth which results in their exposure to diurnal 
salinity difference of 8 PSU (Dawson and Hammer 2003).  

At the time of the field work October 2015 in our study, 
there were not found Mastigias sp. but Mei 2016 only a 
few were found in Kawarapop Lake. We hypothesize that 
this may have been caused by the El Nino conditions that 
started in June 2014 (NOAA 2015, 2017). NOAA (2017) 
reported that a global El Nino peak occurred in November-
December 2015 and became the strongest El Nino ever. In 
July-December 2015, intensive sea surface temperature 
(SST) increase occurred in the central to eastern Pacific. 
This condition extended to the Indian, Pacific and Atlantic 
basin in October 2015, marked by global coral bleaching. 
Furthermore, from January to May 2016 until August 2016, 
the SST in Indonesia and the Coral Triangle area was 
classified as at the Alert Level 1 (NOAA, 2016). 
Measurements with local loggers confirmed satellite 
measurements. Unfortunately, there is no time series data 
for water temperature in Lake Karawapop. 

 Mastigias sp. did not appear in Palau during the El 
Nino time of 1998/1999 (Dawson et al. 2001). Ceranno et 
al. (2006) also reported that Mastigias sp. were unseen in 
Hang Du I Lake, in September 2003 due to a rise in 
temperature of 3°C compared with spring 2003.  
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Figure 9. Mastigias papua at A. Lenmakana Lake, B. Karawapop Lake (Photo by LEB), C. Keramat Lake at October 2015, and D. 
Keramat Lake at May 2016 (Photo by GYSP) 
 
 
 
 

Associated with rising SST in the mixolimnion layer of 
the Keramat Lake, white Mastigias, i.e., Mastigias without 
zooxanthellae, were found in Keramat Lake (Figure 9D). 
Small white population of medusae, apparently without 
zooxanthellae, and mostly less than ~25 mm size, were also 
reported in Palau, during the El Nino cycle of May 1997 
(Dawson et al. 2001). The conclusion arrived by Dawson et 
al. (2001) is that the occurrence of small white Mastigias 
sp. was likely strobilate aposymbiotically than bleach post-
strobilation. The bleached animal typically exhibited some 
remnants of zooxanthellae. In fact, microscopical analysis 
found no remnants of zooxanthellae in preserved jellyfish 
sample. So these white jellyfish were not because of 
bleaching. We need more study about this phenomenon 
since white jellyfish at Keramat had a brown spot and 
varying in size from small and big.  

Sub-species of Mastigias sp. 
Mastigias sp. jellyfish in Lenmakana Lake show a 

slightly different morphology from the Mastigias sp. in the 
two other lakes (Figure 9). Their oral arms in Lenmakana 
Lake are shorter than in the other two lakes. Colin (2009) 
and Dawson et al. (2009) noticed that the Mastigias sp. of 
the ancestral lagoon had oral arms longer than in Mastigias 
sp resulting from evolution in the lakes. In other words, 
Mastigias sp. evolution in Karawapop and Keramat lakes 
appears to be younger than in Lenmakana. Dawson and 
Hamner (2005) and Dawson et al. (2009) revealed that 
morphological evolution was caused by the isolation of a 
lake, as the lakes flooded 12,000 then 5,000 years ago. This 
isolation was the cause of different characteristics of 
marine lakes, such as depth, area, physical and chemical 
structure. As the lakes become more isolated, jellyfish are 
more likely to develop into subspecies, such as indicated by 
the presence of five new sub-species of jellyfish Mastigias 
sp. in different lakes in Palau (Dawson 2005). The level of 
isolation of the lake can also be a factor determining the 
existence of other jellyfish in the lakes, although, which 
level of isolation determines which particular species can 
survive is unconfirmed. Aurelia sp. inhabits some lakes 
with abundant Mastigias sp. Commonly they are found 

below the depth zone of Matigias sp., about 5 m below the 
surface (Colin 2009). 

Conservation management 
There is currently little management of visitors to 

jellyfish lakes in Misool. Small and shallow marine lakes, 
close to villages, are utilized for daily domestic activities 
such as toileting, trash disposal, or aquaculture. For 
example, in Karawapop Lake, a shelter and warehouses 
have been built to facilitate people reaching the lake. 
Initially, they were built to support the aquaculture 
activities in the area. In Lenmakana Lake, an emergency 
facility, an artificial ladder from natural materials, was 
constructed but this was later damaged by weather.  

Usually, tourists come to the jellyfish lakes via live-
aboard dive boats from Sorong. There is no information 
about the number of tourists that visit the lakes annually, 
and no one to control tourist activities during the visits. 
This is of concern given how fragile the marine lakes are. 
Snorkeling, wearing of sunscreen and/or urination can 
affect the water quality and the presence of biota. Dawson 
et al. (2001) showed that a level of sunscreen 
concentration of 10-6 g ml-1 in the water can cause the 
death of Mastigias after 30 hours. The small size of lakes 
in Misool Islands would be more sensitive to any 
interference caused by humans or by natural phenomena 
such as El Nino. Therefore, in order to conserve and 
protect the ecosystem of the lakes in Misool Islands, site 
visits should be well-managed involving the government 
and the local community. Establishing management 
systems, including fees charged to tourists, may create 
positive incentives for communities to better protect and 
manage the marine lakes.   
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Abstract. Gaad D, Laouar M, Gaboun F, Abdelguerfi A. 2018. Collection and agro morphological characterization of Algerian 
accessions of lentil (Lens culinaris). Biodiversitas 19: 183-193. Lentil is one of the important pulse crops in Algeria. The narrow genetic 
base of local cultivars and the disappearance of many local accessions contribute to the loss of lentil biodiversity. Therefore, collection, 
characterization and preservation of existing local accessions of lentils are important. Lentil accessions were collected across different 
agro-ecological zones of Algeria. From 10 regions (Departments), 15 villages were surveyed and 30 accessions were collected. Eighteen 
local accessions and 26 references collection have been used for agro morphological evaluation. The assessment was performed in two 
locations, sub-humid and semi-arid conditions, based on 12 quantitative characters. The result of variance analysis shows a significant 
effect of the interaction genotype x location for six quantitative traits. Three macrosperma Algerian accessions characterized by a high 
number of pod/plant, number of seed/plant and seed yield/plant were positioned on PCA1. The remaining Algerian accessions were 
positioned on PCA2 and were characterized by later flowering and maturity with high plant stature and height of the lowest pods. 
Hierarchical cluster analysis grouped the accessions into five distinct clusters independently of the accessions origins and revealed the 
distribution of Algerian accessions in all of the groups. This study will help breeders to better select accessions to be used in lentil 
breeding program. 

Keywords: Agro-morphological evaluation, Lens culinaris, local accessions, reference collection, quantitative traits 

INTRODUCTION 
 
Lentil (Lens culinaris Medikus) is the oldest pulse crop 

with remains found alongside human habitation up to 
13,000 years BC (Sandhu and Singh 2007). It has been 
cultivated in the most difficult agricultural environments, 
being perhaps second only to barley in this sense (Cubero 
et al. 2009). Currently, it is mainly grown in semi-arid 
regions of South Asia, North America, Australia and Africa 
(Kaur et al. 2014; Verma et al. 2014). In lowland 
Mediterranean environments, lentil is usually grown 
between 300 and 400 mm annual rainfall (Ceccarelli et al. 
1994). In Algeria, it is cultivated under rainfed conditions 
in different agro-climatic zones in regions where the annual 
average rainfall ranges between 300 and 900 mm. But 
production has dropped over the last few decades being 
63.18 tons with yield about 114 kg/ha in 2014 (FAOSTAT 
2017). The origin of this decline is due to many causes, the 
most important is the abandon of local germplasm well 
adapted to different environments, in profit of introduced 
materials. Thus, for more efficient utilization of local 
germplasm, the collection and characterization of local 
genetic resources of lentil are the first steps to take before 
starting any improvement program. 

Assessment of genetic diversity based on phenotype has 
been conducted worldwide (Asghar et al. 2010; Roy et al. 
2012, 2013; Pratap et al. 2014). However, a limited number 
of studies have been led to characterize Algerian’s lentil 

germplasm. Therefore, the present study was undertaken to 
(i) collect local lentil accessions on farms through Algeria, 
and (ii) to determine agro-morphological traits variation 
among some accessions collected along with the reference 
collection. 

MATERIALS AND METHODS  

Study area  
Collection trips were made throughout Algeria in 2011 

at different agro-climatic zones which are characterized by 
variation in altitude, annual rainfall, temperature and 
vegetation. In order to suitably cover the study area, 15 
surveyed rural area or villages were randomly selected 
throughout 10 Departments (Figure 1). Information 
characterizing each location (name of sites, name of the 
village/district and name of department) is summarized in 
Table 1.  

Field evaluation  
Plant materials  

A total of 44 accessions of cultivated lentil (Lens 
culinaris Medik.), comprised landraces and modern 
cultivars representing geographically and phenotypically 
wide variation, were used in this study. Among these, 18 
were collected in Algeria (nine microsperma and nine 
macrosperma). In addition, a collection reference of 26 
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accessions including released popular cultivars and selected 
advanced lines were received from ICARDA (eight 
accessions), USDA (twelve accessions) and ATFCC (six 
accessions) under standard material transfer agreement 
during 2011. Relevant passport data of these accessions are 
given in Table 1. 

Experimental design  
Two field experiments were conducted in two 

consecutive years of 2011/2012 and 2012/2013. The 

summary of the environmental conditions of the two trials 
is shown in Table S1. The first experiment was carried out 
at the INRAA experimental station at 18.5 m altitude in a 
sub-humid zone. The soil was clay- muddy with a 7.9 pH 
(Issolah 2007).The second field trial was located at the 
ITGC (Institut Technique des Grand Cultures) 
experimental farm in the Constantine district in the semi-
arid region, about 713 m above sea level.  

 
 
 
 
 
 

 
 
Figure 1. Map of Algeria, representing only the 8 departments where the 18 accessions used in agro morphological evaluation were 
collected. 1. Ain-Timouchent, 2. Sidi-Bel-Abbes, 3. Tiaret, 4. Medea, 5. Tizi Ouzou, 6. Bouira, 7. Constantine, 8. Illizi 
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A durum wheat crop had been grown during the 
previous season for both experimental locations. Sowing 
was performed on 9 December 2012 at the INRAA station 
and on 7 January 2013 at the ITGC station. The 44 entries 
were arranged in an incomplete randomized block design 
(Alpha Lattice Design) with 4 replications. Four 
incomplete blocks with 11 plots each were designed in 
each complete block. Experimental evaluation plots 
consisted of 3 rows of 1 m, 100 cm apart, giving a plot size 
of 3 m2. Seeds were sown by hand by placing 2-3 seeds in 
a hole and then thinning to one plant per hole by hand at 
seedling stage. All recommended cultural practices and 
plant protection measures were followed to raise a healthy 
crop. 

Phenotypic data  
The standard descriptors for lentil (IPGRI 1985, UPOV 

2013) were used as guidelines in the phenotypic 
characterization. Observations were recorded from 4 
replications of 3 plants. The detail of all traits taken into 
account is given in Table S2. 

Statistical methods 
PROC GLM within Statistical Analysis System (SAS) 

version 9 was used for the statistical analyses of 
quantitative data. Treatment means were compared 
statistically using Student-Newman-Keuls test at p=0.05. 
The relationships between quantitative traits were 
examined using simple correlation analysis based on 
Pearson’s Correlation Coefficient by Excel software, 2013. 

A standardized matrix was subjected to principal 
component analysis to study the structure of variation of 
the studied accessions. The nearest neighbor option based 
on Euclidean distances was used to explore relationships 
among the accessions which were performed using Ward's 
minimum variance method. PCA and cluster analysis were 
performed with XLSTAT v13.01 software (XLSTAT 
software (Addin Soft, New York, USA). Significance was 
determined a priori at alpha = 0.05 probability.  

RESULTS AND DISCUSSION 

Analysis of variance  
Analyze of variance was performed on 12 quantitative 

characters and the result for individual and combined data 
are reported in Table S3. The mean phenotypic values of 
the six significant characters for both locations are 
presented in Table 2. 

Single location  
Location showed considerable differences for studied 

traits between accessions. Therefor there are location 
effects for the following characters: time to emergence, 
time to flowering, time to maturity, number of pods/plant, 
number of seed/plant and seed yield/plant. 

The effect of location was height significant for time to 
emergence. TEM was earlier at Alger location (mean 17.80 
DAS), and late at Constantine location (mean 23.21 DAS). 
If average data of the two locations are considered, 

microsperma types IG5514 (breeding materiel) from 
Turkey and PI431640 (hybrid line) from Iran were the first 
to be emerged (15 DAS), whereas the local population 
ALG4, macrosperma type was the last one to be emerged 
(27.5 days after sowing).  

Location effect is very significant (p < 0.001) on the 
character FD50. At Alger location the days to flowering 
ranged between 95 and 125 DAS with a mean of 108.82 
DAS. The local population ALG31, the improved line 
PI619099 (USA), the cultivated variety ILL5228 
(Australia) and PI472126 (India) were the earliest for 50% 
flowering (100 DAS) and all microsperma type except the 
last one. Whereas, IG5511 from Syria macrosperma type 
was later in flowering (mean 117.50 DAS). At Constantine 
location flowering time was delayed ranged between 110 
and 133 DAS with a mean of 117.19 DAS. ALG31 was the 
earliest one (112.25 DAS) and a later one was a breeding 
materiel (IG4872) from Afghanistan (123.66 DAS) a 
microsperma type.  

Early maturing genotype at Alger was the local 
accessions ALG16 with 172 DAS and at Constantine the 
early genotypes were also local: ALG16; ALG19 and 
ALG22 with 148 DAS.  

At Alger location the maximum number of pods/plant 
was produced by the genotype ALG3 (645) followed by 
PI490289 (572.5), however, genotype IG4872 produced 
minimum pods (142.5). At Constantine, a maximum pod of 
plant was 697.5 obtained by accession PI533690 and 
minimum pods of plant were noticed in accessions 
PI468902 with 227.5. 

Variation was observed for number of seeds/plant over 
the two locations. The local genotype ALG3 recorded the 
highest number of seeds per plant (1073) at Alger, the 
minimum number was obtained by IG4872 (232.5). At 
Constantine the highest number of seeds per plant (1318) 
was recorded by PI472126 and the minimum one by 
ALG23 (306.6). 

The seed yield/plant was influenced by location. It was 
higher at Alger (23 g/plant) and lower at Constantine 
(19.59 g/plant). Strong yield differences were observed 
among lentil accessions for both locations. Accessions that 
showed the highest grain yield were a local accession 
macrosperma type (ALG3), PI486127 from USA at Alger 
and PI486127 at Constantine (40.89g/plant). The 
accessions with the lowest grain yield were the 
microsperma type accession PI431640 at Constantine 
(6.35g/plant) and IG4872 from Afghanistan (microsperma) 
line at Alger. 

Combined locations:  
Plant height (PHT), measured from ground level to the 

plant tip, varied significantly (p < 0.001) across genotype x 
location. The maximum height was attained by the 
Australian cultivar ILL5728 (40.9 cm) followed by another 
Australian genotype V69-1001 with 39.9 cm. While the 
shortest plant was IG5160 (20.6 cm) from Jordan. The 
Algerian accessions had intermediate values for plant 
height.  

Genotypes x location interaction were significant for 
height of the lowest pods above the soil (HLP). The 
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Algerian variety ALG6 (microsperma type) had the 
greatest value for height of the lowest pods (14.9 cm), and 
the lowest value was recorded for ILL5722 (microsperma 
type) from Australia about 9.6 cm. The overall mean for 
HLP was 12.4 cm. 

Time to maturity was influenced by genotype x 
location. Early maturing genotypes included ALG16 (local 
population-microsperma type) with 162 days followed by 
the local hybrid line ALG19 with 163 days. The latest 
maturing genotype was also a local population of 
macrosperma type (ALG15) at 172 days.  

It was observed that the weight of 100 seeds (SWE) 
differed between accessions for genotype x location. The 
grand mean was 3.4 g and mean values varied from 2.5 to 
5.2 g. The heaviest weight was detected in the Algerian 
variety Bland de Chili, ALG12 (5.2 g), belonging to 
macrosperma type and the lightest weight (2.5 g) was the 
microsperma genotype from the USDA collection 
(PI320937) originating from Germany.  

Significant variation for seed diameter was detected for 
genotype x location. It varied from 3.1 mm to 7.1 mm with 
an average of 5.2 mm. The large diameter was observed in 
two local macrosperma type accessions ALG12 (6.5 mm) 
followed by Ibla (ALG8, 6.2 mm), and the smallest one 
was also recorded in a local microsperma type population 
ALG16 (3.9 mm). 

Seed thickness differed among genotype x location. 
STH ranged from 1.3 mm to 3.1 mm with an average mean 
of 2.5 mm. Microsperma accession ALG16 had the greatest 
thickness (2.9 mm) and ALG18 (a cultivated variety: 
Radjas) macrosperma type had the least (2.0 mm). 

Correlation between characters 
 Time to maturity was negatively correlated with seed 

thickness (r=-0.33, p<0.001). Plant height had a significant 
positive correlation with height of lowest pods (r=0.41, 
p<0.001). Pod number is the prime yield attribute in lentil, 
and the number of pods/plant was positively correlated 
with the number of seed/plant (r=0.88, p<0.001) and seed 
yield/plant (r=0.70, p<0.001). On the other side, SYP was 
positively correlated with NSP (r=0.77, p<0.001) and seed 
diameter (r=0.45, p<0.001) (Table S4). 

Principal compound analysis  
Table S5 summarizes the PCA estimates among the 

tested lentil accessions. A two-dimensional (2D) plot was 
obtained using the first two PCs, which explained 48.8% of 
the total phenotypic variation (Figure 2). The first PC axis 
explained 27.4% of the total variation, and was mainly 
defined by number of pods/plant, number of seeds/plant 
and seed yield/plant. The second PC explained 21.4% of 
the total variation and was correlated with time to maturity, 
plant height, height of lowest pods, 100 seed weight and 
seed diameter. Based on the 2D graph analysis, 5 major 
classes were formed. Algerian accessions were distributed 
along the two axes and were disseminated in all 5 classes. 
The first class contained all microsperma types 
characterized by low number of pods/plant, number of 
seeds/plant and seed yield/plant. Class 2 contains primarily 
Algerian accessions belonging to macrosperma type with 

high plant height and lowest height for pods above the soil, 
late flowering and maturity, high seed weight and large 
seed diameter. The third class contained mainly 
microsperma types which are early to flower and mature 
with short plants, low height to the first pods, low seed 
weight and small seed diameter. The class group contained 
mainly macrosperma types that were characterized by a 
high number of pods/plant, number of seeds/plant and seed 
yield/plant. The fifth class was characterized by accessions 
with greater seed thickness. 

Cluster analysis  
The dendrogram performed by cluster analysis 

confirmed the PCA results and indicated that the 43 lentil 
genotypes could be divided into two major groups with 
subgroups each (Figure 3). Specifications for each cluster 
are presented as fellow: (i) The first group includes 16 
accessions, mainly microsperma types (ALG8, ALG6, 
PI619099, Cassab, IG5511, PI297787, ALG28, ALG30, 
IG1647, ILL5728, IG4872 and V69-1001, ALG12, 
ALG18, ALG15 and ILL1828). The majority of 
Australians accessions were represented in this group. The 
Algerian variety Blond de Chili (ALG12) originating from 
Chili was clustered with a Chilean accession ILL1828 in 
the same subgroup. (iii) The second group includes 27 
accessions, where the first subgroup contains 10 accessions 
exclusively microsperma types (ALG16, ALG23, ALG21, 
PI468902, PI320936, PI431640, ILL5722, IG26, PI320937 
and ALG31). The second subgroup consisted of 17 
accessions mainly microsperma types and included: 
ALG19, PI374119, ALG25, IG572, ALG4, PI374120, 
PI533690, IG8, ILL5823, ILL7180, ALG7 and IG5160. 
The third subgroup contains five accessions mainly 
macrosperma types: PI490289, ALG3, PI486127, 
PI472126 and ALG22. 

Discussion 
The collecting missions during 2011 allow us to collect 

30 accessions of lentil; among them, 11 were local 
populations or landraces. This shows that despite the 
intensive modern agricultural practices and the use of 
modern varieties and hybrid line, there is still a tradition of 
cropping lentil among the small farmers. In this study, only 
18 collected accessions were used for agro-morphological 
evaluation.  

The results of ANOVA for quantitative traits indicated 
the influence of climatic conditions on phenological, 
biometric and traits related to yield. Alger is characterized 
by a sub-humid climate, with winter rainfall. The first trial 
(2011/2012) was exceptional with semi-arid condition 
(annual rainfall of 227 mm) as well as in Constantine 
location (annual rainfall of 292.1 mm). According to 
Erskine et al. (1994) in the Mediterranean regions of West 
Asia and North Africa, lentil is usually grown in areas of 
300-400 mm rain year-1. 

It could be predicted that local accessions should 
perform better than the introduced ones, since they are 
expected to be more adapted. However, we noticed that 
some accessions, especially from Australia performed 
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better than the local genotypes. This shows that lentil has a 
large range of adaptability to different environments. 

The lentil plants are indeterminate and they come to 
flower after a period of vegetative growth, the length of 
which varies considerably between genotypes grown in a 
single location (Saxena 2009). In this work, accessions 
showed a range 95 to 133 days, grand mean was 112.97 
days. Flowering time varies considerably over the two 
locations. Summerfield et al. (1985) concluded that 
temperature and photoperiod modulate flowering in lentil. 
We noticed that the accession from Afghanistan is the later 
one at Alger location, Erskine et al. (1989) reported that on 
average Afghan germplasm is among the latest to flower in 
the world. Under sub-tropical condition with five 
promising lentil mutants, Alam Mondal et al. (2013) report 
that the mean of days to flower is 58.71. Whereas, with 
thirty five advanced breeding lines of lentils introduced 
from ICARDA tested in Saudi Arabia, days to flower was 
102.8 (Alghamdi et al. 2014). Saxena (2009) reported that 
the duration of flowering of a single plant and crop stands 
enormously; it may range from less than 10 days to longer 
than 40 days depending on the genotype and the 
environment. Erskine et al. (1994), later found that the 
dissemination of lentil around the world has resulted in the 
selection of different regionally specific balances between 
photoperiod and temperature for the control of flowering. 
In order to understand the structure of the world lentil 
collection, landraces held at ICARDA were characterized 
into four major regional groups identified through analysis 
of variability in quantitative and qualitative morphological 
traits (Erskine et al. 1989). These were the Levantine group 

(Egypt, Jordan, Lebanon and Syria), the northern group 
(Greece, Iran, Turkey, USSR, and Chili), the Indian 
subcontinent group and the Ethiopian group. In our study 
accessions from Jordan and Syria were late in flowering in 
both locations and those from Greece, Iran, Turkey, USSR 
and Chili were intermediate in flowering. While, the one 
accession from Indian was earlier.  

Plant height ranged between 13.3 and 65.0 cm with a 
mean of 31.6 cm. We noticed that local accessions were 
intermediate in stature at Alger and had high stature at the 
Constantine location. Saxena (2009) reported that 
depending on genotype and the growth environment, the 
plant height may range from 15 to 75 cm. He also stated 
that plant height is highly influenced by environment. 
Under water stress and in a semi-arid environment, Turk et 
al. (2004) reported that lentil plants at the semi-arid 
location had greater plant height than those grown in an 
arid location. Among 50 lentil advanced genotypes from 
ICARDA tested at Pakistan, plant height range from 36 to 
66 cm with a mean of 50 cm (Bakhsh 1993). Similar results 
were reported by Lazaro et al. (2001) among 101 Spanish 
landraces. Whereas, in Saudi Arabia, Alghamdi et al. 
(2014) found that the mean plant height was 31 cm in five 
advanced breeding lines of lentils introduced from 
ICARDA. Tullu et al. (2001) confirmed that plant height at 
maturity was not only affected by genotype but also by the 
environment through evaluation of a core collection of 
lentil germplasm comprising 287 accessions from diverse 
geographical origins and 15 registered cultivars grown 
under conventional and no-till production systems in 
Washington state, USA.  

 

 
 

 
Figure 2. Scatter diagram with the distribution of 43 accessions of lentil according to the first two principal components (PC1 and PC2. 
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Table 1. Detail of 44 lentil accessions used in Agro morphological evaluation 
 
Accessions 
code Accession name Status Site/department or country Origin Seed type 

ALG3.lens Unknown Population Azrou/Tizi Ouzou, Algeria Farmers Macrosperma 
ALG4.lens Unknown Population Ikharban/Tizi Ouzou, Algeria Farmers Macrosperma 
ALG6.lens Syrie229 Cultivated variety Sebien/Tiaret, Algeria ITGC Microsperma 
ALG7.lens Balkan755 Cultivated variety Oued lilli/Tiaret, Algeria ITGC Microsperma 
ALG8.lens Ibla Cultivated variety Dahmouni/Tiaret, Algeria ITGC Macrosperma 
ALG12.lens B. de Chili Cultivated variety Ain Trid/Sidi-Bel-Abbes, Algeria ITGC Macrosperma 
ALG15.lens Unknown Population Targa/A.Timouchent, Algeria Farmers Macrosperma 
ALG16.lens Unknown Population Aghlal/A.Timouchent, Algeria Farmers Microsperma 
ALG18.lens Radjas Cultivated variety Bouskin/Medea, Algeria ITGC Macrosperma 
ALG19.lens Flip 90 31C Hybrid line Bouskin/Medea, Algeria ITGC Macrosperma 
ALG21.lens Setif628 Cultivated variety Bouskin/Medea, Algeria ITGC Microsperma 
ALG22.lens Flip 48 L Hybrid line Bouskin/Medea, Algeria ITGC Microsperma 
ALG23.lens Flip 97-11C Hybrid line Bouskin/Medea, Algeria ITGC Microsperma 
ALG25.lens Metropole Cultivated variety ElKhroub/Constantine, Algeria Farmers Microsperma 
ALG28.lens Unknown Population Khbouziya/Bouira, Algeria Farmers Macrosperma 
ALG29.lens Unknown Population Illoula/Tizi Ouzou, Algeria DSA Macrosperma 
ALG30.lens Metropole Cultivated variety Ifigha/Tizi Ouzou, Algeria DSA Microsperma 
ALG31.lens Unknown Population Djanet/Illizi, Algeria Farmers Microsperma 
IG5511 Unknown Breeding material El-Hasakah/Syria ICARDA Macrosperma 
IG1647 Cundina Unknown Bogota/Colombia ICARDA Microsperma 
IG26 ILL26 Unknown Damascus/Syria ICARDA Macrosperma 
IG1828 ILL1828 Unknown Bio Bio/Chili ICARDA Macrosperma 
IG8 ILL8 Improved cultivar Amman/Jordan ICARDA Microsperma 
IG572 ILL572 Breeding material Tunceli/Turkey ICARDA Microsperma 
IG5160 ILL5160 Breeding material Irbid/Jordan ICARDA Microsperma 
IG4872 DEU146 Breeding material Kabul/Afghanistan USDA Microsperma 
PI431640 ILL1017 Hybrid line Iran USDA Microsperma 
PI619099 Mason Improved cultivar Washington/USA USDA Macrosperma 
PI374120 ILL1941 Other Morocco USDA Macrosperma 
PI490289 Mariette Cultivar France USDA Macrosperma 
PI486127 Unknown Breeding material Washington/USA USDA Macrosperma 
PI320936 Daghestan Unknown Russia USDA Microsperma 
PI468902 Unknown  Population Rio G.do sul/Brazil USDA Microsperma 
PI320937 ILL505 Unknown Germany USDA Microsperma 
PI297787 ILL319 Unknown Greece USDA Microsperma 
PI533690 PARDINA Unknown Spain USDA Microsperma 
PI472126 33-0690000 Unknown Uttar Pradesh/India USDA Microsperma 
PI374119 ILL1940 Unknown Morocco USDA Microsperma 
V69-10010 Flash Improved cultivar Victoria/Australia ATFCC Microsperma 
ILL5722 Digger Improved cultivar Victoria/Australia ATFCC Microsperma 
ILL5728 Cobber Improved cultivar Victoria/Australia ATFCC Microsperma 
ILL5823 Matilda Improved cultivar Victoria/Australia ATFCC Microsperma 
ILL7180 Nugget Improved cultivar Victoria/Australia ATFCC Microsperma 
Unknown Cassab Improved cultivar Victoria/Australia ATFCC Microsperma 
 
 
 
 

 
Height of the lowest pods above the soil is an important 

character for mechanization in lentil. A microsperma 
Algerian variety Syrie 229 (ALG6) had the greatest height 
to the lowest pods in this study. Bacchi et al. (2010) 
reported greater values in macrosperma than microsperma 
types among 25 lentil accessions representing part of a 
large germplasm collection from different Mediterranean 
regions including three Algerian landraces. In Turkish 
landraces, the height of the lowest pod above the soil 
ranged between 21.7 and 41.6 cm, with a mean of 30.2 cm 
(Toklu et al. 2009). Piergiovanni (2000) reported that the 
height of the lowest pods was between 11 and 26 cm in 

Italian lentil populations, the mean height was 24.2 cm. 
However, for ’Colliano’, a microsperma morpho-type from 
Italy, the distance of the first pod from ground was 26 cm 
(Zaccardelli et al. 2012).  

Indigenous or local accessions were both earlier 
(161.71 days) and later (172 days) in maturity. While, 
introduced accessions were intermediate in maturity except 
some accessions from Turkey, USA, Chili and Afghanistan 
which matured late. Erskine et al. (1989) reported that on 
average Afghan germplasm is among the latest in maturity 
in the world. Torricelli et al. (2012) found that Italian 
landraces mature after 78 days. In pigeon pea, accessions 
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from Oceania were the earliest to mature (179 days) as 
reported by Upadhyaya et al. (2005). Among 113 desi 
chickpea genotypes, days to maturity ranged between 144.0 
and 180.0 with a mean of 171.1 days (Riaz et al. 2014). For 
sixty-four lentil genotypes from ICARDA evaluated at 
Diyarbakir in Turkey, days to maturity ranged from 188 to 
196 days, and some genotypes were earlier than the local 

check (Biçer and Sakar 2008). In nine inter-sub-specific 
and interspecific crosses in lentil, days to maturity ranged 
from 71.6 to 159.4 days (Singh et al. 2014). Erskine et al. 
(1994), found that the dissemination of lentil around the 
world has resulted in the selection of different regionally 
specific balances between photoperiod and temperature for 
the control of flowering and maturity.  

 

 
 
 
 
Table 2. Mean values, coefficient of variation (%) and standard error for six quantitative traits recorded at Alger and Constantine, 
Algeria 
 

Accessions Time to 
maturity (days) 

Plant height 
(cm)

Height to lowest 
pod (cm)

100-seed 
weight (g)

Seed diameter 
(mm) 

Seed thickness 
(mm)

ALG16 161.71l 39.18abc 12.42abc 3.11cd 3.93q 2.86a 
ALG8 167.50a-j 35.74a-e 12.62abc 3.89bcd 6.24ab 2.80ab 
ALG6 165.50e-l 32.28b-g 14.87a 3.06cd 4.82h-o 2.74a-c 
ALG23 163.50i-l 29.04e-i 12.12abc 3.86bcd 5.47c-i 2.68a-d 
ALG21 162.50kl 25.54g-j 11.87abc 3.49bcd 5.18f-l 2.63b-e 
PI619099 170.00a-e 33.87a-g 14.62a 3.07cd 5.59b-h 2.60b-f 
ALG19 162.00l 23.33ij 10.50abc 3.31bcd 5.36d-i 2.60b-f 
PI468902 166.50c-l 30.52d-i 11.00abc 3.05cd 4.55o-n 2.19kl 
IG5160 164.83f-k 20.55j 10.00bc 3.11cd 3.99qp 2.60 b-f 
PI320936 164.50g-l 24.41ijh 11.37abc 4.54ab 2.85b-h 2.56c-g 
PI431640 167.00b-i 27.03f-h 12.25abc 2.85cd 4.80g-o 2.56c-g 
PI374119 163.00j-l 33.74a-g 11.00abc 2.82cd 4.81h-o 2.55c-g 
ALG12 169.50a-f 37.78a-d 14.50ab 5.23a 6.46a 2.55c-g 
ALG25 164.00k-l 30.27d-i 12.25abc 3.40bcd 4.62o-n 2.52c-h 
ILL5722 166.00d-l 29.33e-h 09.62c 3.55bcd 4.92h-n 2.49c-i 
Cassab 169.00a-f 32.58b-h 12.62abc 3.81bcd 4.92h-n 2.49c-i 
IG572 171.50ab 33.12b-g 12.25abc 2.89cd 4.58o-n 2.49c-i 
IG26 163.00j-l 28.02e-g 11.37abc 3.68bcd 5.19f-l 2.48c-i 
IG5511 170.85a-d 33.33b-g 11.14abc 3.27bcd 5.72b-g 2.48c-i 
ALG15 172.00a 33.74a-g 12.87abc 5.09a 5.59b-h 2.48 c-i 
PI297787 168.00a-i 32.81b-g 14.25ab 2.60cd 4.91h-n 2.47c-i 
ALG4 171.00abc 28.45e-i 12.25abc 3.21bcd 3.21b-h 2.47c-i 
ALG28 166.50 c-l 34.66b-f 13.12abc 3.29bcd 5.55b-h 2.46d-k 
PI490289 168.00a-i 27.02f-i 11.05abc 3.16bcd 5.22f-l 2.45d-k 
PI374120 168.00a-i 28.58e-i 11.62abc 3.64bcd 4.42o-n 2.44d-k 
ALG3 168.00a-i 30.62d-i 13.50abc 3.70bcd 6.10abc 2.44d-k 
PI320937 164.00h-l 31.74c-h 12.87abc 2.51d 5.04g-m 2.43d-k 
PI533690 169.00b-g 30.87d-g 12.12abc 2.61cd 4.39o-n 2.42d-k 
PI486127 171.00abc 28.16e-i 14.00abc 4.05bc 5.99a-e 2.40d-k 
IG5514 168.50b-h 29.33f-i 12.50abc 3.73bcd 4.89h-n 2.40d-k 
ILL5823 164.50g-l 28.45e-g 12.87abc 2.64cd 4.73i-n 2.39e-k 
ILL7180 167.00b-i 34.70a-f 12.13abc 3.05cd 5.09g-m 2.38e-k 
ILL5728 170.00a-e 40.91a 13.00abc 3.10cd 4.22d-i 2.37e-l 
V69-1001 167.00b-i 39.87ab 12.25abc 3.84bcd 4.83h-m 2.35e-l 
PI472126 165.00i-j 30.16d-i 11.50abc 3.42bcd 5.23f-k 2.34e-l 
IG1647 169.00d-l 31.95b-h 13.75abc 3.42bcd 3.42a-d 2.33f-i 
ALG22 163.50i-l 29.41e-i 13.00abc 3.55bcd 6.12abc 2.33f-i 
ALG7 166.00a-g 29.08e-i 12.75abc 3.88bcd 5.49c-h 2.30g-l 
ILL1828 171.00abc 36.04a-e 14.25ab 3.33bcd 5.32e-k 2.24h-l 
ALG31 166.00d-l 38.41a-d 11.00abc 2.52d 3.95q 2.22i-l 
ALG30 170.00a-d 37.70a-c 12.25abc 3.59bcd 4.22o-n 2.21j-l 
IG4872 170.85a-d 40.91d-i 12.42abc 2.54d 4.14opq 2.12l 
ALG18 165.00i-j 35.82a-e 13.62abc 5.06a 5.91a-f 1.97m 
        
Mean of accessions 167.00 31.64 12.42 3.44 5.15 2.45 
CV (%) 1.59 14.05 18.38 21.85 8.30 6.14 
LSD 0.81 0.40 0.14 0.06 0.04 0.01 
Note: In a column, numbers with same letter (s) do not differ significantly at P = 0.05 
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Figure 3. Dendrogram computed from the Euclidean distance for 43 lentil accessions 
 

 
 
 
 
 

The environmental effect on seed weight is generally 
not very conspicuous as indicated by Saxena (2009). The 
macrosperma types manifest a high 100-seed weight 
compared to microsperma and the top three accessions for 
large 100 seed weight were Algerian accessions. The mean 
of all accessions was 3.4 g with a range from 1.1 g to 6.9 g. 
The 100-seed weight ranged from 1.1 to 4.0 g in small-
seeded types, while the large-seeded types generally ranged 
from 4.0 to 8.2 g (Barulina 1930 in Saxena 2009). Tullu et 
al. (2001) reported that the variation of 100 seed weight 
ranged from 1.3 to 7.4 g, with an overall mean of 3.6 g in 
the USA lentil core collection of 287 lentil accessions. 
Bejiga et al. (1996) in one hundred and fifty-six landrace 
populations of lentil (Lens culinaris Medikus) collected 
from 10 provinces in Ethiopia said that the most important 
character for differentiation was 100-seed weight (2.6 g), a 
trait affected by human preference and of low adaptive 
value according to the author. Under rainfed semi-arid 
conditions with the Mediterranean climate in Jordan, 
Abdel-Rahman et al. (2002) found that 100 seed weight of 
local lentil cultivars was 4.3 g.  

Adequate knowledge about degree and direction of the 
association of characters is a prerequisite for operating an 
efficient selection program (Mishra et al. 2007). Positive 
correlations have been found between seed size, seed 
weight, plant height, height of lowest pods and number of 
pods/and seeds per plant and seed yield. Correlations 
calculated from this research were comparable to published 
data (Erskine 1983; Hamdi et al. 1991; Biçer and Sakar 
2008; Bacchi et al. 2010; Al-Ghzawi et al. 2011; Barghi et 

al. 2012; Zaccardelli et al. 2012 and Mondal et al. 2013). A 
negative association between seed thickness and time to 
maturity can be useful in selecting for variability for seed 
size. 

Principal component analysis revealed that accessions 
of the same seed type grouped together. Cluster analysis 
revealed the existence of five groups of accessions with 
distinct morphological profiles. Accessions included in 
Group-I seem to be earlier in flowering and maturity, with 
intermediate plant stature, low pod height above the soil, 
and low number of pods, seeds and seed yield. However, 
accessions of Group-III had a medium number of pods and 
seeds/plant, 100 seed weight and seed yield/plant with 
thick seeds. Accessions in Group-II had taller plant stature 
and height of the lowest pods. Group IV comprised 
accessions late to flower and maturity, with high 100 seed 
weight and seed diameter. Whereas group-V was 
characterized by genotypes having large number of pods, 
seeds and seed yield per plant. Some groups comprise 
accessions possessing desirable traits that can be used in 
breeding.  

Fikiru et al. (2010) classified seventy Ethiopian lentil 
landrace accessions into two clusters based on Euclidian 
distance considering 8 morphological traits. Tyagi and 
Khan (2010) reported that clustering pattern revealed the 
distribution of the genotypes belonging to the same origin 
in more than one cluster indicating non- parallelism 
between geographic and genetic diversity. Asghar et al. 
(2010) reported that metroglyph analysis distributed 30 
lentil genotypes into 10 distinct groups ,the first and the 
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second g showed close genetic relationship in respect of 
number of pods and seed yield. 

In conclusion, the agro-morphologic results highlighted 
the influence of climatic conditions on phenological, 
biometrical and yield traits. Some accessions from other 
countries like Australia and India performed well despite 
grown in an environment different from where they 
originated. This shows the possibility of enhancing local 
germplasm by broadening the gene pool through 
international sources. Significant differences among the 
accessions for different characters indicated variation 
among the accessions favorable for their use in breeding 
programs. 
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Table S1. Weather conditions (monthly means) during the two cropping seasons (2011/2012 and 2012/2013) 
 
Climate  October November December January February March April May June Total 

           
Minimum T. (°C)           

2011/2012 15.3 12.7 8.2 5.6 4.00 9.4 11.6 14.0 20.2  
2012/2013 12.5 7.7 2.5 2.3 1.5 5.7 7.4 9.1 12.0  
           

Maximum T. (°C)           
2011/2012 24.7 21.4 17.7 16.7 13.1 18.1 20.7 24.2 29.8  
2012/2013 25.8 19.5 14.2 12.7 11.7 17.8 21.6 24.1 28.8  
           

Mean T. (°C)           
2011/2012 20.0 17.1 12,9 11.2 8.5 13.7 16.1 19.1 25.00  
2012/2013 18.4 12.9 07.8 06.0 05.9 11,2 13.8 16.1 20.20  
           

Rainfall (mm)           
2011/2012 9.00 39.0 20.0 8.00 78.0 33.0 32.0 8.00 0.00 227 
2012/2013 33.4 29.4 19.0 64,0 111.9 47.4 31.0 10.0 10.00 292.1 
           

 
 
 
 
Table S2. Descriptors used for morphological assessment for qualitative and quantitative traits of lentil in the study (IPGRI 1985; 
UPOV 2013) 
 

Descriptors Code Definition  
Quantitative traits 

When 
measured Unit 

Time to emergence TEM Number of days from sowing until 90 % of plants had sprouting Seedling 
stage 

Days 

Days to 50 % flowering FD50 Number of days from planting to the stage when 50% of the 
plants have begun to flower 

Flowering Days 

Days from sowing to maturity TMT Number of days from planting to the stage when 90% of the 
plants have matured 

Maturity Days 

High of the lowest pod above 
the sol 

HLP Mean height of first pod from ground level Maturity Cm 

Plant height PHT Length from soil to the tip of terminal leaf at maturity Pod-filling 
stage 

Cm 

Number of pods per plant NPP Recorded from 10 randomly selected plants  Harvest Unit 
Number of seeds per pod NSP Recorded from 10 randomly selected plants Harvest Unit 
Number of seeds per plant SPL Recorded from 10 randomly selected plants Harvest Unit 
100-seed weight SWE Average weight of two samples of 100 randomly chosen seeds After drying Unit 
Seed yield per plant  SYP Weight of goods seeds from 10 randomly selected plants After drying g/plant 
Seed diameter SDM Diameter of 100 goods seeds  After drying mm 
Seed thickness 
 

STH Thickness of 100 goods seeds  After drying mm 

 
 
 
 
Table S3. Mean square values for 12 quantitative characters recorded over two sites (Alger and Constantine) from 2011-12 to 2012-13 
 

Source of 
variation DF 

Time to 
emergen

ce 
(days) 

Time to 
flowerin
g (days)

Time to 
maturit
y (days) 

Plant 
height  
(cm) 

Height to 
lowest pod

(cm) 

Pods / 
plant 
(no) 

Seeds/ 
pods 
(no) 

Seeds /plant 
(no) 

100-seed 
weight 

(g) 

Seed 
diameter 

(mm) 

Seed 
thickness

(mm) 

Seed 
yield/plant 

(g) 

Location 1 2477.77 
*** 

5931.06 
*** 

70254.4 
*** 

2616.54 
*** 

278.34 
*** 

466838.7
** 

0.409 
ns 

2022235.34 
** 

64.94 
*** 

22.72 
*** 

0.50 
*** 

1320.142 
** 

Genotype 42 61.015 
ns 

63.49 
ns 

64.7488 
*** 

151.74 
*** 

11.56 
*** 

57205.01
ns 

0.187 
ns 

207843.29 
ns 

3.370 
*** 

3.22 
*** 

0.22 
*** 

325.2363 
ns 

Genotype 
× location 

42 83.23 
ns 

39.56 
ns 

32.5891 
*** 

122.90 
*** 

10.93 
** 

38981.48
ns 

0.139 
ns 

154203.004 
ns 

1.636 
*** 

1.11 
*** 

0.11 
*** 

272.5662 
ns 

Error 
 

238 45.02 42.75 7.05158 19.79 5.21 57005.57 0.162 188173.23 0.5659 0.18 0.02 257.74993 

Note: * Significant at p≤0.05, ** Significant at p ≤0.01, *** Significant at p≤0.001 
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Table S4. Pearson’s correlation coefficients in 43 lentil accessions among 12 quantitative characters  
 
Traits TEM FD50 TMT PHT HLP NPP SPL NSP SWE SDM STH SYP 
TME 1 -0.094 -0.073 0.150 -0.110 -0.048 0.036 0.275 -0.135 -0.068 -0.128 -0.093 
FD50 -0.094 1 0.200 -0.101 0.196 -0.102 -0.109 0.050 0.028 -0.078 -0.089 -0.088 
TMT -0.073 0.200 1 0.208 0.297 0.005 0.122 0.248 0.111 0.093 -0.325 0.177 
PHT 0.150 -0.101 0.208 1 0.411 -0.290 -0.140 0.224 0.071 0.253 -0.204 -0.135 
HLP -0.110 0.196 0.297 0.411 1 -0.010 0.063 0.105 0.170 0.298 -0.119 0.174 
NPP -0.048 -0.102 0.005 -0.290 -0.010 1 0.876 -0.033 -0.100 -0.096 -0.079 0.698 
SPL 0.036 -0.109 0.122 -0.140 0.063 0.876 1 0.416 -0.029 0.014 -0.140 0.771 
NSP 0.275 0.050 0.248 0.224 0.105 -0.033 0.416 1 0.023 0.195 -0.090 0.208 
SWE -0.135 0.028 0.111 0.071 0.170 -0.100 -0.029 0.023 1 0.450 -0.059 0.541 
SDM -0.068 -0.078 0.093 0.253 0.298 -0.096 0.014 0.195 0.450 1 0.018 0.245 
STH -0.128 -0.089 -0.325 -0.204 -0.119 -0.079 -0.140 -0.090 -0.059 0.018 1 -0.175 
YPL -0.093 -0.088 0.177 -0.135 0.174 0.698 0.771 0.208 0.541 0.245 -0.175 1 
  
 
 
 
Table S5. Eigen values, individual and cumulative percentage variations and Eigen vector explained by four vectors explained by four 
principal components based on morphological traits in 43 lentil genotypes 
 

Axes of the principal component 
Analysis DF50 TMT PHT HLP SWE NPP NSP SDM STH 

Axis Eigenvalue Proportion (%) Cumulative 
Proportion (%)

PC1 2.74 27.43 27.43 -0.050 0.152 -0.076 0.126 0.195 0.504 0.540 0.126 -0.145
PC2 2.14 21.41 48.84 0.134 0.338 0.454 0.454 0.353 -0.292 -0.180 0.405 -0.211
PC3 1.41 14.11 62.96 -0.386 -0.427 -0.080 -0.143 0.446 -0.101 -0.105 0.443 0.445 
PC4 1.10 11.03 73.99 0.709 0.081 -0.540 -0.063 0.366 -0.087 -0.145 -0.017 0.131 
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(Libraries of Food and Nutrition at Inter-University Center or Pusat Antar Universitas (PAU), Biotechnology at PAU, Faculty of 

Biology, Faculty of Mathematics and Natural Sciences, Faculty of Master of Management, and Faculty of Geography) by non-

volumetric air sampling method. Isolation of indoor airborne molds was conducted by using two petri dishes containing Dichloran 18% 

Glycerol Agar (DG 18) for each room. Morphological identification of isolates of indoor airborne molds was based on 

macromorphological and micromorphological characteristics. Isolation and identification were conducted in Laboratory of Microbiology 

of Food and Nutrition of PAU at Universitas Gadjah Mada. The result showed the diversity of indoor airborne molds, identified to be 

members of genera Alternaria, Aspergillus, Aureobasidium, Byssochlamys, Cadophora, Chaetomium, Chrysonilia, Cladosporium, 

Curvularia, Emericella, Epicoccum, Eurotium, Fusarium, Geomyces, Mucor, Penicillium, Rhizopus, Rhizomucor, Stemphylium, 

Scopulariopsis, Wallemia, and Xeromyces. Members of genera Aspergillus, Cladosporium, and Penicillium were the most dominant 

molds. The results of this study indicate that the presence of molds potentially causes illness for the library users. 
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INTRODUCTION 

Indoor airborne quality greatly affects human health 

because nearly 90% of men stay indoors (Fitria et al. 2008). 

One of the consequences of poor air quality is infectious 

respiratory diseases, which can be caused by biological, 

physical, and chemical factors (Sedyaningsih 2011). 

According to the Health Minister Regulation no 1077 of 

2011, the indoor air quality consist of physical, chemical 

and biological parameters as follows: (i) physical, namely 

particulate matter concentration, temperature, lighting, 

relative humidity, and ventilation rate, (ii) chemical, 

namely the concentration of sulfur dioxide, nitrogen 

dioxide, carbon monoxide, carbon dioxide, cigarette 

smoke, formaldehyde, volatile organic compounds, and 

(iii) biological, namely the concentration of bacteria and 

fungi, and the airborne germ rate. The maximum threshold 

for bacteria and fungi is 0 CFU/m3, and for airborne germ 

rate < 700 CFU/m3 (Sedyaningsih 2011). According to 

Fitria et al. (2008), organisms such as bacteria and mold are 

known as bioaerosol. Indoor bioaerosol may come from 

external environment and indoor contamination. Diseases 

associated with bioaerosol may be hypersensitivity 

infectious diseases such as the symptoms of Sick Building 

Syndrome (SBS). 

Sick Building Syndrome (SBS) is a disease caused by 

the condition of the building and is a collection of 

symptoms based on the experience of the users of the 

building as long as they are inside the building (Fitria et al. 

2008). According to Sedyaningsih (2011) and Heseltine 

and Rosen (2009), the SBS symptoms can be in the forms 

of headache, loss of concentration, dry throat, eye irritation 

and skin allergy. Some forms of SBS-related illnesses are 

skin and respiratory allergies, eye irritation, nose, and dry 

mucus, mental fatigue, headache, asthma, cough, flu, and 

sneezing, and other hypersensitivity reactions. These 

sympoms suggest that the presence of bio-aerosols in the 

room can cause illness with SBS symptoms. The most 

contaminating microorganisms in the room which cause 

illness with SBS symptoms are molds whose number can 

reach tens to thousands. Mold can be found in any place 

where organic material is present and it is easily carried 

into the room by wind because it has many spores or by the 

dust of clothing or other material or by insects and other 

animals from outdoors (Heseltine and Rosen 2009). 

One room that has the potential of air pollution 

problems is the library room because in the room there are 

many piles of books and shelves that are not always clean, 

and the ventilation is not good so that the condition will 

create concentrated dust indoors (Fitria et al. 2008). The 

dust becomes a substrate for microbes, especially molds 
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that obtain nutrients from it and they are so easily carried 

by dust and air in the room. Workers in the library who 
are exposed to microorganisms may have additional 
consequences such as infections and mycotoxicoses 
(Skora et al. 2015). Fitria et al. (2008) found a mold 

member of the genus A. fumigatus in several libraries at 

University of Indonesia. The mold is known to potentially 

enter and interfere with the respiratory tract due to its small 

size and can cause aspergillosis, and so can other members 

of the genus Aspergillus (Abad et al. 2010). This shows 

that the condition of campus buildings in Indonesia has the 

potential to cause health problems for students, lecturers, 

and all campus employees because the air and dust contain 

molds.  

Therefore, it is necessary to conduct research to know 

the air quality in libraries at Universitas Gadjah Mada 

(Gadjah Mada University) or UGM, Yogyakarta, 

Indonesia, which is one of the biggest universities in 

Indonesia, by looking at the diversity of molds in the room 

as the first action of disease prevention for library users at 

UGM. 

MATERIALS AND METHODS 

Study area 

This study was conducted in Universitas Gadjah Mada 

(Gadjah Mada University) or UGM, Yogyakarta, 

Indonesia. Sampling was conducted in January 2012 in six 

libraries at the university, ie. libraries of Food and 

Nutrition at Inter-University Center or Pusat Antar 

Universitas (PAU), Biotechnology at PAU, Faculty of 

Biology, Faculty of Mathematics and Natural Sciences, 

Faculty of Master of Management, and Faculty of 

Geography. Sampling and observation of the condition of 

the libraries were done during working hours (08.00-12.00 

WIB). 

Procedures 

Sampling of indoor airborne molds 

The parameters of environmental included temperature 

and relative humidity of the library measured in succession 

using thermometer and hygrometer at the time of sampling. 

The sampling method was conducted by non-volumetric air 

sampling (Samson et al. 2010) using two petri dishes 

containing Dichloran 18% Glycerol Agar (DG 18) media 

for each room. The petri dishes were opened for 30 minutes 

in each library with the aim that the media were 

contaminated by indoor airborne molds. One petri dish was 

placed on a reading table and the other on a bookcase in 

each library. The petri dishes were closed after 30 minutes, 

then incubated at room temperature in the laboratory for 1 

week, then each growing mold was transferred to new 

media to be isolated and purified. 

Isolation and purification of indoor airborne molds 

Indoor airborne molds that have been taken from the 

library were further isolated by moving each mold from the 

growing colony to the appropriate purification media, 

namely Malt Extract Agar (MEA), Dichloran 18% Glycerol 

Agar (DG 18), or Czapek Yeast Extract Agar + 20% 

Sucrose (CY20S) by a three-point method, then incubated 

for more than 5 days to 1 week at room temperature. Then, 

the mold was re-purified by a single spore isolation method 

by taking a bit of mold with an inoculation needle, then 

spreading it onto a new medium and incubated for 2-4 days 

at room temperature or until the mold spores had grown or 

had visible newly-growing hyphae threads. Then the spore 

sprouting apart or a small collection of hyphae from the 

single spore was inoculated into a tube containing MEA, 

DG 18 or CY20S media, then incubated at room 

temperature and then pure culture was used for 

identification. 

Identification of indoor airborne molds by profile matching 

method based on morphological characteristics 

The purified mold isolates were further identified by 

growing them on identification media: MEA, DG18, or 

CY20. Molds growing on the media were identified based 

on macro-morphological characteristics, namely color, 

shape, and colony structure on media in petri dishes, and 

colony diameter. The mold was subsequently identified 

micro morphologically by preparing wet specimens on 

microscope slides using a small amount of mycelium and 

the spores were taken with an inoculation needle and then 

placed on top of the lactophenol sprayed glass object, then 

sprinkled with a bit of ethanol, then covered with a 

prepolymer glaze. The specimens on the slides were 

observed under a light microscope. These 

micromorphological characteristics observed included fruit 

body structure, somatic structure, and mold reproduction 

structure. Identification at the genus level was done using 

profile matching method by comparing the mold 

morphology obtained with description in two identification 

books, i.e. Gandjar et al. (1999) and Samson et al. (2010). 

RESULTS AND DISCUSSION 

The diversity of indoor airborne molds based on the 

morphological characteristic identification 

The diversity of indoor airborne molds that have been 

successfully isolated using DG18 media in six library 

spaces available at Universitas Gadjah Mada (UGM) can 

be seen in Table 1. Based on the morphological 

characteristic identification, indoor airborne molds that 

have been successfully isolated, purified, and identified, 88 

isolates were found in six libraries: 16 from the library of 

Food and Nutrition at Inter-University Center or Pusat 

Antar Universitas (PAU), 14 from the library of 

Biotechnology at PAU, 14 from the library of Faculty of 

Biology, 12 from the library of Faculty of Mathematics and 

Natural Sciences, 13 from the library of Faculty of Master 

of Management, and 19 from the library of Faculty of 

Geography. There were 22 genera of 88 isolates, including 

members of the genera Alternaria, Aspergillus, 

Aureobasidium, Byssochlamys, Cadophora, Chaetomium, 

Chrysonilia, Cladosporium, Curvularia, Emericella, 

Epicoccum, Eurotium, Fusarium, Geomyces, Mucor, 

Penicillium, Rhizopus, Rhizomucor, Stemphylium, 
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Scopulariopsis, Wallemia, and Xeromyces (Table 1 and 

Figure 1). 

The percentage of presence of indoor airborne molds in 

libraries at UGM can be seen in Figure 2, which shows that 

the most dominant genera of molds were Aspergillus, 

Cladosporium, and Penicillium.  

Environmental factors that affect the presence of 

indoor airborne molds in the libraries at UGM 

The presence of indoor airborne molds in the libraries at 

UGM was supported by the condition of the libraries, 

especially the temperature and relative humidity of the 

libraries. The temperature of the libraries at UGM ranged 

between 24ºC and 34ºC and the relative humidity 18-58%. 

 

Discussion 

The common molds found in this study were members 

of the genera Aspergillus (29.50%), Cladosporium 

(18.18%), and Penicillium (17.04%). They could be found 

in all the libraries at UGM (Table 1 and Figure 2). Kuhn 

and Ghannoum (2003), Sko´ra et al. (2015), Borrego and 

Perdomo (2016), and Islamiati et al. (2017) also found that 

members of the genera Aspergillus, Cladosporium, and 

Penicillium were predominant indoor airborne molds. 

Alhussaini et al. (2015) also found members of the genus 

Cladosporium (12.4%) isolated from all studied sites and 

found almost every month. Flannigan et al. (2011) and 

Alhussaini et al. (2015) also state that the three members of 

the molds are commonly found indoors and outdoors. 

Harkawy et al. (2011) and Hempel et al. (2014) also found 

the genera Aspergillus and Penicillium in libraries but did 

not find genus Cladosporium. They didn’t find other molds 

found in this study, namely members of genera 

Byssochlamys, Cadophora, Eurotium, Emericella, 

Xeromyces, etc. This shows that not all molds can be found 

in all rooms. The presence of airborne molds can be 

affected by the presence of substrate, temperature, and 

relative humidity (Flannigan et al. 2011; Park et al. 2013). 

According to Borrego and Perdomo (2016), the most 

favorable conditions for microbial growth vary, depending 

on the species. According to Samson et al. (2010), the 

molds can reproduce sexually. Sexual reproduction is done 

by molds in extreme conditions. The fungi are suspected to 

have been present in the library room at UGM for a long 

time. This is in accordance with Baudisch et al. (2009) who 

also found a member of the genus Eurotium and said that in 

addition to temperature and humidity factors, dust that in 

the room affected the presence of molds. 

Some of the indoor airborne molds found the library 

rooms at UGM were a new entry into the libraries because 

it was carried by air coming from outside the room, but 

others have been there for a long time. The indoor airborne 

molds can survive for a long period of time in the libraries 

because in the library rooms there are substrates derived 

from organic molecules as a source of nutrients for molds, 

including dust, books and wooden bookcase containing 

cellulose, glue from rubber and resin materials, or from 

animals such as glue, as well as other particulates that exist 

in the library rooms at UGM. Not all dust or indoor 

particles can be removed daily, such as those at the 

ceilings, in books, on bookcases, and elsewhere in hard-to-

reach places to clean up. According to Fitria et al. (2008), 

the water tanks or water baths in damaged or dirty 

bathrooms, as well as damp air, are sources of mold 

contamination. 

 
  

Table 1. Total number of indoor airborne mold isolates that have 

been successfully isolated in each library at Universitas Gadjah 

Mada, Yogyakarta, Indonesia  

 

Genera Library  
Total 

isolates 

Aspergillus Food and Nutrition 

Biotechnology 

Biology 

Mathematics and Natural Sciences 

Master of Management 

Geography 

6 

4 

3 

4 

4 

5 

Eurotium Geography 1 

Emericella Master of Management 1 

Byssochlamys Food and Nutrition 

Biotechnology 

Mathematics and Natural Sciences 

1 

1 

1 

Alternaria Food and Nutrition 1 

Rhizopus Food and Nutrition 

Biotechnology 

2 

1 

Penicillium Food and Nutrition 

Biotechnology 

Biology 

Mathematics and Natural Sciences 

Master of Management 

Geography 

3 

1 

6 

1 

1 

3 

Cladosporium Food and Nutrition 

Biotechnology 

Biology 

Mathematics and Natural Sciences 

Master of Management 

Geography 

2 

2 

3 

3 

2 

4 

Chaetomium Food and Nutrition 1 

Aureobasidium Biotechnology 1 

Curvularia Biotechnology 3 

Stemphylium Biotechnology 1 

Scopulariopsis Biology 1 

Fusarium Biology 

Mathematics and Natural Sciences 

Geography 

1 

2 

2 

Chrysonillia Mathematics and Natural Sciences 1 

Mucor Master of Management 2 

Wallemia Master of Management 1 

Geomyces Master of Management 

Geography 

1 

1 

Epicoccum Master of Management 1 

Xeromyces Geography 1 

Cadophora Geography 1 

Rhizomucor Geography 1 

Total isolates  88 
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Figure 1. Indoor airborne molds in libraries at the Universitas Gadjah Mada, Yogyakarta, Indonesia. A. Alternaria, B. Aspergillus, C. 

Aureobasidium, D. Byssochlamys E. Cadophora, F. Chaetomium, G. Chrysonillia, H. Cladosporium, I. Curvularia, J. Emericella, K. 

Epicoccum, L. Eurotium, M. Fusarium, N. Geomyces, O. Mucor, P. Penicillium, Q. Rhizopus, R. Rhizomucor, S. Stemphylium, T. 

Scopulariopsis, U. Wallemia, V. Xeromyces 
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Figure 2. Percentage of indoor airborne molds genera from libraries at Universitas Gadjah Mada, Yogyakarta, Indonesia 

 

 

 

 

Alhussaini et al. (2015) state that indoor airborne molds 

usually enter a building through outdoor air intakes of the 

heating, ventilation, and air conditioning system, through 

doors and windows, and as contaminants on building 

materials. If elevated moisture conditions exist for a 

sufficient time in a building, mold growth and sporulation 

may occur. Harkawy et al. (2011) also state that the genera 

Aspergillus and Penicillium are predominantly found in 

libraries, which can be found at paper, leather, and wood 

biodeteriogens from indoor air, outdoor air, or settled dust. 

According to Samson et al. (2010) and Flannigan et al. 

(2011), indoor airborne molds, primarily members of the 

genera Penicillium and Aspergillus have light, small, 

plentiful spores which are easily airborne and dust borne. 

Heseltine and Rosen (2009) state that mold is easily carried 

into the rooms by wind because it has a lot of mycelium 

and light spores and can be carried away by clothes and 

other materials, brought into the room by insects and other 

animals from outdoor. Thus, the three genera molds that 

exist in the libraries at UGM are thought to come from 

outdoors, attached to the dust carried by the wind into the 

rooms, and they thrive indoors because of its conidiophore 

which makes it possible to produce spores (conidia) that 

are lightweight and numerous so as to survive in the air and 

to be attached to the substrate indoors. 

Flannigan et al. (2011) state that every day spores can 

enter the rooms when windows and doors are open. 

According to Borrego and Perdomo (2016), the external 

dust enters the rooms through the holes of the natural cross-

ventilation system. Windows or ventilation of the library of 

the Food and Nutrition at Pusat Antar Universitas (PAU) 

were open, enabling molds to enter the rooms every day 

and can survive and multiply their spores and mycelium 

indoors for a long period of time. It is therefore very likely 

that members of the genus Aspergillus are found in the 

library of the Food and Nutrition at Pusat Antar Universitas 

(PAU) (Table 1) because they have small, light, dry, and 

numerous spores, which are easily carried by air into the 

rooms. Although other library windows were closed, mold 

could enter the rooms when the doors were open, allowing 

the molds to stay indoors for a long time and multiply their 

spores and mycelium inside the rooms in the long run 

because the ventilation system was not good. The library at 

the Faculty of Biology UGM had a poor air exchange 

system because it did not use air conditioners, only fans 

which were rarely cleaned, and the windows were closed. 

There was a lot of dust, indoor toilets, and the room 

temperature and humidity were suitable for the growth of 

mold, so it is possible to find many members of the genera 

Penicillium and Aspergillus which both have light, small, 

plentiful, and easily airborne spores. 
In addition to strains belonging to the genera 

Aspergillus, Cladosporium, and Penicillium, other molds 

found indoors are also thought to have originated from 

outdoors, since naturally molds generally live on organic 

substrates, in soil, plants, animals, or human tissues, and 

subsequently moving together with the substrate and 

carried by air into the rooms (Flannigan et al. 2011). The 
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mold isolates found in the libraries at UGM are suspected 

to be molds that have long been indoors because they are in 

dust or particulates contained in parts of the rooms that are 

not always cleaned and can come from outdoors or animals 

such as insects that enter the libraries or carried away by 

dust stuck in the clothes of visitors. According to Flannigan 

et al. (2011), mold can enter the rooms due to 

contamination of human clothing and animal fur coming 

into the rooms. 

Outdoor airborne particles can bring molds into the 

library because the six libraries in this study are located 

within campuses close to human settlements, hospital, 

highways and trees. The condition allows the molds to be 

carried by air into the library rooms along with dust or 

particulates that have polluted the environment around the 

campus. Dust and spores or mycelium molds found in the 

libraries are allegedly to be derived from household 

activities of surrounding communities, trees, student 

activities in the lecture halls, and laboratory activities 

around the campus, such as dust that carries molds of 

research materials, scattered into various rooms. In fact, 

Sidar et al. (2016) who conducted study in the same year 

with this study in hospital rooms in Yogyakarta near UGM 

found that members of the genera Aspergillus, 

Cladosporium, and Penicillium were also the dominant 

molds in the air of the hospital rooms. Harkawy et al. 

(2011) have also found molds of the genera Acremonium, 

Alternaria, Aspergillus, Penicillium, Wallemia from 

outdoors, found on paper and wood biodeteriogens. Molds 

of the genera Penicillium, Chaetomium, Aspergillus, 

Cladosporium, Stemphylium (Ulocladium), Alternaria, and 

Aureobasidium have the potential to be cellulolytic, 

lipolytic, and proteolytic. Borrego and Perdomo (2016) 

also state that members of the genus Alternaria can be 

found in soil and on the plants, and it is possible that the 

vegetation around the building contributes to the presence 

of these fungal genera because they are transported by the 

air into the building. 

The presence of members of the genera Cladosporium, 

Aspergillus, and Penicillium in the libraries at UGM was 

also supported by temperature and relative humidity at the 

time of sampling. There was an effect of humidity and 

temperature on microbial concentration in the air in 

majority of the facilities tested (Sko´ra et al. 2015). 

Temperature and relative humidity are important factors 

influencing the number of spores in the water (Luo et al. 

2016). Indoor relative humidity (RH) and temperature vary 

spatially and temporally in buildings, and so the locations 

and frequency of measurements can have a significant 

impact on the value of RH (Dedesko and Siegel 2015). The 

sampling was done during rainy season, and the air 

temperature in the libraries was 24-34ºC and relative 

humidity 18-58%. According to Alhussaini et al. (2015), 

the density of mold especially Cladosporium spp. during 

the investigation of seasonal variation was affected by 

month and site. According to Borrego and Perdomo (2016), 

the weather condition in tropical countries is one of the 

factors responsible for the indoor microbial behavior. The 

high relative humidity and temperature recorded during the 

rainy season especially favor the development of mold 

propagules and increase the level of viable conidia in the 

atmosphere. 

According to Gandjar et al. (1999), Samson et al. 

(2010), and Flannigan et al. (2011), the three members of 

the molds can also grow at temperature of 20-35ºC, so 

categorized as mesophylic. Members of the genus 

Aspergillus can generally grow at temperatures ≤20-≥50ºC 

and humidity ≤90% (Flannigan et al. 2011; Samson et al. 

2010), and there are even members of the genus 

Aspergillus that can grow below 20ºC to 10ºC, so 

categorized as psychrotolerant-mesophylic, and 

temperatures above 35ºC to above 50-55ºC, thus 

categorized as thermotolerant-mesophylic, such as 

members of the genus A. fumigatus. Members of the genus 

Penicillium can live in temperature of 20-35ºC and 

humidity ≤90% (Flannigan et al. 2011; Samson et al. 

2010).  

Other indoor airborne molds found in libraries at UGM 

are members of the genera Alternaria, Aureobasidium, 

Byssochlamys, Cadophora, Chaetomium, Chrysonilia, 

Curvularia, Epicoccum, Fusarium, Geomyces, Mucor, 

Rhizopus, Rhizomucor, Scopulariopsis, Stemphylium, 

Wallemia, and Xeromyces. Members of the genus 

Alternaria live at temperature from 25ºC (Gandjar et al. 

1999) to 35ºC (Samson et al. 2010), Aureobasidium 4-

35ºC, Byssochlamys 30-50ºC, Cadophora 20-25ºC, 

Chaetomium 18-40ºC, Chrysonilia 25-35ºC, Curvularia 

24-30ºC, Epicoccum 3-45ºC, Fusarium 25-37ºC, Geomyces 

18-30ºC, and Mucor 5-37ºC. Other molds such as members 

of the Rhizopus can grow at temperature of 5-44ºC, 

Rhizomucor 21-62ºC, Scopulariopsis 5-40ºC, Stemphylium 

5-25ºC, Wallemia 23-36ºC, and Xeromyces at 25-30ºC 

(Samson et al. 2010). This shows that the room temperature 

in the libraries at UGM supports the growth and 

development of the molds.  

The ability of indoor airborne molds to survive is also 

influenced by the relative humidity factor (Baudisch et al. 

2009). The low relative humidity in libraries at UGM can 

support the growth of the molds because according to 

Flannigan et al. (2011), there are molds that can grow in 

the relative humidity of ≤90%, even < 70%. In addition to 

having small, light and dry spores, indoor airborne molds, 

primarily members of the genera Aspergillus, 

Cladosporium, and Penicillium, can live in dry conditions 

under 90% RH (xerophilic), so that these three members of 

the molds are predominantly found in the room. Members 

of the genera Eurotium and Emericella (anamorph 

Aspergillus), a xerophilic molds with high tolerance to 

water stress can produce ascospores in ascomata to survive 

during water shortages (Samson et al. 2010; Micheluz et al. 

2015). Members of the genera Eurotium and Emericella are 

highly xerophilic molds because they can live in very dry 

conditions (Samson et al. 2010; Flannigan et al. 2011). 

Members of the genera Eurotium and Emericella were 

found in the libraries that had the lower humidity than the 

other libraries at UGM. Members of the genus Eurotium 

were found in the air around the bookcase in the library of 

Faculty of Geography which had RH of 26% and 

Emericella in the air around the reading table in the library 

of Faculty of the Master of Management with RH of 28%. 
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These conditions were very dry (xerophilic) so that both 

members of the genera can survive indoors.  

Generally, members of the genera Geomyces, Mucor, 

and Rhizopus are categorized in the hydrophilic group 

because they can live indoors with RH of ≥90% (Flannigan 

et al. 2011), but the results showed the presence of all three 

members of the genus from indoor air with RH of ≤90%. 

Members of the genus Geomyces were found in the air 

around the reading table in the library of Faculty of Master 

of Management with RH of 28% and in the air around the 

bookcase of Faculty of Geography with RH of 26%. 

Members of the genus Mucor were found in the air around 

the reading table with RH of 28% and bookcase with RH of 

30% in the library of Faculty of Master of Management. 

Members of the genus Rhizopus were found in the air 

around the reading table with RH of 56% and bookshelf 

with RH of 56% in the Food and Nutrition at Pusat Antar 

Universitas (PAU) and around the reading table with RH of 

52% in the library of Biotechnology. These data suggest 

that the strains of the genera Geomyces, Mucor, and 

Rhizopus are xerophilic tolerant (xero-tolerant) because 

they can live indoors with humidity of ≤90%. Members of 

the molds were allegedly to have long been indoors or new 

entry into the room because they were carried by the 

outdoor airborne that came into the rooms. Thus, the molds 

found in this study can be categorized into xerophilic 

molds as they are capable of living in dry conditions or 

relative humidity of ≤90%.  

Indoor airborne molds found in UGM libraries, such as 
members of the genera Alternaria, Aureobasidium, 
Aspergillus, Chaetomium, Chrysonilia, Cladosporium, 
Mucor, and Penicillium, can potentially cause disease in 

humans. Skora et al. (2015) state that microorganisms are 
potential pathogens according to classifications of the 
Directive UE 2000/54/WE, Regulation of the Minister of 
Health in Poland dated 22 April 2005, the European 
Confederation of Medical Mycology (BSL) and the 
Institute of Rural Health in Lublin (IMW). Indoor 

airborne molds such as members of the genera Aspergillus, 

Alternaria, Penicillium, Cladosporium (Vesper 2007; 

Heseltine and Rosen 2009; Samson et al. 2010; Knutsen et 

al. 2012; Luo et al. 2016), Eurotium (Abbott 2004: Vesper 

2007; Baudisch et al. 2009; Heseltine and Rosen 2009; 

Samson et al. 2010), Rhizopus, Chaetomium, 

Aureobasidium, Curvularia, Scopulariopsis, Fusarium, 

Geomyces, Epicoccum, Rhizomucor (Flannigan et al. 

2011), and Mucor (Heseltine and Rosen 2009) may cause 

respiratory tract diseases or other diseases in humans. In 

addition, according to Samson et al. (2010), other molds 

that can also cause disease in humans are members of the 

genera Emericella, Byssochlamys, and Wallemia. 
In addition to biological and physical factors, chemical 

factors can also affect the health of library users 

(Sedyaningsih 2011). The room cleaning materials 

containing chemical compounds in the libraries can also 

affect the health of library users, especially when volatile 

chemical compounds are inhaled by users of the libraries. 

Based on the information obtained during sampling, one of 

the chemical compounds used in the libraries at UGM, 

especially in libraries of Faculty of Mathematics and 

Natural Sciences and Faculty of Biology is pine oil (wipol). 

According to Mironescu et al. (2009), pine oil is biocidal 

that is volatile, but based on the results of his research this 

compound has a low biocidal action to members of the 

genus Aureobasidium and middle biocidal action against 

Alternaria. This is thought to be reason why each the two 

genera only had one isolate found in this study (in 

Biotechnology at PAU and Food and Nutrition at PAU). 
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Abstract. Mashkova IV, Krupnova TG, Kostryukova AM, Vlasov NE. 2018. Short Communication: Distribution of dragonflies 
(Odonata: Insecta) in South Ural lakes, Russia. Biodiversitas 19: 202-207. This paper studies the diversity and distribution of Odonata 
(Insecta) in the South Urals region lakes such as Lake Large Miassovo, Lake Small Miassovo, Lake Ilmenskoe, Lake Savelkul and Lake 
Baraus. We revised dragonflies in five lakes during May-September 2014-2016. Dragonflies and larvae were identified up to the 
species. As results, 36 species (12 Zygoptera and 22 Anisoptera) belonging to 15 genera were recorded. To compare the similarities of 
dragonfly communities of different lakes we used the Canonical Correspondence Analysis (CCA) according the Jaccard index. 
Comparing the number of records of odonate species for selected lakes in our study, we found that the small richness of species was 
typical for lakes Savelkul and Baraus (22% and 25% of the total number of species, respectively) and the large values of the species 
richness was obtained for lakes Small Miassovo, Ilmenskoe and Large Miassovo (50%, 72%% and 80% of the total number of species, 
respectively). 

Keywords: Diversity, dragonflies, lake, larvae 

INTRODUCTION 

Dragonflies are widely used as bioindicators of 
different types of water bodies, as they are sensitive to the 
effect of environmental factors (Bonifait and Villard 2010, 
Buczyński et al. 2017; Nasirian and Irvine 2017). A large 
number of works dealing with the use of the richness and 
the abundance of Odonata as a tool for assessing the 
anthropogenic impact on the territories and the 
effectiveness of the created protected areas (Maynou et al. 
2017; Silva et al. 2010; Simaika and Samways 2010; 
Kutcher and Bried 2014). Whereas Odonata lives both in 
the aquatic environment (larval stage) and in the terrestrial 
environment (imago stage), they do not only reflect well 
the changes in the characteristics of the aquatic habitat, but 
also the land areas adjacent to the water body (Balzan 
2012). The surrounding terrain landscape and ground 
vegetation provide the resources and conditions necessary 
for the imago preservation (Balzan 2012). In particular, 
dragonflies have been successfully used in some studies on 
monitoring the ecosystem restoration (Kadoya et al. 2008; 
Mabry and Dettman 2010; Magoba and Samways 2010; 
Elo et al. 2015). 

Eutrophic water bodies of the Forest Zone of the South 
Urals are characterized by a high biological productivity 
and a richness of amphibious insects, including dragonflies 
(Popova and Haritonov 2008), which occupy a significant 
place in the population of both aquatic and land animals. 
Their adaptive abilities, abundance in aquatic and near-
water biocenoses and high morphological specialization 

distinguish them from other winged insects. A high 
diversity of landscapes in the South Urals (mountains and 
plains, forests and steppes), as well as an abundance of 
water bodies and streams, create a favorable background 
for the formation of a rich dragonfly fauna. The abundance 
of dragonflies is high due to the features of the South Ural 
region water bodies. They have shallow areas where 
aquatic plants are growing in abundance. It creates 
favorable conditions for the development of dragonfly 
larvae. A high productivity of aquatic biocenoses provides 
an almost unlimited food base for dragonfly larvae.  

The history of study the dragonfly fauna of the South 
Urals originates from Bartenev’s scientific expeditions to 
the South Urals in 1906 (Popova and Haritonov 2008). 
Over the 100-year study period, most of the localities give 
a rich comparative material. A comparison of the faunistic 
lists of the same South Urals regions over different periods 
of time has shown that the interannual differences in the 
composition and structure of odonatofauna can be 
compared with significant interregional differences 
(Popova and Haritonov 2008).  

The biodiversity of dragonflies in South Ural is an 
important indicator for the monitoring of environmental 
changes (such as climate change, including global 
warming, air pollution, various types of invasions). 
Revision of the South Urals region dragonflies was not 
conducted the last 10 years. The aim of this work was to 
study the biodiversity of dragonflies of the five South Urals 
region lakes. 
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MATERIALS AND METHODS 

Study area  
The studied water bodies are a part of the Kisegach-

Miass hydrological system, which is an almost closed ring 
consisting of ten large and medium lakes connected by small 
rivers and brooks. Lake Large Miassovo, Lake Savelkul, and 
Lake Baraus are located on the territory of the Ilmen State 
Reserve and can be considered conditionally undisturbed, 
while Lake Small Miassovo and Lake Ilmenskoe are 
partially located beyond its borders, only a part of the 
coastline is in the protected area. These two lakes are 
exposed to the anthropogenic impact in the form of an 
additional eutrophying factor associated with the presence 
of rural settlements and recreation centers in the coastal area. 

The lakes of the Ilmen group are small and medium by 
the area, and medium and deep by the depth. By the 
chemical composition of the lake water, they refer to 
hydrocarbonate, calcium and magnesium water of various 
types. The pH varies depending on the season, in the  
epilimnion from May to September it varies between 8.0-
8.6. The lakes are characterized by a low mineralization of 
water, i.e., 0.1-0.3 g/L, with the predominance of 
hydrocarbonate ions and a rich microelement water 
composition (Krupnova 2014; Krupnova 2017). 

By the type of the trophic nature the lakes belong to 
(Snitko and Snitko 2013; Krupnova 2014): Lake Savelkul 
is oligotrophic, Lakes Large and Small Miassovoe, Lake 
Ilmenskoe, Lake Baraus are mesotrophic. 

 
 
 

 
 

Figure 1. Map of lakes and sampling sites of dragonflies (Odonata: Insecta) in South Ural lakes, Chelyabinsk, Russia 
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Sampling sites 
The dragonfly population was studied over the period 

from May to September in 2014-2016 in the water area of 
Lake Large Miassovo, Lake Small Miassovo, Lake 
Ilmenskoe, Lake Savelkul and Lake Baraus (Figure 1). 
Since the aquatic and semi-aquatic vegetation plays a 
leading role in the life cycle of Odonata and macrophytes 
are the basis for the habitat of dragonflies (Balzan 2012), 
the choice of the sites was focused on the plant 
communities. 

Study of the coastal vegetation 
The description of the vegetation of the studied areas 

consisted of two 10-meter band routes 1 m wide above the 
coastal vegetation on the boundary between the land and 
the water. In addition, four 5 m profiles were laid at the 
distance of 1 m from each other, perpendicular to these 
routes in order to understand how the vegetation changes 
with an increase of the distance from the water bodies.  

Quantitative evaluation of the landscape pattern 
The landscape surrounding the studied lakes was 

surveyed using orthophotos with a spatial resolution of 15 
cm taken in 2014. The lake landscapes of the Kisegach-
Miassovskoye hydrological system are similar in many 
respects, given the proximity of their location, but as for 
the effect of the anthropogenic factor, there are certain 
differences. Landscaping metrics were obtained from Patch 
Analyst 4, ArcGIS resolution, which allows to carry out a 
spatial analysis of landscape patches (Rempel 2008). 

Odonate sampling 
We caught adult dragonflies using butterfly nets. Five 

people walked a 200 m transect within 2 meters from the 
water edge during the coastal locations survey. During 
sunny weather, between 10 am and 2 pm. We looked out 
for dragonflies in flight over the water. Once all dragonflies 
spotted in a location had been caught, we moved on. We 
re-surveyed the same sites ten times during May to 
September 2014-2016.   

Odonata larvae were collected from May to September 
2014-2016. The standardized sampling methodology for 
collecting larval stages consisted of five samples from 1 m2 
area using a rectangular dredging network (200 x 450 mm) 
with the mesh net of 1 mm. Considering the importance of 
water macrophytes, which provide sites for laying of adult 
dragonflies and habitats for larval stages of some species, 
each visit to the site consisted of three standardized 1 m 
walkways between vegetation thickets and two other 
samplings made inside the water body on open sites free 
from vegetation. The collected benthos was washed with 
tap water and filtered using a set of sieves with a decrease 
in the cell size (up to 0.5 mm). All the samples were sorted 
within 24 hours after collection, and the collected samples 
were stored in a 70% ethanol solution.  

We identified adult dragonflies and larvae using a light 
microscope and with reference to keys and literature for the 
region (Mamaev et al. 1976, Balyshev 1977). Also, we 
used the material of our own collections, as well as 
analyzed the collection material of the Museum of the 

Ilmen State Reserve (collections of odontological 
expeditions).  

Data analysis 
We analyzed the data calculating the similarity on the 

basis of the Jacquard coefficient as an index of generality. 
All the calculations were performed using a "GRAPHS" 
special program module (Nowakowski 2004). 

RESULTS AND DISCUSSION 

Coastal vegetation and landscape in the sites 
The entire surveyed water area is divided into types of 

coastal vegetation (aquatic biotopes): open water areas with 
and without submerged vegetation, littoral overgrown with 
reed, bays with and without submerged vegetation, 
swamps. By the selectivity of dragonfly imago of various 
landscape elements within the land borders, the following 
elements were allocated: bushes, edges, and glades of the 
mixed light-coniferous and/or small-leaved forests, moist 
and dry steppe-meadows, birch-aspen forest and forest 
roads.   

Table 1 shows the characteristics of the sites by the 
types of coastal vegetation and landscape. Table 1 shows 
that Savelkul and Baraus are lakes with a low diversity of 
landscapes. Lakes Large and Small Miassovo and Lake 
Ilmenskoe are characterized by a high diversity of 
landscapes. Lakes Savelkul and Baraus are also 
characterized by the predominance of open water areas, 
and lakes Large and Small Miassovo and Ilmenskoe have a 
part of swamps vegetation. 

Dragonflies species 
The fauna of dragonflies of the studied territory is 

heterogeneous in composition and includes a significant 
percentage of species that find their habitat boundaries or 
their sites in this region isolated from the main habitats. 
Assessment of 5 lakes viz., Large Miassovo, e Small 
Miassovo, Ilmenskoe, Savelkul, and Baraus revealed the 
occurrence of 36 species of Odonata (22 species of 
Anisoptera and 12 species of Zygoptera) belonging to 15 
genera (Table 2).  

Richness of species and evaluation of similarities in 
studied lakes 

The smallest richness of species is typical (Figure 2) for 
lakes Savelkul and Baraus (22% and 25% of the total 
number of species, respectively). This is despite their 
considerable distance from the anthropogenic impact and a 
significant difference in trophicity. Considerable large 
values of the species richness have been obtained for lakes 
(Figure 2): Small Miassovo, Ilmenskoe and Large 
Miassovo, i.e.,  50%, 72% and 80% of the total number of 
species, respectively. Also, the larger the perimeter of the 
reed beds and wetlands (Table 2), the greater the richness 
of species. This is due to the fact that more favorable 
conditions for the development of larvae are created in 
wetlands and reed beds. 
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Figure 2. Biodiversity of dragonflies of the studied lakes as a 
percentage of the total number of recorded species. 1. Lake 
Baraus, 2. Lake Large Miassovo, 3. Lake Small Miassovo, 4. 
Lake Ilmenskoe, 5. Lake Savelkul 

 
 
Figure 3. Jaccard index 

 

 
 
Table 1. The coordinates, types of coastal vegetation and landscape of sites in South Ural lakes, Russia 

 
Sites  Coastal vegetation type Landscape type 

 

Lake Ilmenskoe 
Site1 54°59'40.48" N, 60°9'44.35" E Open water area with submerged vegetation Bushes 
Site 2 55°0'17.20" N, 60°9'56.03" E Open water area without submerged vegetation Glade of small-leaved forest 
Site 3 55°1'2.40" N, 60°8'53.64" E Open water area without submerged vegetation Forest road 
Site 4 55°0'25.58" N, 60°8'6.05" E Littoral overgrown with reed Steppe-meadow 
Site 5 54°59'53.01" N, 60°8'29.97" E Swamp Moist meadow 
 

Lake Savelkul 
Site 6 55°7'54.65" N, 60°18'40.33" E Open water area without submerged vegetation Edges of light-coniferous forest  
Site 7 55°8'7.63" N, 60°18'40.43" E Open water area without submerged vegetation Glade of the mixed light-coniferous 

and small-leaved forests 
Site 8 55°8'18.33" N, 60°18'17.00" E Open water area with submerged vegetation Bushes 
Site 9 55°7'58.54" N, 60°18'12.50" E Open water area with submerged vegetation Glade of the mixed light-coniferous 

and small-leaved forests 
Site 10 55°7'58.52" N, 60°18'21.34" E Bay with submerged vegetation Glade of the mixed light-coniferous 

and small-leaved forests 
 

Lake Baraus 
Site 11 55°8'32.26" N, 60°19'19.82" E Open water area without submerged vegetation Glade of the mixed light-coniferous 

and small-leaved forests 
Site 12 55°8'35.19" N, 60°20'19.76" E Littoral overgrown with reed Glade of the mixed light-coniferous 

f and small-leaved forests 
Site 13 55°8'46.74" N, 60°20'28.32" E Open water area with submerged vegetation Edge of small-leaved forests 
Site 14 55°8'52.48" N, 60°19'31.87" E Littoral overgrown with reed Birch-aspen forest 
Site 15 55°8'41.13" N, 60°18'40.91" E Open water area with submerged vegetation Glade of light-coniferous forest 
 

Lake Large Miassovo 
Site 16 55°7'29.98" N, 60°16'25.25" E Open water area with submerged vegetation Birch-aspen forest 
Site 17 55°7'51.63" N, 60°16'40.43" E Littoral overgrown with reed Moist meadow 
Site 18 55°8'12.03" N, 60°17'14.39" E Littoral overgrown with reed Moist meadow 
Site 19 55°8'51.30" N, 60°17'10.14" E Open water area without submerged vegetation Glade of light-coniferous forest 
Site 20 55°10'21.39" N, 60°17'40.62" E Non-perennial bog Moist meadow 
Site 21 55°9'40.91" N, 60°15'47.26" E Bay with submerged vegetation Bushes 
Site 22 55°8'38.37" N, 60°15'41.44" E Bay without submerged vegetation Moist meadow 
Site 23 55°7'6.58" N, 60°15'26.38" E Swamp Bushes 
 

Lake Small Miassovo 
Site 24 55°9'12.66" N, 60°20'18.41" E Swamp Moist meadow 
Site 25 55°9'11.43" N, 60°22'23.27" E Swamp Moist meadow 
Site 26 55°9'5.44" N, 60°24'6.00" E Open water area without submerged vegetation Steppe-meadow 
Site 27 55°10'53.10" N, 60°20'28.55" E Open water area without submerged vegetation Steppe-meadow 
Site 28 55°10'28.26" N, 60°19'7.61" E Open water area with submerged vegetation Steppe-meadow 
Site 29 55°9'55.27" N, 60°18'29.99" E Littoral overgrown with reed Glade of the mixed light-coniferous 

and small-leaved forests 
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Table 2. Species of dragonflies registered for the studied lakes in South Ural lakes, Russia 
 

Species 
Lakes 

Baraus Large Miassovo Small Miassovo Ilmenskoe Savelkul 
Aeshna crenata (Hagen, 1856) - + - - - 
Aeshna grandis (Linnaeus, 1758) + + + + - 
Aeshna juncea (Linnaeus, 1758) + + - + - 
Aeshna serrata (Hagen, 1856) - + - - - 
Aeshna viridis (Eversmann, 1836) - + - + - 
Anax parthenope (Selys, 1839) - + - - - 
Coenagrion armatum (Charpentier, 1840) - + + + - 
Coenagrion hastulatum (Charpentier, 1825) + + + + + 
Coenagrion lunulatum (Charpentier, 1840) + + + + + 
Coenagrion puella (Linnaeus, 1758) - + + - - 
Coenagrion pulchellum (Vander Linden, 1825) - + + + - 
Cordulia aenea (Linnaeus, 1758) - + + + - 
Enallagma cyathigerum (Charpentier, 1840) - + + + - 
Epitheca bimaculata (Charpentier, 1825) - + - + - 
Erythromma najas (Hansemann, 1823) - + + + - 
Ischnura elegans (Vander Linden, 1820 - + + + + 
Leucorrhinia albifrons (Burmeister, 1839) - + - - - 
Leucorrhinia caudalis (Charpentier, 1840) - + - - - 
Leucorrhinia dubia (Vander Linden,1825) - - - + - 
Leucorrhinia pectoralis (Charpentier, 1825 - - + + - 
Leucorrhinia rubicunda (Linnaeus, 1758) + + + + + 
Lestes dryas (Kirby, 1890) - - - + - 
Lestes macrostigma (Everssmann, 1836) + + - - - 
Lestes sponsa (Hansemann, 1823) + + + + + 
Libellula depressa (Linnaeus, 1758)  - - - + - 
Libellula quadrimaculata (Linnaeus, 1758) - + + + - 
Macromia amphigena (Selys, 1871) - + - - - 
Orthetrum cancellatum (Linnaeus, 1758 - + - - - 
Sympecma fusca (Vander Linden, 1820)  - - - + - 
Sympecma paedisca (Brauer, 1877) - + + + - 
Sympetrum danae (Sulzer, 1776) - - + + + 
Sympetrum flaveolum (Linnaeus, 1758) + + + + + 
Sympetrum pedemontanum (Mueller, 1766) - - - + - 
Sympetrum sanguineum (Mueller, 1764) - + - - - 
Sympetrum vulgatum (Linnaeus, 1758 + + + + + 
Somatochlora metallica (Vander Linden,1825) - + - + - 
Note: +: the species distribution  
 
 
 
 
 

It can be assumed that the landscape diversity is 
particularly important for dragonflies. It creates different 
habitats for different species. We have not found a direct 
correlation between the trophicity of lakes and the richness 
of species. A comparison of the species composition using 
the Jaccard index (Figure 3) has shown that the species 
composition of individual dragonfly suborders in different 
lakes also varies depending on the landscape. Lakes with a 
low diversity of landscapes Savelkul and Baraus (sites 5 
and 1) were united in one cluster (see Figure 3). Lakes 
Large and Small Miassovo (sites 2 and 3) and Ilmenskoe 
(site 4) characterized by a higher landscape diversity were 
united into another cluster. 

 

As a conclusion, 36 species (12 Zygoptera and 22 
Anisoptera) of Odonata (Insecta) belonging to 15 genera 
were recorded in the South Urals region lakes such as Lake 
Large Miassovo, Lake Small Miassovo, Lake Ilmenskoe, 
Lake Savelkul and Lake Baraus. The trophicity of lakes did 
not influence the richness of dragonfly’ species. The 
dragonflies’ richness was greater for lakes with higher 
landscape diversity and more types of vegetation. 
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Abstract. Kusmana C, Hidayat T, Istomo, Rusdiana O. 2018. Growth performance of Bruguiera gymnorrhiza derived from cut-propagule 
seedling. Biodiversitas 19: 208-214. The availability and existence of Bruguiera gymnorrhiza seed sources is getting decreased. This 
causes the generative reproduction of this plant is limited. The present research was carried out to study the growth performance of B. 
gymnorrhiza derived from vegetative cut-propagule seedling by employing different type of cut-propagule, the provision of root 
promoting hormones, and the provision of NPK fertilizer. The research was conducted at the Greenhouse for 6 months using a 
completely randomized design (CRD) 3x3x2 factorial with five replications. The results showed that B. gymnorrhiza could be 
propagated by cut-propagule. Seedlings growth which derived from complete propagule apparently had a better performance than those 
derived from cut-propagule. Roots derived from complete propagule and the bottom part of cut-propagule grow faster than the top part 
of cut-propagule. Two types of shoot such as shoot existing before planting which was derived from complete propagule and top part of 
cut-propagule; and shoots existing after planting called as adventitious shoot derived from the bottom part of cut-propagule has been 
formed. Unfortunately, new complete shoots derived from the bottom part of cut-propagule was not formed. Furthermore, there was no 
significant effect of root promoting hormone and NPK fertilizer induction on the shoot and root growth of B. gymnorrhiza.  

Keywords: Bruguiera gymnorrhiza, cut-propagule, growth performance, mangrove propagation, seedling 

INTRODUCTION 

Indonesia is the country with the largest extent of 
mangrove forests in the world with a coastline of 
approximately 95,111 km in length and 17,504 islands 
(Kusmana 2014). Mangrove forest is one of the highly 
productive coastal ecosystems, which has multiple 
ecological functions especially for surrounding habitats and 
for the coastal communities (Woodroffe 1987; Rana et al. 
2009; Metcalfe et al. 2011; Jachowski et al. 2013). The 
main coastal ecosystems in Indonesia are mangroves, coral 
reefs, seagrass-beds, algal beds, mudflats, estuaries, and 
beach vegetations as well as small islands with their typical 
shallow waters. Therefore, the mangrove forest is a very 
dynamic and highly productive ecosystem. According to 
Kathiresan (2012), mangrove forests provide an important 
role in the protection against coastal erosion, and 
environmental stabilization which also influence the socio-
economic aspects of the surrounding communities. 

Based on the latest information, the mangrove forest 
area in Indonesia reaches to 3.2 million hectares 
(Bakosurtanal 2009). Ministry of Forestry in the year of 
2007 reported that potential area to be planted by mangrove 
(including mangrove forest area) is estimated at 7.8 million 
hectares (30.7% in good condition, 27.4% moderate-
destroyed, 41.9% heavy-destroyed) (Hartini et al. 2010). 
The destruction of mangrove are caused by many factors, 
mainly by conversion the land to other uses (Kusmana 
2014). Those mangrove depletion results in the diminishing 
abundance of propagules production, which is important 

for forest regeneration. In addition, the destruction of 
coastal area in Indonesia is very vast, therefore the needs of 
a large number of propagules becomes very important. 
Some efforts to enlarge the stock of propagules by planting 
mangrove in degraded area must be done. Furthermore, the 
management and rehabilitation of mangrove forest 
ecosystems must be comprehensively conducted for 
functional sustainability purposes.  

Mangrove reforestation using seed or propagule 
planting is a conventional method to regenerate new tree 
mangroves individuals such as Bruguiera gymnorrhiza, 
which belongs to Rhizophoraceae family (Tomlinson 1986; 
Lin 1999; Kusmana et al. 2008). However, the mangrove 
reforestation using seeds is restricted due to the depletion 
of growing stock and post dispersal predation of seeds 
(Smith 1987; Smith et al. 1989; Robertson et al. 1990; 
McKee 1995; McGuinness 1997; Sousa and Mitchell 1999; 
Krauss and Allen 2003). Moreover, when mangrove 
planting does not coincide with the propagule peak season, 
the availability of seed sources and its range decreases, so 
that the natural generative reproduction are limited. 

One solution to overcome the limited source of 
propagule is by cutting the propagules into two or three 
parts used for seedling material. Previous researchers using 
this method (Tanapeampool 1985; Ohnishi and Komiyama 
1998; Mulyani et al. 1999) to grow seedlings from some 
viviparous mangrove species had been successfully 
reported. Therefore, the objective of this research was to 
analyze seedlings growth performance of B. gymnorrhiza 
derived from cut-propagule material.    
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MATERIALS AND METHODS 

Study area and plant material preparation  
The research was carried out at the Greenhouse of 

Faculty of Forestry, Bogor Agricultural University, Bogor, 
Indonesia for six months (in September 2015–February 
2016). Mature propagules of B. gymnorrhiza were 
collected from the mother trees obtained from Pamanukan 
mangrove forest, Subang, Indonesia (20°18’–20°32’ N and 
86°41’–86° 48’ E). The mixture of soil, compost, and sand 
with ratio 1:1:1 was used as planting media. Roasting 
method at 80 °C was used to sterilize culture media. The 
roasted planting media were incubated in the open area for 
one day before it was put into a polybag. Propagule were 
grown under shade treatment with paranet intensity of 70% 
and covered by a UV-transparent plastic lid. 
 
Experimental design and treatment details 

The experiment was arranged in 3x3x2 factorial in a 
completely randomized design (CRD). There were 3 
factors of the treatment, each treatment consisted of 5 (five) 
replicates of propagules. Those treatments were: types of 
propagule (A0: complete propagule, A1: top part of cut-
propagule, and A2: bottom part of cut-propagule); concentration 
of root promoting hormones (B0: 0 ppm, B1: 10,000 ppm, 
and B2: 15,000 ppm); and doses of NPK fertilizers (P0: 0 g 
and P1: 5 g). Those root promoting hormones contained 
indole-3-butyric acid (IBA) and napthalene acetic acid 
(NAA). Furthermore, there were 18 combinations of 
treatment with 90 cut-propagules as the experiment units. 

Three types of propagule (Figure 1) were dipped in 
each of the root promoting hormones with different 
concentrations for 5 (five) minutes and planted in each 
polybag. NPK fertilizers were applied to stimulate the 
growth of propagules and applied twice during the study 
period, i.e in the early planting and 4 months after planting. 
The weeding, watering, and spraying fungicides to control 
the diseases was performed as part of seedlings 
maintenance (Dewi et al. 2017). 

On the end of the study, each seedling was harvested to 
determine its biomass. Top biomass was obtained from the 
total weight of leaves and stems, while root biomass was 
obtained from the root seedlings. Wet weights were 
measured to obtained the fresh weight of biomass. Some 
samples of those seedlings was then dried for 48 hours at 
80 °C to obtain constant dry weight or biomass (Wiryono 
and Siahaan 2013).   

Data collection and analysis 
Seven growth variables were measured including seedlings 

height, stem diameter, number of leaves, percentage of 
seedling root and total root number, total wet weight 
(TWW) of seedling, total dry weight (TDW) of seedling, 
and top root ratio (T/R ratio). 

Data were analyzed using analysis of variance 
(ANOVA) with 5% degree to identify the difference among 
treatments. Duncan's Multiple Range Test (DMRT) was 
conducted when there was a significant difference among 
observed parameters (Mattjik and Sumertajaya 2006). All 
data was analysed using SAS program version 9.1. 

 
 A0 A1 A2 
 
Figure 1. Types of propagule cuttings (A0: complete propagule; 
A1: top part of cut-propagule, and A2: bottom part of cut-
propagule) 

RESULTS AND DISCUSSION 

Results 
The recapitulation of the total variance for cut-

propagule treated with NPK fertilizer and root promoting 
hormones (Table 1) showed that the combination of those 
three factors affected only on the number of leaves. The 
DMRT results (Table 2) showed that the combination of 
complete propagule, root promoting hormones 10,000 ppm, 
and NPK fertilizers 5 g (A0B1P1) produced the highest 
number of leaves (22 pieces).  

The combination of two factors significantly affected 
the T/R ratio parameters (Table 1). The DMRT results of 
these combination (Table 3) showed that the best 
combination for producing the largest T/R ratio (0.18) was 
combination of A0 and B1. 

Single treatment of cut-propagule significantly affected 
all measured growth parameters (Table 1). The 
recapitulation of the DMRT results of cut-propagule (Table 
4) showed that the seedling growth of B. gymnorrhiza 
treated with complete propagule (A0) apparently was 
greater than the other treatments. Top part of cut-propagule 
(A1) treatment resulted in the least number of roots (0.30 
pieces), TWW (11.24 g), and TDW (5.39 g). Whereas the 
cut-propagules treated by bottom part of cut-propagule 
(A2) not yet success raising up the shoot until the end of 
study.  

Single treatment of NPK fertilizer also significantly 
influenced on the number of B. gymnorrhiza seedling roots 
(Table 1). The DMRT results of these treatment (Table 5) 
showed that treatment of P1 produced more root number 
(3.42 pieces) compared to the treatment of P0 (control) 
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(2.69 pieces). There were two types of B. gymnorrhiza 
seedlings root (Figure 2) i.e rooting occurred in the uncut 
propagule (A0 and A2), and rooting growth emerged from 
a wound tissue after cutting (A1). Furthermore, the root 
percentage of B. gymnorrhiza seedlings (Figure 3) showed 

that the root percentage of seedlings derived from A0 and 
A2 was 100, while those originating from A1 varied, where 
the A1B0P1 treatment produced the highest percentage of 
root seedlings (60% of root seedlings).   

 
 
 
 
Table 1. The results of ANOVA of B. gymnorrhiza seedlings growth derived from cut-propagule treated with root promoting hormones 
and NPK fertilizer 
 

Parameters 
Treatment 

Types of 
propagule (A) 

Root promoting 
hormone (B) Fertilizers (P) A x B A x P B x P A x B x P 

Seedlings height  <0.0001* 0.7865 0.8373 0.9854 0.5966 0.2475 0.2454 
Stem diameter <0.0001* 0.7023 0.2089 0.5638 0.6674 0.5146 0.3518 
Number of leaves  <0.0001* 0.1962 0.3473 0.1250 0.6951 0.0439* 0.0258* 
Number of roots  <0.0001* 0.3893 0.0317* 0.8626 0.6920 0.1891 0.5505 
TWW <0.0001* 0.6407 0.4556 0.1165 0.7229 0.2753 0.1359 
TDW <0.0001* 0.1868 0.9956 0.6024 0.5102 0.3013 0.2173 
T/R ratio <0.0001* 0.0009* 0.4679 0.0006* 0.8365 0.4110 0.4519 
Note: *: significantly different on test-level 5% 
 
 
 
 
Table 2. The DMRT results of the cut-propagule and the application of root promoting hormones and NPK fertilizers combination on 
the number of B. gymnorrhiza seedlings leaves 
 

Types of propagule Root promoting hormones NPK fertilizers 
0 g (P0) (5 g) (P1) 

Complete propagule (A0) 0 ppm (B0) 13.60±2.317 bc 8.20±3.667 c 
10,000 ppm (B1) 11.80±5.237 bc 22.00±1.704 a 
15,000 ppm (B2) 13.80±1.561 bc 14.40±2.715 b 

Top part of cut-propagule (A1) 0 ppm (B0) 0.40±0.398 d 1.20±0.801 d 
10,000 ppm (B1) 0.00±0.000 d 1.20±1.199 d 
15,000 ppm (B2) 0.00±0.000 d 0.00±0.000 d 

Bottom part of cut-propagule 
(A2) 

0 ppm (B0) 0.00±0.000 d 0.00±0.000 d 
10,000 ppm (B1) 0.00±0.000 d 0.00±0.000 d 
15,000 ppm (B2) 0.00±0.000 d 0.00±0.000 d 

Note: Numbers followed by the sama letters and columns are not significantly different  
 
 
 
 
Table 3. The DMRT results of the cut-propagule and root promoting hormones treatment on the T/R ratio of B. gymnorrhiza seedlings 
  

Types of Propagule Root promoting hormones 
0 ppm (B0) 10,000 ppm (B1) 15,000 (B2) 

Complete propagule (A0) 0.16 a 0.18 a 0.08 b 
Top part of cut-propagule (A1) 0.01 c 0.01 c 0.00 c 
Bottom part of cut-propagule (A2) 0.00 c 0.00 c 0.00 c 

Note: Numbers followed by the sama letters and columns are not significantly different 
 
 
 
 
Table 4. The recapitulation of the DMRT results of cut-propagule on all measured growth parameters of B. gymnorrhiza seedlings 
 

Types of propagule Seedling height Stem diameter Number of 
roots 

Total wet 
weight 

Total dry 
weight 

Complete propagule (A0) 9.30 a 0.059 a 6.30 a 35.77 a 11.80 a 
Top part of cut-propagule (A1) 0.67 b 0.007 b 0.30 c 11.24 c 5.39 c 
Bottom part of cut-propagule (A2) 0.00 b 0.000 b 2.57 b 15.85 b 7.39 b 
Note: Numbers follewed by the sama letters and columns are not significantly different 
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Figure 3. The root percentage of B. gymnorrhiza seedlings treated on the combination of three different factors i.e types of propagule 
(A0: complete propagule, A1: top part of cut-propagule, and A2: bottom part of cut-propagule); concentration of root promoting 
hormones (B0: 0 ppm, B1: 10,000 ppm, and B2: 15,000 ppm); and doses of NPK fertilizers (P0: 0 g and P1: 5 g) 
 

 
 
Table 5. The DMRT results of NPK fertilizer on the number of B. 
gymnorrhiza seedling roots 
 

The concentration of NPK 
fertilizers Number of roots 

0 g (P0) 2.69 b 
5 g (P1) 3.42 a 

Note: Numbers followed by the sama letters and columns are not 
significantly different 
 
 

 
 A0                     A1                A2 
Figure 2. Types of B. gymnorrhiza seedlings root (A0: complete 
propagule; A1: top part of cut-propagule, and A2: bottom part of 
cut-propagule)  

Discussion 
Cut-propagule system is different from general cutting 

systems, because the material for propagation was derived 
from the propagule, therefore the technique can only be 
carried out when the parent trees are flowering and fruiting. 
Propagule itself is a food storage organ and other reserve 
materials on some mangrove trees, one of them is B. 
gymnorrhiza (Tomlinson 1986; Lin 1999; Kusmana et al. 
2008).  

Height of two months B. gymnorrhiza seedlings in 
Hongkong was ranging from 10–11 cm, and its stem 
diameter was about 0.03 cm (Zhang et al. 2007), height of 
four months seedling in Japan was ranging from 12.5 ± 1.8 
cm (Takemura et al. 2000). The current study revealed that 
growth of two and four months seedlings had relatively 
equal to the height and diameter seedlings derived from 
complete propagule. In addition, it was revealed that ratio 
of seedlings height, stem diameter, number of leaves, T/R 
ratio for six months observation was lower than the 
previous research done by Krauss and Allen (2003) in 
Hawaii, USA. 

Growth of B. gymnorrhiza seedling derived from 
complete propagule tends to be better than the seedlings 
derived from cut-propagule. This might happen because the 
complete propagule has more food reserves than the cut-
propagule. The size of propagule of B. gymnorrhiza was 
shorter than propagule of some other viviparous mangrove 
species (Tomlinson 1986; Lin 1999; Kusmana et al. 2008). 
According to Ohnishi and Komiyama (1998), the longer 
size of propagule (e.g. Rhizophora mucronata) will affect 
the higher percentage of successful cutting method. Less 
food reserves and cut-propagule on top and bottom part, 
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will cause the longer growth of shoots because they must 
follow several growth stages to be developed.  

The shoots of complete propagule and top part of cut-
propagule grew earlier before propagule was planted, while 
bottom part of cut-propagule did not have shoot before 
planting. According to Ohnishi and Komiyama (1998), on 
Kandelia candel cut-propagule, shoot development on the 
complete propagule and top part of cut-propagule grow 
faster than those on bottom part of cut-propagule. On 
complete and top part of cut-propagule, the shoot might 
contain the auxin hormone, which stimulate root growth 
(Sangtiean 1993). Auxin treatment was necessary for direct 
rooting. When the cuttings were treated with auxin (NAA 
or IBA), roots usually developed outside resin ducts, in 
vertical rows along the length of the propagule. Bottom 
part of cut-propagule until the end of the study produced 
uncomplete shoot. This was presumably because the stage 
of shoot development occuring in the bottom part of cut-
propagule was still reaching the differentiation stage. In the 
vegetative propagation through plant cutting, root 
formation is very important to support the plant growth. In 
addition, the shoot formation and growth will take place 
after roots are induced properly (Hartmann et al. 1990). In 
this study, it was found that roots grow faster than shoots. 
This result was in line with the study conducted by Ohnishi 
and Komiyama (1998) in cut-propagule of K. candel. In 
addition, the roots derived from bottom part of cut-
propagule and complete propagule grew faster and more 
nomerous than the top part of cut-propagule. The data are 
consistent with the study of Ohnishi and Komiyama (1998) 
which stated that propagule cutting of K. candel, the 
bottom part of cut-propagule roots grow faster. It also 
occurs in cut-propagule of R. mucronata (Mulyani et al. 
1999). 

Another factor affecting the plant growth is the 
influence of root promoting hormones. However, the 
requirement in terms of type and concentration of the root 
promoting hormones in each type of plant may be different. 
Plant hormones which includes auxins are endogenous 
organic compounds in plants. Auxins are synthesized in the 
stem and root apices and transported through the plant axis. 
Treatment of exogenous hormone was done when the 
endogenous hormone levels in plants were low (Hartmann 
et al. 2002). As presented in Table 1, treatment of root 
promoting hormones, have no significant effect on root 
formation. This might be due to the present of endogenous 
hormones and auxin in seedling B. gymnorrhiza was 
sufficient, thus exogenous hormones are not required. 
According to Henrique et al. (2006), hormones such as IBA 
and NAA is more effective than the indole-3-acetic acid 
(IAA) in stimulating the root formation of plant cutting. 
Although it does not affect the root growth, treatment of 
root promoting hormones was effective to improve the T/R 
ratio. In addition, it have great effects on plant growth and 
development, especially leave growth (Table 2). In line 
with Tchinida et al. (2013), the treatment of IBA and NAA 
on Ricinodendron heudelotti cuttings influenced the growth 
of leaves, but there were no significantly differences in 
each level of treatment.  

The function of root is to collect water and mineral 
nutrients present in the soil. According to Alongi (2011), 
the general structure of mangrove roots is similar with 
other most vascular plants. However, the availability of 
specific nutrients dictates organismal growth by controlling 
and limiting activation of cellular and metabolic pathways 
necessary for their progress. Nitrogen (N), Phosphorus (P), 
and Potassium (K) availability is always limited to 
mangrove species. Table 1 shows that the presence of NPK 
fertilizer influenced root growth. The combination of 
propagule with root promoting hormones influenced the 
growth of leaves. This was in line with the study of Alongi 
(2011) who found that the total number of leaves and roots 
B. gymnorrhiza increased with the application of N and P 
fertilizers. According to Naidoo (2009), the difference 
between higher growth rate and productivity of mangrove 
are due to the nutrient availability is limited. Studies 
revealed that seedlings treated with NPK fertilizers grew 
higher and had a bigger stem diameter than the seedlings 
without NPK fertilizers treatment. According to research in 
Belize, Central America, N deficiency causes a small 
diameter and P deficiency causes R. mangle plants stunted 
(Feller 1995; Feller et al. 2002; Lovelock et al. 2006). 
Moreover K deficiency causes plants susceptible to pests 
and diseases. N, P, and K is an essential nutrient for plants, 
so that these three elements must be present in fertilization 
(Rauf et al. 2000).  

Indicator that commonly used to determine the growth 
of seedlings is biomass. On the other hand, wet weight is 
used as parameter to determine plant water requirements. 
According to Putri and Nurhasybi (2010), biomass reflects 
the accumulation of organic compounds synthesized by 
plants from inorganic compounds (nutrients, water, and 
carbohydrates). Based on Table 4, total wet weight was 
proportional to the total dry weight (biomass) of seedlings. 
The better or efficient plant physiological processes, the 
dry weight of the plant will be greater. This means that the 
plants are able to absorb available nutrients used in the 
growth process. 

The T/R ratio will be obtained from dry weight of 
shoots and roots of seedlings. Based on the DMRT results, 
the highest mean value of T/R ratio of seedlings (0.19) 
were derived from complete propagule combined with root 
promoting hormones at concentration of 10,000 ppm and 
NPK fertilizer doses at 5 g. These results indicated that B. 
gymnorrhiza seedlings roots grow better than the shoots of 
the seedlings. It might occur because B. gymnorrhiza is 
very adaptable to extreme conditions. According to Ball 
(1988) and Lopez-Hoffman et al. (2007), generally most of 
mangroves biomass is allocated in the roots than shoots, 
because of the high salinity. The existence of a larger 
allocation to the roots is one of the important survival 
strategy to find water and nutrients in high salinity 
conditions (Boogaard et al. 1996) for leaf development, 
photosynthesis, and growth (Lopez-Hoffman et al. 2007). 
Ye et al. (2003) also reported that, species whose allocated 
the more biomass in roots indicated that the species is more 
tolerant in inundation conditions. The T/R ratio itself varies 
depending on the changes of internal and external 
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conditions of plants. This changes are an adaptation of the 
character of many plant species (Koler and Kozinka 1992).  

As conclusion, B. gymnorrhiza can be propagated by 
cut-propagule. Seedling derived from complete propagule 
apparently grew better than those derived from cut-
propagule. Rooting systems induced by B. gymnorrhiza 
seedlings consists of two type roots i.e roots that grow on 
the cut-propagule and roots that grow on the propagule 
without cutting treatment. The shoots of B. gymnorrhiza 
seedlings had two type of shoots which was existed before 
planted and sprouted after being planted. Until the end of 
the research, new shoots on the bottom propagule was not 
been formed, yet. The initiation of primordial shoot was 
not observed in the research period.  
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Abstract. Sunariyati S. 2018. Ethnobotanical studies of plants utilization in the gold mining region in Central Kapuas, Indonesia. 
Biodiversitas 19: 215-221. Studying on ethnobotany is intended to expand the knowledge of interaction between human and plants. 
There are various uses of plants such as in food industry, medicine, and evidently in gold mining activity. Some gold miners believe that 
specific plants could be used as indicators for the presence of gold metal beneath the area the plants grown. The objective of this 
research were to (i) learn the ethnobotanical knowledge of Dayak Ngaju people in Central Kapuas, Central Kalimantan, Indonesia gold-
mining areas, (ii) identify some species of plants used by local miners as indicators for the presence of gold metal underneath. The 
research consisted of two phases. The first phase was a qualitative approach, using in-depth interviews and identification of plant species 
used for gold metal indicators. The second phase was the quantitative approaches analyzing the ethnobotanical knowledge of Dayak 
Ngaju people in Central Kapuas (Indonesia) gold-mining areas. The results showed that the people of Dayak Ngaju in Central Kapuas 
had local knowledge about the use of plants for food industry, medicine, and also in gold mining activity. At least 10 (ten) plant species 
were believed to be indicators for the presence of gold metal. Based on the Fidelity level (FL) and the Relative Used-Value (RUV), 
katune (Agrostistachys sessilifolia (Kurz) Pax & Hoffm) is the most plant served the purpose as indicators for the presence of gold metal. 

Keywords: Ethnobotany, gold mining, plants utilization, local ethnic 

INTRODUCTION 

The traditional knowledge of plants utilization and 
environmental management is possessed by local 
communities inherited from their ancestors. Nowadays, the 
medicinal plants in the local communities are not only 
served its basic purpose as medicinal plants but also served 
the wisdom related to the tradition and customs. Waluyo 
(2014) suggested that the traditional life of tribe or 
community on understanding the environment provides a 
view of their local wisdom in utilizations of natural plants 
resources. Saving biodiversity means taking steps to protect 
genes, species, habitats or ecosystems. So save biodiversity 
also means preventing the decline of natural ecosystems are 
the main and manage and protect them effectively. 
Realized or not that biodiversity (flora, fauna, remains 
miniscule/micro-organisms) is the center of all sectors 
which are essential for human life (bioprospecting). 
Traditional knowledge is a potency or excellence values 
from certain regions, which is passed through from 
generation to generation. Unfortunately, there are still some 
traditional knowledge and its meaning that have not been 
explored, yet. Traditional knowledge and conception of 
local community knowledge toward the local plants within 
certain environment are defined as activities of collecting 
local wisdom from local communities. The establishment 
and protection of collected traditional knowledge must be 
done by supporting and communicating the knowledge 
systematically so that it will be understood by the next 
generation and maintained its existence. Therefore, the 

ethnobotanical study learning the interactions between 
human and plants, should be done to explore local 
knowledge of a community especially related to the 
tradition in plant utilization (Hansen and Van Fleet 2003; 
Martin 2004). Ethnobotany is the scientific study of the 
relationships between people and plants (Catton 1997; 
Martin 2004). The simplified term of ethnobotany means 
the interaction of ethnic societies and local environment 
especially with the plants (botany). Ethnobotany can help 
the community in recording local wisdom owned over the 
year. Ethnobotany is going to be valuable instrument for 
troubleshooting the problems globally (Rahman 2013). The 
ethnobotanical study assists in collecting the local 
knowledge record from ethnic society. As an example, the 
study of medicinal plants can be used as the basis for the 
conservation and utilization of plants in a sustainable way. 
Local wisdom can be an important component to carry out 
saving efforts of forest plant resources. With the local 
wisdom owned by the local people, it will be able to 
support the wisdom value in this environment especially 
for maintaining the sustainability of natural resources and 
genetic. In addition, local wisdom is a feature of national 
culture, which should be comprehensively studied and 
further developed.  

Dayak Ngaju is one of ethnic society living in the 
Central Kapuas District, Central Kalimantan Province, 
Indonesia. The livelihoods of Dayak Ngaju strongly depend 
on the natural surroundings. They use plants to predict the 
environmental conditions. One interesting culture is the use 
of different types of plants in the gold mining area of 
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Dayak Ngaju people, in Central Kalimantan for predicting 
the metal gold deposit in their region. The preliminary 
study collected from several miners showed that many 
plants species planted in the gold mining area have many 
cultural functions. Some people believe that a particular 
plant can be used to indicate the location of gold metal 
deposit. Furthermore, they believe that different type of 
plants can indicate a different gold content. However, the 
comprehensive data information regarding with the type of 
plants and its usage is still limited. In many developing 
countries, ethnobotanical of plants used have not been well 
studied and exploited, tested, or documented. Therefore, 
the objective of this study is to identify the plant species, 
which was believed as indicator for the presence of gold 
content at Gold mining region in Central Kapuas Indonesia 
as well as to know the local knowledge of Dayak Ngaju on 
the use of plant in gold mining areas.  

MATERIALS AND METHODS 

This study was done from June 2011 to July 2012 
located in the forest area of gold mining region in Central 

Kapuas District, Central Kalimantan, Indonesia. The 
research used mixed methods research by qualitative and 
quantitative approach. This research consisted of two 
phases, phase I (one) was the descriptive study of 
ethnobotany using qualitative and quantitative approach by 
participatory observation through Participatory Rural 
Appraisal (PRA), Focus Group Discussion (FGD), field 
visit (floristic survey) (Figure 4), and the literature study. 
Phase II (two) was the identification of vegetation types in 
the gold mining region predicted as the detector of gold 
deposit area by local people. The location of the research 
could be seen in Figure 1.  

The qualitative approach of ethnobotanical study was 
used to obtain information and describe local knowledge of 
Dayak Ngaju tribe about utilization of certain plants 
(Figure 2.A) participant observation and in-depth interview 
techniques as the main tools in studying knowledge of the 
plants (Kraipeerapun and Thongthew  2007) and Focus 
Group Discussion (FGD) (Figure 2.B). The second phase 
identified several species of plants that were believed to be 
presence indicators of gold by Dayak Ngaju people (Figure 
2.C-D). 

 
 
 
 

 

 
Figure 1. Location of research in Central Kapuas Sub-district, Central Kapuas District, Central Kalimantan, Indonesia geographically 
located at coordinates between 114º-114 º 2 ´0̋ S and 0 ° 48  ̍0” -1 º 27 ´ 62 ̋ W 
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Figure 2.A. Interview with the key informant. B. Focus Group Discussion with miners. C. Floristic survey at the gold mining in Central 
Kapuas, Central Kalimantan, Indonesia 
 
 

Data from ethnobotanical surveys were collected using 
the observation and in-depth interviews with 40 local gold 
miners in Central Kapuas District. This study used 
purposive sampling technique (Tongco 2007) to obtain 
information about the object of the study, then analyzed 
descriptively. The recorded data informant include: name 
of informant, age, long worked as a miner, the last 
education, and knowledge about plants indicator of gold. 
To find out the utilization of each species of plants and 
calculate an index of interest types of plants (Fidelity level) 
and comparing the relative knowledge of the informant 
used the formula as follows: 

 

FL = Ip/ Iu x 100%  
  

Where:  
FL  = Fidelity level  
Ip  = Number of informants who gave the same 

answer to a particular species 
Iu  = The total number of informants stated the 

usefulness of these species 
The Use Value of each plant species relative to the 

informant was calculated as follows: 

UVis =  ΣUis 
 nis  
Where:  

ΣUis =  The number of uses mentioned by informant i 
for species s in each interview 

nis  =  The number of interviews with informant i for 
species s 

 
The overall Use Value for each species (UVs) was 

calculated as follows: 
  
 UVs =   ΣUVis 
    ns  
Where: 
UVs  = Number of overall use value for each species 
UVis  = Number of use value of each species for each 

informant 
ns = The number of informants interviewed for 

each species 
To compare the relative knowledge of different 

informant for each informant using formula as follows: 
  
RUV = ΣUVis /UVs 
    nis 
Where: 
nis = The number of folk species with data from 

three or more informants 
 (Source: Hoffman and Gallaher 2007) 

A B 

C D 
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RESULTS AND DISCUSSION 

Local knowledge of Dayak Ngaju tribe on utilization of 
plant in gold mining areas 

Dayak Ngaju people have a role in knowledge plants 
utilization because they were very close to the natural 
resources and environment. Human interaction with plants 
is an experience of traditional hereditary knowledge 
inherited from its ancestors to the next generation. To 
determine the appropriate places for mining activities, the 
use of simple techniques, such as using certain plant 
species, certain types of land or trying with specific 
techniques was conducted. The results of the in-depth 
interviews showed that among miners generally believes 
that the existence of plant indicators in certain area, it is 
likely that the land contains a gold metal. This could be 
seen from results of interviews with miners which showed 
that most of them used the characteristic of specific plants 
(52%) to determine the presence of gold places while 
another one used the characteristics of soil (36%), and trial 
and error (12%) (Figure 2). To those who used the 
characteristics of soil believed that the indicator of gold 
presence was on the top of soil layer (top soil) in terms of 
white or yellow sand, while underneath of top soil layer 
was a gravel/coral and granite. According to the miners, 
this was correlated with land factors. For example, Katune 
as plant indicator generally has comprised the top layer soil 
as peat soil layer, below ground layer is white or yellow 
sand, and the layer under the sand is gravel/coral and 
granites.   

Based on the interviews, it also showed that most of 
informant used specific plants as gold indicators were 
obtained from their ancestor with the percentage of 50% 
while another 27% of informants got the information by 
their own experiences and followed by 23% informants 
who gained knowledge from other miners. This shows that 
the actual ancestors of Dayak Ngaju tribe owned the 
concept of knowledge of the local ecology or ecological 
sensitivity in mining. The ethnobotanical study by 
Setyowati et al. (2005) in the Dayak community Ngaju in 
the area Timpah, Central Kapuas District, Central 
Kalimantan reported that Dayak Ngaju tribe in the study 
area is relying on forests in the surrounding areas, which 
could be reflected from using plants to meet their daily 
needs. The local knowledge was acquired from generations 
derived from ancestors. Hunt and Berkes (2007) suggested 
that traditional ecological knowledge is an accumulation of 
ecological adaptation pattern of local communities that 
have been practiced and developed through a process of 
adaptation hereditary. The Dayak Ngaju tribe lived close to 
the natural resources and the environment. It played a role 
in knowledge of plant utilization. Human interaction and 
plants is an experience of traditional knowledge passed 
down from generations of ancestors to the next generation. 
Unwittingly, the local knowledge possessed by primitive 
society is the knowledge source of ethnobotany.   

 
 
Figure 2. Percentages of informants who obtained local 
knowledge of the use of certain plant species as gold indicator  
 

Inventory and identification of plant 
The results of interviews with informants who used the 

plants to indicate the gold presence in Central Kapuas 
showed that 11 species of plants living in specific habitat 
were believed by Dayak Ngaju tribe as gold indicators. The 
types and characteristics of plants used as gold indicators 
are presented in Table 1.  

The highest percentage of plant species mentioned by 
informants was katune (Agrostistachys sessilifolia (Kurz) 
Pax & Hoffm). This means that the initial selection of gold 
mine places was based on the katune plants. According to 
the informants, the presence of katune plants generally 
show the characteristics of the soil composed of sand and 
coral-containing grains of gold. A quantitative approach is 
used to prove the local knowledge about the identified 
plant utilization ( Purwanto and Munawaroh 2002; Tongco 
2007; Rahman  2013). The result of the calculation through 
a quantitative approach is Fidelity level, Use Value, and 
Relative Use Value. The highest fidelity level is from A. 
sessilifolia. It showed the total utilization of Katune has 
economical, pharmacological and ecological high value. 
These values demonstrated local knowledge about plants 
indicators had been used by some miners to determine the 
presence of gold places. The traditional system used by the 
Dayak Ngaju tribe in determining the particular 
environment is obtained from the ancestors orally. 
Therefore, the next generation may not get the same 
knowledge and information. Of this reason, a quantitative 
approach is used to complement the qualitative data 
collection, so that the system analysis of local knowledge 
about the use of plants can be examined deeply. 
Ethnobotany is the logical  study  which plays an important 
role in understanding the vigorous relationship between 
human beings and plants (Rahman 2013) 

The results of interviews with informants stated that A. 
sessilifolia was not only used to determine the presence of 
gold deposit but also for traditional medicine especially for 
treating rheumatism, toothache and high blood pressure 
medications. In addition, its wood can be used for building 
materials and firewood (Table 1). 

 

 
 
 

23%
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Table 1. The Fidelity Level (FL) of each plant used for economical, pharmacological and ecological purposes  
 
Local names Scientific name Utilization FL(%) 
Kapurnaga Calophyllum hosei Ridl. Indicator of Au, furniture, firewood, building materials 12.12 
Katumbu Dillenia excelsa Gilg Indicator of Au, building, firewood 24.24 
Karuingbukit Dipterocarpus crinitus Dyer Indicator of Au, building, firewood, furniture  6.6 
Katune Agrostistachys sessilifolia 

(Kurz) Pax & Hoffm 
Indicator of Au, traditional medicine, building, firewoods 48.48 

Belawan/Pelawan Tristania obovata R.Br. Indicator of Au, traditional medicine, building, furniture 18.18 
Galamtikus Tristaniopsis merguiensis (Griff) Indicator of Au, building materials, firewood 15.15 
Katiau Ganua motleyana (de Vriese) Indicator of Au, building materials, firewood 27.27 
Rangas Swintonia glauca Engl. Indicator of Au, building, furniture, traditional medicine 24.24 
Kayulalas Syzygium zeylanicum (L) DC Indicator of Au, building, firewood, traditional medicine 24.24 
Tumih Combretocarpus rotundatus Miq Indicator of Au, firewood, medicine, building, furniture  21.21 
Kayuemas Memecylon myrsinoides Blume Indicator of Au, building, firewood, traditional medicine 18.18 
 

 
Table 2. The usage value of each plant species 
 
 Use Values (UV)
Local name Indicator of Au Traditional 

medicine
Building 
materials Furniture Firewoods Total 

Kapur naga  1  0 0.83 0.16  0.5 2.5 
Katumbu 0.88 0 0.83 0 0.83 2.13 
Katune 1 0.21 0.5 0 0.5 2.21 
Belawan 0.75 0.25 0.75 0.25 0 2.25 
Galam tikus 1 0 0.5 0 0.5 2 
Katiau 0.87 0 0.63 0 0.37 1.87 
Rangas 0.75 0.12 0.75 0.63 0 2.25 
Kayu lalas 1 0.25 0.25 0 0.5 2 
Tumih 0.7 0.4 0.7 0.2 0.3 2.2 
Kayu emas 1 0.33 0.67 0 0.5 2.16 
 
 

 
Based on data analysis, it shows that 5 out of 11 species 

i.e., kapur naga, katune, galam tikus, kayu lalas, and kayu 
emas gathered from informants as a potential plant gold 
indicators had the same value as a marker or indicator of 
gold (Au). Furthermore, the calculation of use values of 
five species of plants approved by 10 key informants who 
had been interviewed twice revealed that the relative use 
value was 0.68. This means that the comparative relative 
use value from different informants about the use of plants 
as a gold presence indicator can be believed upon benefits 
as 68%.  

These use values demonstrated that local knowledge of 
the informants about the use of plant as gold indicator is 
still applied by majority of miners to determine the 
presence of gold places. Most of the traditional system used 
by the Dayak Ngaju tribe in determining the particular 
environment is information obtained from the ancestors 
orally. The next generation may not necessarily get the 
same knowledge and information. Therefore, a quantitative 
approach is used as the supplement of qualitative-collected 
data, so that the system analysis of local knowledge about 
the use of plants can be examined deeply. Since the future 
of ethnobotany lies in the conservation, the use and 
documentation of herbs is a great way to manage the local 
knowledge of culture for the benefit of others. Through 
quantitative approaches can be used to analyze the use of 
plants that are associated with the complex issues that exist 
in a society that is interdisciplinary. Therefore, the results 

of this research could be used as a strategy for promoting 
conservation in plant utilization. Conservation effort or 
action was important to keep the existence of plant used as 
gold indicators continuously in good quality and quantity. 
This was in accordance to Alzina (2017) who stated that 
Approaches concerned with people and environment 
relations have contributed to traditional ecological 
knowledge, this is an important driver for management and 
conservation of biological resources. It should also be 
viewed in terms of socio-cultural, political and economic. 

Therefore, it could be concluded that (i) Dayak Ngaju 
tribe in Central Kapuas had local knowledge about plants 
(Ethnobotany) used for mining area selection, (ii) Nine 
species habitat-specific of plants was believed by the 
Dayak Ngaju tribe as the indicators of gold presence, (iii) 
The highest value of the plant species utilization (Use 
Value), and relative utilization (Relative Use Value), was 
katune (Agrostistachys sessilifolia (Kurz) Pax & Hoffm), 
(iv) Conservation efforts could be carried out through the 
ethnobotanical study by applying the principle of 
sustainable use of natural resources. Although the further 
exploration of local knowledge documentation from the 
public society regarding the potential usage of herbs 
(ethnobotany, should be done in an effort to explore 
biodiversity in the local area comprehensively. Moreover, 
the exploratory research needs to be done to provide the 
wider and established information of plant benefits in 
Central Kalimantan. 



 B IODIVERSITAS 19 (1): 215-221, January 2018 

 

220

Relevance of ethnobotanical study for the conservation 
of plants 

The research was conducted to discuss the utilization of 
plants by the local people for the mining, but in fact, the 
indicator plants were used by the local community because 
they had benefits for medicine, tooling, furniture, firewood 
and other necessities. All of the 11 species mentioned by 
the informants can be utilized for various economic 
purposes (Table 1) Therefore, to maintain the sustainability 
of its utilization, the local community should also maintain 
and manage it wisely. Dharmono (2007) stated that 
Ethnobotany is a study of interactions between humans and 
plants. It not only examines the taxonomic botanical data, 
but also concerns traditional botanical knowledge in the 
various of reviews, interpretations, and associations that 
examine mutual relations between humans and plants. 
Local knowledge about plants that have not been explored, 
whereas many potentials can be developed in the diversity 
of the use of plant resources (ethnobotany). Local 
knowledge in utilizing natural resources is not an acquired 
knowledge. It passed through a long process by trial and 
error. This suggests that local knowledge has a very 
important role in developing ethnobotany in the future. 
Conservation efforts therefore are conducted through 
ethnobotany learning by applying the principle of 
sustainable use of natural resources. Conservation is one of 
the efforts to maintain environmental conditions so that 
natural resources are used wisely and not beyond the 
carrying capacity. Furthermore, there is needed to devise 
the utilization of a sustainable for several plants species in 
gold mining areas. Indeed, giving stewardship of natural 
resources to local people and encouraging uses of many 
plants species may provide a powerful contribution for 
conservation (Amusa et al. 2010).  

Based on the ethnobotanical study there were many 
benefits of plants, not only for wood, but also can be used 
for other uses such as for herbal treatment. It showed some 
types of plants that have more useful value than just used 
as fuel. Potency of plants that can be utilized as medicine 
needs attention in the management and conservation, 
because of the high dependence of society on herbal 
medicine due to limited medical physician in rural areas, 
even in Masaran village (the research area). If anyone is 
sick, the population tends to use herbal remedies. Parvaiz 
(2014) The research in Mangowal,  District  Gujrat, Punjab, 
Pakistan. indicate that area is in rich vegetation but 
remained botanically virgin and not explored extensively 
and intensively. Many studies have been conducted on the 
ethnobotany of medicinal and other useful plants 
throughout the world (Khan et al. 2013). Similarly stated 
Abdulrahman (2006) that the use of plants as medicine is 
not only limited to traditional aboriginal people but more 
than 25% of the world's pharmaceutical products are 
derived from tropical plants. Cheikhyoussef et al. (2011) 
traditional knowledge on the indigenous uses of the 
medicinal plants could boost new innovations in the 
pharmaceutical industry and have many beneficial 
applications. The loss of species will have a major impact 
on the Earth.   

The Dayak Ngaju tribe basically has a good knowledge 
about the diversity of plant resources and the condition of 
its environment from generation to generation. This was 
shown by the way they recognize the diversity of plant 
species and their utilization. For example, Kaleka, a 
heritage area of ancient Dayak tribe. Kaleka is usually 
marked by the presence of betang poles ("rumah 
panggung"), the big old trees like durian, lanzones and so 
on. The location is generally maintained and protected by 
the family from generation to generation as an heir to the 
designation and utilization (eg cropping fruits) for the 
common property.The perspective of Kaleka can be called 
as a genetic pools ecologically. Another example, since 
ancient times, the ancestors of the Ngaju Dayak tribe in 
each village maintained a limited area of natural asylum 
forest called "pahewan". Local convention forbids anyone 
to cut down trees in the pahewan area. Pahewan is one 
example of a local wisdom culture that shows the 
relationship between humans and plants and the 
environment using conservation principles.  

According to the Dayak tribe in Central Kalimantan had 
efforts that have also been practiced for generations to 
conserve natural resources and the protection of 
biodiversity resources in the life. The effort was born along 
with the presence of Dayak tribe civilization itself. The 
Dayak human image, characterized by socio-religious-
magic, in turn gives rise to wise and responsible attitudes 
and behaviors in forest resource management practices. 
The activities of collecting local wisdom from and with 
local communities are expected to contribute greatly in the 
process of recognition of natural resources in a particular 
region. Examples of local wisdom in utilization of plants as 
gold indicator are an ethnobotanical study which can be 
used as a basic of conservation and sustainability of 
plants.  

Local wisdom can be an important component for 
carrying out efforts to conserve plant resources. Local 
people will be able to create environmental wisdom by 
using their own local wisdom.In this case, the natural and 
genetic resources will be preserved. In addition, local 
wisdom is one of the characteristics of national culture so it 
should be explored and developed further in the future. As 
stated by Rahman (2013) mention that ethnobotany is the 
study of relationship between plant and people. 
Ethnobotany studies the complex relationships between 
uses of plants have been used, managed and perceived in 
human societies and includes plants used in various 
purposes of life. Ethnobotany will be valuable tool if it can 
help to solve the latest problems globally. In relation to 
local wisdom, it impacts on dealing with natural resource 
management and the utilization of biodiversity. 
Ethnobotany can assist the community in recording the 
local wisdom.  

Human being used natural resources, both biotic and 
abiotic to support their survival on the earth. The demand 
for natural resources tends to increase steadily due to two 
factors; those are (i) rapid population growth and (ii) 
technological developments in the utilization of natural 
resources. The use of natural resources without caring the 
carrying capacity of the environment will bring disadvantages 
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to human life, such as erosion, flood, pollution, plant pests 
and diseases, and the extinction of biodiversity.  

The future of ethnobotany lies in conservation, through 
documenting the use of plants and managing local 
knowledge of culture for other purposes. Quantitative 
approaches can be used to analyze the use of plants related 
to issues existed in an interdisciplinary society. The 
implications of this research as a strategy to promote 
conservation in the utilization of plants. Conservation is an 
effort or action to maintain the existence both quality and 
quantity of something continuously. One step of 
conservation can be done by maintaining certain types of 
plants that have important value in the mining area. 
According to Neelo et al. (2015) the local communities 
have to be educated on conservation of woody plants, 
especially those mostly used for various important 
activities. Environmental conservation is not only limited 
to ecological values, but also in terms of socio-cultural, 
political and economic. There has been international 
recognition that traditional and local ecological knowledge 
can be useful sources of information (Junior and Santos 
2017). 
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Abstract. Sarminah S, Karyati, Karmini, Simbolon J, Tambunan E. 2018. Rehabilitation and soil conservation of degraded land using 
sengon (Falcataria moluccana) and peanut (Arachis hypogaea) agroforestry system. Biodiversitas 19: 222-228. Rehabilitation and soil 
conservation effort on degraded lands is not always a success. Multiple factors, such as the field’ biogeophysical conditions and the 
choice of suitable plant species determine the effectivity of the rehabilitation program. Our research aimed to implement agroforestry 
system of sengon (Falcataria moluccana) and peanut (Arachis hypogaea) on degraded land at different soil slopes (a steep and a slightly 
steep slope gradient) and to analyze the effect of the system on silvicultural and hydro-orological aspects of the degraded land. The 
silvicultural parameters examined in this study were the ground coverage of peanut growth and the stem diameter and height of sengon 
trees. Meanwhile, the hydro-orological parameters included potential erosion rate, erosion hazard index, and erosion hazard level. Our 
study revealed that on the land with the slightly steep slope (15-25%), the survival rate of sengon reached 90%, the ground coverage of 
the peanuts was 70-80%, the diameter and height increment of sengon trees reached 2.47 cm/year and 17.58 cm/year, respectively. 
Meanwhile, the potential erosion rate was 20.05 ton/ha/year, with an erosion hazard index of 0.80 (low) and a low hazard level. In the 
steeper ground (25-40%), the survival rate of sengon reached 90%, the peanut coverage was 50-60% and the diameter and height 
increment of the sengon were 2.37 cm/year and 16.41 cm/year, respectively. In the steep ground, potential erosion rate was 45.50 
ton/ha/year, with an erosion hazard index of 3.25 (moderate) and a low hazard level. We concluded that the rehabilitation and soil 
conservation using sengon-peanut agroforestry system effectively suppressed erosion rate to a low erosion hazard. 

Keywords: Erosion, slope, soil conservation, growth, land rehabilitation 

INTRODUCTION 

Critical lands suffer from low productivity and are 
gradually degraded. Forest damage affects the forest 
structure and composition, which in turn lead to the 
formation of unproductive lands. These degraded lands 
become increasingly critical due to erosion triggered by 
careless and irresponsible human activities. Exploitation of 
natural resources beyond the environment carrying capacity 
and human pressure to the land without proper soil and 
water conservation measures will result in an ecological 
imbalance as represented by the increasing number of 
degraded land. Pathak et al. (2017) stated that annual 
controlled fires replenish the soil nutrients and promote 
higher production of biomass in degraded lands infested 
with cogon grass weed. Nugroho (2000) reported that in 
1974, the total area of degraded land in Indonesia reached 
10,751,000 ha and increased to 23,725,552 ha in 1998. 
Efforts to minimalize the rate of land degradation can be 
done structurally (reforestation, afforestation, terracing, 
check dam construction, etc.) and non-structurally by 
involving the participation of the community, improving 
the income of the people, counseling, etc. (Nugroho 2000).  

According to Daswir (2010), one way to suppress land 
degradation is by implementing conservation agricultural 

system. The system involves farmers in the soil and water 
conservation endeavors. Conservation agriculture practices 
can prevent further land degradation and the loss of 
productive soil, suppress erosion, and increase the farming 
productivity and the income of the farmer (Syam 2003). 
Syam (2003) added that soil conservation, in particular, 
must take into account three critical factors, rainfall 
intensity, land condition (slope, column thickness, and soil 
properties), and farmer’s situation (cost, time, and labor).  

Rehabilitation of degraded lands can be done by using 
vegetative conservation, mechanical conservation or 
combination of vegetative and mechanical conservation 
approaches. Vegetative conservation is a widely used and 
recommended soil and water conservation technique due to 
its convenient nature. Matching plant species with the land 
site is crucial in implementing vegetative conservation. 
Juhaeti et al. (2005) stated that a plant species that can 
grow well in a degraded land indicates that that species has 
a right tolerance toward such type of marginal land. Daswir 
(2010) suggested alley cropping as an economical and 
straightforward conservation method for farmers. Alley 
cropping is planting annual crops in between rows of trees 
or hedges. Alley cropping provides microclimate benefit to 
the annual crop. In general, leguminous vegetables, annual 
crops, and forest crops can grow well in an area with 600-
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2500 mm/year rainfall, 18-35°C temperature, and 50-85% 
relative humidity (Karyati 2003, 2008). 

Sarminah (2014) suggested that the choice of plant 
species for land rehabilitation and water and soil 
conservation program must be carefully taken into 
consideration. In general, ground cover plants are vine-type 
legumes that are planted in between the annual crops, 
grown alternatively with the annual crops, or raised as 
pioneer crops in degraded land rehabilitation (Idjudin 
2011). The merit of sengon (Falcataria moluccana) as 
forest tree species for agroforestry has been reported by 
Sudomo (2007) and Wahyudi and Panjaitan (2013). In 
addition to the suitable plant species, the success of land 
rehabilitation project is determined by the proper 
combination of the plants constituting the agroforestry 
system. The combination must not only satisfy the 
biogeophysical condition of the land but also be compatible 
with the social, economic, and cultural aspect of the local 
community. Karmini et al. (2017) reported that sengon-
peanut-based agroforestry system in East Kalimantan made 
a profit of Rp 3,015,000.00/ha/season (226.96 
USD/ha/season). 

As an alternative land rehabilitation policy, agroforestry 
system is viable to be applied on a degraded land. 
Agroforestry offers generous benefits, it is a relatively 
simple technology with widely available resources; plants 
are quick and easy to grow, and it has a low cost even upon 
large-scale application on degraded land. Thus, this study 
aims to implement an agroforestry system of sengon and 
peanut on degraded land with different soil slopes (a steep 
and a slightly steep slope gradient) and to analyze the effect 
of the system on silvicultural and hydro-orological aspects 
of that land. 

MATERIALS AND METHODS 

Study location 
This research was conducted on a degraded land located 

in the Education Forest of Forestry Faculty, Mulawarman 
University, Lempake Sub-district, Samarinda City, East 
Kalimantan Province, Indonesia. The study took place for 
six months from January to June 2017. The experimental 
forest had a total area of 300 ha and was geographically 
located at 0°25'10''-0°25'24'' South latitude and 117°14'00''-
117°14'14'' East longitude, in between The Samarinda-
Bontang Highways Kilometers 10 and 13. The 
experimental forest is administratively situated in Tanah 
Merah Village, North Samarinda Sub-district, Samarinda 
City, East Kalimantan Province. The forest is bordered by 
Sempaja Village to the north, Mugirejo Village to the 
south, Lempake Village to the west, and Sungai Siring 
Village to the east (KRUS 2013; KRUS 2014). The study 
location map is shown in Figure 1. 

According to Meteorological, Climatological, and 
Geophysical Agency of Indonesia (BMKG), during the last 
seven years, the research location encountered 211.5 mm 
monthly rainfall, 27.4°C average temperature, 82.2% 
relative humidity, and 41.8 hours average irradiation 
(Karyati 2015). The daily temperature inside the forest 

ranged 23.7°C-30.9°C, while the outside temperature was 
25.9°C-28.8°C. Daily relative humidity inside and outside 
the forest were 81.4%-99.3% and 76.0%-90.0%, 
respectively. The daily average light intensity ranged from 
1.08 µmol to 18.41 µmol (Karyati and Ardianto 2016). 
According to Schimdt-Ferguson (1951) system, the climate 
of Samarinda City was classified as type A climate, with a 
quotient (Q) of 0.048, which means that the city is highly 
humid with a tropical rainforest vegetation (Karyati et al. 
2016). 

The experimental forest is a lowland tropical rainforest 
located about 50 m above sea level. The forest was initially 
a natural forest composed predominantly with 
Dipterocarpaceae. After fires in 1983, 1993, and 1998, the 
forest stabilized and became an early secondary forest. 
Now, the forest has been in a late secondary forest stage 
and on its way toward climax state. Some of the plant 
species predominantly found in the forest were ulin 
(Eusideroxylon zwageri), puspa (Schima wallichii), 
medang (Litsea spp.), meranti (Shorea spp.), etc. 
Meanwhile, animals found in the forest were invertebrates 
such as protozoa, annelids, mollusks, crustacean, insects, 
arachnoids; and vertebrates including fish, frogs, birds, 
reptiles, and mammals (KRUS 2013; KRUS 2014). 

Instruments and materials 
Tools and instruments that used in this study included 

measuring tape, clinometer, compass, diameter measuring 
tape (phi-band), microcaliper, machete, hoe, sickle, 
galvanized zinc roof sheets, PVC pipe, drum, ruler, soil 
sampling ring, ombrometer, graduated cylinder, filter 
paper, bucket, hand sprayer, camera, and stationery.  

Experimental procedures 
10 m x 10 m experimental plots were prepared for two 

different slope classes in the experimental forest area, a 
slightly steep slope (15-25%, henceforth called Plot 1), and 
a steep slope (25-40%, henceforth called Plot 2). Sengon 
(Falcataria moluccana) and peanut (Arachis hypogaea L.) 
were grown on both plots. Sengon trees were planted with 
a spacing of 3 m × 3 m. Peanut, as the groundcover 
legumes were planted in between the sengon trees. 10 m × 
3 m erosion measurement plots, were arranged on the two 
experimental plots. Hydro-orological parameters 
measurements were conducted at 35 times rain events. 
Plant maintenance was performed accordingly, including 
watering, weeding, fertilizer application, and pest and plant 
diseases control. Harvesting was done on the groundcover 
peanut produce and not on the sengon trees.  

Analysis of soil properties 
For soil profile description, a soil pit with the depth of 

1.5 meter was dug at the center of study plot. Soil profile 
descriptions were conducted adopting the standard 
procedures by International Soil Science Society (ISSS) 
(NRCS 2002). The soil profile description was conducted 
by observing the characteristics of the soils moving 
towards the bottom of profile. Some of the characteristics 
were distinguished such as depth and field texture.   
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Figure 1. Study location in the Education Forest of Forestry Faculty, Mulawarman University, Samarinda, Indonesia   
 

 
The analysis of soil physicochemical properties (pH 

(H2O), pH (KCl), C organic, total N, P, K, and texture) 
were conducted in Laboratory of Soil Science, Tropical 
Forest Research Center, Mulawarman University, 
Samarinda, Indonesia. Soil pH was determined in distilled 
water and 1 N KCl in a soil to solution ratio of 1:2.5 by the 
glass electrode method. The total nitrogen (total N) was 
analyzed using Kjeldahl method. Soil P and K were 
analyzed using Bray 1 method. 

Data analysis 
Plant growth observation and measurement were done 

at the end of every month for four months. The observation 
was carried out on both sengon and peanut plants. In 
addition, sengon’s survival rate, peanut’s ground coverage, 
and sengon tree height and diameter were measured as 
well. Hydro-orological parameters measured in this study 
included surface runoff, potential soil erosion rate, erosion 
hazard index, and erosion hazard level (Hammer 1981). 
Classification of erosion hazard index and erosion hazard 
level are presented in Table 1 and Table 2, respectively. 
Formula to determine erosion hazard index is as follows 
(Hammer 1981): 

 
Erosion hazard index = Potential erosion rate 

(ton/ha/year) / Tolerable erosion rate (ton/ha/year)  

Table 1. Erosion hazard index categories (Hammer 1981) 
 
Erosion hazard index  Category 
< 1.00 Low  
1,01-4,00 Moderate 
4,01-10,00 High 
> 10,01 Very high  
 
 
 
Table 2. Erosion hazard level classification  
 

Soil column 
(cm) 

Erosion rate (ton/ha/year) 

<15 15-<60 60-<180 180-
480 >480 

Deep (>90) Very low Low Moderate High Very 
high 

Intermediate 
(60-90) Low Moderate High Very 

high 
Very 
high 

Shallow 
(30-<60) Moderate High Very 

high 
Very 
high 

Very 
high 

Very 
shallow 
(<30) 

High Very 
high 

Very 
high 

Very 
high 

Very 
high 

Source: Regulation of Directorate General of Watershed 
Management and Social Forestry, Ministry of Forestry Republic 
of Indonesia (2013) 

Research plot 
Utilities 
Road 
River 
 
Arenga plants 
Belukar shrubs 
Secondary forest
Gardens 
Bareland 
Semak srubs 
Water body 

LEGEND: 

LAND COVER: 
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RESULTS AND DISCUSSION 

Silviculture aspect 
In general, sengon and peanut grew well and healthy, as 

indicated by the formation of dense shoots and leaves. 
During the first two weeks, the peanut growth had yet to 
grow evenly both in Plot 1 and Plot 2. The qualitative 
evaluation of sengon and peanut growth are summarized in 
Table 3. 

Qualitative evaluation was conducted based on visual 
observation of sengon and peanut plants in the field (Table 
3). A well-grown plant was described as a plant with a 
vigorous appearance, fresh green leaves, normal stem 
growth, densely grown flowers, and a canopy coverage as 
high as 80%. Fairly grown plant was described as a plant 
with relatively fair body vigor, mostly green leaves with 
very few yellow leaves, a stem size ranged from small to 
big, relatively less dense flowers, and a canopy coverage of 
less than 60%. Observation at the end of study revealed 
that sengon trees in Plot 1 and Plot 2 exhibited a high 
survival rate of about 90% (Figure 2). This result indicates 
that the sengon trees can grow well in such a critical land. 
Ground coverage of peanut plants grown in Plot 1 and Plot 
2 were 70-80% and 50-60%, respectively (Figure 3).  

Table 4 and 5 show the monthly diameter and the 
height increments of sengon trees, respectively, that were 
monitored for 4 months. Judging from these results, sengon 
trees on the slightly steep slope (Plot 1) show a better 

growth performance in term of diameter and height 
increment compared with sengon trees on the steeper slope 
(Plot 2). The mean stem diameter increment of sengon 
located on the less steep and on the steep slope is 2.47 
cm/year and 2.37 cm/year, respectively. Meanwhile, the 
height increments of sengon trees on the slightly steep and 
the steep slopes are 17.58 cm/year and 16.41 cm/year, 
respectively. Sengon diameter increment obtained in our 
agroforestry system is lower than those of the previous 
study by Swestiani and Purwaningsih (2013). They 
reported that the mean annual diameter increment of 
sengon grown on an agroforestry system and a monoculture 
system were 5.25 cm/year and 3.20 cm/year respectively. 
Similarly, a study by Wahyudi and Panjaitan (2013) 
reported that sengon grown on an agroforestry system 
showed the highest diameter increment (3.45 cm/year) 
compared with that of the sengon cultivated in an intensive 
monoculture (3.21 cm/year) and a conventional 
monoculture system (1.99 cm/year). Interestingly, the 
diameter increments of sengon obtained in this study were 
higher than that of predominant trees grown in a secondary 
tropical forest (0.75-0.86 cm/year) (Karyati et al. 2017). In 
a study on agroforestry system cultivating a combination of 
sengon and nilam, Sudomo (2007) reported that 18-month-
old sengon exhibited a stem diameter and a height of 6.85 
cm and 5.59 cm, respectively. Whereas, at 24 months of 
age, the sengon reached 9.48 cm in diameter and 7.28 m in 
height (Sudomo 2007). 
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Figure 2. Survival rate of sengon in agroforestry system on the 
two different slopes 
 

  

 
 
Figure 3. Ground coverage of peanut plants in agroforestry 
system on the two different slopes 
 

 
 
Table 3. Qualitative evaluation of sengon dan peanut growth on the two different slope conditions 
 

Plant species 
Plot 1 Plot 2 
Month Month 

1 2 3 4 1 2 3 4 
Sengon Fair Good Good Good Fair Fair Good Good 
Peanut Fair Good Good Good Fair Fair Good Good 
Note: Plot 1 = experimental plot with 15-25% slope; Plot 2 = experimental plot with 25-40% slope located in the Education Forest of 
Forestry Faculty, Mulawarman University, Samarinda, Indonesia. 
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Table 4. Sengon stem diameter increment (mm) on the two different slopes. 
 
Tree number Plot 1  Plot 2 

D0 d1 d2 d3 d4  D0 d1 d2 d3 d4 
1 1.32 3.26 4.88 6.80 8.05  1.57 2.08 3.03 5.31 7.55 
2 1.42 2.50 4.91 7.10 8.10  1.02 2.15 3.74 6.46 8.20 
3 1.12 3.68 4.82 6.50 7.95  1.17 2.31 3.09 5.53 7.35 
4 1.68 3.04 4.18 6.31 7.85  1.87 2.34 4.15 5.55 7.70 
5 1.59 3.25 4.47 6.97 8.10  1.66 2.71 4.43 6.88 8.05 
6 1.39 3.18 4.84 6.50 8.20  1.46 3.07 4.02 5.59 7.65 
7 1.20 3.08 4.36 6.94 8.05  1.13 3.23 4.12 5.27 8.10 
8 2.81 2.49 3.93 6.81 8.00  1.10 3.43 4.74 5.00 7.85 
9 2.11 3.01 4.26 7.00 8.70  1.13 3.70 4.74 5.62 7.60 
10 1.02 2.69 4.16 7.20 9.20  1.19 3.74 4.44 5.28 7.40 
11 1.66 2.32 3.68 6.24 8.40  1.12 3.66 4.87 5.75 8.40 
12 1.79 2.44 3.97 6.91 8.80  1.53 3.07 4.47 5.49 8.30 
13 1.59 2.38 3.89 6.06 8.50  1.00 2.84 3.12 5.05 7.90 
14 1.63 2.79 4.00 6.67 8.00  1.88 2.16 4.14 4.78 7.95 
15 1.52 2.61 3.90 6.57 7.90  1.68 3.93 4.53 6.17 8.20 
16 1.02 2.47 3.87 6.98 8.20  1.39 3.65 4.10 6.13 8.20 
Mean 1.55 2.82 4.26 6.72 8.25  1.37 3.00 4.11 5.62 7.90 
SD 0.44 0.40 0.41 0.33 0.38  0.30 0.65 0.59 0.56 0.33 
            

Annual diameter increment 24.7 mm/year =2.47 cm/year  
 

Annual diameter  
increment 

23.7 mm/year=2.37 cm/year 

Note: Plot 1 = experimental plot located on 15-25% slope; Plot 2 = experimental plot located on 25-40% slope located in the Education 
Forest of Forestry Faculty, Mulawarman University, Samarinda, Indonesia; D0 = initial stem diameter (diameter measured in the 
beginning of experiment); d1,d2, d3, d4 = diameter increments in the end of first, second, third, and fourth month after planting, 
respectively; SD=Standard Deviation 
 
  
Table 5. Sengon height increment (cm) on the two different slopes 
 
Tree number Plot 1  Plot 2 

H0 h1 h2 h3 h4  H0 h1 h2 h3 h4 
1 54 25 33 49 58  58 24 34 44 54 
2 54 26 35 52 61  60 27 37 47 57 
3 53 27 32 48 58  56 23 33 43 54 
4 59 29 35 47 58  56 24 34 44 54 
5 57 27 35 47 57  55 23 33 43 53 
6 57 28 36 48 59  57 25 35 45 55 
7 58 29 39 50 61  56 25 35 45 56 
8 59 28 35 49 58  55 24 34 44 54 
9 61 31 43 54 60  57 26 36 46 56 
10 56 29 38 49 56  56 23 33 43 53 
11 55 27 37 43 57  54 22 32 42 52 
12 56 29 32 47 60  55 25 36 46 57 
13 57 28 33 49 60  56 26 36 46 56 
14 54 25 36 48 58  55 24 34 44 54 
15 60 33 42 50 57  54 22 32 42 53 
16 60 34 46 51 60  59 27 36 46 57 
Mean 57 28.44 36.69 48.81 58.60  56 24.38 34.38 44.38 54.70 
SD 2.47 2.53 4.05 2.46 1.54  1.68 1.59 1.54 1.54 1.62 
            

Annual height increment 175.8 mm/year=17.58 cm/year  
 

Annual height  
increment 

164.1 mm/year=16.41 cm/year 

Note: Plot 1 = experimental plot with 15-25% slope; Plot 2 = experimental plot with 25-40% slope located in the Education Forest of 
Forestry Faculty, Mulawarman University, Samarinda, Indonesia; H0 = initial tree height (diameter measured in the beginning of 
experiment); h1,h2, h3, h4 = height increments in the end of first, second, third, and fourth month after planting, respectively; 
SD=Standard Deviation 
 

 
Our data indicated that there were increases in diameter 

and height increments of sengon from month to month. 
These increases are presumably due to: (i) additional 
supply of organic matters contributed by the falling leaves 
of the peanut plants grown in between the sengon trees, (ii) 

the effect of NPK fertilizer application that served to fulfill 
the nutrient requirement of the plants for better growth 
quality and production, and (iii) the inherent fast-growing 
nature of the sengon trees. NPK fertilizer application in 
particular adequately supplies nitrogen for vigorous sengon 
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growth. In addition, the fertilizers will improve soil 
structure by providing space for gas and water. 

Sengon trees grown on the steep slope (Plot 2) show 
lower diameter and height increments compared with the 
trees on the slightly steep slope (Plot 1) (Table 2 and 3). 
This result indicates that slope gradient affects plant growth 
parameter, in particular, stem diameter and plant height. 
Kartasapoetra et al. (2000) stated that slope gradient 
determines soil fertility of a land. A land with relatively 
steeper slope is highly prone to soil erosion and nutrient 
leaching compared with a land with a less steep slope. The 
effect of slope steepness is also evident in the growth of the 
groundcover crop, the peanut plant. Ground coverage of the 
peanuts on the steep plot was lower than that of the peanuts 
on the slightly steep ground (Figure 2). The peanut plants 
seem to indirectly affect on the diameter and height growth 
of the sengon trees. It is through the decomposition of 
fallen leaves contributed for an extra source of organic 
materials for the growth of the sengon trees. Indeed, our 
chemical analysis indicated that there was an increase in 
soil nutrient content (C organic, N total, P, and K) and a 
change in soil pH (H2O) from 4.12 at the beginning of the 
experiment to 4.93 at the end of the study as shown in 
Table 6. 

Hydro-orological aspect  
In this study, rainfall measurements were conducted 35 

times when rain event occurred. Mean rainfall during the 
study was 17.41 mm/day. Table 7 shows the rainfall data, 
surface runoff volume, and eroded soil mass of the 
agroforestry system on the two different slopes. The 
surface runoff rate, potential erosion rate, erosion hazard 
index, and erosion hazard level is showed in Table 8.  

Our results indicate that the steeper the slope, the higher 
the surface runoff volume and the erosion potential. In 
addition to slope gradient, the erosion rate is also 
determined by soil texture. Soil texture analysis indicates 
that the soil in this current study location is sandy loam, it 
is characterized by its fine texture as presented in Table 6. 
A finely textured soil has low water infiltration capacity. 
Thus, even a relatively low rainfall can generate a surface 
runoff on such a soil. Fine soil grains are difficult to form a 
stable soil structure because of the fragile cohesion 
between their particles, thereby highly susceptible to 
erosion (A’Yunin 2008). 

Erosion hazard evaluation is an assessment and 
prediction about the scale of soil erosion and its potential 
danger to a particular plot of land. Erosion hazard level can 
indicate whether erosion is at a level that threatens or even 
endangers a land. We found that the potential erosion rate 
in Plot 1 was 20.05 ton/ha/year and in Plot 2 was 45.05 
ton/ha/year. Therefore, the erosion hazard index of Plot 1 
and Plot 2 were 0.80 (low) and 3.25 (moderate), 
respectively (Table 8). With a soil column deeper than 90 
cm, the erosion rate of both Plot 1 and Plot 2 were in the 
range between 15-60 ton/ha/year, which are classified as 
low-hazard erosion according to classification system 
described in Table 2. This result suggests that the sengon-
peanut agroforestry system is capable to suppress the 
erosion rate. Land rehabilitation and soil conservation by 

using sengon-peanut agroforestry system on different slope 
gradient show a positive impact on the land because the 
system can suppress the erosion rate up to a degree 
classified as low erosion hazard. 
 
Table 6. The soil physicochemical properties in the study plot 
 
Soil chemical 
properties 

At the beginning 
of study 

At the end of 
study 

pH (H2O) 4.12 4.93 
pH (KCl) 3.37 4.26 
C organic (%) 2.74 3.82 
N total (%) 0.18 0.27 
P2O5 (ppm) 19.59 23.51 
K2O (ppm) 103.11 114.07 
Texture Sandy Loam (SL) Sandy Loam (SL) 
 
 
 
Table 7. Rainfall, surface runoff volume, and eroded soil mass of 
agroforestry system on two different slopes 
 
Rain  
event 

Rainfall 
(mm) 

Surface runoff (l) Eroded soil mass (g) 
Plot 1 Plot 2 Plot 1 Plot 2 

1 24.38 17.55 32.52 985.82 1943.54 
2 5.97 19.58 28.15 220.32 236.19 
3 14.43 11.13 28.23 137.98 245.69 
4 55.23 20.47 32.56 2985.70 9368.87 
5 12.69 19.93 38.15 327.34 648.06 
6 42.30 19.08 38.15 2074.65 3121.26 
7 26.37 19.08 39.68 840.85 1020.41 
8 6.72 18.31 36.24 251.80 334.78 
9 8.46 16.79 38.15 775.23 977.68 
10 36.33 19.84 37.64 1139.95 1675.59 
11 8.96 18.88 28.61 477.01 524.58 
12 14.18 16.79 34.34 327.34 927.07 
13 13.44 13.59 21.94 288.04 518.85 
14 13.68 19.01 39.17 477.78 784.38 
15 2.99 3.12 4.39 36.50 45.91 
16 2.49 1.72 1.21 14.94 15.74 
17 17.42 20.28 33.57 372.10 690.79 
18 19.66 15.90 36.12 773.19 1186.24 
19 29.86 23.14 35.61 912.57 1111.97 
20 8.71 15.45 37.13 128.19 221.78 
21 38.81 19.84 35.61 838.56 1633.88 
22 7.71 16.02 30.20 167.67 340.18 
23 17.17 18.88 37.64 935.84 1337.83 
24 26.87 20.67 35.61 751.10 852.55 
25 2.74 5.53 7.44 48.64 59.90 
26 2.74 2.29 4.83 16.79 25.18 
27 2.74 2.43 3.72 17.84 20.22 
28 3.98 1.53 2.48 10.94 18.82 
29 5.47 11.57 24.70 160.23 330.48 
30 3.73 2.67 3.77 18.60 35.48 
31 15.43 11.16 22.32 127.30 177.40 
32 43.29 18.31 38.15 339.54 358.11 
33 18.66 3.17 5.02 20.70 45.91 
34 45.28 24.04 39.17 562.60 574.81 
35 10.45 23.14 35.61 210.78 245.18 
Total 609.34 510.90 947.83 17774.42 31655.32 
Mean 17.41  14.60 27.08 507.84 904.44 
Note: Plot 1 = experimental plot with 15-25% slope; Plot 2 = 
experimental plot with 25-40% slope located in the Education 
Forest of Forestry Faculty, Mulawarman University, Samarinda, 
Indonesia 
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Table 8. Surface runoff rate, potential erosion rate, erosion hazard index, and erosion hazard level of agroforestry system on two 
different slopes 
 

Slope gradient Surface runoff rate
(m3/ha/year) 

Potential erosion 
rate (ton/ha/year) 

Tolerable erosion 
rate (ton/ha/year) 

Erosion hazard 
index 

Erosion 
hazard level 

Plot 1  794.55 20.05 25 *) 0.80 (Low) Low 
Plot 2  846.61 45.50 25 *) 3.25 (Moderate) Low 
Note: Plot 1 = experimental plot with 15-25% slope; Plot 2 = experimental plot with 25-40% slope located in the Education Forest of 
Forestry Faculty, Mulawarman University, Samarinda, Indonesia. *) Soil depth based on soil profile made at research site, i.e.,> 100 cm. 
In general, the tolerable erosion rate for hilly or sloping land is 25 ton/ha/year (Rahim 1995) 
 
 

 
 
The vegetative conservation of a degraded land by 

using agroforestry system primarily consists of three 
essential benefits: (i) mitigation of surface runoff and 
erosion, (ii) suppression and reduction of raindrops impact 
on the soil surface, and (iii) recovery and improvement of 
degraded land into a productive land (Kartasapoetra et al. 
2000). Our study shows that sengon-peanut agroforestry is 
suitable to be implemented for rehabilitation and soil 
conservation of degraded land with different slope 
conditions. We hope that the result of this research can be 
applied and become a reference for all the stakeholders, 
including private parties and the government, especially 
Ministry of Environment and Forestry and Ministry of 
Agriculture of the Republic of Indonesia.  
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Abstract. Silalahi M, Nisyawati. 2018. The ethnobotanical study of edible and medicinal plants in the home garden of Batak Karo sub-

ethnic in North Sumatra, Indonesia. Biodiversitas 19: 229-238. The cultivation of plants in home gardens for self-sufficiency is a long 

tradition in Karo District, but the documentation of local knowledge about edible and medicinal plants in home gardens in Karo District 

is limited. This study aimed to (i) document the uses of the edible and medicinal plants in home gardens; (ii) to analyze the diversity of 

edible and medicinal plants in home gardens. Data were collected using the ethnobotanical surveys and interviews methods. The 

Shannon Weiner and Margalef indices were calculated to determine the diversity levels of medicinal and edible species in the home 

gardens of Karo ethnic. The surveys were conducted in 30 home gardens (7 villages), Karo District, North Sumatra. The 85 recorded 

species belonged to 43 families, and 73 genera were used as edible and medicinal plants. The plants studied in the home gardens used 

for human consumption were i.e. fruits, vegetables, spices, tubers and medicinal plants. Among 85 plant species growing in home 

gardens, 52 species were cultivated, and the rest were semi cultivated. Home gardens had the Shannon Wiener index ranging from 1.164 

to 3.123 while Margalef index ranging from 0.929-2.531.  

Keywords: Edible plants, Flacourtia rukam, Batak Karo, Molineria latifolia  

INTRODUCTION 

The home garden is a complex agroforestry system, 

which is rich in biodiversity including perennial and annual 

plants such as wild plants, semi-cultivation, and cultivation 

(Kumar and Nair 2004, Moreno-Calles et al. 2010). For 

local people, home garden plays an important role in many 

aspects including the economy, ecology, social, and culture 

(High and Shackleton 2000; Méndez et al. 2001; 

Senanayake et al. 2009). Economically, the plants in the 

home garden provide a source of various materials for 

medicinal materials and ceremonial materials. Therefore, it 

becomes a valuable source of direct or indirect income for 

the owner. Ecologically, it has a function as shade, erosion 

prevention (Senanayake et al. 2009; Larios et al. 2013), 

conservation of  biodiversity (Kehlenbeck and Maass 2004; 

Kaswanto and Nakagoshi 2012), and carbon sinks 

(Kaswanto and Nakagoshi 2012). The home garden is also 

used by the community as a place to transfer of local 

knowledge about ecology and utilization of plants (High 

and Shackleton 2000; Méndez et al. 2001; Thomas et al. 

2008).  

The prospective researches of the home garden in 

Indonesia had been carried out since 1930 by the Dutch in 

Java (Kaswanto and Nakagoshi 2012), which were then 

comprehensively studied in 1987 (Soemarwoto 1987). The 

further researches on this project are conducted partially by 

other researchers on various ethnic groups such as Java 

(Kehlenbeck and Maass 2004; Kusumaningtyas et al. 

2006), Bali Aga (Sujarwo and Caneva 2015), and Batak 

Angkola-Mandailing (Silalahi 2016). The focus of the 

study varied, but it was mostly related to the documentation 

of the use of plants by local communities. However, studies 

on the diversity and abundance of plant garden have not 

been done, although the garden has long been used as a 

source of fruits, vegetables, and traditional medicines 

(Soemarwoto 1987; Kaswanto and Nakagoshi 2012; 

Sujarwo and Caneva 2015; Silalahi 2016).  

The plant garden diversity is very high in both types 

and benefits. However, this diversity is also depending on 

various factors such as distance from the forest (Larios et 

al. 2013), culture, ethnics, climate, and topography 

(Senanayake et al. 2009). The distance of the garden to the 

forest affects the diversity of garden plants (Wezel and 

Bender 2003; Cruz-Garcia and Struik 2015), while the 

topography has implications in the composition of 

perennial and annual plant (Senanayake et al. 2009). 

Garden plants also have functioned as the reservoir for 

food plants (edible plants) or drugs (Ashagre et al. 2016), 

maintaining native biodiversity/native (Blancas et al. 2010; 

Parra et al. 2012), and the native biodiversity of plants 

especially the wild plants from forests (Casas et al. 2006; 

Parra et al. 2012).  

Batak ethnic is the indigenous ethnic in Sumatra 

consisting of five sub-ethnic groups i.e Karo, Simalungun, 

Phakpak, Toba, and Angkola-Mandailing (Bangun 2010). 

Karo Batak is a sub-ethnic that still use the traditional 

medicines (oukup, tawar, parem) to maintain their health 

(Silalahi 2014; Purba 2015; Silalahi 2016). They also have 

traditional cuisine such as terites (soup from the rumen of 
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cattle), cimpa, cipera (likes of curry chicken) (Purba 2015; 

Aini 2016). In oder to supply those traditional medicines 

and food ingredients, they began to plant in the home 

garden (Silalahi 2014; Purba 2015; Aini 2016). This study 

aimed (i) to document the local knowledge of ethnic Karo 

in utilizing garden plants as a source of food and medicine, 

(ii) to know the diversity of food plants and cultivation 

drugs and semi-cultivation by Karo ethnic, Indonesia. 

MATERIALS AND METHODS  

Location of study  

This study was conducted from April 2014 to August 

2016 in seven villages in the Karo District, North Sumatra, 

Indonesia (Figure 1). There were three villages in Merdeka 

Sub-district i.e. Semangat Gunung Village, Cinta Rayat 

Village, and Merdeka Village; one village in the Berastagi 

Sub-district, i.e., Doulu Village; and three villages in the 

Simpang Empat Sub-district, i.e. Lingga Village, Pertegun 

Village, and Surbakti Village. Those villages are located in 

the Karo highlands surrounded by active volcanoes  of 

Sinabung and Sibayak with altitude between 900 and 1,200 

meters above sea level. More than 90% of the population 

work as horticultural farmers such as Apium graveolens, 

Brassica sp., Capsicum annuum, and Citrus sinensis.  

 Method 

The information of this study was obtained using three 

type of interviews, i.e., semi-structured, in-depth, and 

participative observation). Interviews were conducted on 

30 people were aged from 35-70 years old at seven villages 

in the Karo District, North Sumatra, Indonesia. The 

determination of respondents and home gardens were done 

by purposive sampling. Interview guidelines were modified 

from previous ethnobotany study conducted by Martin 

(1995), Alexiades (1996), and Silalahi et al. (2015). 

Medicinal and edible plants found in the home garden were 

recorded in terms of local names, habitus, uses, and parts of 

used, which were then made as voucher specimens. The 

number of plants of each species was calculated, and the 

size of the garden was measured. The voucher specimens 

were then identified in the botanical laboratory in the 

Universitas  Indonesia, and also in Herbarium Bogoriense 

(BO), research center for Biology, Indonesian Institute of 

Sciences (LIPI). The identified scientific name of the plant 

was verified using online sources (www.theplantlist 2017).   

 

 

 
 

 

 

Figure 1. Research location in seven villages in Karo District, North Sumatra, Indonesia  
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Data analysis  

The data obtained in this research was analyzed 

qualitatively and quantitatively. Qualitative data included 

the uses of plants, the part of used, sources of acquisition, 

and life form were recorded. The diversity index was 

calculated using Shannon-Wiener Index (H') equation; the 

index of similarity was calculated using Jaccard Index (Ji) 

(Mueller-Dumbois and Ellenberg 1974), and the wealth 

index calculated using Margalef index (DMg) (Mueller-

Dumbois and Ellenberg 1974; Magurran 1988; Magurran 

2003) with the equation patterns as follows:  

Margalef index (DMg)  

 

DMg =
𝑆 − 1

ln(𝑛)
 

 

where S is the number of taxon, and n is the total 

number of individuals in all taxon.  

 

Shannon-Wiener index (H’) 

 

H′ = −∑(pi) ln(pi)

𝑛

𝑖=1

 

 

where ni is the number of taxon, and n the total number 

of individuals in all taxon.  

 

Jaccard index (Ji) 

 

Ji =
𝑎

𝑎 + 𝑏 + 𝑐
 

 

a = The number of species found in A and B villages 

b = The number of species found in A village but it is 

not found in B village 

c = The number of species found in B village and it is 

not found in A village 

RESULTS AND DISCUSSION 

Utilization of botanical plants by Batak Karo Sub-ethnic  

In this study, the location of home garden belongs to the 

Karo Batak sub-ethnic community was relatively narrow 

with a size of 20-300 m2. Initially, the home garden was 

used by local people for family activities and social 

activities so that the home garden size was limited. The 

activities undertaken in the home garden included 

parenting, socializing with neighbors, and drying 

agricultural products. The residential centers at Batak Karo 

sub-ethnic surrounded by Bambusa sp, which used as a 

barrier, windbreaker, construction materials, and a food 

ingredient (Silalahi 2014). In this study, many plants found 

in the home garden were mostly used as food and drug 

ingredients (Figure 2).   

In this study, 85 plant species collected from home 

garden consisting of 43 families and 73 genera were used 

by sub-ethnic Batak Karo as food or medicines. Those 

families were, i.e., Solanaceae (10 species), Zingiberaceae 

(6 species), Myrtaceae (4 species), Rutaceae (3 species), 

Rosaceae (3 species), Poaceae (3 species), Fabaceae (3 

species), Arecaceae (3 species), and Acanthaceae (3 

species). Most of those families had the largest number of 

species, representing over 41% of the species utilized in 

this study.   

Table 1 shows the ethnobotanical information of each 

species found in the study. The results showed that most of 

plant species found in the garden were used for many 

purposes such as food (60 species), medicinal plants (30 

species), and other benefits (7 species). Foodstuffs include 

vegetables (20 species), fruit (30 species), spices (11 

species), carbohydrate sources (10 species), and other 

benefits (7 species).   

More than 25 species of plants listed in table 1 had 

multiple benefits such as Etlingera elatior was used as a 

spice, vegetable, medicine; while Musa paradisiaca was 

used as a vegetable, fruit, medicine. Plants used as fruit 

sources (Eriobotrya japonica, Psidium guajava, Persea 

americana), vegetables (Brassica sp., Solanum melongena, 

Capsicum annuum), medicinal ingredients and spices 

(Alpinia galanga, Curcuma longa, E. elatior, Cymbopogon 

citratus), ornamental plants and medicines (Hibiscus rosa-

sinensis, Crinum asiaticum, Barberis sp. and Equisetum 

debile) were easily found in the yard. The plants found in 

this study are similar to those of the study conducted by 

Sujarwo and Cavera (2015) on the garden of Bali Aga 

ethnic, which mostly used as a source of vegetables (46%), 

drugs (23%), food (20%), spices (9%), and the edible seeds 

(2%).  

In this study, 30 species of home garden plants used as 

medicine such as to overcome the fever (H. rosa-sinensis, 

Ceiba pentandra, E. elatior), digestive tract disorders (C. 

longa, Curcuma xanthorrhiza, Zingiber officinale), 

traditional steam-bathing (Z. officinale, E. elatior, C. longa, 

Cymbopogon citratus), and kidney disease (E. debile) 

(Table 1). In Batak Karo sub-ethnic, more food plants were 

planted in home garden (species) compared with medicinal 

plants. Community used home garden as a source of food 

and income (Galhena et al. 2013), especially fruit, 

vegetable, staple food (Sujarwo and Cavera 2015). Farmers 

always ensure the availability of food plants in the garden 

(Lok 2001), especially in the difficult plant season times. 

The home garden is an easy and accessible place for a food 

source (Sujarwo and Cavera 2015).  
 

 
 

Figure 2. The home garden structure of Batak Karo sub-ethnic in 

Karo District, North Sumatra, Indonesia  

 

https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=http://www.theplantlist.org/tpl1.1/record/kew-2707382
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Table 1. List of cultivated plants in Batak Karo sub-ethnic home garden, Karo District, North Sumatra, Indonesia 

 

Family  Scientific name  Annual/perennial  Local name  Parts used and how to uses  Villages Life form  

Acanthaceae   Graptophyllum pictum 

(L.) Griff.  

Perennial  Daun ungu  Water decoction of leaves as a 

medicine for kidney disease  

SG  Shrubs  

  Andrographis 

paniculata  (Burm.f.) 

Nees  

Perennial   Sambiroto  Water boiled leaves as cough 

medicine, fever, and increase 

appetite   

SG, L  Herb  

  Justicia gendarussa 

Burm.f.  

Perennial  Sangkil 

sempilit  

Fever and mythical medicine 

leaves  

L  Herb  

Anacardiaceae  Mangifera foetida 

Lour  

Perennial  Mbacang  Fruit that has been cooked 

directly eaten  

L  Tree  

              

Annonaceae   Annona muricata L.  Perennial  Tarutung 

Bulanda  

Fruit that has been cooked 

directly eaten; leaf boiling water 

for kidney disease medicine  

S  Tree  

Apiaceae  Apium graveolens L.  Annual  Daun sop  Leaves are used for vegetables, 

anti-hypertensive drugs, and 

cooking spices.  

CR, SG  Herb  

  Daucus carota L.  Annual  Wortel  Bulbs are used as vegetables  S  Herb 

Araceae  Acorus calamus L.  Perennial  Jrango  Rhizoma for fever and cough 

medicine  

L, D  Herb  

  Colocasia esculenta 

(L.) Schott.  

Perennial  Talas  Tubers are cooked as a source of 

carbohydrates  

S, SG, L, D  Herb  

Arecaceae  Arenga pinnata Merr.  Perennial  Poula  Fruit for "kolang kaling"; juice 

water to make brown sugar.   

L  Palm  

  Areca catechu L.  Perennial  Mayang  The roots for medicinal 

aphrodisiac; ripe fruit to mix 

betel meal   

D  Palm  

  Salacca zalacca 

(Gaertn.) Voss  

Perennial  Salak  Fruit that is cooked directly eaten  P, SG, L  Palm  

Asteraceae  Blumea balsamifera 

(L.) DC.  

Perennial  Sembung  Air leaf stew for diarrhea, fever, 

cough, and asthma   

D  Herb  

Asparagaceae  Asparagus officinalis 

L.  

Annual  Asparagus  Stems that are still young used as 

a vegetable  

S  Herb  

  Dracaena angustifolia  

(Medik.) Roxb.  

Perennial  Suji  Leaves as a food coloring  S, L  Shrubs  

Berberidaceae  Barberis sp.  Perennial  Daun Mutiara  Water decoction leaves to 

overcome kidney pain  

SG  Shrubs  

Basellaceae  Anredera cordifolia  

(Ten.) Steenis  

Perennial  Binahong  Water decoction of leaves for 

cough medicine  

SG  Herb  

Brassicaceae  Brassica oleracea L.  Annual  Bunga kol  Flowering is used as a vegetable  D  Herb  

  Brassica rapa L.  Annual  Sawi  Young leaves are used as 

vegetables  

CR, M, P, S, 

L  

Herb  

Bombaceae  Durio zibethinus L.  Perennial  Durian  The old fruit is eaten immediately    Tree  

  Ceiba pentandra  (L.) 

Gaertn.  

Perennial  Kapas  Leaf juice is used as a fever 

medicine  

L, P  Tree  

Bromeliaceae  Ananas comosus (L.) 

Merr.   

Perennial  Kenas  Fruits that are cooked directly 

eaten, young fruit for abortion  

L  Herb 

Campanulaceae  Isotoma longiflora  

(L.) C.Presl  

Annual  Bunga katarak  Flower water to cope with 

cataracts  

L, SG  Herb  

Caricaceae  Carica papaya L.  Perennial  Mbetik  Boiled leaf is used as a vegetable 

and drug diabetes mellitus, fruits 

that are cooked directly eaten 

while the young fruit is used as a 

vegetable  

L  Herb  

Convolvulaceae  Ipomoea batatas Poir.  Annual  Gadong 

enjolor  

Young leaves are boiled as 

vegetables, tubers as a source of 

carbohydrates  

L  Herb 

Cucurbitaceae  Cucurbita moschata 

Duchesne  

Annual  Jambe  Fruit that has been boiled as a 

vegetable and seeds as a drug 

malnutrition  

SG, L, D  Herb  

  Sechium edule (Jack.) 

Sw.  

Annual  Ropah  The leaves are easy and the fruit 

is boiled into vegetables  

  

SG, L, D  Herb  

https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=http://www.theplantlist.org/tpl1.1/record/kew-2637069
https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=http://www.theplantlist.org/tpl1.1/record/kew-2637069
https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=http://www.theplantlist.org/tpl1.1/record/kew-304564
https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=http://www.theplantlist.org/tpl1.1/record/kew-304564
https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=http://www.theplantlist.org/tpl1.1/record/kew-2707382
https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=http://www.theplantlist.org/tpl1.1/record/kew-370890
https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=http://www.theplantlist.org/tpl1.1/record/kew-370890
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Dryopteridacae  Polystichum setiferum  

(Forssk.) Moore ex 

Woyn.  

Perennial  Tenggiang  Young leaves for fever medicine  D  Tree  

Euphorbiaceae  Sauropus androgynus 

(l.) Merr.  

Perennial  Daun katuk  The young leaves are used as a 

vegetable and boost breast milk  

L  Shrubs  

  Manihot esculenta 

Crantz.  

Perennial  Gadung  Young leaves are boiled as 

vegetables, tubers as a source of 

carbohydrates  

S, SG, L, D  Shrubs  

Fabaceae  Pachyrhizus erosus 

(L.) Urb.  

Annual  Bengkoang  Tuber is directly eaten without 

being processed   

L  Herb  

  Phaseolus lunatus L.  Annual  Kacang koro  Young fruit is boiled and used as 

vegetable  

SG, L    

  Leucaena 

leucocephala  (Lam.) 

De Wit  

Perennial  Pote-pote Young seeds as lalaban  S  Tree  

Flacourtiaceae  Flacourtia rukam Zoll. 

& Moritzi  

Perennial  Tenggolan  Fruit that has been cooked 

directly eaten  

D  Tree  

Hypoxidaceae  Molineria latifolia 

(Dryand. Ex WT 

Aiton) Herb. ex Kurz  

Perennial  Singkut  Leaves are used as a wrapper 

crop  

S, SG, D, L  Herb  

Lamiaceae  Ocimum basilicum L.  Annual  Kumangi  Leaves as lalaban and spices 

arsik  

L  Herb  

Lauraceae  Persea americana 

Mill.  

Perennial  Pokat  Fruit that is cooked and is directly 

eaten  

SG, L, S  Tree  

  Cinnamomum 

burmannii Blume  

Perennial  Kulit manis  Stem bark for spices  SG, D  Tree  

Liliaceae  Crinum asiaticum (L.) 

Urb.  

Perennial  Ompu-ompu  Leaves and pseudostem for 

fractures  

SG, P, D  Herb  

  Allium tuberosum 

Rottler ex Spreng.  

Annual  Gundara 

belang  

Leaves boiled as vegetables  L  Herb  

Lythraceae   Punica granatum L.  Perennial  Delima Fruit that has been cooked 

directly eaten  

L  Tree  

Malvaceae  Hibiscus rosa-sinensis 

L.  

Perennial  Waren gegeh  Leaf juice to overcome fever  CR, M, P, 

SG, D, L  

Shrubs  

Moraceae  Artocarpus 

heterophyllus Lam.  

Perennial  Nangka Fruit that has been cooked 

directly eaten, fruit that is still 

used as a vegetable  

D  Tree  

Musaceae  Musa paradisiaca L.  Perennial  Galuh  Fruit that has been cooked 

directly eaten; pseudostem young 

cooked vegetables and drugs 

broken bones  

SG, L, D  Herb  

Myrtaceae   Syzygium aqueum 

(Burm.f.) Alston  

Perennial  Jambu air  Fruits that have been cooked is 

then directly eaten  

SG, L, D  Tree  

  Psidium guajava L.  Perennial  Galiman  Fruits that have been cooked and 

is directly eaten; young leaves are 

directly eaten as a medicine for 

diarrhea  

P, S, SG, L, 

D  

Tree  

  Syzygium malaccense 

(L.) Merr & LM Perry  

Perennial  Jambu bol  Fruits that have been cooked and 

is directly eaten  

S, L  Tree  

  Melaleuca 

leucadendra (l.) L.  

Perennial  Kayu putih  Leaves are used to make minak 

alun  

  Tree  

Orchidaceae   Hylocereus undatus 

(Haw) Britton & Rose  

Perennial  Buah naga  Fruits that have been cooked and 

is directly eaten  

L, D  Herb  

Oxalidaceae  Averrhoa carambola 

L.  

Perennial  Balimbing Fruits that have been cooked and 

is directly eaten  

S, L  Tree  

Equisetiaceae  Equisetum debile 

Roxb. ex Vaucher  

Perennial  Sendep-

sendep  

the boiled leaves to overcome 

kidney stones  

SG  Herb  

Pandanaceae  Pandanus 

amaryllifolius Roxb.  

Perennial  Pandan  Leaves to give aroma and food 

color, and also for Oukup   

L, D  Herb  

Piperaceae  Piper betle L.  Perennial  Belo  Boiled leaves for medicine fever, 

wounds, sprue  

L  Herb  

Poaceae  Zea mays L.  Annual  Jong  Flour seeds used for spice cipera, 

and carbohydrate sources  

S, SG  Herb  

  Cymbopogon citratus 

(DC.) Stapf.  

Perennial  Sereh  Pseudostem for seasoning, 

Oukup, square Minak  

P, S, SG, D, 

L  

Herb 

  Saccharum 

officinarum L.  

Perennial  Tobu  Juice water used sugar  L, D  Herb  

https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=http://www.theplantlist.org/tpl1.1/record/tro-26600289
https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=http://www.theplantlist.org/tpl1.1/record/tro-26600289
https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=http://www.theplantlist.org/tpl1.1/record/tro-26600289
https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=http://www.theplantlist.org/tpl1.1/record/ild-105
https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=http://www.theplantlist.org/tpl1.1/record/ild-105
https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=http://www.theplantlist.org/tpl1.1/record/ild-105
https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=http://www.theplantlist.org/tpl1.1/record/kew-296861
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Rosaceae  Eriobotrya japonica 

(Thunb.) Lindl.  

Perennial  Mbiwa  Fruit that has been cooked and is 

directly eaten  

S, SG, D, L  Tree  

  Diospyros kaki Lf  Perennial  Kesemek  Fruits that have been cooked and 

is directly eaten  

SG  Tree  

  Fragaria virginiana 

Mill.  

Annual  Stroberi  Fruits that have been cooked and 

is directly eaten  

L, D  Herb  

Rutaceae  Murraya koenigii (L.) 

Spreng  

Perennial  Daun kari  Leaves as a spice ingredient SG  Shrubs  

  Citrus sinensis (L.) 

Obsbect  

Perennial  Rimo  Fruits that have been cooked and 

is directly eaten, fruits and leaves 

used as a sufficient material  

L  Tree  

  Citrus aurantifolia 

(Christm.) Swing  

Perennial  Rimo bunga  Fruit for cooking spices, k-stone 

and leaf medicine as a sufficient 

ingredient  

SG, D  Tree  

Rubiaceae   Coffea arabica L.  Perennial  Kopi Seeds to make coffee  CR, M, SG, 

L, D  

Shrubs  

Sapindaceae  Dimocarpus longan 

Lour.  

Perennial  Leci  Fruits that have been cooked and 

is directly eaten  

L, D  Tree  

  Nephelium lappaceum 

L.  

Perennial  Rambutan  Fruits that have been cooked and 

is directly eaten  

L, CR  Tree  

Solanaceae  Capsicum annuum L.  Annual  Lasina  Fruit for seasoning  CR, S, SG, 

D, L  

Herb  

  Solanum tuberosum L.  Annual  Potato  Bulbs are boiled as a vegetable 

and a source of carbohydrates  

L  Herb  

  Solanum melongena L.  Annual  Terong  The fruit is cooked as a vegetable    Shrubs  

  Solanum 

verbascifolium L.  

Perennial  Lancing  Leaf juice as a drug broken bones  L  Tree  

  Solanum americanum 

Mill  

Annual  Leuh  Leaves are cooked as vegetables  D  Herb  

  Solanum betaceum 

Cav  

Perennial  Terong 

Bolanda  

Fruit that has been cooked 

directly eaten  

SG, L  Shrubs  

  Solanum nigrum L.  Perennial  Leunca  Young fruit is used as lalaban  SG, L  Herb  

  Solanum 

Lycopersicum L.  

Annual  Tomat  Fruit that has been cooked 

directly eaten  

SG, D, L  Herb  

  Nicotiana tabacum L.  Annual  Mbako  Leaves are used as a cigarette and 

wound medicine  

SG  Herb  

  Physalis peruviana L.  Annual  Depuk-depuk  Fruit that has been cooked 

directly eaten and the whole part 

is boiled to deal with smallpox  

SG  Herb 

Sapotaceae  Achras zapota L.  Perennial  Sapo  Fruit that has been cooked 

directly eaten  

L  Tree  

Sterculiaceae  Theobroma cacao L  Perennial  Kopi coklat Seeds for cocoa powder  L  Tree  

Zingiberaceae  Curcuma longa L.  Annual  Kuning 

gersing  

The juice rhizoma used as 

medicine for diarrhea, dye eat; 

the leaves are used materials 

Oukup  

SG, D  Herb  

  Curcuma xanthorrhiza 

Roxb.  

Annual  Lempuyang  The juice of rhizoma diarrhea and 

overcome  

malnutrition  

SG, L, D  Herb  

  Etlingera elatior 

(Jack) RM Sm.  

Perennial  Cekala  Pseudostem fluid is used for 

cough, fever, enough, sambal; 

leaves for enough; flowers for 

spices arsic, chopped, terites; fruit 

for terites and arsik   

P, S, SG, D, 

L  

Herb  

  Hedychium 

coronarium J. Koenig  

Perennial  Pincouli  Leaves as a spice arsik  SG  Herb 

  Zingiber officinale 

Rosc.  

Annual  Alia  Rhizoma for wound drugs, fever, 

cough, ingredients, rheumatism; 

leaves for sufficient material  

P  Herb  

  Zingiber zerumbet  

(L.) Rosc. ex Sm.  

Annual  Lempuyang  Rhizoma for rheumatic drugs and 

adequate  

L, D  Herb  

  Alpinia galanga (L.) 

Sw.  

Perennial  Kelawas  Rhizoma used for itch and 

seasoning, Oukup; leaves 

ingredient Oukup   

SG, D  Herb  

Note: CR (Cinta Rayat), D (Doulu), L (Lingga), M (Merdeka), P (Pertegun), SG (Semangat Gunung), S (Surbakti)  

 

 

https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=http://www.theplantlist.org/tpl1.1/record/kew-273442
https://translate.google.com/translate?hl=id&prev=_t&sl=id&tl=en&u=http://www.theplantlist.org/tpl1.1/record/kew-273442
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Figure 3. Parts of plants used as food and medicines by the Batak 

Karo Sub-ethnic community in North Sumatra, Indonesia.  

 

  

Part of plant used as food and medicines included fruit 

(37 species), leaves (34 species), tubers (7 species), and 

stems (6 species) (Figure 3). Leaves are used as medicine 

(Andrographis paniculata, Justicia gendarussa, Blumea 

balsamifera, Anredera cordifolia, Solanum verbascifolium) 

and vegetables (Brassica rapa, Carica papaya, Sauropus 

androgynus, Ipomoea batatas). Part of plant known as 

rhizoma is used as a medicine and spices i.e (A. galanga, 

C. longa, and Z. officinale), while tubers are used as a 

source of carbohydrates or staple foods (I. batatas, 

Colocasia esculenta, Manihot utilissima, S. tuberosum). 

Some plants found on the grounds of Batak Karo sub-

ethnic typically from tropical regions were M. paradisiaca, 

M. indica, P. americana, C. papaya, C. sinensis, M. 

utilissima, and I. batatas (Wezel and Bender 2003; Sunwar 

et al. 2006; Sujarwo and Caneva 2015).  

Specific type of Plants found in the home garden of 

Karo Batak sub-tribe garden  

In this study, there were several plants in Karo ethnic 

garden, but rarely found in other Indonesian ethnic such as 

Bali Aga (Sujarwo and Caneva 2015), Java 

(Kusumaningtyas et al. 2006) such as tenggolan 

(Flacourtia rukam), singkut (Molineria latifolia), and 

cekala (Etlingera elatior).  

Flacourtia rukam  Zoll. & Moritzi 

Flacourtia rukam is a plant wild found in the forest 

around of the Sibayak Mount, but it has been cultivated in 

the home garden by the community especially in the Doulu 

Village. Although only found in the village of Doulu, but 

most respondents recognize that this plant provides a 

source of fruit. The reasons people didn’t cultivate of 

tenggolan because it's easy and widely found in the forest 

and most of them didn't know how to cultivate. Moreover, 

it is rarely found the saplings of the plant, and it is difficult 

to be grown although it grows well most of it rarely bears 

fruit. These findings were in line with the function of the 

garden as an important location for the process of plant 

domestication and also the development and cultivation of 

economic value crops (Miller and Nair 2006; Ashagre et al. 

2015). F. rukam fruits contain other secondary metabolites 

which were very useful for medicinal purposes such as 

saponins, flavonoids, polyphenols, and tannins (Barcelo 

2015). This fruit became a source of fruit for tribal of Anak 

Dalam in Jambi (Setyowati 2003).  

Molineria latifolia (Dryand. Ex WT Aiton) Herb. ex Kurz  

Molineria latifolia synonymous with Curculigo latifolia 

is a plant which is easily cultivated and found in five 

villages in this study. Batak Karo sub-ethnics used singkut 

leaves as wrapper of cimpa (the traditional cuisine from 

glutinous rice) and as drug of the fracture. The M. latifolia 

leaves used as a food wrapper because it has a strong fiber, 

bending, a distinctive flavour, and more durable. 

Empirically, M. latifolia is cultivated in the home garden 

which can be also used to facilitate access. The utilization 

of M. latifolia in this study for medicinal purposes is 

different from other ethnic such as anti-cancer (Ismail et al. 

2010), anti-diabetes (Kant 2005), and anti-hepatitis B 

(Mohamed et al. 2007).  

Benefits of the leaves and roots singkut for fractures 

medicines had also been known widely by the local 

communities of Borneo. As a drug fracture, the leaves are 

applied as wrapping in the sick bone so that the bone can 

re-seal. The bioassay results showed that the leaves and 

roots of M. latifolia had anti-microbial properties (Hong 

and Ibrahim 2012), while fruits and roots had activity as an 

anti diabetic, anti cholesterol (hypolipidemic) through 

regulation of glucose and lipid metabolism (Ishak et al. 

2013). In addition, fruits have a high potential as a natural 

low-calorie sweetener (Suzuki et al. 2004) because they 

contain curculin and neoculin compounds (Suzuki et al. 

2004; Kant 2005). Curculin and neoculin is a sweet protein 

with a unique flavor (Suzuki et al. 2004; Kant 2005), and 

has the quality taste 500-9000 times sweeter than sucrose 

(Yamashita et al. 1995). Therefore, it is very potential to be 

developed in the industry scale as a low-calorie sweetener. 

However, singkut has relatively small fruits, and the 

amount is relatively small so it is important to do further 

research to increase the size and number of fruits.   

Etlingera elatior (Jack) RM Sm.  

In this study, E. elatior was found in five villages from 

seven villages research location. This plant was used as 

traditional medicine and food. The flowers and fruit of E. 

elatior are used as a mixture of cincang and terites. The 

cincang is a traditional cuisine of Batak Karo sub-ethnic 

made from a mixture of cassava leaves (M. utilissima), 

banana pseudostem (M. paradisiaca), and flowers of E. 

elatior.  The terites is a traditional soup of Karo Batak sub-

ethnic, which is also known as pagit-pagit (pagit = bitter) 

obtained from grass extract from rumen of ruminant 

animals (cattle and goats). The addition of E. elatior on 

terites serves to neutralize the "smell" of fermented grass 

on the rumen. E. elatior contains essential oil derived from 

sesquiterpenoid class (Jaafar et al. 2007; Azemi 2008; 

Abdelmageed et al. 2011), which is volatile (Croteau et al. 

2000), resulting in a distinctive aroma. The addition of E. 

elatior to various foods makes food more delicious, fresher, 

more durable, and has a distinctive aroma. E. elatior has a 

bioactive compound of phenolic and fla vonoid (Cushnie 

and Lamb 2005; Xie et al. 2015), which could apparently 

inhibit bacterial growth (Abdelwahab et al. 2010) such as 

 

F
ru

it
s 

L
ea

v
es

 

T
u
b

er
 

R
h
iz

o
m

es
 

S
te

m
 

F
lo

w
er

s 

S
ee

d
s 

R
o
o

ts
  



 B IODIVERSITAS 19 (1): 229-238, January 2018 

 

236 

Staphylococcus aureus, Bacillus subtilis, Listeria 

monocytogenes, Escherichia coli, Salmonella typhimurium, 

and Pseudomonas aeruginosa (Ghasemzadeh et al. 2015), 

resulting in more durable food .  

 

Diversity and abundance of plants in home garden  

A total 85 species of plants (43 families, 71 genera) 

were grown as traditional medicine and foodstuffs by sub-

ethnic Batak Karo. A total of 43 species of plants were 

found in the Semangat Gunung Village, 54 species in the 

Lingga Village, 36 species in the Doulu Village, 18 species 

in the Surbakti Village, 8 species in the Pertegun Village, 

11 species in the Cinta Rayat Village, and 5 species in the 

Merdeka Village (Table 1). C. esculenta, B. rapa, M. 

esculenta, M. latifolia, P. guajava, C. citratus, E. japonica, 

C. arabica, C. annuum, and E. elatior were the most 

common crop in more than 50% of surveyed villages. The 

differences in the number of species and the individual 

number of these plants found in each village had 

implications on the differences in the similarity index and 

the index of diversity. Table 2 shows the similarity index of 

medicinal plants and food plants found in each village.  

In this study, it was found that the adjacent villages had 

the high similarity of Jaccard index (Ji) of the medicinal 

and edible plants compared to others. Table 2 shows that 

the highest similarity index of the medicinal and edible 

plants was shown between the Merdeka Village and the 

Cinta Rayat Village (0.600), followed by the Doulu Village 

with the Semangat Gunung Village (0.418). The number of 

plants found in the Merdeka Village (5 species) and in the 

Cinta Rakyat Village (11 species) was fewer than the other 

villages, but the plant species was relatively similar such as 

Brassica sp, H. rosa-sinensis, and C. annuum. The lowest 

commonality index of the medicinal and edible plants is 

owned by the Merdeka Village and the Doulu Village 

(0.030), followed by the Semangat Gunung Village and the 

Merdeka Village (0.048). The Jaccard equality index is 

influenced by the species as well as the number of species 

found in the two different villages. If the number of found 

species is much different, the index of similarity is small. 

The number of plant species found in the research location 

was relatively different, i.e., the Doulu Village (36 

species), the Semangat Gunung Village (43 species), while 

the Merdeka Village (5 species). Coffee (C. arabica) is the 

only one species found in the three villages.  

The number of individuals and the number of species 

found in the home garden also affect the diversity index 

and the abundance index. Average of Shannon-Wiener 

index of garden plants in the Karo ethnic group were 

moderate at 1.164-3.123 (Table 3). The Shannon-Wiener 

index obtained in this study was higher than that obtained 

in the home garden of Bali Aga ethnic in Bali island with 

the value of 0.92-1.13 (Sujarwo and Caneva 2015), and 

Cuba ethnic with the value of 1.63-1.79 (Wezel and Bender 

2003). However, it was lower than in the home garden of 

ethnics in Nepal with the value ranging from 4.03 to 4.42 

(Sunwar et al. 2006). Plant species found in the garden was 

influenced by various factors such as culture (Cruz-Garcia 

and Struik 2015), ethnics, climate, and topography 

(Senanayake et al. 2009). Cruz-Garcia and Struik (2015) 

state that the plant diversity in the home garden was higher 

during the dry season than rainy season.   

The average index of Margalef showed that the 

abundance of plants located in Batak Karo sub-ethnic was 

ranging from 0.929 to 2.531. This was in contrast to 

Sujarwo and Cuneva (2015) who found that the abundance 

index of home garden in Bali Age was a lower with the 

value of 0.85-1.87. Each home garden has a unique 

structure, function, and composition depending on the 

natural ecological research sites (Galhena et al. 2012).  

 

 
Table 2. The similarity of Jaccard (Ji) of the medicinal and edible plants in home garden used by Batak Karo sub-ethnic in North 

Sumatra 

  

Village Doulu Semagat Gunung Lingga Merdeka Cinta Rayat Surbakti Pertegun 

Doulu - 0.418 0.364 0.030 0.081 0.130 0.075 

Semangat Gunung  - 0.352 0.048 0.017 0.184 0.128 

Lingga   - 0.054 0.088 0.200 0.088 

Merdeka    - 0.600 0.053 0.222 

Cinta Rayat     - 0.110 0.154 

Surbakti      - 0.182 

Pertegun       - 

 

  
Table 3. The diversity index (Shannon-Wiener) and the abundance index (Margalef) of medicinal and edible plants in 7 villages of 

Batak Karo sub-ethnic, North Sumatra 

 

Villages 
Number of 

species 

The Margalef abundance index The Shannon Wiener 

diversity index Minimum Average Maximum 

Doulu 43 0 0.929 7.116 3.123 

Lingga 66 0 1.896 22.859 3.150 

Semangat Gunung 43 0 2.531 43.667 2.395 

Surbakti 19 0 1.164 5.582 1.164 

Pertegun 13 0 1.032 5.649 1.840 

Merdeka 5 0.063 1.148 1.595 1.575 

Cinta Rayat 11 0.016 2.116 14.339 1.579 
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Batak Karo Sub-ethnic had the local wisdom to benefit 

the home garden as a source of food and traditional 

medicine. The plants used as local staple food had been 

widely cultivated in home garden including singkut (M. 

latifolia) as a material for cimpa (the traditional cuisine 

from glutinous rice) and cekala (E. elatior) the main 

ingredient for terites (soup from grass extract from the 

rumen of ruminant). The diversity index obtained in home 

garden of Batak Karo sub-ethnic was in moderate level. 

The plants in the home garden of Batak Karo sub-ethnic 

was relatively different among other villages. The adjacent 

village had a greater similarity index compared to other 

villages. F. rukam is one of wild plant, which had a high 

potential to be developed as a source of fruit, while M. 

latifolia had a potential as a low-calorie sweetener.  
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Abstract. Utami S, Triwidodo H, Pudjianto, Rauf A, Haneda NF. 2018. Population dynamics of Arthroschista hilaralis pest and its 
parasitoid diversity in various jabon (Anthocephalus cadamba) cropping patterns in South Sumatra, Indonesia. Biodiversitas 19: 239-
245. Jabon (Anthocephalus cadamba), a native tree species in Indonesia exhibit natural distribution, spreading over an enormous area in 
this region. In South Sumatra, jabon has long been cultivated in both communities and industrial plantation forests.  Arthroschista 
hilaralis (Lepidoptera: Pyralidae) is the most damaging insect pest of jabon in South Sumatra. This study analyzed the population 
dynamics of A. hilaralis in jabon monoculture and two agroforestry systems, and assessed the diversity of the pest parasitoids and their 
parasitism level on A. hilaralis. Our results showed that planting systems, climatic factors, and the presence of parasitoids could 
significantly affect the population dynamics of A. hilaralis; its mean population density was highest in monocultures plantation during 
the rainy season compared with population densities in agroforestry systems. Three parasitoids species attacking A. hilaralis were found 
in these agroforestry systems, including Phanerotoma sp.,  Apanteles sp. and Brachymeria sp., while only one species (Apanteles sp.) 
was found in a monoculture. The rate of parasitization of  A. hilaralis within agroforestry systems was higher than in monocultures, and 
the level of larval parasitization by Apanteles sp. in the agroforestry system was higher in instar 1 than in other larval stages. 

Keywords:  Arthroschista hilaralis, Anthocephalus cadamba, parasitization, population dynamics, South Sumatra Indonesia 

INTRODUCTION 

The jabon tree (Anthocephalus cadamba (Roxb.) Miq.) 
is a typical native tree species in Indonesia with a wide 
natural distribution extending from Aceh on the northern 
tip of the island of Sumatra eastward to Papua 
(Martawijaya et al. 1989). Jabon is used in numerous ways, 
including as raw material for wood industries and a herbal 
medicine. Jabon wood can be used as casting board and 
egg or vegetable crates, as well as in furniture items, 
molding media, pencils, and paper. Elsewhere, the fruit 
extract, roots, and stem bark of jabon plants provide 
beneficial and effective medicines (Mansur 2013).  

In Indonesia, the jabon tree is currently cultivated in a 
large-scale community and industrial-plantation forests in 
both monoculture or agroforestry systems. However, 
several herbivorous insects, among them a defoliating 
insect Arthroschista hilaralis Walk. (Lepidoptera: 
Pyralidae) infest the jabon stands and can be especially 
damaging. The growth of insect pests is affected by several 
biotic and abiotic factors. Such biotic factors include the 
presence of natural enemies as well as the fecundity of the 
pest. An earlier study by Thapa and Bhandari (1976) 
reported that some parasitoids among them Apanteles 
balleatea and Cedria paradoxa attacked a defoliator pest, 
A. hilaralis. These parasitoids, reduced the extent 

defoliation caused by this pest. Meanwhile, abiotic factors, 
such as temperature, humidity, and rainfall, can also affect 
the growth of insect pests. For example, Kwon et al. (2012) 
suggested that temperatures and humidity affect population 
dynamics of pest and incidence level of pest. 

Environmental factors can limit plant resistance to pests 
and have direct impacts on the presence of pests in a 
particular ecosystem. Berryman (1981) reported that the 
environmental factors affecting the abundance of a pest 
population in a particular ecosystem included all external 
factors, such as food, living space, climate, competitors, 
and natural enemies. A study by Pribadi and Anggraeni 
(2011) found that environmental factors affect the behavior 
of A. hilaralis attacking the jabon plants, and consequently 
the intensity of damage it causes to jabon leaves. The 
temperature and humidity of the environment so 
significantly affect the intensity of damage to jabon leaves 
by A. hilaralis. 

Natural enemies, such as parasitoids, have also 
provided a substantial impact on the occurrence and 
expanse of pest attacks. In a forest ecosystem, which 
exhibits greater biodiversity than an agricultural ecosystem, 
it might be possible to use the service of a pest’s natural 
enemies that already exist in that setting (Agus 2014). 
Accordingly, to secure sustainable forestry, habitat 
management should be a priority in attempting to prevent 
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or to cope with pest attacks, particularly those occurring in 
plantation forests. 

This study has two main objectives: (i) to analyze the 
population dynamics of A. hilaralis in three differing 
cropping settings; and (ii) to assess the species diversity of 
parasitoids and the level of parasitism they cause to A. 
hilaralis. 

MATERIALS AND METHODS 

Study area 
The population dynamic of A. hilaralis study was 

carried out in three locations: Karang Anyar Village, within 
Banyuasin II Sub-District; Sumber Mekar Mukti Village, 
within Tanjung Lago Sub-District; and Tanjung Lago 
Village, within Tanjung Lago Sub-District. 
Administratively all the sampling sites are within 
Banyuasin District, in South Sumatra Province, Indonesia. 
The map is presented in Figure 1 and the position of each 
location is presented in Table 1. Research regarding the 
species and families of parasitoids was conducted in 
Karang Anyar Village. Identification of parasitoids and 
observations on the rate of parasitoid parasitization 
occurred in the Laboratory of Forest Protection, under the 

Forestry and Environment Research and Development 
Institute of Palembang, South Sumatra Province, Indonesia.  
The research was conducted from May 2015 until 
November 2016. 

Procedure 
Delineation of observation plots 

Observations on the population dynamics of A. hilaralis 
and associated parasitoids were preceded by establishing 
the study plots. The plots were delineated in three area with 
the difference in the planting system. The plots named as a 
monoculture, agroforestry 1, and agroforestry 2. The 
monoculture plot covered area with only homogenous 
jabon stands. The agroforestry 1 delineated an area with 2-
years old jabon stands mixed with a paddy crop and oil-
palm plants. The remaining, the agroforestry 2 covered an 
area with 2-years old white jabon stands mixed with 2-
years old red jabon stands, and a paddy crop. Each plot was 
approximately 0.25 ha in area. 

Observations on parasitoids were performed within 2.5-
year-old jabon stands in both a monoculture system and the 
two agroforestry system that covered white jabon stands, 
red jabon stands, and a paddy crop. Each plot in the 
systems measured covered 0.25 ha.  

 
 
 
 
Table 1. Geographical position of the research location in Banyuasin District, South Sumatra Province, Indonesia 
 
Location South East 
Karang Anyar Village, Banyuasin II Sub-District 2030’27.068” 104046’52.186” 
Sumber Mekar Mukti Village, Tanjung Lago Sub-District 2039’17.265” 104044’02.941” 
Tanjung Lago Village, Tanjung Lago Sub-District 2041’45.297” 104044’21.693” 
 
 
             
 

 
Figure 1. Research location maps in Banyuasin District, South Sumatra Province, Indonesia  
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Table 2. Average of temperature, humidity, and rainfall in study 
areas 
 

Time of Observation Temp. 
(0C) 

Humidity 
(%) 

Rainfall  
(mm/month) 

Rainy season 26.8 85 406 
End of rainy season 27.8 81 257 
Dry season 28.6 75 24 
End of dry season 28.2 78 33 

 

Population dynamics of Arthroschista  hilaralis 
The population dynamics of A. hilaralis in the jabon 

stands were assessed using a randomized complete block 
design (RCBD) that implemented factorial patterns. The 
factors incorporated in the RCBD included the planting 
systems and observation times. The planting systems 
consisted of monoculture, Agroforestry System 1, and 
Agroforestry System 2. Observations on population 
dynamics were conducted four times. They were at the end 
of the rainy season (May 2015), at the peak of the dry 
season (August 2015), at the end of the dry season 
(November 2015), and at the peak of the rainy season 
(February 2016). These time points were selected based on 
data gathered in 2011 until 2014, collected at the Station 
for Agrometeorology and Climatology in South Sumatra, 
Indonesia. Climate data collected during the study period 
included temperature, humidity, and rainfall, and these are 
presented in Table 2. The average temperature and 
humidity values were calculated for the observation days. 
The rainfall data were obtained from the local Station for 
Agrometeorology and Climatology.  

In all sampling time, we determined the presence of A. 
hilaralis by examining the leaves of selected trees. Ten 
jabon trees were selected for every plot for their leaves, and 
a total five leaves were harvest from every single stand. 
The leaves were sampled by cutting off the second upper 
branch. The leaf samples were placed in a plastic container 
until further examination to determine the presence of A. 
hilaralis. Larvae found on the sample leaves were counted, 
and the numbers were recorded. The obtained larvae were 
then reared in another plastic container box (dimensions: 
14 cm × 9 cm × 7 cm). These larvae were fed daily with 
fresh jabon leaves. Larvae that developed into pupae were 
then placed in a plastic jar (3-cm diameter and 18 cm high) 
until moth emergence. Imagoes were fed a honey solution 
at 20% concentration on moistened cotton. Observations on 
the emergence of parasitoids were conducted daily, in 
addition to documenting the number of A. hilaralis larvae 
and pupae parasitized. The rate of parasitization  was 
calculated with the following formula: 

 
Rate of parasitization=

Number of parasitized larvae
Totalnumberof larvae × 100%   

Observations and identification of parasitoids   
Observations of parasitoids were conducted in both 

jabon monoculture and agroforestry systems that included 
white jabon stands, red jabon stands, and paddy crop; these 

jabon stands are heavily attacked by A. hilaralis. Every 
developmental stage of A. hilaralis was observed. A. 
hilaralis samples were collected as egg stadia, larval stadia, 
or pupal stadia from leaves procured from the jabon stands. 
Eggs were collected by gathering ten jabon leaves, such 
that there were three groups of eggs on each leaf and every 
group of eggs consisted of 12-40 eggs, up to 30 larvae per-
instar for the larval sample, and up to 25 pupae for the 
pupal sample. The egg groups were placed in Petri dishes 
(75-mm diameter and 1.5 cm high). The larvae and pupae 
were separately placed into plastic containers measuring 14 
cm × 9 cm × 7 cm.  All A. hilaralis stages were observed 
every day, and any parasitoids that emerged were recorded. 
Afterwards, parasitoids were identified, and the rate of 
parasitization was calculated using Equation 1. Insect 
observations were done using a stereo microscope and a 
portable microscope (using Dino-Lite AM4113). The 
books used for the identification of parasitoids were 
Hymenoptera of The World (Goulet and Huber 1993), A 
Handbook of The Families of Nearctic Chalcidoidea 
(Hymenoptera) (Grissell and Schauff 1990), and Manual of 
the New World Genera of the Family Braconidae 
(Hymenoptera) (Wharton et al. 1997). 

Data analysis  
The data on A. hilaralis population dynamics were 

analyzed by an analysis of variance (ANOVA) at a 95% 
confidence interval, which used the previously described 
RCBD with a factorial pattern. The data were analyzed 
using Statistical Analyzes System (SAS, version 9.1). 

RESULTS AND DISCUSSION 

Population dynamics of Arthroschista hilaralis 
We found that both planting systems and observation 

times gave a significant value on the number of A. hilaralis 
that were found in jabon stands (Table 3). By comparing 
the data from four times of observation, we found that A. 
hilaralis was more abundant in the rainy season than the 
other observation time. At the end of the rainy season, A. 
hilaralis were still encountered in jabon stands within both 
the monoculture and agroforestry systems (Table 3). In 
contrast, no A. hilaralis were found in the monoculture or 
agroforestry system samples at the end of the dry season. 
No A. hilaralis attacks were encountered during the season 
of forest and land fire (July to September). 

Population dynamics of Arthroschista hilaralis in different 
jabon plantation settings 

Our results (Table 3) indicate that the planting system 
significantly affects the abundance of A. hilaralis. This pest 
were more abundant in the monoculture system than the 
agroforestry system. This finding strongly suggests that 
monoculture planting is more heavily attacked by A. 
hilaralis than agroforestry systems. 
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Table 3. Average number of Arthroschista hilaralis found in jabon stands within monoculture and agroforestry systems, at four 
consecutive times of observation 
 

Planting system Average number of A. hilaralis 
Rainy season End of rainy season Dry season End of dry season 

Monoculture  126 ± 4.9a  65 ± 4.5a  4.0 ± 0.9a 0.0 ± 0.0 
Agroforestry 1       17 ± 0.6  b    11 ± 0.5  b    0.0 ± 0.0  b 0.0 ± 0.0 
Agroforestry 2     85 ± 2.7a    25 ± 0.0  b    0.0 ± 0.0  b 0.0 ± 0.0 
Note: Values followed by the same letters in a particular column are not significantly different at a 95% confidence interval 

 
 
 
 
Table 4. Average parasitization rate by parasitoids in Arthroschista hilaralis larvae 
 

Planting system Average parasitization rate 
Rainy season End of rainy season Dry season End of dry season 

Monoculture 17.46 ± 12.71a 15.38 ± 4.71a 25.00 ± 22.36 - 
Agroforestry 1    82.35 ± 15.59  b   45.45 ± 7.45  b - - 
Agroforestry 2    88.24 ± 27.26  b    40.00 ± 0.00  b - - 

Note: Values followed by the same letters in a particular column are not significantly different at a 95% confidence interval 
 
 
 
 

Several of A. hilaralis had been parasitized in the field. 
Table 4 shows the average rate of parasitization of A. 
hilaralis larvae from the monoculture and agroforestry 
systems at the four observation time points. ANOVA 
assessment revealed that the planting systems and 
observation time points (especially the rainy season 
compared to the end of the dry season) had a significant 
effect on the average parasitization rate by Apanteles sp. 
(Table 4). The average parasitization rate in the rainy 
season was greater than at the end of the rainy season. 
Regarding the planting system, the highest rate of 
parasitization was in the agroforestry-2 setting (white jabon 
stands, red jabon stands, and rice plants), reaching 88.24%. 
In comparison, the rate parasitization in the agroforestry-1 
(white jabon stands, paddy crop, and oil-palm plants) and 
monoculture systems reached 82.35% and 17.46% 
respectively (Table 4).  

Based on the observed larval population of A. hilaralis, 
the larvae stage and number of larvae were different 
between the jabon stands of the monoculture and 
agroforestry systems. There were no A. hilaralis attacking 
jabon in the monoculture at the end of the dry season 
(Figure 2). During the rainy season, there were some A. 
hilaralis of varying instar stages (the first instar to the fifth 
instar) (Figure 2).   

There were no A. hilaralis attacking jabon plants within 
the agroforestry-1 or agroforestry-2 settings (Figure 3 and 
4). Third instars and fourth instar larvae were found on 
jabon plants within the agroforestry-1 setting, but only 
fourth instar larvae were found during the rainy season 
(Figure 3). Figure 4 shows that at the end of the rainy 
season and during the rainy season, only third instar larvae 
were found in jabon plants within the agroforestry-2 
setting. 
 
 

 
 
Figure 2. The average number of Arthroschista hilaralis in 
various developmental stages found in jabon stands within 
monoculture systems, at four consecutive times of observation 
 
 
 

 
 
Figure 3. The average number of Arthroschista hilaralis in 
various developmental stages found in jabon stands within 
agroforestry systems (with 2-years old jabon stands, paddy crop, 
and oil-palm plants), at four consecutive times of observation 
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Figure 4. The average number of Arthroschista hilaralis in 
various developmental stages found in jabon stands within 
agroforestry systems (with 2-years old white jabon stands, 2-years 
old red  jabon stands, and paddy crop), at four consecutive times 
of observation 

 
 

Diversity of parasitoids attacking Arthroschista hilaralis 
and the rate of its parasitization 

Some of A. hilaralis samples obtained from the field  
including egg stadia, larval stadia, and pupal stadia, had 
already been parasitized at the time of collection. Three 
species of parasitoids were identified from the A. hilaralis 

samples: Phanerotoma sp., Apanteles sp., and Brachymeria 
sp. (Table 5).  While in the monoculture system   only 
larval stadia that had already been parasitized by Apanteles 
sp. In jabon stands within agroforestry system, 
Phanerotoma sp. parasitoids were found to prey on A. 
hilaralis eggs, Apanteles sp. parasitoids preyed on A. 
hilaralis larvae, and Brachymeria sp. parasitoids preyed on 
A. hilaralis pupae. 

Table 6 shows the average parasitization rates of those 
three species of parasitoids in A. hilaralis. The 
parasitization rate of A. hilaralis eggs by Phanerotoma sp. 
was 10.04 %. Approximately five or six A. hilaralis eggs 
per-group were parasitized.  

In jabon stands within the monoculture and agroforestry 
systems, among the larval instar stages, parasitization by 
Apanteles sp. was greatest in the first instar of A. hilaralis; 
there was no parasitization of the fifth instar in jabon plants 
within the monoculture and agroforestry systems. The 
average percentage of larval parasitization by Apanteles sp. 
in jabon plants within the agroforestry system was higher 
than for the monoculture system (Table 6). These findings 
show that the first instar larval stage is the most suspectable 
to parasitization. The average percentage of parasitization 
of A. hilaralis pupae by Brachymeria sp. was 12% (Table 
6).  

 
 
 
 
Table 5. Diversity of parasitoids attacking Arthroschista hilaralis in jabon stands within monoculture and agroforestry system 
 

Planting System Parasitoid was found 
Species Ordo Family Type of Parasitoid 

Monoculture Apanteles sp.  Hymenoptera Braconidae Larval Parasitoid 
 

Agroforestry Phanerotoma sp. Hymenoptera Braconidae Egg Parasitoid 
Apanteles sp. Hymenoptera Braconidae Larval Parasitoid 
Brachymeria sp. Hymenoptera Chalcididae Pupal Parasitoid 

 
 
 
Table 6. Average parasitization rate of Arthroschista hilaralis 
 

Planting system  A. hilaralis Parasitoid Total number of A. 
hilaralis collected 

Parasitized A. 
hilaralis 

% 
parasitization 

Monoculture Egg 
Larvae 

           -             501                   0               0 
 

  1st instar Apanteles sp. 30 15 50 
  2nd instar Apanteles sp. 30 9 30 
  3rd instar Apanteles sp. 30 5    16.67 
    4th instar Apanteles sp. 30 2      6.67 
  5th instar 

Pupae 
           - 
           - 

30 
25 

0 
0 

0 
0 

Agroforestry Egg Phanerotoma sp.      448 45     10.04 
 Larvae     
  1st instar Apanteles sp. 30 16      53.33 
  2nd instar Apanteles sp. 30 10      33.33 
  3rd instar Apanteles sp. 30 9 30 
  4th instar Apanteles sp. 30 2        6.67 
  5th instar            - 30 0   0 

 Pupae Brachymeria sp. 25 3  12 
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Discussion 
The population dynamics of A. hilaralis were found to 

vary depending on the time point and seasons of 
observation. The population of A. hilaralis surged during 
the rainy season. Thapa and Bhandari (1976) also reported 
that the A. hilaralis population in India reached outbreak 
levels in July-August, while it tended to decline in October. 
During the season of forest and area fire (July to 
September), no infestation of  A. hilaralis were 
encountered. Smoke from the fire was presumed to disrupt 
the turgidity and physiology of the plants (i.e., jabon 
stands). Almost all jabon canopies appeared to be exposed 
to smoke; thereby becoming coated with dust and soot 
particles. Consequently, the jabon leaves turned yellow and 
fell off. Also, elevated temperatures accompanied by low 
humidity might have inhibited the growth of A. hilaralis, 
leading to no A. hilaralis being found on jabon plants in 
either the monoculture or agroforestry system during this 
period. Cruz-Vázquez et al. (2004) reported that abiotic 
factors, such as temperature, affect the turgidity and 
physiology of plants, which might affect plant resistance 
against pests.  

Husaeni et al. (2006) stated that changes in 
temperatures might either increase or decrease pest 
populations, and several other reports have mentioned that 
temperatures can increase pest populations. Also, Whiting 
et al. (2010) stated that plants located in a particular place 
with high temperatures would be vulnerable to pest attacks 
and diseases. Horn (1998) suggested that enzyme activity 
inside insects would increase with increasing temperature, 
thereby increasing their appetite. However, this author also 
noted that the duration of this increased activity would 
likely be short because the enzymes would undergo 
denaturation at high temperatures; furthermore, a hot 
period that lasted too long might destroy the enzymes. 
Finally, Bale et al. (2002) asserted that the population 
dynamics and eating intensity of the pest would increase 
with increasing environmental temperatures. 

Aside from seasonal factors, planting systems have 
been shown significantly affect the population dynamics of 
A. hilaralis. In the current study, the A. hilaralis population 
was higher in the monoculture system than in the 

agroforestry systems. The planting of one plant species 
over a vast area has been shown to induce pest insects to 
attack those plants because no other choices are available. 
Damage could be severe if the plants are the main host for 
the insects, and other factors are present that support the 
growth of such insects. Within an agroforestry system, 
however, the sources of food are more limited than in a 
monoculture system. Also, agroforestry patterns can impart 
greater biodiversity than a single-species or monoculture 
forest, thereby promoting a more secure natural balance. 
Pumariño et al. (2015) reported that pest incidence 
(describing the population of pest insects indirectly) in 
agroforestry practices was lower than in a monoculture 
system because of the interconnection among the involved 
factors, such as climate, soil nutrition, and water content. 

Here, we also made observations of the presence of 
parasitoids in monoculture jabon stands with endemic 
heavy attacks by A. hilaralis and agroforestry system. Only 
Apanteles sp. was found in those jabon stands, presumably 
because of the lower variability of plant species associated 
with the monoculture; whereas three species of parasitoids 
(Phanerotoma sp., Apanteles sp., Brachymeria sp.) were 
found in jabon stands within the agroforestry system.  

Phanerotoma sp. A parasitoid found attacked A. 
hilaralis egg. Phanerotoma sp. is a species of braconid 
wasps and solitary koinobiont which parasitize the moth of 
certain Lepidoptera. The wasps oviposit into the 
lepidopteran eggs, but their larvae do not develop until the 
caterpillar has hatched. Quicke (2015) reported that 
Phanerotoma sp. has characteristic that reduced epistoma 
and hypostoma parts, dish-shaped non-papilliform antenna 
and long, crossing and finely toothed mandibles as showed 
in Figure 5a.  

Apanteles sp. This parasitoid is one of the larval 
parasitoids of lepidopteran pests. Apanteles sp. had been 
characterized by the absence of vein r-m and therefore was 
actually a polyphyletic assemblage, with many of the 
monophyletic units (Figure 5b). While Borror et al. (1992) 
described that some of these parasitoids had a characteristic 
in the head having no occipital carina, mandible endodont, 
and metasoma of the 2nd united with metasoma of the 3rd 
tergum. 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

A B C 
 
Figure 5. Some species of parasitoid attacking Arthroschista hilaralis: (a) Phanerotoma sp., (b) Apanteles sp., and (c) Brachymeria sp.  
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Brachymeria sp. This parasitoid is a species of parasitic 

wasps in the family Chalcididae and parasites of insect 
larvae.  It is black with limited yellow markings, and like 
most chalcidid wasps, it has enlarged hind femora (Figure 
5c).  

The pupal parasitization percentage by Brachymeria sp. 
preying on A. hilaralis reached 12%. These low 
percentages of parasitization might be due to the relatively 
low population of A. hilaralis pupae. The percentage of 
parasitization of A. hilaralis eggs by Phanerotoma sp. was 
10.04%; whereas the percentage of larval parasitization by 
Apanteles sp., which was the highest, occurred at the first 
instar stage (53.33%) (Table 5). Sperber et al. (2004) 
reported that plant species and microclimate significantly 
affect the variability of parasitoids and the level of their 
parasitization of pest insects. Also, Marino and Landis 
(1999) stated that the parasitization level by parasitoids 
would increase in a complex landscape. Likewise, 
Menalled et al. (2003) asserted that the complexity of a 
landscape affects the parasitization rate and variability of 
parasitoids. 

Because the variability of plants related to planting 
patterns could also affect the variability of the parasitoids, 
habitat management should be considered as an important 
means for dealing with pests. Altieri (1999) and Tscharntke 
et al. (2005) reported that the structure of the landscape and 
the management of the habitat have the significant effects 
on the conservation of parasitoids and other natural 
enemies in the field. Consequently, increasing the diversity 
of parasitoids in a monoculture system requires a proper 
management of the habitat, including the addition of other 
vegetation, such as the annual plant (trees) (Gámez-Virués 
et al. 2012). Thus, proper manipulation of the landscape 
could increase the diversity of parasitoids in monoculture-
planted areas. 

In conclusion, our data show that the planting of jabon 
within an agroforestry system provides a useful reduction 
in A. hilaralis populations, as well as an enhancement in 
parasitoid diversity and the rate of parasitization of the 
pest. Based on our findings, we propose that habitat 
management is a sustainable practice for protecting jabon 
trees from A. hilaralis, its principal insect pest in Indonesia.  

ACKNOWLEDGMENTS 

We wish to express our appreciation to The Center for 
Education and Training, Ministry of Environment and 
Forestry of Indonesia for funding this study. 

REFERENCES 

Agus N. 2014. Pengendalian Hayati Hama dan Konservasi Musuh Alami. 
IPB Press, Bogor. [Indonesian] 

Altieri MA. 1999. The ecological role of biodiversity in agroecosystems. 
Agric Ecosyst Environ 74: 19-31. 

Bale JS, Masters GJ, Hodkinson ID, et al. 2002. Herbivory in global 
climate change research: direct effects of rising temperatures on 
insect herbivores. Global Change Biol 8: 1-16. 

Berryman AA. 1981. Population System. General Press, New York.  
Borror DJ, Charles AT, Norman FJ. 1996. An introduction to the study of 

insects. 6th Edition. Harcourt Brace College Publishers. Fort Worth, 
USA.  

Cruz-Vázquez C, Mendoza IV, Parra MR, Vazquez ZG. 2004. Influence 
of temperature, humidity and rainfall on field population trend of  
Stomoxys calcitrans (Diptera: Muscidae) in a semiarid climate in 
Mexico. Parasitología Latinoamericana 59: 99-103.  

Gámez-Virués S, Jonsson M, Ekbom B. 2012. Biodiversity and insect 
pest: key issues for sustainable management. Gurr GM, Wratten SD, 
Snyder WE, Read DMY. (editor). Wiley-Blackwell, West Sussex. 

Goulet H, Huber JT. 1993. Hymenoptera of the World: An Identification 
Guide to Families. Centre for land and Biological Resources 
Research, Ottawa, UK. 

Grissell EE, Schauff ME. 1990. A Handbook of the Families of Nearctic 
Chalcidoidea (Hymenoptera). The Entomological Society of 
Washington, Seattle, Washington. 

Horn JD. 1998. Temperature synergism in integrated pest management. 
In: Hallman GJ, Denlinger DL (eds.). Temperature Sensitivity in 
Insects and Application in Integrated Pest Management. Westview 
Press, Boulder, Colorado, USA. 

Husaeni EA, Kasno, Haneda NF, Rachmatsjah O. 2006. Pengantar Hama 
Hutan di Indonesia: Bioekologi dan Teknik Pengendalian. 
Departemen Silvikultur, Fakultas Kehutanan, Institut Pertanian 
Bogor, Bogor. [Indonesian] 

Kwon YS, Chung N, Bae MJ, Li F, Chon TS, Park YS. 2012. Effects of 
Meteorological Factors and Global Warming on Rice Insect Pests in 
Korea. Journal of Asia Pasific Entomology 15(3): 507-515. 

Mansur  I. 2013. Prospek pengembangan Jabon untuk mendukung 
pengembangan hutan tanaman. Makalah disampaikan dalam Seminar 
dan Pameran Hasil-hasil Penelitian dengan tema “Prospek 
Pengembangan Hutan Tanaman (Rakyat), konservasi, dan rehabilitasi 
hutan’, diselenggarakan oleh BPK Manado bekerjasama dengan BPK 
Manokwari, BPDAS Tondano, ITTO, SEAMEO BIOTROF, Burung 
Indonesia, dan Harian Manado Pos, Manado 23 Oktober 2013. 
[Indonesian] 

Marino PC, Landis DA. 1999. Effect of landscape structure on parasitoid 
diversity and parasitism in agroecosystems. Ecol Appl 6: 276-284.  

Martawijaya A, Kartasujana I, Mandang YI, Prawira SA, Kadir K. 1989. 
Atlas Kayu Indonesia. Jilid II. Pusat Penelitian dan Pengembangan 
Hasil Hutan, Bogor. [Indonesian]  

Menalled FD, Marino PC, Gage SH, Landis DA. 2003. Does agricultural 
lanscape structure affect parasitism and parasitoid diversity? Ecol 
Appl 9: 634-641. 

Pribadi A, Anggraeni I. 2011. Pengaruh temperatur dan kelembaban 
terhadap tingkat kerusakan daun Jabon (Anthocephalus cadamba) 
oleh Arthroschista hilaralis. Jurnal Penelitian Hutan Tanaman 8 (1): 
451-458. 

Pumariño L, Sileshi GW, Gripenberg S, Kaartinen R, Barrios E, Muchane 
MN, Midega C, Jonsson M.  2015. Effects of agroforestry on pest, 
disease, and weed control: a meta-analysis. Basic Appl Ecol 16: 573-
582. 

Quicke DLJ. 2015. The Braconid and Ichneumonid Parasitoid Wasps: 
Biology, Systematic, Evolution and Ecology. John Wiley and Sons, 
Oxford. 

Sperber CF, Nakayama K, Valverde MJ, Neves FDS. 2004. Tree species 
richness and density affect parasitoid diversity in Cacao agroforestry. 
Basic Appl Ecol 5: 241-251. 

Thapa RS, Bhandari RS. 1976. Biology, ecology and control of Kadam 
defoliator, Arthroschista hilaralis Walk. (Lepidoptera:Pyralidae) in 
plantation in West Bengal. Indian For 102 (6): 333-401. 

Tscharntke T, Bommarco R, Clough Y, Crist TO, Kleijn D, Rand TA, 
Vidal S. 2007. Conservation biological control and enemy diversity 
on a landscape scale. Biol Contr 43: 294-309. 

Wharton RA, Marsh PM, Sharkey MJ, et al. 1997. Manual of the New 
World Genera of the Family Braconidae (Hymenoptera). Allen Press, 
Washington. 

Whiting  D, Roll M, Vickerman L. 2010. Plant Growth Factor: Water. 
Colorado State University. Fort Collins, Colorado, USA. 

 
 



BIODIVERSITAS  ISSN: 1412-033X 
Volume 19, Number 1, January 2018 E-ISSN: 2085-4722  
Pages: 246-252 DOI: 10.13057/biodiv/d190133 

Diversity of mangrove vegetation and carbon sink estimation of Segara 
Anakan Mangrove Forest, Cilacap, Central Java, Indonesia  

ANI WIDYASTUTI♥, EDY YANI, ERY KOLYA NASUTION, ROCHMATINO  
 Faculty of Biology, Universitas Jenderal Soedirman. Jl. Dr. Soeparno no 63, Purwokerto, Banyumas 53123, Central Java, Indonesia. Tel./fax.: +62-281-

638794, +62-281-631700, ♥email: widyass36@gmail.com 

Manuscript received: 12 May 2017. Revision accepted: 8 January 2018.  

Abstract. Setyawan. 2018. Diversity of mangrove vegetation and carbon sink estimation of Segara Anakan Mangrove Forest, Cilacap, 
Central Java, Indonesia. Biodiversitas 19: 246-252. Mangrove forests are known as standing stores of sequestered atmospheric carbon. 
The role of mangrove forests in the sequestering substantial amount of atmospheric carbon dioxide (CO2) and storing the carbon in its 
biomass has been recently underscored. This research aimed to estimate vegetation diversity and carbon sink potential of Segara Anakan 
Mangrove Forest Cilacap, Central Java from August-December 2012. Vegetations sampling was done by square plots technique. 
Diversity index was utilized to determine species diversity. Allometric equations were used to estimate biomass and carbon sinks. This 
study only calculates aboveground biomass and carbon sinks. The research results showed that mangrove in Segara Anakan was 
composed of 24 species with 19 families, consisting of 16 species of trees, 14 species of saplings and 16 species of herbs. The most 
dominant tree was Avicennia marina with importance value of 43.62% in Kembang Kuning, 60.27% in Ujung Alang and 25.6% in 
Klaces. The most dominant of sapling was Avicennia marina, with an important value of 31.1%. The total biomass of a tree is about 
43.06 kg/tree or 0.13 ton/ha. Total biomass of sapling was 27.38 kg/tree or 0.32 ton/ha. The carbon sink of the tree was 49.10 ton/ha and 
carbon sink of sapling was 79.39 ton/ha. It can be concluded that Segara Anakan Mangrove forest is very important as a carbon sink in 
South part of Central Java, Indonesia.   

Keywords: Allometric equations, mangrove forest, diversity, carbon sink  

INTRODUCTION  

Indonesia as a country has a very extensive forest, and 
it is time to be able to see the forest with a new paradigm 
that is no longer synonymous with wood. Forests can 
provide services in other forms such as hydrological 
functions, ecological functions, social and cultural 
functions as well as forests play a major role in the effort to 
protect the earth's atmosphere. Benefits like these 
sometimes are often overlooked because they provide no 
economic value directly. Currently, the international 
community has developed a new trend through the trading 
of carbon dioxide (CO2). Carbon trading began with the 
signing of the Kyoto Protocol stating that carbon emitters 
must reduce the level of emissions by applying high 
technology. The mangrove forest ecosystem has much 
higher carbon binding ability than terrestrial forests and 
tropical forests. Particularly in the Indo-Pacific region, 
carbon stocks stored in mangrove ecosystems are two times 
higher than that of terrestrial forest (Donato et al. 2011). 
Despite mangrove accounting for only 0.7% of tropical 
forest area, it generates emissions up to 10% of total global 
deforestation. Hence, mangroves are considered as an 
important component in climate change mitigation and 
reducing emissions from deforestation and degradation 
(REDD+) schemes (Sahu et al. 2016). The area of 
mangrove forest has decreased by 1.4% per year since the 
last decade (Ardli and Wolff 2008). The Food and 
Agriculture Organization (FAO) reported that in 2007 that 
mangrove forest area globally has dropped from 18.8 

million ha in 1980 to 15.2 million ha in late 2005, or 
decreased approximately 20% from 1980 (Abino et al. 
2014).  

Mangrove forest Segara Anakan Cilacap was the largest 
mangrove in Java. In terms of floral and faunal regimes, 
mangrove forests are among the most productive and 
biologically complex ecosystems. This ecosystem was 
made up of carbon-based life forms in plant biomass and 
soil. Mangroves are highly productive ecosystems, next 
only to tropical forests, with a global primary production of 
218 ± 72 tg c/yr. These tidal forests have the potential to 
act as highly efficient sinks of carbon as they sequester 
atmospheric carbon in their aboveground and belowground 
biomass, and in sediments. This carbon sequestration and 
storage service by mangroves provides global benefits by 
removing the harmful greenhouse carbon dioxide gas from 
the atmosphere. Lasco and Pulhin (2004) reported that the 
estimated mean biomass of mangrove forests in the 
Philippines is around 409 t/ha with a corresponding stored 
carbon of 184 t c/ha. Consequently, a huge percentage of 
the total carbon sequestered and stored in the biomass and 
sediment of the mangroves. Plant communities sequester 
carbon during photosynthesis and store it as biomass. 
Carbon in forest ecosystems is stored in five pools, namely 
above-ground biomass, below-ground biomass, leaf litter, 
dead wood, and soils. Forests acted as both sink and source 
of CO2 when it is conserved and destroyed respectively. 
However, since 2000, Segara Anakan mangrove forest, 
Cilacap has experienced a conversion. Nearly 4,000 
hectares mangrove forests converted to agricultural land 
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and ponds, settlements, as well as mangrove woods were 
felled to be utilized as firewood and charcoal.  

Conserving plant diversity and retaining terrestrial 
carbon stocks are targets for environmental policy 
(Nathalia 2017). According to Pandey (2012), the ability of 
mangrove forest to sequester and store carbon depends on 
plant species diversity, soil condition, climate, and 
geography. In Indonesia, Most of the studies on carbon 
storage and sequestration are conducted on terrestrial 
vegetation like second-growth forests, plantation forests, 
and agroforestry. There is, however, lack of information on 
carbon sequestration and storage of Indonesian coastal 
vegetation in general and mangrove forest in particular. 
Therefore, this study aims to assess species diversity as 
well as to estimate above-ground biomass, and C-stocks in 
Segara Anakan mangrove forest, Cilacap, Central Java.   

MATERIALS AND METHODS  

Study area  
The study was carried out in mangrove forest Segara 

Anakan, Cilacap, Central Java, Indonesia, located at the 
estimated coordinates 7º 40' 57”,91 - 7º 43',04 16” S and 
108º 49' 04”- 108º 57' 24” E from August to December 
2012 (Figure 1). Samples were taken at three locations: 

West Region: Klaces (1) Middle Region: Ujung Alang, and 
(2) East Region: Kembang Kuning River (3).  

Data collection 
Twenty-seven 10m × 10m plots were established 

through a nondestructive quadrat sampling technique to 
determine the species composition and structure in the 
study area. The plots were laid with 20 to 30 m distance in 
between depending on vegetation characteristics and 
landscape. Inside each plot, all trees with at least 5 cm in 
diameter were identified and trunk diameters (cm) and total 
height (m) were measured.  

Data analysis 
The measured parameters included the number of 

species, the number of individuals with a stem diameter at 
breast height. Identification used Heekenda et al. (2104) 
The data were analyzed according to their importance value 
index (IVI) (Alavaisha and Mangora 2016). The 
importance value index (IVI) which indicates the structural 
importance of each species in the community was obtained 
by adding the percentage values of relative frequency (RF), 
relative dominance (RDom) and relative density (RD). The 
explanation is as follows: 

 
 

 
 
Figure 1. Study site in Segara Anakan Mangrove forest, Cilacap, Central Java, Indonesia. 1. Klaces, 2. Ujung Alang 3. Kembang Kuning 

 

1 

2 
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RF = Number of occurrence of species /Number of 
occurrence of all species  x 100% 

 
RDom = Total basal area of the species/Total basal area 

of all species x100% 
 
RD = Number of individuals of the species/Number of 

individuals of all species x 100% 
 
IVI for tree = RF +RDom+RD 
IVI for sapling and herb = RF +RD 
 
Diversity index in this study using the Shannon-

Wiener’s Index (Margurran 1992).  
 
H’ = - Σ (pi log pi) 
 
Note : 
H’ = Diversity index 
Pi = Comparison of the number of individuals of one 

type by number of individual of overall sample in plot (n 
/N)  

The stability of a species is also influenced by the level 
of evenness. The higher the value of H ', then the diversity 
of species in the community was more stable. 

 
E = H’/ln(S) 
 
This study only calculates aboveground biomass and 

carbon sinks on trees and saplings. To measure the carbon 
stored in the mangrove ecosystems, two pools of carbon 
were considered: the carbon present in the biomass (above-
ground and roots) and the carbon stored in the sediment. In 
this study, we only calculated the aboveground biomass 
and carbon. The estimation of aboveground biomass 
(Wtop) was calculated using the allometric equations for 
mangroves developed by Komiyama et al. (2005) for 
Southeast Asian mangroves. The maximum diameter of 
trees included in the derivation of these equations was 49 
cm with a total number of 104 trees. These allometric 
equations which use diameter and wood density as 
predictive variables have a coefficient of determination 
(R2) of 0.979 and 0.954, respectively, and are comparably 
reliable with allometric equations derived for natural stands 
(Chave et al. 2005; Hossain et al. 2008; Kauffman and Cole 
2010). The following common allometric equations were 
used: 
 

Wtop = 0.251p D2.46 

 
Where Wtop is the above-ground biomass (kg), p is the 

woody density of the species, and D is the tree diameter at 
breast height. The values of total biomass per plot were 
summed for all plots and averaged to get the mean stand 
biomass which was then converted to tons per hectare. 
Carbon pools of the above-ground were calculated as the 
product of biomass multiplied by the carbon concentration 
using formula = 0.46 x biomass (Kauffman and Donato 
2012).  

RESULTS AND DISCUSSION 

A total of 24 sample trees representing ten true 
mangrove species, namely: Avicennia marina, Sonneratia 
caseolaris Sonneratia alba, Bruguiera gymnorrhiza, 
Aegiceras corniculatum, Rhizophora mucronata, 
Rhizophora apiculata, Nypa fruticans, Ceriops tagal, 
Heritiera littoralis belonging to 6 families (Acanthaceae, 
Sonneraticeae, Rhizophoraceae, Myrsinaceae, Arecaceae, 
and Strecaliaceae) were recorded at the natural mangrove 
stand of Segara Anakan (Table 1.A). Fourteen species were 
non-mangrove trees. True mangrove species are those that 
are exclusively restricted to tropical intertidal habitats and 
do not extend into terrestrial plant community and are 
morphological, physiologically and reproductively adapted 
to saline, waterlogged and anaerobic condition (Polidoro et 
al. 2010). The Mangrove habitats have relatively lower 
levels of species richness compared to other high biomass 
tropical habitats like rainforests because of the distribution 
restriction of the vegetation (Jayatisa et al. 2002). Species 
richness and composition in our study site was quite low 
compared to others locations, Sudarmadji (2004) found 
eight species of Rhizophoraceae in Baluran Mangrove 
Forest, East Java, and Satyawan et al. (2005) found 17 
species in Tritih and 35 species in northern Java coastal 
area. On the other hand, those species composition found in 
our field study was similar to those in the geographic 
regions, such as Philippine (Abino et al. 2014), 
Mozambique (Sitoe et al. 2104) and Madagascar (Jones et 
al. 2104). 

On sampling areas, it is showed that the difference in 
total number of trees, saplings, and herbs species (Table 
1.A,B,C). Table 1.A showed that in Kembang Kuning,16 
trees species with 132 total individuals were found. The 
species with the highest IVI was A. marina (343.62%). In 
Ujung Alang, 10 tree species with 111 total individuals 
were found. The species with the highest IVI was A. 
marina, too (60.27%). In Klaces, 11 tree species with 121 
total individuals were found. The species with the highest 
IVI was A. marina, too (57.06%). For sapling (Table 1.B), 
in Kembang Kuning, 14 saplings species with 129 total 
individuals were found. The species with the highest IVI 
was A. marina (30.82%). In Ujung Alang, 11 saplings 
species with 139 total individuals were found. The species 
with the highest IVI was A. marina, too (32.43%). In 
Klaces, 9 saplings species with total 132 individuals were 
found. The species with the highest IVI was A. marina, too 
(34.13%). A. marina became the most dominant species in 
3 locations and for tree and sapling. (Figure 2 A, B). 
Yunasfri (2013) found A. marina was a pioneer plant on 
sheltered coastal land and has the ability to grow and 
develop in various tidal habitats. Meanwhile, according to 
Noor, et al(1999) A. marina can grow on the edge of 
mangrove forests, especially along the riverbanks affected 
by tides and lows and river estuaries. And according to 
Duke (2006), A.marina was a pioneer of mangrove species, 
probably the most widely distributed, covering the entire 
Western Indo-Pacific because A marina  is a pioneer 
vegetation type, as well as easy to grow. For herbs (Table 
1.C), in Kembang Kuning, 16 herbs species
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Table 1.A. Species composition, and important value index of tree mangrove vegetation in Segara Anakan, Cilacap, Central Java, 
Indonesia 
 

Species Kembang Kuning Ujung Alang Klaces
∑ indv IVI ∑ indv IVI ∑ indv IVI

Avicenia marina 20 43.62* 15 60.27* 15 57.06*
Sonneratia caseolaris  15 45.79 16 48.90 17 46.41
Rhyzophora mucronata  10 34.44 13 38.28 17 36.97
Sonneratia alba 12 41.13 13 43.22 10 42.00
Rhyzophora apiculata  10 22.39 12 25.24 12 23.85
Aegyceras corniculatum  9 19.14 8 19.14 10 18.17
Bruguiera gymnorrhiza  10 17.82 10 18.57 11 17.43
Nypa fruticans  8 17.80 11 21.67 10 20.10
Ceriops tagal 9 16.09 8 16.21 8 14.96
Heritiera littoralis  3 6.31 5 8.50 6 13.25
Terminalia cattapa 2 4.64 5 9.81
Morinda citrifolia  3 5.53
Leucaena leucocephala  7 8.46
Hibiscus tiliaceus 6 6.98
Ficus annulata 5 5.89
Intsia bijuga  3 3.96
∑ 132 300.00 111 300.00 121 300.00
 
 
Table 1.B. Species composition, and important value index of saplings mangrove vegetation in Segara Anakan, Cilacap, Central Java, 
Indonesia 
 

Species Kembang Kuning Ujung Alang Klaces
∑ indv IVI ∑ indv IVI ∑ indv IVI

Avicenia marina 20 30.82* 21 32.43* 23 34.13*
Sonneratia caseolaris  17 27.14 20 32.39 25 34.12
Sonneratia alba 12 22.37 15 24.30 15 25.44
Bruguiera gymnorrhiza  15 21.54 12 20.27 13 20.67
Aegyceras corniculatum  10 15.41 13 19.93 17 21.41
Rhyzophora mucronata  8 14.76 12 17.93 12 18.44
Rhyzophora apiculata  9 14.18 16 14.25 10 15.45
Nypa fruticans  10 14.06 11 11.34 6 11.55
Ceriops tagal 5 10.18 7 10.69 8 12.85
Heritiera littoralis  3 5.93 5 8.09
Morinda citrifolia   2 4.70 7 8.38
Leucaena leucocephala  7 7.68
Gliricidia  9 7.88
Terminalia cattapa 2 3.35 3 5.97
∑ 129 200.01 139 200.00 132 200.00
 
 
 
Table 1.C. Species composition, and important value index of herbs mangrove vegetation in Segara Anakan, Cilacap, Central Java, 
Indonesia 
 

Species Kembang Kuning Ujung Alang Klaces
∑ indv IVI ∑ indv IVI ∑ indv IVI

Acanthus ilicifolius  18 25.53* 15 26.20* 15 25.53*
Deris trifoliata  17 23.86 16 26.04 17 23.86
Acanthus ebracteatus 19 25.03 13 25.08 17 25.03
Sonneratia caseolaris  9 15.29 13 15.,25 10 15.29
Avicenia marina 10 13.76 12 14.32 12 13.76
Rhyzophora mucronata  10 13.39 8 14,09 10 13.39
Sonneratia alba 9 12.58 10 13.20 11 12.58
Bruguiera gymnorrhiza  9 14.16 11 11.41 10 14.16
Rhyzophora apiculata  10 9.92 8 10.80 8 9.92
Aegyceras corniculatum  8 9.82 5 9.74 3 9.82
Nypa fruticans  7 8.04 3 9.46 6 8.04
Zoysia matrella  9 8.44 2 8.53 5 8.44
Ceriops tagal 5 9.23 3 7.33 3 9.23
Cyperus malacanencies  5 5.99 3 5.34 2 5.99
Acrosticum aureum 1 3.40 3 2.12 2 3.40
Merope angulata  0 0 1 1.06 1 1.54
∑ 146 200,01 111 200 121 200,01
Note: IVI = Important Value Index, * = The Species with the biggest IVI   
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with total individuals 146 were found. The species with the 
highest IVI was A. illicifolius (25.53%). In Ujung Alang, 
10 sapling species with total individuals 111 were found. 
The species with the highest IVI was A. illicifolius, too 
(32.43%). In Klaces, 11 tree species with total individuals 
121 were found. The species with the highest IVI was A. 
illicifolius, too (45.53%). A. illicifolius became the most 
dominant species in 3 locations for herbs. According to 
Noor, et al. (1999), A. illififolius has a characteristic as a 
herb that grows low and strong. It has the ability to spread 
vegetatively due to its rooting from a horizontal rod, thus 
forming a large and strong body.  

Ten mangrove species were found in the three sites with 
A. marina and R. mucronata having high relative frequency 
compared to others species. According to Ksawani et al. 
(2007) the mixture of different species influenced the 
health of forest and enhancement of carbon storage. High 
frequency of A. marina and R. mucronata might be 
attributed to their high regeneration capacity despite these 
species having high use preferences, particularly. R. 
mucronata species with the high importance values 
belonged to the true mangrove species. The importance 
value of a species was determined based on the total 
contribution to the community in relation to the number of 
plants within the quadrats (relative abundance), its 
influence on the other species through its competition, 
shading, or aggressiveness (relative dominance), and its 
contribution to the community by means of distribution 
(relative frequency) in a study plot (Faridah-Hanum et al. 
2012). 

Table 2 showed the diversity index and evenness index 
of mangrove in mangrove forest Segara Anakan Cilacap. 
Kembang Kuning has the highest diversity (H' = 2.615, E = 
0.854) followed by Klaces (H' =2.336, E = 0.9398) and the 
lowest is found at Ujung Alang (H' = 2.257 , E = 0.9556). 
For saplings, it showed that Kembang Kuning has the 
highest diversity (H' = 2.521, E = 0.829) followed by 

Ujung Alang (H' = 2.35 , E = 0.87) and the lowest is found 
at Klaces (H' =2.169, E = 0.874), and for herb, it showed 
that Kembang Kuning has the highest diversity (H = 2.719, 
E = 0.89) followed by Klaces (H' =2.607, E = 0.79) and the 
lowest is found at Ujung Alang (H' = 2.37 , E = 0.66). 
From the result, it is showed that Kembang Kuning totally 
has highest diversity index compared to two other 
locations. It means that this location has better conditions. 
These may be because of minimum forest destruction and 
anthropogenic stress compared to two locations. According 
to Lee et al. (2014), forest mangrove conditions locally 
depends on the anthropogenic pressure that comes from the 
local community. The mangrove forest in Segara Anakan 
provides benefits for local communities, such as supporting 
live of the community by producing items of food, fuel 
wood, charcoal, and construction materials as well as by 
generating income. The most anthropogenic pressure found 
in this area was forest conversion to the rice field and 
ponds and also cutting down the forest trees for household 
and firewood (Setyawan et al. 2005). Mangrove forest in 
Java Island is decreasing as the impact of conversion to 
mariculture, human settlement and other uses worsens. 
This impact is due to limited understanding and awareness 
of surrounding communities about the ecological 
importance of mangrove and uncertainty about land status 
(Gunawan et al. 2017).  

 
 

Table 2. Diversity index and evenness index in Mangrove Forest 
Segara Anakan, Cilacap, Central Java, Indonesia   
 

Habitus Kembang Kuning Ujung Alang Klaces 
H' E H' E H' E 

Tree 2.615 0.854 2.257 0.956 2.336 0.94 
Sapling  2.521 0.829 2.521 0.829 2.169 0.874 
Herbs 2.078 0.89 2.078 0.66 2.067 0.79 

 
 
 
 

 

A B 
  
Figure 2.A. Species abundance of tree, sapling and herbs; B. Total abundance of three location. Note: KK = Kembang Kuning, UA = 
Ujung Alang,KL = Klaces 
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Carbon sink for trees category in Kembang Kuning 
ranges from the lowest 1.63 ton/ha for A. corniculatum to 
the highest 24.15 ton/ha for A. marina. In Ujung Alang, it 
ranges from the lowest 2.57 ton/ha for Heritiera littolaris 
to the highest 22.03 ton/ha for A. marina. In Kembang 
Kuning, compared to saplings, the mean of carbon sink per 
ha of the trees was quite lower with 140.43 ton/ha (Table 
3.A) while in saplings, it was 171.72 ton/ha (Table 3.B). 
This result indicates that all study site was dominated by 
saplings and the older vegetation has been destructed by 
anthropogenic pressure. Between those three sites, for trees 
category, it was showed that Kembang Kuning has the 
highest carbon sink (140.43 ton/ha) followed by Klaces 
(132.07 ton/ha) and the lowest was Ujung Alang (115.09 
ton/ha). Carbon sink in this study was higher than carbon 
pools of the above-ground biomass estimated by Kauffman 
et al. (2011) in the Micronesian mangrove forests which 
was 104.4 ton/ha. The mean above-ground biomass in this 

study was much higher than that of North Sulawesi (61.4 t 
ton/ha, Murdiyarso et al. 2009), Okinawa, Japan (80.5 
ton/ha, Khan et al. 2009), and Sarawak Mangrove Forest in 
Malaysia (116.8 ton/ha, Chandra et al.2011). Moreover, it 
was higher than the above-ground C-stocks estimated in 
Southern China (55.0 ton/ha, Chen et al. 2012). However 
our result quite lower if it was compared to the result of a 
study done in Thailand (140.5 4 ton/ha)(Kridiborworn et al. 
2012).  

Based on the result and discussion, it can be concluded 
that Segara Anakan Mangrove forest has relative high in 
carbon sink compared to the Micronesian mangrove forest, 
mangrove forest in North Sulawesi, Okinawa, and Sarawak 
Mangrove Forest in Malaysia. However our result is quite 
lower if it is compared to the result of study done in 
Thailand. However, our data can be used as a baseline for 
further conservation program of this area.  

 
 
 
Table 3.A. Biomass and carbon sink estimation of trees in three locations of Segara Anakan Mangrove Fores, Cilacap, Central Java, 
Indonesia 
 

Species Kembang Kuning Ujung Alang Klaces 
Biomass Carbon Biomass Carbon Biomass Carbon 

Avicenia marina    52.50     24.15  47.89 22.03 40.41 18.59 
Sonneratia caseolaris     23.02     10.59  36.35 16.72 37.69 17.34 
Rhizophora mucronata      15.63     7.19  24.68 11.35 21.2 9.75 
Sonneratia alba    23.46     10.79  26.15 12.03 24.4 11.22 
Rhizophora apiculata      27.63     12.71  29.02 13.35 25.26 11.62 
Aegiceras corniculatum      8.67     3.99  26.84 12.35 24.76 11.39 
Bruguiera gymnorrhiza     17.00     7.82  14.05 6.46 29.57 13.60 
Nypa fruticans     20.59     9.47  26.14 12.02 14.76 6.79 
Ceriops tagal    34.76     15.99  13.49 6.21 22.35 10.28 
Heritiera littoralis     3.54     1.63  5.59 2.57 18.76 8.63 
Terminalia cattapa    12.41     5.71  27.94 12.85 
Morinda citrifolia     18.26     8.40  
Leucaena leucocephala     17.20     7.91  
Hibiscus tiliaceus    16.98     7.81  
Ficus annulata    7.76     3.57  
Intsia bijuga     5.87     2.70  
Total ton/ha    305.28     140.43  250.20 115.09 287.10 132.07 
 
 
Table 4.B. Biomass and carbon sink estimation of sapling in three locations of Segara Anakan Mangrove Forest, Cilacap, Central Java, 
Indonesia   
 

 Species Kembang Kuning Ujung Alang Klaces 
Biomass Carbon Biomass Carbon Biomass Carbon 

Avicenia marina 49.07 22.57 163.4 75.16 48.42 22.27 
Sonneratia caseolaris  40.98 18.85 95.24 43.81 16.16 7.43 
Sonneratia alba 24.43 11.24 70.03 32.21 36.8 16.93 
Bruguiera gymnorrhiza  26.70 12.28 70.03 32.21 53.89 24.79 
Aegyceras corniculatum  24.53 11.28 50.57 23.26 60.7 27.92 
Rhyzophora mucronata  22.17 10.20 26.89 12.37 25.76 11.85 
Rhyzophora apiculata  24.81 11.41 40.34 18.56 26.46 12.17 
Nypa fruticans  52.22 24.02 57.18 26.30 31.73 14.60 
Ceriops tagal 31.11 14.31 18.19 8.37 38.98 17.93 
Heritiera littoralis  19.35 8.90 5.84 2.69 19.36 8.91 
Morinda citrifolia  12.59 5.79 13.73 6.32 
Leucaena leucocephala  15.17 6.98 
Gliricidia  18.19 8.37 
Terminalia catappa  11.99 5.52 
Total ton/ha 373.31 171.72 545.03 281.26 358.26 164.80 
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Abstract. Zarta AR, Ariyani F, Suwinarti W, Kusuma IW, Arung ET. 2018. Short Communication: Identification and evaluation of 
bioactivity in forest plants used for medicinal purposes by the Kutai community of East Kalimantan, Indonesia. Biodiversitas 19: 253-
259. The Indonesian forest is one of the most species-rich ecosystems in the world. Within such forests are plant species with secondary 
metabolites that have novel molecular structure and diverse biological activity with excellent potential to be used medicinally in 
prevention and cure of various diseases afflicting humans. Plant materials often contain various forms of antioxidants. Phenolic 
compounds found in plants have many biological effects. Flavonoids and other phenolics play a protective role against metabolic 
damage caused by disease and environmental stressors. The communities of Kutai Kartanegara in East Kalimantan Indonesia are 
representative of many traditional peoples who have evolved ways of treating human ailment and disease by use of specific plants 
sourced from their forests. The purpose of the research described in this paper was to identify significant medicinal plant species used by 
the Kutai ethnic community and to prepare extracts from these plants, mainly from the leaves, and to evaluate the extracts for 
bioactivity; namely by general identification of secondary metabolites, and by estimation of their antioxidant activity, toxicity, and anti-
bacterial activity. Samples of ten plant species, used medicinally by the Kutai community, were extracted using ethanol solvent. Assay 
of antioxidant activity was carried out by the spectrophotometric method using DPPH (1,1-diphenyl-2-picrylhydrazyl radical) as the 
control. The degree of toxicity of the extracts was determined by the BSLT (Brine Shrimp Lethality Test) while anti-bacterial activity 
was evaluated using an in vitro assay of growth inhibition of cultures of the bacterium Escherichia coli. The result showed that nine of 
the plant species had strong antioxidant activity (IC50); extracts of two of the species were very toxic, while one other was toxic; and at 
least eight of the species had extracts that exhibited anti-bacterial activity. The phytochemical compounds identified in several of the ten 
species included flavonoids, tannins, saponins, steroids, triterpenoids, and alkaloids.  

Keywords: Traditional medicinal plants; antioxidants; secondary metabolites; toxicity  

INTRODUCTION 

Forests in Indonesia are among the richest ecosystems 
in the world. The Indonesian forests contain more than 400 
species of trees that are highly valued economically, as 
well as more than 25,000 species of flowering plants 
(Bioresearcher 2013). From these plants, secondary 
metabolites with biological activity and novel molecular 
structure have potential to be developed as cures for 
various diseases that afflict humankind.  

Knowledge about human diseases, both ancient and 
modern, is increasing year by year, but it is recognized that 
many existing drugs are often less effective in combating 
disease organisms that have developed resistance to the 
drugs or in combination newly identified disease organisms 
with different modes of pathogenicity. Therefore, the 
search for new types of drugs is an on-going activity, 

especially amongst the natural resources of tropical forests 
that have been only partially explored.  

The development of herbal medicines and drugs from 
plant species is often limited by lack of scientific 
information about the medical efficacy of the plant species. 
The recognition of this fact has stimulated research into use 
of plants for medicinal purposes by traditional communities 
that have had long intimate connections with forest 
ecosystems in the environments they inhabit. The necessity 
of scientific proof of the efficacy of such traditional 
medicinal herbs is a prerequisite to their being developed 
by the pharmacological industry in Indonesia (Sampurno 
2003). Plant materials contain various kinds of biologically 
active compounds such as antioxidants. Phenolic 
compounds found in plants have many biological effects. 
Flavonoids and other phenolics play roles in protecting 
plants against various metabolic threats and many have the 
potential to similarly protect humans against damage 
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caused by disease (Kähkönen et al. 1999; Mammadov et al. 
2011).  

Traditional medicines used by the people of Kutai 
Kartanegara in East Kalimantan, Indonesia, are very 
diverse. These medications and treatments can be classified 
into two types; namely curative drugs, and traditional 
medicinal treatments of pain and external and internal 
medical conditions. Apart from their general knowledge of 
traditional medicines, the Kutai ethnic community place 
faith in the specific knowledge and skills of traditional 
healers and herbalists (Achmad 1990). 

 Based on a survey in 2016, several types of forest 
plants were identified that traditionally have been used by 
the Kutai ethnic community as medicinal ingredients in 
treating particular diseases. Traditional treatments have 
often evolved in the past from experimenting with 
preparation of extracts from plant species recognized to 
have interesting properties. If the results of the experiments 
were good, then treatment with the extracts was continued 
until healing occurred. If the preliminary experiments did 
not produce good outcomes, then the treatment was 
stopped, and other plant species were tried instead. As a 
result traditional medicines prepared from many types of 
plants have been tested over time as useful for treating 
particular diseases. The use of plants in disease treatment 
has sometimes also extended to the combination of several 
types of plant materials.  

In our study, we focused on a number of plants species 
for which the traditional knowledge as to their efficacy in 
treatment of medical conditions had strong local support 
among the Kutai community. We sought to test whether 
scientific evidence into the bioactive ingredients contained 
in extracts from these plant species would give credence to 
the traditional beliefs about the benefits of their use in 
medical treatment. The goal of the research was to identify 
the bioactivity of extracts from these forest plants used 
medicinally by the Kutai; in particular, to identify the 
general presence of secondary metabolite compounds; and 
to evaluate the antioxidant activity of the extracts, as well 
as their toxicity and anti-bacterial effectiveness.  

MATERIALS AND METHODS  

Reagents 
Ethanol; acetone; dimethyl sulfoxide (DMSO); 1,1-

diphenyl-2-picrylhydrazyl radical (DPPH); ascorbic acid; 
reactants for  Dragendorff’s test, Liebermann-Burchard 
test, and Molisch test; potassium dichromate (K2Cr2O7); 
Nutrient Broth medium (NB); and the antibiotic 
Chloramphenicol.  

Plant material and extraction 
Plant materials in the form of leaves and roots from ten 

plant species with recognized phytochemical interest were 
collected in November 2016 in the vicinity of  Desa Sebulu 
Modern, Kutai Kartanegara regency, in East Kalimantan 
province, Indonesia (Table 1). The plant species were 
identified in the Research Institute for Natural Resource 
Conservation Technology, at Samboja, in Kutai 

Kartanegara Regency. The plant materials were dried at 
room temperature and ground into a powder (Arunkumar 
and Muthuselvam 2009). The dried materials from the ten 
species – Callicarpa longifolia Lam (100 g), Tetracera sp. 
(100 g), Bridelia glauca Blume. (100 g), Tetrastigma sp. 
(100 g), Leea indica (Burm. f.) Merr. (100 g), Urena lobata 
L. (60 g), Clinacanthus nutans (Burm. f) Lindau (100 g), 
Allophylus cobbe (L.) Raeusch (100 g), Alstonia 
iwahigensis Elmer (100 g), Hippobroma longifloria (L.) g. 
Don (30 g) – were extracted in ethanol at room temperature 
for 48 hours. Then the extracts were filtered, and the 
concentrates were prepared by using a rotary vacuum 
evaporator at a temperature of 30-40oC. The amount of 
concentrate obtained from the ten plant species varied from 
1.70 g to 8.66 g.   

Phytochemical analysis 
Phytochemical analyses were performed for detection 

of alkaloids, flavonoids, and tannins (Kokate 2001), as well 
as for steroids, saponins, and triterpenoids (Harbone 1984).  

Analysis of antioxidant activity 
The investigation of antioxidant activity was carried out 

using the method of Arung et al. (2008). A 
spectrophotometer was used at temperature room (250C) 
and 514 NM wavelength. DPPH solution (1,1-diphenyl-1-
picrylhydrazyl radical), as well as ascorbic acid (Vitamin 
C), were used as positive controls. The concentration of the 
sample extract needed to achieve inhibition of 50% was 
expressed as the IC50 value for the extract. There were 
three replicate analyses per extract and the results were 
averaged. Determination of the antioxidant activity of the 
extracts using the DPPH method was carried out according 
to Jun et al. (2003). 

Toxicity testing 
Toxicity testing of the plant extracts used the Brine 

Shrimp Lethality Test (BSLT) described by Meyer et al. 
(1982). The BSLT method is widely used to obtain an 
approximate measure of bio-activity of plant materials with 
suspected medicinal application. These methods are easy to 
perform, are inexpensive, fast, and able to be used with 
small amounts of plant extract (Meyer et al. 1982). The 
BSLT method is also widely used for screening new 
potential anticancer compounds derived from plants. The 
results of toxicity tests using this method have 
demonstrated a correlation with cytotoxic anti-cancer 
activity. LC50 is defined as the concentration of a 
compound that is expected to kill 50% of a test population 
within a given time interval (Boyd 2005). Determination of 
the level of toxicity used the aquatic toxicity criteria 
defined by Wagner et al. (1993). 

Anti-bacterial testing 
The antimicrobial test was performed by the diffusion 

method described by Cappucino and Sherman (2001), with 
some modification. In this test, 20 ml of Nutrient Broth 
medium (NB) was poured into a sterilized petri dish. After 
that, the media was hardened and flattened using a cotton 
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swab, in an aseptic state (using laminar flow). The media 
were allowed to dry for approximately 30 minutes. 

Hole wells were made using a cork borer applied to the 
media. The wells contained 20 μL with different amounts 
of extract: 25 μg / well, 50 μg / well, 100 μg / well and 200 
μg / well. Acetone was used as a negative control and 
Chloramphenicol as a positive control. Bacterial incubation 
was performed for 24 hours, and then the inhibition zone 
was measured around the wells in each petri dish.  

RESULTS AND DISCUSSION 

Traditional medicine of the Kutai ethnic community 
Among the Kutai ethnic community of Desa Sebulu 

Modern, in Kutai Kartanegara Regency of East 
Kalimantan, there is traditional knowledge of medical 
treatments based on medicinal herbs growing in their forest 
vegetation. This knowledge has been inherited from their 
ancestors and has been preserved from generation to 
generation. However, not everyone is expert in the types of 
forest plants that can be used as herbal medicines. Only 
certain people have this kind of ability and such persons are 
usually acknowledged for their expertise in concocting 
medicinal cures.  

Based on information and discussions with such 
traditional healers in the Kutai ethnic communities, each 
generation attempts to develop the knowledge gained from 
their ancestors. This includes knowledge about the forest 
vegetation in general, but also of methods used in 
concocting medicines by way of mashing, dissolving and 
boiling specific herbs. Such methods sometimes make 
people reluctant to consume herbal medicines because the 
aromas are often pungent and the tastes bitter.  

The types of medical conditions that are treated with 
herbal medicines from the forests range from mild ailments 
such as flu, colds, cough, headaches, and stomach pain 
through to serious disease conditions such as cancer, 

strokes, heart attacks, hypertension, constriction of blood 
vessels, stomach injuries, kidney stones, and others. 

The results of our identification of ten plant species 
utilized by the Kutai community in Desa Sebulu Modern 
for such traditional medical purposes are summarized in 
Table 1. 

Phytochemical content 
Phytochemical testing of plant materials is used to 

identify secondary metabolite compounds. Such 
compounds while not a requirement for normal body 
function, are often found on evaluation to have positive 
effects on human health and can play an active role in 
prevention and treatment of disease. The specific results of 
our phytochemical analyses, listed in Table 2, indicate that 
amongst the plant extracts prepared from the ten species, 
secondary metabolite compounds included flavonoids, 
tannins, saponins, steroids, triterpenoids, and alkaloids. The 
presence of these phytochemical compounds in the plant 
materials suggests the potential medicinal value of their 
extracts in the prevention and/or cure of specific diseases.  

Based on the results of our research, the ten plant 
species differed somewhat in the presence or absence of 
specific secondary metabolites, as has been reported in 
other studies of this kind (Ayoola et al. 2008).  

Flavonoids were found in all the medicinal plant 
species tested, a result similar to the findings of Khodadadi 
(2015). In general, flavonoids can function as antioxidants 
which inhibit possible metabolic damage by free radicals 
(Hanani et al. 2005). All these potential medicinal plants 
showed antioxidant activity (see the next Section). The 
presence of flavonoids and tannins in plants has been found 
to play a role in binding free radicals. Flavonoids and 
tannins are phenolic compounds, and phenolics, in general, 
are a group of compounds that act as primary antioxidants 
in binding free radicals in plant metabolic pathways (Evans 
2009). 

  
 
 
 
Table 1. Plants species and their parts used by the Kutai ethnic community as traditional cures in treating particular medical ailments 
 
Scientific name Family Local name Traditional utilization  Plant part used 
Callicarpa longifolia Lam. 
 

Lamiaceae  Rehau 
 

Bloody diarrhea; vaginal bleeding, 
cleanses the blood; diabetes 

Leaf 

Tetracera sp. 
 

Dilleniaceae Kayu/akar amblas Dysentery; bleeding Leaf 

Bridelia glauca Blume. 
 

Phyllanthaceae Kayu tadah/rukam 
 

Hypertension; bleeding; relapse 
(physical weakness) 

Leaf 

Tetrastigma sp. Vitaceae Akar kempis Dissolving fat Spreading root 
Leea indica (Burm.f.) Merr. 
 

Vitaceae Mali (berduri) 
 

Hypertension; vomiting blood; 
fever; malaria; lumbago 

Leaf 

Urena lobata L. Malvaceae Pulutan Rheumatism; wounds Leaf 
Clinacanthus nutans (Burm.f) 
Lindau 

Acanthaceae Akar belau Diabetes; malaria; fever; jaundice  Leaf 

Allophylus cobbe (L.) Raeusch. Sapindaceae Ambau Diarrhea; diabetes Leaf 
Alstonia iwahigensis Elmer Apocynaceae Pelai Blood stream; diabetes; blood 

pressure; male vitality; lumbago 
Leaf 

Hippobroma longiflora (L.) G. 
Don 

Campanulaceae Tapak leman Kidney stones; stamina/ vitality Leaf 
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Table 2. Types of secondary metabolite compounds identified in 
the phytochemical analysis of extracts from ten medicinal herb 
species  
 

Local names of the plants 

Chemical contents 

Fl
av

on
oi

d 

T
an

ni
ns

 

Sa
po

ni
ns

 

St
er

oi
d 

T
ri

te
rp

en
oi

d 

A
lk

al
oi

d 

Callicarpa longifolia Lam. + + - + - - 
Tetracera sp. + + + - + + 
Bridelia glauca Blume. + + - + - - 
Tetrastigma sp. + + - + - - 
Leea indica (Burm.f.) Merr. + + - + - + 
Urena lobata L. + + - + - - 
Clinacanthus nutans (Burm.f) 
Lindau 

+ - + + - + 

Allophylus cobbe (L.) Raeusch. + + - + - + 
Alstonia iwahigensis Elmer + - - + - - 
Hippobroma longiflora (L.) G. 
Don 

+ + + + - + 

 
 
 
 
Free radicals are a by-product of metabolic processes in 

biological cells and tissues. They are molecules or atoms 
that are chemically unstable because of abnormal arrays of 
electrons. The existence of these chemically unstable free 
radicals can affect the ability of enzymes to maintain cell 
functions. To take one example in humans, skin 
deterioration and aging arise from damage to the collagen 
and elastin brought about by free radicals generated by 
environmental and metabolic impacts over time. Free 
radicals can be generated by factors external to the body 
such as by food containing various preservatives, color 
additives, and unsaturated fatty acids; by pesticides; by 
ultraviolet radiation; and by cigarette smoke, among others 
(Potterat 1997). The value of natural antioxidants in 
inhibiting the activity of free radicals generated by such 
factors is thus an important area of current medical 
research.  

In biological systems, flavonoids have antioxidant 
activity; inhibiting free radicals, and in some cases having 
anti-allergic effects with reduction in inflammation and 
platelet aggregation. There are also reports of anti-
microbial effects, and inhibition of ulcers, tumors, and 
hepatoxicity (Okwu and Ndu 2006). In general, 
phytochemical analysis of plants with suspected medicinal 
benefits is a fruitful area of research for identifying 
physiologically active compounds with the ability to 
protect the human body from the effects of various kinds of 
metabolic damage arising from both internal and external 
factors (Igwenyi et al. 2011).  

Antioxidant activity  
The search for compounds with high antioxidant levels 

among plants recognized by traditional ethnic communities 
as being medically efficacious is more likely to produce 

positive research outcomes than would be a random 
exploration of forest plants unguided by such traditional 
knowledge. Pisoschi and Negulescu (2011) emphasize the 
importance of focusing on the geographical distribution of 
specific plant populations in the search for biologically 
relevant antioxidants.  

In our investigation of the antioxidant activity of 
extracts from the ten medicinal plants from Desa Sebelu 
Modern, the free radical scavenging effect of the fractions 
at different concentrations was measured by DPHH assay 
using a spectrophotometric determination of absorbance at 
a wavelength of 517 nm (Jun et al. 2003; Cefarelli et al. 
2006; Ebrahimzadeh et al. 2009; Saeed et al. 2012). The 
percentage inhibitory effect of different concentrations of 
the extracts was expressed relative to the controls as 
follows: 

 
Inhibition% = 100 x (DPHH control absorbance – 

sample absorbance) / (control absorbance)  
 
The IC50 value (the concentration required to obtain a 

50% inhibition) was employed as the parameter to express 
the relative antioxidant capacity of the different plant 
extracts. The antioxidant effectiveness of a plant extract is 
judged to be strong if it has a value of IC50 <50 ppm. 
Estimates of the IC50 values, shown in Table 3, were 
obtained by linear regression analysis of the trend in% 
inhibition in response to increasing concentration of the 
extracts.  

 The results of the study indicate that the antioxidant 
inhibition of free radicals by the tested samples increased 
with increasing concentration of the relevant extract in the 
samples. The results showed that in general, the plant 
extracts had significant antioxidant activity with IC50 
values of less than 50 ppm. An exception to this was the 
extract obtained from Alstonia iwahigensis Elmer which 
had a very low antioxidant activity with an IC50 value of 
140.48 ppm (Table 3). The results suggest that except A. 
iwahigensis, the plant species used by the Kutai community 
for medicinal purposes have significant antioxidant 
activity, a property which may be part of the explanation 
for the reputed curative efficacy of plant extracts from 
these species.  

Toxicity 
The toxicity testing of the plant samples aimed at 

finding out whether the samples contain a toxin or not. The 
brine shrimp Artemia nauplii has been suggested to be used 
as a model species in some evaluations of the 
pharmacological activity of ecotoxins and large complex 
compounds (McLaughlin et al. 1993; Dvorak et al. 2010). 
In our toxicity testing, we used the related shrimp species 
Artemia salina, Linnaeus. Initial tests were carried out with 
all ten extracts to see if at concentration of 0.1% (1000 
µg/mL) the extracts would kill the shrimp larvae. In this 
preliminary test, three of the sample extracts at that 
concentration resulted in a shrimp larvae mortality of 50% 
or more (see Table 4).  
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Table 3. Antioxidant content and calculated IC50 values of 
extracts from ten plant species used medicinally by the Kutai 
community 
 
Sample Conc.  

(ppm) 
Inhibition
 (%) 

IC50

Callicarpa longifolia Lam. 50.00 
25.00 
12.50 
6.125 
3.125 
1.562 

61.35 
35.34 
21.35 
12.18 
7.07 
3.46 

39.06

Tetracera sp. 12.50 
6.125 
3.125 
1.562 

75.77 
62.25 
50.99 
47.89 

2.30

Bridelia glauca Blume. 12.50 
6.125 
3.125 
1.562 

78.09 
54.73 
35.31 
30.90 

5.88

Tetrastigma sp. 12.50 
6.125 
3.125 
1.562 

84.62 
35.94 
17.02 
7.44 

7.79

Leea indica (Burm.f.) Merr. 12.50 
6.125 
3.125 
1.562 

58.78 
31.00 
19.35 
9.86 

10.48

Urena lobata L. 12.50 
6.125 
3.125 
1.562 

70.61 
34.05 
24.19 
22.22 

8.53

Clinacanthus nutans (Burm.f) 
Lindau 

12.50 
6.125 
3.125 
1.562 

12.03 
6.49 
4.27 
1.74 

27.26

Allophylus cobbe (L.) Raeusch. 25.00 
12.50 
6.125 
3.125 

86.82 
84.96 
63.72 
23.41 

5.54

Alstonia iwahigensis Elmer 50.00 
25.00 
12.50 
6.125 
3.125 
1.562 

19.01 
11.34 
7.03 
5.11 
3.51 
1.92 

140.48

Hippobroma longifloria (L.) G. 
Don 

12.50 
6.125 
3.125 
1.562 

68.39 
45.33 
34.39 
8.75 

8.08
 

 
 
Table 4. Evaluation of the toxicity of extracts from ten medicinal 
plant species used by the Kutai Ethnic community – mortality of 
Artemia larvae exposed to concentrations of 0.1% (1000 µg/mL) 
of the extracts  
 

Sample Mortality 
(%) Assessment 

Callicarpa longifolia Lam. 37 Not toxic
Tetracera sp. 50 Toxic
Bridelia glauca Blume. 50 Toxic
Tetrastigma sp. 7 Not toxic
Leea indica (Burm.f.) Merr. 3 Not toxic
Urena lobata L. 7 Not toxic
Clinacanthus nutans (Burm.f) Lindau 3 Not toxic
Allophylus cobbe (L.) Raeusch. 7 Not toxic
Alstonia iwahigensis Elmer 3 Not toxic
Hippobroma longifloria (L.) G. Don 60 Toxic

According to Meyer et al. (1982), a plant extract is 
considered to have toxic activity if it is able to kill more 
than 50% Artemia larvae at a concentration of 1000 μg/ ml. 
Therefore we went on to test in more detail the toxic 
activity of three plant extracts. We evaluated their toxic 
effect at lower concentrations i.e. at 0.05%, 0.025%, 
0.01%, and at 0.001%. The results are displayed in Table 5. 

The higher the concentrations of the extracts in 
solution, the higher was the percentage mortality in the test 
larvae. The trends in percent increase in mortality (%) in 
response to increase in extract concentration (µg/mL) were 
analyzed by liner regression to obtain estimates of the 
LC50 for the three sample extracts. The results of the 
calculation of LC50 values indicate that samples extracted 
from Tetracera sp. and Bridelia glauca were not toxic, 
while sample Hippobroma longifolia was assessed to be 
toxic. These findings are of significance because if 
concoctions extracted from these three species are being 
used in traditional medicines by the Kutai communities, 
then it needs to be determined whether it is safe for human 
consumption irrespective of potential benefits such as 
antioxidant activity of their phytochemical compounds. No 
complaints have so far been voiced against use of these 
materials as ingredients in the Kutai traditional medicine. 
Based on this fact, it is suspected that the toxic effects of 
the extracts on Artemia shrimps possibility do not extend to 
harmful effects on humans.   

Anti-bacterial activity 
Many traditional medicines derived from plants are 

identified as having anti-microbial activity. One standard 
method for preliminary testing of such antibiotic activity is 
to determine whether extracts of the medicinal plant can 
inhibit the growth of the ubiquitous, potentially pathogenic, 
bacterium, Escherichia coli. E. coli is an enteric bacterium 
of the family Enterobacteriaceae. It is pathogenic because 
it can cause infection in humans and animals. A 
bacteriologist, Theodor Escherich, identified E. coli in pigs 
suffering from enteritis; inflammation of the intestine that 
can cause abdominal pain, nausea, vomiting, and diarrhea 
both in humans and animals. E. coli can live in different 
environments: soil, water, plants, animals, and humans 
(Berg 2004; Bhunia 2008; Manning 2010). Enteric bacteria 
can survive in the human digestive tract including 
structures of the oral cavity, esophagus, stomach, intestine, 
rectum, and anus. E. coli can live in both aerobic and 
anaerobic environments. Therefore, the bacterium is 
categorized as a facultative anaerobic (Manning 2010).  

We tested the anti-bacterial effects of the plants extracts 
from the ten medicinal species of the Kutai community. 
The extracts ware tested at four different concentrations for 
their efficacy in inhibiting the growth of E. coli bacteria 
cultured on a Nutrient Broth medium in petri dishes. The 
results of the assay are summarized in Table 6. 

The E. coli bacteria is pathogenic because it can cause 
infection in humans and animals. A bacteriologist, Theodor 
Escherich, identified E. coli in pigs who suffer from 
enteritis. Enteritis is an inflammation of the intestine that 
can cause abdominal pain, nausea, vomiting, and diarrhea 
both in humans and animals. E. coli is a bacteria that can 
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live in different environments. These bacteria can be found 
in soil, water, plants, animals, and humans (Berg 2004; 
Bhunia 2008; Manning 2010). 

Escherichia coli bacteria is a family of 
Enterobacteriaceae which belongs to enteric bacteria. 
Enteric bacteria are bacteria that can survive in the 
digestive tract including structures of the oral cavity, 
esophagus, stomach, intestine, rectum, and anal. E. coli can 
live as aerobic bacteria and anaerobic bacteria. Therefore, 
E. coli is categorized as a facultative anaerobic (Manning 
2010).  

The extent of the bacterial inhibition zone for each of 
the ten extracts was greater at higher concentrations of the 
extract. A classification of strong inhibitory activity is 
given if the width of the zone of inhibition exceeds 6 mm, a 
classification of moderate inhibitory activity if the zone is 
3-6 mm, and of weak inhibitory activity if the zone is 0-3 
mm in extent (Pan et al. 2009). The antibacterial activity of 
the extract from Tetrastigma sp. was only weak, except at 
the highest concentration (200 µg /well) at which it was 
classified as having medium level of inhibition of E. coli 
growth. Extracts all other species were classified as having 
a strong inhibitory effect on the growth of E. coli bacteria 
at the highest concentration and for five of the species even 
at the lowest concentration of extract. 

The results suggest that leaf extracts from at least eight 
of these medicinal plants have antibacterial potential 
presumably because of the phytochemically active 
compounds they contain. It is suspected that the 
antibacterial activity of the leaf extracts is due to the 
presence of secondary metabolite components such as 
terpenoids, steroids, saponins, tannins, and flavonoids 
(Sulastrianah et al. 2014). The extent of the antibacterial 
effect may vary with the way the particular extraction 
method influences the stability and effectiveness of these 
active compounds.  
 
 
Table 5. Detailed evaluation of the toxic effects on Artemia 
shrimp larvae of extracts from three of the medicinal plant species 
at different extract concentrations ranging from 0.1% down to 
0.001%  
 

Sample Concentration Mort. 
(%) LC50 Assess-

ment % µg/mL 
Tetracera sp. 0.1 

0.05  
0.025  
0.01  
0.001  

1000 
500 
250 
100 
10 

50 
20 
7 
0 
0 

1030.99 Not 
toxic 

      
Bridelia glauca Blume. 0.1 

0.05  
0.025  
0.01  
0.001  

1000 
500 
250 
100 
10 

50 
20 
7 
7 
0 

1042.50 Not 
toxic 

      
Hippobroma longifloria 
(L.) G. Don 

0.1 
0.05  
0.025  
0.01  
0.001  

1000 
500 
250 
100 
10 

60 
57 
33 
23 
10 

423.48 Toxic 
 

 

In conclusion, sampled medicinal plant species 
traditionally used by the Kutai communities of Desa Sebelu 
Modern in East Kalimantan have been identified as 
containing bio-active compounds that are potentially 
beneficial in treating various diseases afflicting humans. 
Samples from nine species were shown to have significant 
antioxidant activity. The presence of phytochemicals 
compounds such as flavonoids, tannins, saponins, steroids, 
triterpenoids, and alkaloids was detected in most extracts 
from the species. The results of the toxicity assay showed 
that samples from one of the species were toxic, while nine 
sample was not toxic. The result of the antibacterial testing 
showed that nine species have a strong inhibitory effect on 
the growth of E. coli bacterial colonies while extracts of 
one species had only weak antibacterial activity.  

 
Table 6. The effect of plants extracts from the ten medicinal 
plants on the growth of E. coli bacteria; the extent (mm) of the 
zone of inhibition of the bacterial colonies around wells in 
containing four concentrations of each extract.  
 

Scientific name Conc. 
(µg/well) 

Inhibition 
zone 
 (mm) 

Anti-
bacterial 
activity 

Callicarpa longifolia Lam. 
 

200 
100 
50 
25 

9.44 
9.00 
9.00 
8.22 

Strong  
Strong  
Strong  
Strong  

Tetracera sp. 
 

200 
100 
50 
25 

9.45 
0.00 
0.00 
0.00 

Strong  
Weak  
Weak  
Weak  

Bridelia glauca Blume. 
 

200 
100 
50 
25 

9.33 
8.67 
0.00 
0.00 

Strong  
Strong  
Weak 
Weak 

Tetrastigma sp. 200 
100 
50 
25 

3.22 
3.00 
0.00 
0.00 

Medium
Weak  
Weak 
Weak 

Leea indica (Burm.f.) Merr. 
 

200 
100 
50 
25 

12.00 
10.56 
10.00 
0.00 

Strong  
Strong  
Strong  
Weak  

Urena lobata L. 200 
100 
50 
25 

11.89 
7.11 
6.67 
0.00 

Strong 
Strong  
Strong  
weak  

Clinacanthus nutans (Burm.f) Lindau 200 
100 
50 
25 

12.67 
11.89 
11.78 
10.45 

Strong  
Strong  
Strong  
Strong  

Allophylus cobbe (L.) Raeusch. 200 
100 
50 
25 

16.33 
14.67 
13.67 
10.44 

Strong  
Strong  
Strong  
Strong  

Alstonia iwahigensis Elmer 200 
100 
50 
25 

12.44 
12.44 
12.44 
11.78 

Strong  
Strong  
Strong  
Strong  

Hippobroma longiflora (L.) G. Don 200 
100 
50 
25 

20.67 
19.44 
17.89 
15.78 

Strong  
Strong  
Strong  
Strong  
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Abstract. Koniyo Y, Juliana. 2018. Short Communication: Introduction of study domestication of manggabai fish (Glossogobius giuris) 
in different environment. Biodiversitas 19: 260-264. Manggabai fish (Glossogobius giuris (Hamilton, 1822) is one of the fish species 
that have good economic value, so its sustainability needs to be maintained. Manggabai fish population in nature continues to decline; 
this is due to environmental changes. Environmental changes that occur in nature is very difficult to be controlled so a method is 
required to preserve the manggabai fish that exist in the natural environment. Domestication is one of the methods used to maintain 
organisms that lives in a natural environment with an artificial (controlled) environment. This study aims to determine the difference of 
natural and artificial environment as a basis for conducting domestication on manggabai fish. The research method is an experimental 
method which is used in the cultivation of fish in natural and artificial environment. Manggabai fish cultivation in the natural 
environment uses a floating net cage system with volume of 1 m3, while cultivation in a controlled environment uses a pool of 1 m3 of 
concrete. Manggabai fish uses ± 10 cm of depth of pool with a density of 100 individuals/m3. The study was conducted for 3 months 
and feeding was only given to cultivation in controlled environment by 20% with a frequency of twice/day. The research variables 
consist of growth and survival of manggabai fish. The data analysis used descriptive analysis to determine the difference of growth and 
survival of manggabai fish kept in natural environment and in controlled environment. The results show that there is a difference in the 
growth and survival of manggabai fish kept in different environments. The highest growth and survival was obtained in the natural 
environment of KJA by 87%, whereas in the controlled environment, i.e. in the survival pool, it was only 74%. The absolute longest 
growth and the highest weight growth was obtained in the controlled environment in the pool by 2.07 cm and 4.62 g, whereas in the 
natural environment in KJA, the growth of the length and the absolute brat of 0.83 cm and 2.33 g. The results showed that the quality of 
environmental maintenance is a factor that affects the success of manggabai fish domestication.  

Keywords: Environment, growth rate, manggabai fish, survival rate 

INTRODUCTION 

Bareye Goby (Glossogobius giuris (Hamilton, 1822) is 
a freshwater fish with a wide distribution, covering East 
Africa, Southeast Asia, South Asia, northern Australia, 
Papua New Guinea, China and Taiwan (Kottelat 2013; 
Larson et al. 2016). Globally, there is no major threat to 
sustainability and IUCN categorizes in Least Concern 
(Larson et al. 2016), but in some places its existence is 
threatened locally due to habitat change and over fishing.  

Glossogobius giuris or locally known as manggabai 
fish (by Gorontalonese, an Indonesian ethnic of Sulawesi) 
is one of the freshwater fish species which a few years 
earlier is quite commonly found in Limboto Lake, 
Gorontalo District, Gorontalo Province, Indonesia. This 
fish is one source of livelihood for the community around 
the Limboto Lake because it is one of the favored species 
and has a pretty good economic value. Manggabai fish 
population since 2005 until now began to decline both in 
the number of catches and size of fish. This provides 
evidence that the availability of manggabai fish in Limboto 
Lake is beginning to decline due to catching and the 
environment that does not support the life of species that 

live naturally in these waters. Marine Fisheries Department 
of Gorontalo reported that in 2005 manggabai fish catch 
reached 84.70 tons/year, in 2007 reached 19 tons/year, and 
in 2008 reached 13.6 tons/year.  

Limboto Lake as a natural habitat of various fishery 
species continues to decrease its water quality and quantity, 
thus affecting the survival of the species including 
manggabai fish. Limboto Lake has become silted due to 
floods and other activities that occur around the lake 
(Krismono dan Kartamihardja 2010). Based on preliminary 
observation data, mangabai fish is marketed far from its 
source and it show the difference of size from time to time, 
and it is currently only 1.15% decreases from 20.79%. On 
the other hand, consumer’s demand for manggabai fish has 
increased by 20-30%, and it brings implications to the 
demands of its development. Therefore, for the utilization 
of mangabai fish resources can continue and be sustainable, 
it is necessary to conserve the fish by way of arranging 
fishing and mass production of fish, among others through 
mangabai fish cultivation in a controlled manner.  

Limboto Lake as a manggabai fish habitat is one of the 
important factors for the sustainability of this commodity. 
One effort that can be done to overcome the decline of 
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water quality in Limboto Lake is to conduct a controlled 
cultivation or make natural commodities become 
aquaculture commodities. This can also be done to avoid 
extinction of natural organisms that exist in water such as 
Limboto Lake. Manggabai fish as one of the natural 
commodities found in Limboto Lake waters will be extinct 
if not prevented as early as possible.  

One of the activities that can be done is the controlled 
manggabai fish farming through domestication. 
Domestication is done by conducting trials of various 
environments, to obtain an optimal environment for growth 
and survival of manggabai fish. The condition of the 
maintenance environment can represent the natural 
environmental characteristics to support the living needs of 
cultivating organisms. Manggabai fish is one of the 
endangered fishery commodities due to environmental 
degradation in Limboto Lake, and it causes the need for 
research on domestication as the first step to conduct 
manggabai fish farming in a controlled manner.  

MATERIALS AND METHODS 

The tool used in this research was a concrete pool with 
floating net cage (KJA) with volume of 1 m3 as 
maintenance container, analytical scale, Water quality 
checker, blower, aeration hose, aeration faucet, and 
aeration stone. The materials used during the research were 
manggabai fish seed, F-999 fish feed, and fresh water. 
Research was experimental with Completely Randomized 
Design (CRD) consisting of two treatments and three 
replications of each treatment. The treatmentwas the 
maintenance of manggabai fish which was controlled by 
using concrete pond and KJA. The seeds used in this 
research are manggabai fish seeds originating from 
catching in Limboto Lake, Gorontalo District, Gorontalo 
Province, Indonesia totaling 600 individuals with ± 10 cm 
long and ± 35 grams per individual. The density of fish was 
as much as 100 individuals/container. Feeding is given as 
much as 5% of biomass weight with feeding frequency as 
much as 2 times a day i.e., morning and evening.  

Manggabai fish seed maintenance is done for 8 weeks. 
Measurement of length and weighing of manggabai fish 
seeds was done by sampling technique that took 20% 
samples from total seeds in each container and done once a 
week. Survival is obtained by calculating total live 
manggabai fish. Water quality measurement is done once 
every week and observed parameters are temperature, pH, 
and DO. 

Research variables 
Absolute growth 

The growth rate of fish seed of manggabai measured in 
this study was the absolute length growth and absolute 
weight of fish seed of manggabai. 

Absolute length growth 
Calculation of absolute length growth of fish seed of 

manggabai according to Effendie (1997) are as follows:  
 

L = Lt-Lo 
 
Where: 
Lt = length of fish at time t (cm) 
Lo = length of fish baseline (cm) 

Absolute weight growth 
Calculation of absolute weight growth of fish seed of 

manggabai according to Effendie (1997) are as follows:  
 
W = Wt-Wo 
 
Where: 
W = weight gain of fish seed (g) 
Wt = weight of fish seed at t time to the end-t (g) 
Wo = Initial weight of fish seed (g) 

Survival rate 
Survival or the survival rate (SR) is the percentage of 

organisms that live at the end of a certain time. Calculation 
formula of survival rate according to Goddaard (1996) is as 
follows: 

 

 
 
Where: 
SR = Survival Rate (%) 
Nt = Number of fish at time t (individual) 
No = number of fish baseline (individual) 

Data analysis 
The data included the growth of absolute length and 

weight and the survival of manggabai fish kept in a natural 
environment and in controlled environment. The data were 
analyzed using descriptive analysis and shown in the graph. 
The data analyzed were data of absolute length growth, 
absolute weight growth and survival rate of manggabai fish 
seeds that were kept for eight weeks.  

RESULTS AND DISCUSSION 

Growth is an increase in length, weight, or volume in a 
certain time. Growth can be used as one of the indicators to 
look at the physiological conditions of individuals or 
populations. Absolute growth consists of two namely 
growth of length and growth of weight. The variables 
measured in this study consisted of the length and weight 
growth and survival of manggabai fish kept in different 
environments and maintenance containers. Observations 
and measurements made during maintenance are the 
growth and survival of manggabai fish kept in natural 
environments using floating net cage (KJA) and controlled 
environments in concrete pools. 

Absolute length growth 
The absolute length growth of manggabai fish seeds 

maintained at floating net cage (KJA) and at concrete ponds 
for eight weeks showed that the highest length growth was 
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obtained on maintenance using KJA containers. While 
manggabai fish seeds taken care in concrete pond 
maintenance containers produced lower length growth. The 
absolute length growth value of manggabai fish seeds in 
KJA and in concrete ponds can be seen in Figure 1. The 
absolute length gained was 2.07 cm during eight weeks 
maintenance in a controlled environment, while the 
absolute length in the natural environment was 0.83 cm. 

Absolute weight growth 
The results of measurements on absolute weight growth 

indicated that manggabai fish seeds kept in concrete pond 
containers were higher than those kept in natural KJA. 
These results indicated that weight growth is affected by 
different types of maintenance containers. The highest 
absolute weight growth in fish seeds kept in concrete ponds 
was 4.62 grams and the lowest in the natural environment 
of KJA was 2.33 g. The value of the absolute weight 
growth in both containers can be seen in Figure 2.  

Environmental quality in the maintenance of 
aquaculture organisms is a major factor affecting 
organisms cultivated in natural environment and controlled 
environment. The quality of the maintenance environment 
greatly affects the growth and survival of an organism. 
Different environmental qualities will also affect the 
quality and quantity of organisms cultivated on the 
environment. The quality of the environment as a living 
medium of manggabai fish during maintenance will also 
have an effect on the space for fish to obtain feed. Growth 
is influenced by environmental differences, also the 
environment will affect the success of domestication of 
wild species. Domestication will succeed if the controlled 
environment can replace or correspond to the natural 
habitat of a species, because if there were significant 
differences, they will affect the ability of adaptation of 
species to be domesticated. 

In addition to environmental factors, feed is also one of 
the most important factors in the success of species 
domestication. Lack of feed will slow the rate of growth of 
fish, since the ability of fish to obtain the feed is influenced 
by the availability of feed and space. With a large enough 
space, a quite large fish can move maximally to find the 
available feed on the environment. This opinion is in 
accordance with the opinion of Rinandha (2014), saying 
that in the artificial environment, fish will restrict to get 
food because it depends only on the feed given, so that will 
affect the growth rate of related fish. The feed is one factor 
that plays a role in the growth of manggabai fish. The more 
varied and higher nutrient content of the feed will be good 
for the growth of fish. According to Sulistiono (2012), 
protein plays an important role in the preparation of tissues 
and organs of animals, including fish. The nutrient content 
of feed given during fish maintenance should match the 
needs of the domesticated fish. Protein is one of the most 
important ingredients in fish feed, protein content in the 
feed should be available in sufficient quantities. Low feed 
protein levels will lead to slow growth. Controlled 
environment can give a good enough effect if the given 
feed can meet the needs of life. The feed should meet the 
quantity and quality required to increase the growth and 
survival of the domesticated organism.  

 
 
Figure 1. The absolute growth of manggabai fish in Limboto 
Lake, Gorontalo, Indonesia  
 
 
 

 
 
Figure 2. The absolute weight of manggabai fish in Limboto 
Lake, Gorontalo, Indonesia 
 
 
 

 
 
Figure 3. The survival rate of manggabai fish seeds in Limboto 
Lake, Gorontalo, Indonesia 
 

Survival rate 
The survival of fish is percentage of the number of fish 

that still live from the number of fish kept in one container. 
Survival is shown by mortality (death). After the research, 
the average data on the survival rate of manggabai fish is 
shown in Figure 3.  

The figure shows that the percentage of survival rate of 
Manggabai fish seeds maintained in different environments 
gives different survival values. Survival is also affected by 
the environments and feed quality available to the 
environment. One effort to overcome the low survival of 
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the organism is by maintaining the fish on appropriate 
environmental quality and also paying attention to proper 
feeding both in size, amount and nutrient content of the 
feed to be provided during the maintenance process 
(Hasmaradi 2002). 

Based on the results of this study, it can be concluded 
that the highest survival is obtained in natural environment 
by using KJA namely 83%, while in controlled 
environment using survival concrete pool, it is equal to 
74%. The quality of the environment will affect the growth 
and survival of the fish to be cultivated. This is because the 
environment can affect the availability of feed naturally. In 
a controlled or artificial maintenance environment, feed 
cannot be obtained naturally, but must come from the feed 
given during the maintenance process (Tarigan 2014). 

 Feed that has good nutrition is instrumental in 
maintaining the survival and accelerate the growth of fish. 
In addition, feeding does not damage water quality and 
does not leave any residual feed as in the provision of 
pellets, on granting water pellet maintenance media more 
quickly dirty. This is in accordance with the opinion of Rao 
et al. (2001) which states that the survival of fish seeds is 
determined by the quality of water. During the maintenance 
of several fish deaths in all treatments, it is more common 
for the first week until the second week of maintenance, 
presumably because the fish have not been able to adapt to 
new maintenance containers.  

The adaptability of organisms is also a very important 
factor in the survival of the organism. Adaptability at the 
start of the transfer of fish to be domesticated is usually 
very fragile since early adaptation will require far more 
energy than older fish that have been adapted for a longer 
time. In the early adaptation process, usually, the fish will 
experience a high enough death due to the use of energy to 
adapt to the new environment. This leads to the need for 
gradual adaptation of fish or species to be domesticated. 
The natural environmental quality of living fish to be 
domesticated must be known so that the contiguous 
environment to be used for the domestication process 
should be similar to the natural environment of the fish. 
The quality of the controlled environment is made equal to 
the natural environment, especially in terms of quality, so 
that fish do not require excessive energy for the initial 
adaptation process. The appropriate environment will also 
have a good effect on the survival of the fish to be 
domesticated. The results showed that the first week of 
manggabai fish maintained in the controlled environment 
experienced the greatest decrease in survival compared to 
maintenance in the second week to eight weeks. This 
proves that early adaptation is very important to the 
survival of fish to be domesticated.  

Water quality 
Water quality is a very important factor in the 

cultivation of fish because it is needed as a medium of life. 
The result of water quality measurement during manggabai 
fish seed maintenance can be seen in Table 1. 

Some environmental factors in the water that affect the 
life of fish are temperature, degree of acidity (pH), 
dissolved oxygen (DO) and so forth. The water temperature 

during the study ranged from 26.83-27.19°C. It indicates 
that the maintenance mediums are in accordance with 
Tamsil’s opinion (2000), which states that good water 
temperature for manggabai fish maintenance ranges from 
26-30°C. The relationship between temperature and fish 
growth according to Sulistiono et al. (2007) is that there is 
little or no growth at all below a certain temperature 
(20°C). Further growth increases with increasing 
temperature until it reaches its maximum point (30°C), and 
decreases again or even becomes negative (lethal) at a 
temperature above the maximum point (33°C). In general, 
the amount of water pH to be used as a maintenance 
medium for manggabai fish seed must be in accordance 
with its natural habitat in nature, which is from 6.5-8.5. The 
non-conformity of water pH with the living conditions of 
manggabai fish seed will result in the basic development 
and growth of fish. Based on the results of water pH 
measurements during the study ranging from 7.17OC to 
7.41OC, the water pH range during the study strongly 
supported the growth of Manggabai seed fish. 

In addition to both the temperature and water pH factors 
above, oxygen is an important element in the life of the 
organism. The oxygen in water is called dissolved oxygen 
(DO). The result of measurement of dissolved oxygen 
value in research media ranged from 5.55-6.45 mg/L. The 
ups and downs of the oxygen value are related to the water 
temperature values. The range of dissolved oxygenin the 
research media is considered still feasible in supporting the 
growth of manggabai fish seed. According to Islam (2004), 
the best dissolved oxygen content for manggabai fish 
maintenance is above 3 ppm.  

Based on the results of research on growth and survival 
of manggabai fish seed (G. giuris) maintained in different 
containers, it can be concluded that: (i) Growth and 
survival of manggabai fish seeds maintained on different 
types of containers show different results. (ii) The highest 
growth and weight is obtained on maintenance by using 
concrete pond container that is equal to 2.07 cm in length 
and 4.62 g in weight. While the lowest length growth and 
the lowest weight growth is obtained in the container 
maintenance using KJA with 0.83 cm in length and 2.33 g 
in weight. (iii) The highest survival is obtained in 
concrete pool KJA namely 87%, while the lowest is 
obtained at KJA controlled concrete pool namely 74%.  

 
Table 1. Water quality of Limboto Lake, Gorontalo, Indonesia 
 

Treatment Parameter 
Temperature pH DO 

KJA 26.83-26.93 7.17-7.22 6.00-6.45 
Pond 26.85-27.19 7.18-7.41 5.55-6.04 
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Abstract. Takandjandji M, Gunawan H, Sihombing VS. 2018. Rapid assessment method for population estimation of softshell turtle 
(Amyda cartilaginea Boddaert, 1770) and reticulated python (Python reticulatus Schneider, 1801). Biodiversitas 19: 265-271. The 
decreasing number of soft-shell turtle and reticulated python in the wild is due to high demand of the animal in local as well as 
international market. The condition made the Indonesian government set particular collecting and trading quota for the reptiles, but 
unfortunately, it does not automatically guarantee their preservation. Current collecting practices will lead to population decline and 
even extinction of the species since the reptiles’ population in the wild has not yet been accurately determined. The purpose of the 
research was to determine a rapid method of population estimation to establish a baseline for determining collecting quota for the 
reptiles, especially of softshell turtles and reticulated pythons. The study was conducted in East Kalimantan using the method of deep 
interviews of 20 respondents (exporters, fishers, traders, collectors) and 15 key respondents (government officials). The results of this 
survey showed that the collect reptiles were collected from the wild, since up to now, there has been no successful breeding program of 
reptiles. The collected reptiles were dominated by female adult softshell turtles collected from Kotabangun area which has collecting 
quota of 1,080/year (1/3 of the exporting quota for East Kalimantan). Softshell turtles collected from Kotabangun have bigger in stature 
than those found in West Java and Jakarta, and the reticulated pythons collected from Kotabangun are longer than those found in West 
Java and Jakarta. The number of reticulated pythons collected from Kotabangun reaches 4,800 individuals/year (1/4 of the quota set for 
East Kalimantan export).  

Keywords: Quick population assessment, quotas, reticulated python, softshell turtle 

INTRODUCTION 

Softshell turtle (Amyda cartilaginea Boddaert, 1770) 
and reticulated python (Python reticulatus Schneider, 
1801) are classified as non-protected wildlife under 
Indonesian law, but CITES has classified them as 
vulnerable species in Appendix II of IUCN. Softshell turtle 
and reticulated python are reptiles that can be found 
throughout Indonesia; in Kalimantan, Sumatra and their 
satellite islands (i.e. Bangka, Belitung, Riau Islands), and 
in Java, Bali, Lombok and their associated islands (Auliya 
2007). The reptiles are included among the fauna that lives 
in freshwater (softshell turtle) and damp areas (reticulated 
python) and are well adapted for survival in the East 
Kalimantan area. There is significant potential for human 
utilization of softshell turtle and reticulated python in 
Indonesia; the reptiles can be consumed as food, their skins 
can be utilized as handicraft (bag, purse, shoes, jacket, 
waistbelt, and other souvenirs), or they can be cared for as 
pets. Kartzner (2011) stated that on-site encounter 
calculation was generally employed to estimate the 
population of the species. Carbone (2001), Houser et al. 
(2009), Rovero and Marshall (2009), and Funston (2010) in 
their studies stated that for indices of abundance, camera-
taken images and track counts were often used. Density, 
then, could be predicted using double sampling calibration. 

However, accurate estimation of their numbers in the wild 
has not been known.  

The quota for collecting softshell turtles and reticulated 
pythons in East Kalimantan is the highest compared to 
other regions in Indonesia. In several areas of the province, 
both reptiles have traditionally been hunted and consumed 
as food by local (Dayak) people and even sold to other 
countries. The quota set by CITES Appendix II for 
softshell turtle collecting in the wild in East Kalimantan in 
2016 was 4,500 individuals for consumption purposes but 
not as pets, while the reticulated python’s quota for 2016 
was set at 18,500 individuals. Based on regulation, 
softshell turtles collected from the wild in Indonesia must 
weight less than 5.5 kg or more than 13.5 kg, thus leaving 
the more reproductively fit sector of the population in the 
wild for replenishment of the stock (ID CITES MA 2008). 
The quota for collecting Python reticulatus is always 
higher than on other snake types listed in Appendix II 
CITES since the population is still considered high and is 
widely dispersed around the region. The number of 
reticulated pythons permitted to be collected from the wild 
in Indonesia in 2015 was set at 175,000 individuals per 
year, with 90% of the captured python was allocated for 
international leather export, while the remaining 10% 
(17,500) was for fulfilling domestic demand (IUCN 2015). 
Anderson (2001) in his study stated that the use of 
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population information has frequently been criticized for 
assuming unchanging detection probabilities.  

The current quota system has been set with the 
expectation of avoiding negative impacts on the 
populations of reticulated python and softshell turtles in the 
wild. However, the high demand, particularly for 
reticulated python’s skin/leather for the craft industry, has 
brought about a situation of endangering the reptile 
population. There is a need for a rapid assessment method 
in estimating reptile populations in order to establish a 
more reliable basis for setting sustainable collecting quotas 
for softshell turtles (Amyda cartilaginea) and reticulated 
pythons (Python reticulatus). There are several rapid 
assessment approaches that are based on the number of 
individuals captured or trafficked and exported. Study of 
reptile reproduction in the wild, including counting the 
number of eggs, the percentage of survival, mortality, age, 
and sex, can be used to determine populations in the wild 
(Krebs 1999). 

MATERIALS AND METHODS 

The research was carried out in September 2016 at 
Kotabangun Subdistrict, Kutai Kartanegara District, East 
Kalimantan, Indonesia, as well as a series of field survey in 
Kahala River and Belayan River, tributaries of Mahakam 
River in Kutai Kartanegara District, East Kalimantan, 
Indonesia (Figure 1). We monitored reptile populations of 
softshell turtle (Amyda cartilaginea Boddaert, 1770) and 
reticulated python (Python reticulatus Schneider, 1801) by 
visiting and interviewing key informants involved in the 
collecting and trading of reptiles, and by field survey.  

Depth interview method was used in this study with 23 
questions regarding the reptiles’ trade and demand. Deep 
interviews following structured guidelines were carried out 
on 20 respondents (fishermen, collectors, traders, 
exporters) and 15 key respondents belonging to the 

Association of Indonesia Traders of Turtles and Softshell 
Turtles for Consumption (APEKLI), the Association of 
Indonesia Reptile and Amphibia Industry (AIRAI), and the 
Regional Conservation Office (BKSDA).  

A field survey was conducted using the Catch per Unit 
Effort (CPUE) method (Krebs 1999; Kusrini et al. 2009). 
The measurements included recording the number of 
reptile individuals caught, determining the population 
structure based on weight/size of individuals, and 
determination of the sex ratio of the catch. In addition to 
the estimation of the population, description of the habitat 
conditions was also recorded. A comparison of the 
advantages and disadvantages of the two approaches, i.e. 
the key informant interviews method and the field survey 
method, is presented in Table 1. A graphic depiction of the 
overall rapid population assessment procedure and its 
relation to collecting quotas, is shown in Figure 2. 

RESULTS AND DISCUSSION 

Characteristics of the habitat of Amyda cartilaginea in 
East Kalimantan 

The first observation of habitat of A. cartilaginea was 
carried out in the lower reaches of the Kahala River, 
Kahala Village, Kenohan Sub-district, Kutai Kartanegara 
District, East Kalimantan (coordinates: S 00001'22,1''; E 
116021'43,0''). The regions are partially covered with trees 
including, Gluta sp., Hibiscus sp., and Lophopetalum sp. 
Several species of herbaceous plants are also observed, 
among which are Mimosa pudica, Panicum repens, and 
Hymenachne amplexicaulis. The Kahala River’s width is 
about 5-7 meters with a depth of 3-6 meters; the watercolor 
is muddy brown; there is a slight current; the substrate is 
sandy-mud. Many types of fishes and small river crabs 
have habitat in the Kahala River, and many of them are 
fished using traps and simple fishing tackle. 

 
 

 
 

Figure 1. The study site in Kotabangun, Kutai Kartanegara District, East Kalimantan, Indonesia as well as field survey in Kahala River 
and Belayan River, tributaries of Mahakam River 
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Table 1. Advantages and disadvantages of visits to collector/ 
traders approach and of field survey approach (Kusrini et al. 
2009) 
 
Approach Advantages Disadvantages 
Visits to, and 
interviews with, 
collectors/traders 

Relatively cheap and 
fast. High probability 
of getting the latest 
information about 
collecting locations 
(local distribution) 
since the traders and 
collectors are actively 
seeking reptiles to 
fulfill market 
demand. 
 

It is hard to 
determine the age 
composition of the 
populations since 
traders/collectors are 
collecting reptiles 
only of a certain 
age/size requested 
by the market. It is 
also hard to 
determine the actual 
conditions of the 
reptiles’ habitats.  
 

Field survey The age composition 
of the reptile 
populations can be 
accurately 
determined, and the 
condition of the 
habitats observed 
empirically.  

Relatively more 
expensive and 
required longer time 
since there is no 
certainty of finding 
the individual.  

 

The second observation of habitat was carried out in the 
Belayan River, which is a tributary of the Mahakam, at Ulu 
Liang Village, Kotabangun Sub-district, Kutai Kartanegara 
District, East Kalimantan (coordinates: S 00014'13,80''; E 
116034'15,40''). There is not much difference between the 

habitat at this site and the Kahala Village site. The A. 
cartilaginea’s habitat at Liang Ulu Village is semi-open 
with several dominant water plants including Eichhornia 
crassipes, Ipomoea aquatica, and Nymphaea alba. The 
riverbank is overgrown with herbaceous species among 
which are Mimosa pudica, Panicum repens, and 
Hymenachne amplexicaulis. The width of the Mahakam 
river at the Liang Ulu Village is approximately 15 m; the 
depth varies between with 1 and 4 meters; after rain, the 
water is a murky brown, but it is slightly clear in the dry 
season. The substrate is muddy. There is a medium current 
with the water flow (Figure 3).  

Characteristics of the habitat of Python reticulatus in 
East Kalimantan 

Two locations on secondary swamp forest were used as 
the study sites for Python reticulatus. The sites were 
situated along the streams of the Belayan river and along 
the streams of the Kahala river. This is consistent with the 
statement of Mukherjee et al. (2012) that the reticulated 
python likes swampy habitats, adjacent to rivers, lakes, 
adjacent to the forests, paddy fields, and also rocky hills. 
The secondary swamp forest located in the Kahala Village 
is not always aqueous. Direct rainfall is the source of the 
water in the habitat. When it rains, there is a flow of water 
resembling a creek. But after a few days without rain, the 
creek dries up, leaving only puddles between tree roots. 
The forest floor is covered by heaps of litter derived from 
rotten leaves and dead roots of trees. The canopy cover is 
moderate, allowing the sun to penetrate to the forest floor.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Overall procedure for rapid assessment of populations of softshell turtle and reticulated python 
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Figure 3. Habitat Amyda cartilaginea in the Kahala River (left) and Belayan River (right) at Kutai Kartanegara District, East 
Kalimantan, Indonesia 
 
 
 
Table 2. Reproductive behavior of Amyda cartilaginea and Python reticulatus at the research site 
 

Type of  
reptile 

Breeding 
season 

Breeding
method 

Number 
of eggs 

Hatchery 
time 

(days) 

age of 
maturity

(yrs) 

Hatching
temp. 

Humidity 
(%) 

Hatchlings
weight 

(g) 
total feed 

Gestation 
period 

(month) 
Sex ratio

A. cartilaginea Jul-Dec Egg 10-30 45-50 2-3 25-300C 85-95 7-9 5% x bw - 1:3 

P. reticulatus Sep-Mar Egg 10-100 80-90 2-4 31-320C Day  61-96 
Night 72-99 

- 5-10% x bw 4.5 1:2 

 
 
 
 
 
Behaviors, reproduction and sex ratio 

Observation in both Kahala and Belayan Rivers 
revealed that A. cartilaginea is rarely found in groups 
because it is a semi-aquatic turtle with a solitary pattern of 
behavior. A. cartilaginea’s daily behavior in nature could 
be divided into two main activities, i.e. on land and in 
water. On land, their main activity was basking, while in 
the water, their activities are eating, poking their heads out 
of the water, resting in the shadow of water plants, and 
burying themselves in the mud at the swamp bottom. To 
detect the presence of A. cartilaginea and estimate their 
population, the bottom of the waterway was stirred with 
sticks to provoke the turtles to come out of the mud and 
swim to the surface. The amount of A. cartilaginea’s 
activity in the water tends to increase in response to the rise 
of temperature. In general, softshell turtles spend most of 
their lifetime in the water, except during spawning time 
when they come up onto the land. Softshell turtles, like 
other reptiles, are cold-blooded animals (poikilothermic), 
which means that their body temperature is adaptable to the 
temperature of the surrounding environment. At high 
external temperatures, softshell turtles are more active, 
while at low temperatures, they are usually less active, are 
rarely seen moving in the water, and immerse themselves 
longer in the mud.  

Reproduction is one of the crucial aspects of attempting 
to estimate populations from a quick count; basic data of 

their reproductive behavior is required in order to increase 
the reliability of population estimation used in setting 
appropriate quotas. Reproduction data for softshell turtles 
and of reticulated pythons obtained at the study site 
included the sex ratios, the age of sexual maturity, 
spawning season, the breeding season, gestation period, 
egg counts, hatchability, and hatching time (Table 2). 

The genders of individual turtles were determined by 
observing the form of the carapace, namely the convex and 
flat shape of the carapace, the ratio between curved 
carapace width (CCW) and curved carapace length (CCL). 
A. cartilaginea males have a flatter/thinner and 
tapering/oval form of the carapace, while the females have 
a more convex/thicker and rounder carapace. In general, a 
male A. cartilaginea individual has a shorter carapace and a 
long tail so that the tail-tip is visible outside the carapace, 
while a female is usually shorter and thick-set in shape and 
its tail is invisible outside the carapace. 

The softshell turtles' breeding season depends on the 
maturity of their gonads, and it usually occurs in May and 
June when the water temperature ranges around 20oC. Two 
weeks later, the females will spawn, laying their eggs on 
land in sandy places. In nature, softshell turtles generally 
spawn between July and December. The male reproductive 
organ in the form of a penis is located in the ventral 
rotodenum wall; after copulation, fertilization of the ova is 
internal (Mustalafin and Anggoro 2013). 
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Female softshell turtles spawn eggs 3-4 times a year 
with intervals of 2-3 weeks. They spawn 10-30 eggs in a 
single spawning. The egg has a round shape, with whitish-
yellow or beige in color and a diameter of 1.5 to 2 cm. It 
has an average weight of 5 grams, and its outer texture is 
relatively hard. Eggs hatch into baby turtles after 45-60 
days. When nesting, the female uses its hind legs to dig a 
hole as deep as 20 cm to store the eggs.  Before the mother 
moves back into the water, the hole is closed again with 
sand.  

Data collected on the reproductive behavior of pythons 
included observations of the age of sexual maturity, the 
mating season, mating process, gestation period, spawning 
season, and the number of eggs produced in a single spawn 
(Table 2). According to Matswapati (2015), reticulated 
pythons reach sexual maturity at the age of 2-4 years, with 
body length of about 2.0-2.5 meters on male and of about 
3.0 meters on females. The breeding season takes place 
between September and March. Determination of the 
mating season is based on three techniques; observation of 
the size of spurs, observations on the thickness of the tail 
and by probing. The breeding season of reticulated pythons 
depends on a decrease in the length of daylight and a 
decrease of air temperature. However, it varies from one 
place to another. Reticulated pythons in Palembang (below 
the equator, in South Sumatra) spawn between September 
and October, while in Medan (above the equator in North 
Sumatra) spawning occurs between the months of April 
and May (Houston 1999; Nainggolan 2015).  Male and 
female snakes are fasting during the breeding season; 
females will continue fasting until they spawn and they 
stay like that until the time the eggs hatch. Reticulated 
pythons gestation period is 4.5 months when it will search 
for suitable nest sites for optimal development of their 
eggs. Reticulated python females lay around 10 to 100 eggs 
in a single spawn, and the eggs will be incubated at a 
temperature of 31-32°C for 80-90 days, and sometimes, 
more than 100 days. A female reticulated python has a pair 
of ovaries and an oviduct as its reproductive tract (Amaliah 
2012). A male python has a pair of testes and tubule 
seminiferous as its reproductive tract and a pair of 
hemipenis as its copulation tool. The cloaca is the opening 
of three channels; digestive, excretory and reproductive.  

Age and morphometry 
The results of measurements on CCL (Curved Carapace 

Length) of A. cartilaginea obtained from collectors in 
Kotabangun were classified into three age classes; juvenile, 

young adults, and adults. This is because adult individuals 
are more visible and the fishing tackle used (most anglers 
use a fishing pole) does not enable hatchlings/chicks to be 
caught by hook. However, if there is drought or flood, it is 
easier to ample the softshell turtles. In such circumstances, 
without the help of a fishing pole, softshell turtles (even 
young turtles) can be seen and be easily caught by their 
hunter on the surface of the rivers. 

Morphological characters measured in the survey of 
softshell turtles include CCL (curved carapace length), 
CCW (curved carapace width), and body weight (BW). 
Measurements were taken on 30 individual softshell turtles. 
Among those 30 turtles, CCL ranged from 16 cm to 60 cm, 
and body weight ranged from 0.6 kg to 19.5 kg. Softshell 
turtles caught were dominated by the weight category of 2-
9 kg. A summary of the results of measurement on the 
softshell turtles obtained during the survey in Kotabangun 
is presented in Table 3. 

From the data, it can be concluded that the collected 
softshell turtles from Kotabangun were predominantly 
female with an average CCL of 31.6 ± 15.7 cm, average 
CCW of 29.2 ± 9.3 cm and average BW of 5.67 ± 6.7 kg. 
For the males, CCL averaged of 55.0 ± 6.9 cm, CCW 
averaged of 41.7 ± 2.3 cm, and BW averaged of 17.0 ± 2.2 
kg. The distribution of CCL, CCW, and BW among the 
softshell turtles is presented in Figure 4. 

The softshell turtles collected from Kotabangun are 
dominated by juveniles with the size of 2 kg. This is due to 
the demand of that category from abroad. From Table 2, it 
can be concluded that the female gender dominates the 
collecting (75%). This suggests that the availability of 
females in the wild population is greater than that of the 
males. The higher number of females than males in the 
natural catchment indicates that the population structure of 
A. cartilaginea is still favorable for replenishment.  

The measurement results for reticulated pythons in 
three research locations (Jakarta, Bogor, Kotabangun) are 
presented in Table 4. 
 
Table 3. Results of the survey of A. cartilaginea morphology 
measured in Kotabangun 
 

Sex 
Curveline 
Carapace 

Length (CCL) 

Curveline 
Carapace 

Width (CCW) 

Body Weight 
(BW) 

Male 55.0± 6.9 cm 41.7 ±2.3 cm 17.0±2.2 kg 
Female 31.6 ±15.7 cm 29.2±9.3 cm 5.7±6.7 kg 
 

 
 
 
 
Table 4. Average size of reticulated pythons at three sites; Bogor and Jakarta in Java, and Kotabangun in East Kalimantan 
 

Site Number of individuals 
Results measurement 

Total Length  
(m) 

Head 
circumference (cm) 

Rim tail 
(cm) 

Abdominal circumference  
(cm) 

Bogor 9 3.26±0.83 17.4±2.3 16.6±1.4 38.2±1.5 
Jakarta 5 3.43±0.51 17.4±1.1 15.9±4.2 30.7±8.8 
Kotabangun 16 3.47±1.02 19.7±5.1 15.8±3.4 32.0±6.3 
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Figure 4. Curved Carapace Length (CCL), Curved Carapace Width (CCW) (left), and Body Weight (BW) (right) of A. cartilaginea 
from Kotabangun, East Kalimantan 
 

 
 

Table 4 shows that the body size of reticulated pythons 
from Kotabangun (Kartanegara Kutai Regency, East 
Kalimantan Province) is longer than those from the two 
sites in Java. The reticulated pythons in East Kalimantan 
have greater total length and circumference of the stomach, 
head, and tail). Based on size and the weight ratio between 
male and female both python in Java and Sumatra, female 
python has higher value than male python. This is 
consistent with the statement of Shine et al. (2000) that 
female Reticulated Pythons grow much larger, and mature 
earlier with larger body size than males but male pythons 
were heavier than females at the same body length 

In conclusion, it is well known that the collecting and 
utilization of softshell turtles still depend on natural 
populations in the wild; there is no successful cultivation of 
softshell turtle yet. Softshell turtles remain an export 
commodity and there is increasing demand. The collecting 
quota allocated for the province of East Kalimantan in 
2015 was quite high (4,500 individuals per year); living 
turtles are for consumption, not for pets. The average 
collection from a collector in Kotabangun was 32 
individuals per week. Assuming that there are three active 
collectors, then, the total softshell collected is estimated to 
be around 100 individuals per months. This means that, in 
one year, the region of Kotabangun alone accounted for 
1,200 per year or 1/3 of the export quota. The quota set for 
collecting Python reticulatus in the Province of East 
Kalimantan in 2016 was 18,500 individuals in the type of 
living snakes, and they cannot be kept as pets. It is 
estimated that in a single year the region of Kotabangun 
reached 4,800 per year or 1/4 of the allowable export quota 
for East Kalimantan. Comprehension of spatial, as well as a 
temporal factor (reproduction and number of catches) 
impacting the daily movements, will improve estimation of 
density. 
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Abstract. Astiani D, Curran LM, Mujiman, Ratnasari D, Salim R, Lisnawaty N. 2018. Edge effects on biomass, growth, and tree 
diversity of a degraded peatland in West Kalimantan, Indonesia. Biodiversitas 19: 272-278. Tropical forested peatlands in Indonesia are 
threatened by logging and clearing which reduce their ecosystem functions and degrade the environment. Land use change activities 
disturbed intact forests, resulted in landscape fragmentation. Scattered forest matrices resulted in forest edge areas, which will 
considerably affect the forest biotic and abiotic conditions, as well as forest tree dynamics within the edge sites. The goal of this study 
was to investigate the effect of forest edge on perimeter of the forest fragment on the forest biomass stock, growth, tree basal area as 
well as species composition, richness and abundance in a degraded peatland forest in West Kalimantan. A twelve-ha forest was divided 
into 35 plots in the interior forest and 13 at the forest edge; each plot was 50 m by 50 m in size based on their abiotic conditions such as 
light and temperatures. Leaf Area Index (LAI) was measured in each plot of both forest edge and interior sites using Licor-2100. The 
results indicated that even though the biomass levels maintained relatively moderate to high levels on both sites, forest edge 
significantly lowered forest biomass by 32%, reduced 23-25% of tree-biomass growth per unit area for both tree diameter of 10-20 cm 
and >20 cm. There was a shift of tree species composition, 76 species were found on both sites, 24 species were not found in edge site, 
but present in the interior site and 10 species were found only in edge site. Peatland forest matrix created forest edges that are lowering 
peatland forest roles in sequestering carbon per unit area and reducing species diversity. Peatland forest restoration should be conducted 
to reduce forest matrices and to lower the edge effects. 

Keywords: Forest edge, forest interior, forest matrix, species abundance, species richness  

INTRODUCTION 

Tropical forested peatlands provide various ecosystem 
services, not only to local people and surrounding nature, 
but also to global population such as biodiversity 
conservation, hydrology regulation, and carbon storage. 
However, the ecosystem experiences enormous pressures 
lately and deserves special attention to prevent its 
continuous destruction (Celine et al. 2013). Achard et al. 
(2002) and Miettinen et al. (2011) stated that the 
deforestation rate of intact forest in Southeast Asian 
tropical peatlands, concentrated in Sumatera and 
Kalimantan, Indonesia, was 3.4% per year from 1990-
2010. Similarly, tropical forests in Indonesia are also 
threatened mainly due to anthropogenic activities such as 
logging and land use and land cover changes (Margono et 
al. 2012).  

Land use and land cover changes cause forest 
fragmentation which leaves relatively small to large, 
isolated patches of forest remnants. Forest fragmentation is 
one of the largest threats to biodiversity in forests 
(Bierregaard 2001). Forest fragmentation usually creates 
edge effect, which refers to the changes in population or 

community structures that occur at the boundary of two 
habitats. Forest degradation can lead to temporary or 
permanent destruction, having a negative effect not only on 
forest vegetation structure, but also on species composition 
(Astiani 2016); furthermore, the condition can lead to 
productivity reduction (Grainger 1993; Lambin 1999). 
Since tropical forests play a major role in regulating global 
carbon fluxes and stocks, especially in peatland (Maltby  
and  Immirzi 1993; Brown 2002; Hooijer et al. 2010; 
Astiani and Ripin 2016), even a very small alteration to 
carbon balance in this biome can have a huge effect on 
atmospheric greenhouse gasses especially carbon dioxide 
(Rieley  and  Page 2005; Hooijer et al. 2006; Uryu et al. 
2008; Wood et al. 2012). Globally, however, deforestation 
and forest degradation are threatening forest's function in 
CO2 sequestration (Jaenicke et al. 2008; Saatchi et al. 
2011), as well as degrading peatland forest role in inputting 
water and nutrient to soil (Astiani 2017a). Moreover, 
deforestation and forest degradation account for 
approximately 12% of global Greenhouse Gas (GHG) 
emission (Van Der Werf et al. 2009).  

Forest edges are presumed to have deleterious impacts 
on the trees that remain in the adjacent forest. Previous 
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studies mentioned that they cause forest structure damage 
(Laurance et al.  1999), and lead to degradation on forest 
fragments (Gascon et al. 2000). To improve the knowledge 
on the consequences on forest edge in West Kalimantan 
peatland forest, the objective of this study was to 
investigate the effects of forest edge on biomass, growth, 
mortality and tree diversity of peatland forest in West 
Kalimantan, Indonesia. 

MATERIALS AND METHODS 

Site selection and description 
The study was conducted in previously logged peatland 

forests with an ombrotrophic, coastal type peatland in 
Kubu Raya District, West Kalimantan Province, Indonesia. 
The research site was located at 0o13’ S and 109o26' E, ca 4 
m asl. Average temperature was 26.5±0.5 oC, with 
minimum and maximum temperature of 22.6 oC to 32.2 oC. 
Mean annual rainfall was 3,218 ± 530 mm (mean ± s.d. 
rainfall data 2000-2015, West Kalimantan, Supadio 
Station) without dry months (<100 mm rainfall) per year, 
even during the onset of the El Niño Southern Oscillation 
(ENSO).  

The study site was selected based on intensive survey 
and satellite image searching (Landsat ETM+, 30m 
resolution) that showed unfragmented forest block 
representing degraded peatland forest in the area. The 
dominant species in this forest site were Litsea gracilipes 
(Lauraceae), Pometia pinnata (Sapindaceae), Litsea 
resinosa (Lauraceae), Tetramerista glabra (Tetramerista-
ceae), Elaeocarpus griffithii (Elaeocarpaceae), Litsea 
nidularis (Lauraceae), Shorea uliginosa (Dipterocarpaceae) 
and Neonauclea excelsa (Rubiaceae).Throughout the 12-ha 
area, peat depth was measured and sampled using Russian 
Peat Corer (Aquatic Research Instrument) coupled with 
Garmin eTrek GPS readings, and then peat depth 
distributions were mapped. At this focal site, peat depth 
ranged from 2.6 m to 5.4 m.  Leaf Area Index (LAI) was 
measured within each plot of interior and edge sites using 
Licor-2100.   

Sampling approaches for collecting data 
Biomass and growth assessment 

In the previous studies (Astiani 2014), forest tree 
population was measured within the 12 ha forest block. 
This area was selectively logged (non-mechanized). 
Stumps inventory available provided an estimation of 12 
trees per ha (> 30 cm DBH), either removed or lost during 
felling over the site. Local villagers reported that they 
felled many species of tree, mostly Shorea spp. 
(Dipterocarpaceae) and Gonystylus spp. (Thymeleaceae) in 
2002-2004 for local construction. In 2011, the remaining 
Dipterocarpaceae trees comprised 6.8% of the understorey 
(<10 cm DBH) and 3% of canopy trees (≥10 cm DBH). 
Mean stem density and tree basal area (>10 cm DBH) 
yielded 458 trees per ha and 9.73 m2 per ha and included at 
least 104 tree species within 31 families whereas seedling 
(diameter <5 cm) and sapling (5-10 cm DBH ) inventory 

recorded 25,390 ± 1,433 seedlings per ha and 1,113 ± 44.8 
saplings per ha (Astiani et al.  2017b).  

 Based on overlaying Landover Map 2010 and SRTM 
Spectra with 90 m Resolution, and field vegetation and 
canopy closure survey, this area was classified into slightly, 
moderately and highly degraded forest, then the 3 
categories were divided into two site conditions, i.e., forest 
edge and interior. Based on the microclimates condition, 
the forest edge was classified at approximately 50 m outer 
layer of the forest fragments. For tree measurement, 13 50 
m x 50 m plots were established surrounding the forest 
fragment to represent forest edge, and 25 50 m x 50 m plots 
were established within the forest interior site. 

Within each plot across both sites (edge and interior) in 
the study area, tree stems with >10 cm DBH were mapped, 
tagged, identified to species or at least genus and monitored 
for growth and mortality for 6 consecutive years. Stems 
(<10 cm DBH) were measured with a caliper and given a 
permanent red paint mark at the point of measurement. All 
stems with >10 cm DBH were fitted with steel dendrometer 
bands, following Paoli et al. (2008). Dendrometer bands 
were placed at 1.3 m above the ground or 20 cm above the 
buttresses and other bole irregularities. The red paint was 
renewed every six months to prevent visual loss if 
dendrometer bands rot or were lost. Each tree diameter and 
biomass growth were measured annually.  

Following Astiani (2014) and Paoli and Curran (2007), 
in this study, we used equation to estimate above-ground 
biomass produced by Chave et al. (2005) for tropical moist 
forest that incorporates specific wood densities in the 
equation. Above-ground net tree biomass was defined as 
the cumulative growth of all trees that survived through 
each sampling interval (10-20; and >20 cm DBH following 
Clark et al. (2001) and Paoli and Curran (2007).  

Tree species identification 
All tree species were identified and registered. Several 

approaches were used for identifying tree species in the 
field, such as bringing species identification key to the field 
along with some local tree experts and taking herbarium 
samples. To confirm the species identification, the 
unknown/unidentified herbarium samples were sent to 
Indonesian Science Institute (LIPI) botanical collection. 
The results from LIPI were then brought back to local tree 
experts to confirm the tree species and to be used for future 
tree identification. 

Data analysis 
Throughout this paper, the collected and analyzed data 

are presented as means and standard errors (SE), while 
cumulative data are presented as summed data. Trees 
within a plot were grouped into two size classes (i.e. 10-20 
and >20 cm DBH). Biomass and growth of all stems within 
a size class were summed. Comparisons between edge and 
interior sites on biomass stocks, growth, basal area, and 
Leaf Area Index (LAI) were examined using simple t-tests. 
All analyses were performed using Sigmaplot version 11.2 
(Systat Software Inc. 2011). 
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RESULTS AND DISCUSSION 

Edge effects on forest biomass 
This study indicated that forest fragmentation reduced 

forest biomass on the perimeter of forest matrix. Edge site 
was significantly different from interior site (t-test, t =-
2.717; df = 44; P = 0.009).  Edge effects decreased the 
biomass of trees with >10 cm DBH by about 32%. The 
total of tree means biomass within interior site was 302.1 ± 
19.4 ton/ha as opposed to those within edge site which was 
206.0 ± 26.5 ton/ha  (Fig. 1). The results indicated that in 
this peatland forest ecosystem, edge effect caused a shift in 
forest conditions. The impacts of edge effect on forest 
vegetation could be negative, neutral or positive, depending 
on the reaction. There were no general patterns on edge 
effect impact on forest vegetation (Murcia 1995). However, 
changes in physical environment caused by edge effect 
might directly affect forest structure which can lead to 
changes in forest biomass The biomass decreased on edge 
sites, yet the tree biomass remained relatively high in 
peatland forest.  

The edge effects, however, did not significantly affect 
tree basal area (Fig.2), yet the basal area was a bit lower in 
edge sites. The results of basal area quantities showed that 
the trees space of the area occupied relatively similar area. 
Further observation revealed that there were fewer trees 
with larger diameter found within edge site compared to 
the interior one. 

  

Comparing forest growth within edge and interior sites 
Forest growth was affected by edge effects. Besides, the 

reduction of tree biomass stocks and the ability of forest 
vegetation (i.e., trees) to store biomass also decreased. 
Edge effects lowered tree biomass storage by 23-25%, for 
both trees with diameter of 10-20 cm and >20 cm. This 
result implied that the opening sites at forest edge caused 
the forest growth reduction in general, not only for large 
trees, but also for the small ones (Fig. 3).  

LAI readings from both sites were significantly 
different (Fig. 4). Forest edges caused either more light 
availability at edge site which promotes tree growth or 
decrease of growth which killed some light intolerant 
species. Thus, the forest conditions that affected tree 
biomass might differ among forest ecosystems. Results of 
this study indicated that biomass stocks and tree growth 
were larger in interior than that in edge sites. The results 
were consistent with those of Astiani (2014) who found 
that tree growth was significantly affected by tree biomass 
stocks. The previous study also demonstrated that even 
though individual tree showed increasing diameter growth, 
the amount of collective landscape biomass growth (ton/ha) 
was decreasing because of lower tree density within forest 
edge sites. 
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Figure 1. The biomass (ton/ha) of trees with diameter of >10 cm 
within the edge and interior parts of forested peatlands 
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Figure 2. Tree basal area within the edge and interior sites 
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Figure 3. Forest biomass growth within edge vs interior sites 
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Figure 4. LAI readings on edge vs. interior sites  
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Figure 5. The species richness of trees having diameter of >20 cm 
and 10-20 cm in the edge and interior sites  
 
 
 

 

Edge effects on species richness 
Species richness was altered by forest edge effects in 

this tropical peatlands. Edge site caused decrease of species 
richness of forested peatlands. The interface between 
forested and nonforested peatland ecosystem that usually 
has limited continuous canopy closure changes the forest 
tree composition and their species abundant (Harper et al.  
2005). This results showed similar trend to those of other 
studies, such as Sizer and Tenner (1999) in young tropical 
forest in Amazon forest, temperate (Macquarrie and 
Lacroix 2003), and Rheault et al. (2003) in boreal areas.  

Among all edges, there are two similar shift: exchange or 
flow of energy, material, and organisms, and changes in 
biotic condition (Cadenasso et al. 2003). 

Tree species richness in the edge sites was reduced by 
21% and 7%, for trees having diameter of >20 cm and 10-
20 cm respectively (Fig. 5). One hundred and four tree 
species were found in this peatland forest. Tree 
composition was shifted approximately by 31%, Eighty 
species were found in both sites, 20 species were not found 
in the edge site but present in the interior site, and 4 species 
were found only in the edge site (Table 1.). The dominant 
tree species that could be lost were, for example, medang 
lendir (Litsea gracilipes), ubah merah sp1 (Syzygium 
lineatum), kayu malam (Diospyros maingayi), kempas 
(Koompasia malaccensis), terentang merah (Gluta 
wallichii), and keminting hutan1 (Mezzetia sp.). Some 
other species found their new site at forest edge such as 
tenggayun (Artocarpus sp.), buah ular (unknown), parak 
(Chisocheton patens), petai belalang (Archidendron 
borneense), and menjalin (Xanthophyllum ellipticum). 

Further investigation indicated that 52 species had 
lower abundance in the edge sites, for example, kasai 
(Pometia pinnata), mempening (Elaeocarpus griffithii), 
punak (Tetramerista glabra), meranti bunga (Shorea 
uliginosa), medang perawas (Litsea resinosa), medang 
keladi (Litsea nidularis), etc.. On the other hand, the tree 
abundance of 24 species was increasing in the edge sites 
(Table 1). 

Edge effects also affected species distribution within 
the edge sites. It might be because of different levels of 
tolerance of light among tree species (Murcia 1995). 
Results of this study showed that tree with diameter of >10 
cm had lower density in the edge site (391 trees per ha) 
than that in the interior site (470 trees per ha). Different 
species composition, richness, and abundance might be due 
to the changes in their physical environment and biotic 
condition such as competition in the edge site. 

This study demonstrated that forest matrix, which 
produced edge sites, lowered peatland forest roles in 
sequestering carbon per unit area and reduced species 
density and diversity. Changing land use from peatland 
forest to other types of land use should consider the impact 
on species loss and extinction, especially at the edge or 
perimeter site of peatland forest. The alteration of biotic 
and abiotic conditions in forest edge would consequently 
change the tree species composition of peatland forest, 
even though the forests themselves were still present 
among other land covers.  Maintaining intact forested 
peatland and enhancing peatland forest restoration should 
be conducted to reduce forest matrices and to lower the 
edge effects. 

In conclusion, forest fragmentation established edge 
effects in peatland forest based on their biotic and abiotic 
measures under two site conditions, i.e., edge and interior 
parts. Changing land use from forested peatland to other 
types of land use must consider the impact on species loss 
and extinction as well as microsite condition.  
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Table 1. Species richness and their abundance at both Edge and Interior Sites of a tropical peatland of West Kalimantan 
 

Species Local name Family Edge 
site 

Interior 
site 

Actinodaphne sphaerocarpa (Bl.) Nees Medang asam  Lauraceae 0.9 5.1 
Aglaia sp. Parak air  Meliaceae 2.2 0.3 
Alangium longiflorum Merr.  Mengkapas  Alangiaceae 14.8 13.0 
Alseodaphne ceratoxylon Kosterm.  Butun2  Lauraceae 1.2 0.8 
Archidendron borneense (Benth.) Nielsen. Saga rawa  Fabaceae 0.6 1.0 
Artocarpus integer (Thunb.) Merr. Cempedak hutan  Moraceae 0.0 0.1 
Artocarpus sp.  Tenggayun  Moraceae 0.9 0.0 
Blumeodendron takbrai (Blume) Kurz. Mengkajang  Anacardiaceae 6.8 15.5 
Buah ular  Buah ular  - 1.5 0.0 
Buchaniana arborescens Blume Mata udang  Anacardiaceae 1.8 1.3 
Buchaniana latifolia Rox. Rengas  Anacardiaceae 0.0 0.2 
Buchaniana sp. Belebu  Anacardiaceae 1.5 2.5 
Calophyllum hosei Ridley  Bintangur jangkar  Clusiaceae 1.2 3.2 
Calophyllum ridleyi King & Gamble  Bintangur bulu  Clusiaceae 2.8 2.9 
Calophyllum soulattri Burm. F. Bintangur1  Clusiaceae 0.0 0.3 
Campnosperma squamatum Ridl.  Terentang putih  Anacardiaceae 0.6 1.6 
Cantleya corniculata (Becc) Howard. Bedaru  Poligalaceae  1.5 5.1 
Chisocheton patens Blume  Parak  Meliaceae 9.2 0.6 
Choriophyllum malayanum Bth.  Ubah merah2  Euphorbiaceae 4.6 0.2 
Cratoxylon glaucum Korth.  Gerunggang  Hypericaceae 0.3 4.8 
Cyathocalix biovulatus Boerl.  Unang-unang1  Annonaceae 2.2 5.3 
Cyathocalix sp. Unang-unang2  Annonaceae 3.7 0.5 
Dactylocladus stenotachya Oliv. Mentibu  Rubiaceae 0.3 0.2 
Dialum indum L. Keranji  Leguminaceae 10.5 1.0 
Dillenia pulchella (Jack) Gilg.  Simpur laki  Dilleniaceae 3.4 0.2 
Diospyros bantamensis Koord. & Valeton ex Bakh Kayu malam daun lebar  Ebenaceae  2.2 0.7 
Diospyros maingayi (Hiern) Bakh. Kayu malam  Ebenaceae  0.0 7.5 
Diospyros maingayi (Hiern.) Bakh. 1 Kayu malam daun kecil  Ebenaceae  4.6 0.6 
Durio acutifolius (Mast.) Kosterm Durian burung  Malvaceae 0.0 0.5 
Dyera costulata Hook.f. Count  Jelutung  Apocynaceae 3.4 7.9 
Elaeocarpus griffithii A. Gray  Mempening  Elaeocarpaceae  11.7 25.0 
Elaeocarpus mastersii King Mentanang  Elaeocarpaceae  3.1 0.0 
Elaeocarpus petiolatus (Jack) Wall. ex Steud.  Pangal  Elaeocarpaceae  0.3 7.9 
Eugenia cerina Endl.  Gelam tikus  Myrtaceae 0.0 0.8 
Eugenia sp.  Ubah merah3  Myrtaceae 0.6 7.7 
Ficus fistulosa Reinw. Ex Bl. Kayu ara  Moraceae 15.4 0.5 
Garcinia atroviridis Griff. Et AQnders  Asam gelugur  Clusiaceae  0.0 0.6 
Garcinia cf. bancana Miq.  Manggis hutan  Clusiaceae  0.6 1.5 
Garcinia parvifolia Miq.  Asam kandis  Clusiaceae  2.8 2.3 
Gluta wallichii (Hook.f.) Ding Hou Meransing  Anacardiaceae 0.6 2.7 
Gluta wallichii (Hook.f.) Ding Hou  Terentang merah  Anacardiaceae 0.0 2.4 
Gonystylus bancanus (Miq.) Kurz  Ramin  Thymeleaceae 13.2 0.6 
Gymnacranthera contracta Warb.  Kumpang1  Myristicaceae 0.0 0.1 
Gymnacranthera farquhariana (Hook.f.& Thoms.) Warb.  Kumpang2  Myristicaceae 0.9 3.2 
Horsfieldia crassifolia (Hook.f. & Thoms.) Warb.  Mendarahan3  Myristicaceae  0.3 0.2 
Ilex cymosa Blume  Mensire  Aquifoliaceae 0.3 1.7 
Jackiopsis ornata (Wall.) Ridsdale  Selumar  Rubiaceae 0.0 2.6 
Knema cinerea Warb. Mendarahan1  Myristicaceae 18.2 0.3 
Koompasia malaccensis (Maingay) Benth.  Kempas  Fabaceae  0.0 5.9 
Leucaena leucocephala (Lam) De Wit Petai belalang  Leguminaceae 2.2 0.0 
Litsea firma Blume Medang kunyit  Lauraceae  16.6 0.2 
Litsea gracilipes Hook.f.  Medang lendir  Lauraceae  0.0 33.1 
Litsea grandis (Wall ex Nees) Hook.f. Medang lilin  Lauraceae  34.2 0.7 
Litsea lanceolata Kosterm. Mentulang  Lauraceae  0.6 0.1 
Litsea nidularis Gamble  Medang keladi  Lauraceae  3.7 17.7 
Litsea resinosa Blume Medang perawas  Lauraceae  1.5 22.5 
Litsea spatulata Blume. Medang siluang Lamiaceae  34.5 0.1 
Litsea turfosa Kosterm Medang mali  Lauraceae  0.6 1.9 
Macaranga caladiifolia Becc. Mahang semut  Euphorbiaceae 3.7 0.3 
Macaranga pruinosa (Miq.) Muell. Arg.  Mahang  Euphorbiaceae 0.6 0.9 
Mangifera swintonioides Kosterm.  Kebaca  Euphorbiaceae 1.2 4.0 
Melicope lunu-akenda (Gaertn.) T. Hartley  Japing-japing  Rutaceae  7.7 4.0 
Mezzetia parviflora Becc.  Pisang-pisang  Annonaceae 0.6 3.5 
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Mezzetia sp.  Keminting hutan1  Annonaceae 0.0 2.2 
Myristica iners Blume Mendarahan2  Myristicaceae 0.3 8.3 
Nauclea sp.  Menterong  Rubiaceae  0.3 0.5 
Neesia purpurascens Becc. Bengang  Bombacaceae 0.0 0.6 
Neonauclea excelsa (Bl.) Merr.  Kemuning  Rubiaceae 4.3 18.4 
Neoscortechnia kingii King  Ilas  Euphorbiaceae 0.6 1.7 
Nephelium maingayi Hiern.  Rambutan hutan  Sapindaceae 2.2 10.5 
Palaquium ridleyi King & Gamble Nyatoh banir  Sapotaceae 14.5 1.3 
Parkia singularis Miq. subsp. borneensis  Petai hutan  Fabaceae 2.8 0.8 
Polyalthia glauca (Hassk.) Boerl. Keminting hutan2  Annonaceae 1.2 0.1 
Polyalthia sumatrana (Miq.) Kurz.  Unang-unang daun kecil  Annonaceae 1.2 2.5 
Polyalthia xanthopetala Merr.  Pundu  Annonaceae 20.9 1.6 
Polyathia sp. Unang-unang3  Annonaceae 1.2 6.7 
Pometia pinnata J.R. & G. Forst.  Kasai  Sapindaceae 6.5 30.7 
Pouteria malaccensis (Clarke) Baehni  Nyatoh jangkar  Sapotaceae 5.5 0.9 
Pouteria obovata (R.Br.) Baehni Nyatoh duduk  Sapotaceae 0.9 9.4 
Quercus bennettii Miq. Empaning  Fagaceae 1.5 1.8 
Sandoriccum koetjape Merrill  Japang1  Meliaceae  3.4 7.3 
Santiria laevigata Blume  Gelam ijuk  Burseraceae 0.0 0.5 
Santiria laevigata Blume forma glabrifolia H.J.Lam  Asam rawa  Burseraceae 0.3 0.7 
Santiria rubiginosa Blume  Sengkuang rawa  Burseraceae 1.8 3.9 
Schima wallichii Korth. Samak  Theaceae 1.5 0.3 
Semecarpus glaucus Engl.  Butun3  Lauraceae 0.9 0.6 
Shorea teijsmanniana Dyer ex Brandis  Meranti batu  Dipterocarpaceae 2.8 6.7 
Shorea uliginosa Foxw.  Meranti bunga  Dipterocarpaceae 5.5 17.4 
Sindora sp.  Tanjan  Leguminaceae 0.0 0.9 
Spondias pinnata (L.F.) Kurz. Kedondong hutan  Anacardiaceae 4.9 0.3 
Stemonurus scorpioides Becc.  Mempasir daun lebar  Icacinaceae 8.6 15.0 
Stemonurus secundiflorus Blume Mempasir daun kecil  Icacinaceae 0.3 9.9 
Syzigium sp.1 Ubah jangkar  Myrtaceae  6.2 0.6 
Syzygium lineatum (DC.) Merr. & L.M. Perry  Ubah merah1  Myrtaceae  0.0 17.4 
Syzygium sp.2 Ubah putih1  Myrtaceae  4.3 15.5 
Syzygium zollingerianum (Miq.) Ams.  Ubah jambu  Myrtaceae  0.9 6.1 
Tabernaemontana macrocarpa Jack  Butun1  Apocynaceae 0.0 0.1 
Tetractomia tetrandra Craib.  Ubah putih2  Rutaceae 12.0 4.3 
Tetramerista glabra Miq.  Punak  Tetrameritaceae 3.4 23.2 
Tristaniopsis cf. merguensis (Griff.) Peter G.Wilson & J.T.Waterh Pelawan putih  Myrtaceae 0.3 0.3 
Vatica mangachapoi  (Blanco) Bl.  Resak  Dipterocarpaceae  0.0 0.7 
Vitex secundiflora Hallier f. Leban  Verbenaceae  1.8 0.7 
Xanthophyllum ellipticum Korth. ex Miq. Menjalin  Polygalaceae  5.8 0.0 
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Abstract. Ismail SN, Abd Hamid M, Mansor M. 2018. Ecology, diversity and seasonal distribution of wild mushrooms in a Nigerian 
tropical forest reserve. Biodiversitas 19: 279-284. Aquatic plants play a crucial role in an aquatic ecosystem partly because these plant 
communities provide suitable habitats and food items to other aquatic organisms especially fish. Many fish communities use vegetation 
as breeding sites, nurseries and refuges for their juveniles. Therefore, this study was conducted to provide baseline data on the 
correlation between the aquatic plants and freshwater fishes in Perak River. Based on the findings, the abundance of aquatic plant 
influences the growth and health of the fish. Habitats with moderate amounts of aquatic vegetation provide the optimal environment for 
many fish and hence, increase the fish diversity, feeding, growth, and reproduction. In contrast, both limited and excessive vegetation 
may decrease fish growth rates at 75% to 85% of plant community coverage. The recent trip along the Perak discloses the presence of 
these aquatic plants at certain habitats. There is a positive correlation between aquatic plants and freshwater fish. The association 
between aquatic plants and fish assemblages has been documented in scientific studies with the conclusion that moderate plant densities 
could enhance the fish diversity, feeding, growth, and reproduction.  

Keywords: Ecological correlation, aquatic plant, fish populations, diversity, Perak River 

INTRODUCTION 

Perak River is the 'River of Life' for Perak State in 
Malaysia. Since decades ago, it has played an important 
role in providing water, food resources, transportation, 
agriculture, industries and cultural values (Zainudin 2005). 
Perak River is the second longest river in Peninsular 
Malaysia, it starts from the north-western corner of the 
state, flows south to Teluk Intan, where it bends westward 
and into the Straits of Malacca. The river divides the state 
into two nearly equal halves and thus forms its natural 
backbone; this river of life is special in many ways. 

Worldwide, out of 285 studies on aquatic plants and 
freshwater fishes as cited from ISI Web of Knowledge 
provided from Universiti Sains Malaysia (USM), there 
were only three studies focusing on the correlation between 
the aquatic plants and freshwater fishes by Ricciardi and 
Kipp (2008), Lei et al. (2013), and Siniscalchi and Nikora 
(2013). Based on the available literature, approximately 
300 species of the freshwater fishes and 235 species of 
aquatic plants are present in the aquatic ecosystems of 
Malaysia (Burkill 2002; Chong et al. 2010). 

Aquatic plants grow partially or completely in the 
littoral zone. The littoral zone is the area where the light 
penetration is sufficient to support the plant growth 
(Krischik et al. 1997). There are three groups of plants that 
grow in littoral zones namely emergent plants, floating-
leaved plants, and submerged plants. Emergent plants that 
inhabit the shallowest water are rooted in the sediment with 
their leaves extending above the water’s surface. The 
common examples of plants of this zone are Sagittaria 

sinensis and Phragmites communis (Whetstone 2009). 
Floating-leaved species that grow at intermediate depths 
are rooted in the sediment, but some are free-floating with 
roots that hang unanchored in the water column. The 
common species belong to this group are water lily 
Nymphaea and sacred lotus Nelumbo. Submerged plants 
that inhabited the deepest fringe of the littoral zone are 
rooted in the sediment. Their growth occurs entirely within 
the water column. The examples of the plants are Hydrilla 
verticillata, Najas minor, Chara vulgaris and 
Ceratophyllum demersum (Goel 2006).  

Aquatic plants have an integral role in the lake’s 
ecology. Floating-leaf and submerged plants provide 
nutrients for animals like fish, insect larvae, snails, and 
other invertebrates. These plants also offer shelter for 
organisms that inhabit or are dependent on the body of 
water (Wagner 2004). Emergent plants are rooted in the 
lake floor and penetrate the water surface. These plants 
help protect shorelines and assist in stabilizing particles 
within the sediment, preventing the water clarity from 
deteriorating (Krischik et al. 1997). 

Apparently, the correlation between plant and fish 
seems to provide a crucial relationship in natural 
ecosystems since the vegetation could influence the fish 
diversity, feeding, growth, and reproduction. Consequently, 
there are certain roles that have been provided by plant 
densities with the presence in desired abundance. However, 
to date, there has been no evaluation of this correlation 
featuring Perak River. To our knowledge, this is the first 
report on the correlation between the aquatic plants and 
freshwater fishes in this important river and will thus 
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contribute to the development of a comprehensive baseline 
data of freshwater fishes in this region. Thus, the objective 
of the present study was to provide baseline data on the 
correlation between the aquatic plants and freshwater fishes 
in Perak River.  

MATERIALS AND METHODS 

This study was conducted at Perak River, Malaysia. 
Perak River basin is the second longest river (427km) in 
Peninsular Malaysia after Pahang River and has 15,151km2 
of catchment area (Ho 1994; Ali et al. 1988). Perak River 
flows from the Thai border passing through several towns 
before finally emptying into the Straits of Melaka as shown 
in Figure 1. The Perak River is the only river in Malaysia 
that has four dams built on the main river resulting in 
reservoirs formation from north to south which are 
Temengor Reservoir (water surface, 152 km2), Bersia 
Reservoir (6km2), Kenering Reservoir (41 km2) and 
Chenderoh Reservoir (22 km2) (Dahlen 1993).  

A freshwater ecosystem consists of three basic types; 
lotic, lentic and wetlands. Lotic ecosystem is a faster-
moving water body, such as streams and rivers. Then, 
lentic ecosystem is a slow-moving water body including 
pools, ponds and lakes and the last is wetlands are areas 
where the soil is saturated or inundated for at least part of 
time (David et al. 2005). Perak River comprises these 
entire three basic types of freshwater ecosystem. Lotic 
ecosystems of Perak River could be found at the upper part 
of this river, while the lotic ecosystems appear due to the 
ecological changes and human activities. Wetlands 
including swamp area and rice fields could be found in the 
lower zone to the estuary of this river.  

This survey was done during April until July 2013. In 
this study, fish community and aquatic plants species were 
recorded at each district along Perak River from the 
upstream (Temengor Reservoir) to estuary (Bagan Datoh) 
(Table 1). Based on the field examination, it is hoped that 
certain ecological and biological theories could be 
formulated on this river system.  

 
 
 
 

 

 
 
Figure 1. The Perak River map showing the sampling sites (Inset: Map of Peninsular Malaysia)  
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Table 1. The sampling location throughout the Perak River, 
Malaysia 
 
No. Section 
I Upper zone (Temengor Reservoir to Lenggong)  
II Middle Zone (Chenderoh Reservoir to Pasir Salak)  
III Lower Zone (Kampung Gajah to Teluk Intan)  
IV Estuary (Bagan Datoh to sea) 

RESULTS AND DISCUSSION 

Table 2 showed the species checklist of fish populations 
and aquatic plants that present in Perak River for each 
zone. There were 17 fish species and nine species of 
aquatic plant have been recorded. The most common fish 
species were Cyclocheilichthys apogon, Hampala 
macrolepidota and Osteochilus hasseltii in the upper zone, 
middle zone and lower zone of Perak River. Clarias 
batrachus could be found in every zone. For aquatic plant 
species, Eichhornia crassipes was observed to infest most 
of the surveyed zone whereas Azolla pinnata could only be 
found in the upper zone of Perak River. 

The correlation between aquatic plant density and fish 
communities showed a sigmoid curve (Figure 2). At the 
beginning of the graph, a slow increase of aquatic plant 
density over fish communities was observed. After 30% of 
aquatic plant density, there was a rapid increase in fish 
communities. The population reaches its carrying capacity 
when aquatic plant density is about 75%~85%. The 
population decreases thereafter were due to the overload of 
aquatic plant density and intricate for fish survival. 
 

Discussion 
The results showed the optimum zone for higher fish 

population and aquatic plants species were in upper zone, 
middle zone and lower zone of Perak River. This is due to 
the environmental condition in the particular zone that 
favor the growth and reproduction rate of fish population 
(Gue´gan et al. 1998). Several environmental factors, such 
as the physicochemical characteristics of the water quality, 
topographical, hydrological regime and habitat destruction, 
could influence the species richness, diversity and species 
survival in aquatic ecosystems. The distribution and 
structure of fish community can be very diverse, depending 
on both biotic and abiotic conditions of the water body 
featuring the food availability and oxygen content (Gophen 
et al. 1998; Zakaria et al. 1999). Whereas, the estuary zone 
is likely to have more shrimps and marine fishes.  

Generally, aquatic weed especially 
Eichhornia crassipes was frequently observed to float in 
the river, stick on the riverside substrate and colonize the 
riverbank area. Perak River and most of the rivers in West 
Coast States of Peninsular Malaysia were heavily infested 
with E. crassipes (Mansor 1996). This is concordance with 
this present study showing that E. crassipes were 
frequently found in all four zones. The need for good water 
quality cause Azolla pinnata could only be found in the 
upper zone with freshwater from the stream. 

Table 2. Species checklist and the abundance recorded in each 
district across Perak River, Malaysia 
 

Species English name Site
I II III IV

 
Fish species

     

Barbonymus 
gonionotus 

Java barb ** * *** - 

Barbonymus 
schwanenfeldii 

Tinfoil barb ** ** *** - 

Channa micropeltes Giant snakehead ** * * - 
Channa striata Snakehead murrel * * ** ** 
Cyclocheilichthys 
apogon 

Beardless barb  *** * * - 

Hampala 
macrolepidota 

Hampala barb *** ** * - 

Hemibagrus nemurus Asian redtail catfish * * * ** 
Oreochromis 
niloticus 

Nile tilapia * * ** - 

Osphronemus goramy Giant gourami * ** ** - 
Osteochilus hasseltii Hard-lipped Barb. *** * * - 
Oxyeleotris 
marmoratus 

Marbled sand 
goby 

** * * * 

Pristolepis fasciata Malayan leaffish * * * - 
Anabas testudineus Climbing perch  - * ** * 
Clarias batrachus River catfish  * * ** * 
Trichogaster 
pectoralis 

Snakeskin 
gourami  

- - ** * 

Plotusus canius Gray eel-catfish  - - - ** 
Pangasius sp. Pangasius catfish - ** ** * 
      

Aquatic plants species      
Lemna minor Duckweed ** * ** ***
Polygonum barbatum Knot grass *** ** ** * 
Eichhornia crassipes Water hyacinth *** *** *** ***
Pistia stratiotes  Water lettuce - - * * 
Neptunia oleracea  Water mimosa * *** *** * 
Hydrilla verticillata  Oxygen weed ** *** ** * 
Salvinia molesta  Giant salvinia * * *** ***
Phragmites australis Common reed * *** ** * 
Azolla pinnata  
 

Water velvet * - - - 

Note: -: none, *: rare, **: moderate, ***: abundant 
 
 
 
 

 

 
 
Figure 2. The correlation between the aquatic plants and 
freshwater fishes in Perak River, Malaysia 
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There is a positive correlation between aquatic plants 
and freshwater fishes. Aquatic plants benefit the fish 
population in many ways. However, the correlation 
depends on the aquatic vegetation. Younger and smaller 
fishes become more abundant as plant density increases 
(Borawa et al. 1979; Heck Jr. and Valentine 2006). 
Apparently, submerged vegetation is the key factor in the 
distribution and habitat use of adult fish. The finding 
suggested that aquatic plants’ abundances trigger fish 
growth and condition, in which both limited and excessive 
plant growth may decrease fish growth rates (Haller 2009; 
Costa et al. 2010). Consequently, the dense mat of aquatic 
plants will choke out other aquatic organisms especially 
fish, leading to the collapse of the fish population. 

Sites with vegetation generally have higher numbers of 
fish compared to non-vegetated areas. A literature search 
indicates that many juveniles and adult fishes have been 
reported present in habitats containing aquatic vegetation. 
The vegetated sites contain higher fish densities as 
compared to unvegetated areas (Borawa et al. 1979; Dibble 
et al. 1997; Meng et al. 2000). The plant beds structure is 
significant for fish reproduction. Many fish communities 
use vegetation as breeding sites, nurseries and important 
refuges for their juvenile since they provide minor shade, 
nesting and cover habitat for fishes (Krischik et al. 1997). 
In Perak River, there are high reproductive potentials at the 
sites with the aquatic vegetation or some form of plant 
structure such as Phragmites communis and E. crassipes 
(Whetstone 2009; Gettys 2009). There are advantages of 
nesting near the aquatic plants. Besides protecting from 
predators, vegetations could as well shelter the eggs and 
small fishes from the damage by the wave action (Haller 
2009; Lynch 2009; Costa et al. 2010). 

Aquatic plants can be a food source for herbivorous 
fishes since these plants provide little nutritional benefit. 
Generally, submerged aquatic macrophytes are moderately 
rich in protein and preferred by different herbivorous fish 
(Hasan and Chakrabarti 2009). The most commonly used 
macrophyte for fish feed is chara Chara vulgaris, hornwort 
Ceratophyllum demersum, oxygen weed Hydrilla 
verticillata, giant salvinia Salvinia molesta, water velvet 
Najas minor, water milfoil Myriophyllum spicatum, 
pondweeds Potamogeton sp. and duckweed Lemna sp. 
(Haller 2009; Lynch 2009; Nelson 2009; Costa et al. 2010; 
Velichkova and Sirakov 2013).  

Apart from providing food, aquatic plant beds serve as 
refuge site for younger and smaller fishes. The leaves and 
stems of the plants provide the fishes substrates for 
attachment and protection from predators (Beckett et al. 
1992; Petr 2000). This phenomenon seems to provide the 
answer to the higher abundance and diversity in vegetated 
areas as compared to the unvegetated area.  

Furthermore, the sites of the plant communities in the 
water column and their morphology attract and influence 
the production of epiphytic invertebrates which then serve 
as prey for a variety of fishes especially Cyprinidae, 
Percidae, and Cyprinidontidae (Pípalová 2006; Meng et al. 
2000; Hoover et al. 1988). Reduced plant densities due to 
weed management activities, boat traffic, and natural 
senescence may cause the loss of food sources for some 

fishes. However, the intricate bed structure of the plants 
such as the dense stem and foliage create visual and 
swimming barriers; hence, reduce foraging success of the 
fish due to the increased search time and reduced 
swimming velocities (Dibble et al. 1997). 

For instance, small fishes prefer habitats with smooth 
cordgrass Spartina alterniflora (a shorter and less dense 
native species) to those with infestations of plants. 
However, the dense clumps of the macrophyte plant would 
detriment the fish community. Excessive plant growth 
reduces growth and condition of fish due to reduced 
foraging efficiency (Dibble et al. 1997; Meng et al. 2000). 
The sparse plant density increases the competition, resulting in 
slower growth rates of fish presumably by reducing caloric 
intake (Diehl 1993). However, stunted fish growth also 
occurred when plants occupied the entire water body 
especially in shallow systems (Haller 2009; Lynch Jr. 2009).  

Aquatic plants are a vital contributor in maintaining 
stability within a lake’s environment. In a limnological 
system, aquatic plants could help in producing oxygen, 
while simultaneously absorbing nutrients like phosphorus 
and nitrogen (Krischik et al. 1997; Hasan and Chakrabarti 
2009). These plants could stabilize the sediment and help 
increase water clarity. However, the infestations of aquatic 
plant created several problems such as restricting the 
recreational and commercial activities and make boating, 
fishing, and activities impossible.  

The undisturbed floating mats of aquatic vegetation 
seem to provide a perfect base to support the growth of 
other macrophytic plants, grasses or even small trees which 
further bind the floating mats together (Haller 2009). 
Consequently, the excessive populations of the plant such 
as water hyacinth E. crassipes, Giant salvinia S. molesta, 
water lettuce Pistia stratiotes, water mimosa N. oleracea, 
Nymphaea may overtake the natural flora, adversely 
resulting in serious ecological impacts which are associated 
with ecosystem changes such as alterations of soil 
properties, sedimentation rates, and fish habitat use and 
food webs (Paisooksantivatana 1993; Gettys 2009; Lynch 
Jr. 2009; Nelson 2009). From the result, 85% of plant 
communities’ coverage could affect the fish population, 
while further infestation might result in adverse effects on 
the fish population. Other than that, water flow is greatly 
reduced and hence can impede irrigation and flood control 
efforts (Haller 2009). In Perak River, this issue should be 
highlighted since a series of hydroelectric dams have been 
built across this river which functions as hydroelectric 
power generators and flood control. The infestation of 
aquatic plants may bring severe problem since the plants 
can be stuck at the turbine system and make the dam 
function fail. However, there have been no reports on 
aquatic plants’ infestation in Perak river. 

In addition, there are studies concerning the submerged 
macrophytes control by herbivorous fish (Dall Armellina et 
al. 1999; Qiu et al. 2001; Ward et al. 2006). This 
herbaceous fish could be effective for aquatic weed control. 
Various herbivorous fish species, including tilapia species 
(Tilapia zillii and T. rendalli), Java barb Barbonymus 
gonionotus, giant gourami Osphronemus gourami, 
common barb Puntius binotatus and various strains of the 
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common carp and grass carp Ctenopharyngodon idella 
have been recommended for aquatic weed control 
(Pípalová 2006). For instance, since grass carp feed on 
Hydrilla verticillata and Ceratophyllum demersum, hence 
this fish species could control the excessive plant species in 
a particular area.  

In Perak River, certain fish species such as snakehead 
fish (Channa striatus) and climbing perch (Anabas 
testudineus) have utilized the root of S. molesta and the 
leaves of water mimosa Neptunia oleracea as their food 
source. Apparently, aquatic plant identification is still 
required for biological control since each fish species 
selectively control certain weed species while having no 
preference for other plants. These submerged macrophytes 
were taken either in fresh form or as a dried meal within a 
pelleted diet (Hasan and Chakrabarti 2009). 

In conclusion, aquatic plant seems to benefit the fish 
community directly or indirectly. Besides serving as minor 
shade, nesting, refuge and cover habitat for fishes, the 
leaves or stem of the plant can be attractive and good foods 
to certain fish species. From this association, the role of 
aquatic plants as fish habitat and their value as a 
management tool in reservoirs then can be better defined. 
Nevertheless, the excessive growth of the macrophytic 
plant should be controlled which otherwise could detriment 
the fish and other invertebrate. It is critically vital to 
develop a comprehensive management plan to effectively 
control the excessive aquatic plants in water resources in 
order to prevent the biodiversity loss and lake ecosystem 
failure.  
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Abstract. Adeniyi M, Odeyemi Y, Odeyemi O. 2018. Ecology, diversity and seasonal distribution of wild mushrooms in a Nigerian 
tropical forest reserve. Biodiversitas 19: 285-295. This study investigated the ecology, diversity and seasonal distribution of wild 
mushrooms at Environmental Pollution Science and Technology (ENPOST) forest reserve, Ilesa, Southwestern Nigeria. Mushrooms 
growing in the ligneous and terrestrial habitats of the forest were collected, identified and enumerated between March 2014 and March 
2015. Diversity indices including species richness, dominance, and species diversity were evaluated. Correlation (p < 0.05) was 
determined among climatic data and diversity indices. A total of 151 mushroom species specific to their respective habitats were 
obtained. The highest monthly species richness (70) was obtained in October 2014. While a higher dominance was observed in the 
terrestrial habitat during the rainy and dry seasons (0.072 and 0.159 respectively), species diversity was higher in the ligneous and 
terrestrial habitats during the rainy season (3.912 and 3.304 respectively). Overall, the highest carpophores in ligneous and terrestrial 
habitats were recorded in Schizophyllum commune (10,737) and Mycena monticola (760) correspondingly. Correlation analysis revealed 
that average monthly precipitation positively correlated with the relative abundance of mushrooms in the terrestrial habitat (r = 0.716, p 
= 0.013). This study shows the diversity of mushrooms at ENPOST forest, thereby necessitating strict and sustainable conservation 
measures especially those with great economic values. 

Keywords: ENPOST forest, ecology, diversity indices, wild mushrooms, Nigeria 

INTRODUCTION  

Adequate knowledge of mushroom diversity and 
distribution are imperative for successful conservation, 
management and optimum exploitation of the ecosystem 
for innumerable benefits to mankind (Nwordu et al. 2013). 
Mushrooms are important bioresource with diverse 
nutritional, medicinal and ecological benefits (Odeyemi et 
al. 2014). According to Chang and Miles (1992), and Das 
(2010), they are regarded as visible fungi with distinctive 
carpophores which represent the reproductive stage in the 
life cycles of Basidiomycetes and some Ascomycetes. 
Usually, mushroom carpophore gains more attention than 
its mycelia (vegetative stage) as a result of its sudden 
appearance in nature, characteristics morphology and color 
(Straatsma et al. 2001). 

In the natural environment, mushrooms grow on variety 
of substrates, especially those containing lignin and 
cellulose, often abundant during the rainy season 
(Gbolagade 2005; Gbolagade et al. 2006; Jonathan et al. 
2013). Their fleshy, spore-bearing fruiting bodies grow on 
soil or wood substrates whereas some exist in mycorrhizal 
relationship with trees (Onuoha and Obi-Adumanya 2010). 
Soil debris and dead woods are the most favorable 
environments for mushroom probably due to high content 
of degraded nutrients and capacity to retain moisture 
(Ayodele et al. 2011; Tibuhwa et al. 2011; Nwordu et al. 
2013). Mushrooms have been reportedly found growing on 

substrates like dead woods and base of dead woods, fallen 
trees, soil debris, palm trees and wastes, termite nests and 
cassava peels in forest and bush areas, grassy places, 
swamps, cocoa plantations, Fadama areas and burnt bushes 
(Gbolagade et al. 2006; Nwordu et al. 2013). 

Globally, about 140,000 mushroom species are known 
to exist, with only about one-tenth taxonomically identified 
(Wasser 2002; Shelley and Geoffrey 2004). In Northern 
America, more than 70% in comparison with the globally 
identified mushrooms had been reported (CCB 2017). In 
India, about 10% had been investigated (Gurudevan et al. 
2011).  

Worldwide assessment of fungi diversity revealed that 
fungi distribution is mainly influenced by climates and 
certain types of habitat (Tedersoo et al. 2014); rainfall and 
temperature being the most important climatic elements 
(Straatsma et al. 2001). In contrast to what is obtainable in 
the temperate regions, mushrooms in the tropics are more 
diverse and are distributed over a smaller geographical area 
(Tedersoo et al. 2014). In Nigeria, mushrooms occur 
throughout the year (Ayodele et al. 2011) with the highest 
occurrence mostly in April to June (Nwordu et al. 2013). 
Onuoha and Obi–Adumanya (2010) stated that the boom of 
wild mushroom occurs once or twice a year and disappears 
within a month during the rainy season. However, 
desertification, deforestation, pesticides application, 
petroleum hydrocarbons and other environmental hazards 
contribute to the reduction in the quantities of mushroom 
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growing in the wild in many developing regions of the 
world (Okhuoya et al. 2010; Odeyemi et al. 2014). 

Till date, the estimated mushrooms in the African 
continent is less than 1% of the total global estimate 
(Odebode 2005; Osemwegie and Okhuoya 2009; Oyetayo 
2009; Bankole and Adekunle 2012; Nwordu et al. 2013). In 
most countries of the region, especially the most populated 
black nation Nigeria, there is paucity of information on the 
existing wild mushrooms. It is in the light of this that the 
present study investigated the ecology, diversity and 
seasonal distribution of wild mushrooms at ENPOST 
(Environmental Pollution Science and Technology) forest 
conservation. 

MATERIALS AND METHODS 

Description of the study area 
The site of study for this research was the forest 

conservation section of ENPOST, located at Ido-Ijesa, 

along Ife-Ilesa expressway, Ilesa, Southwestern Nigeria 
(Latitude 4°42ˈ30ˈE to 4°42ˈ45ˈˈE longitude 7°36ˈ55ˈˈN to 
7°37ˈ10ˈˈN) (Figure 1). The forest conservation section of 
ENPOST has over 300 living species of trees. The 
predominant plant species in the forest is Cleistopholis 
patens (salt and oil tree). Others include Elaeis guineensis 
(palm tree), Theobroma cacao (cocoa tree) and Cola nitida 
(kolanut tree). Most trees within the forest are canopy-
forming and some deciduous during the dry season. Green 
vegetations, dead wood logs, and tree debris such as fallen 
leaves and twigs which constitute soil debris are also 
abundant. Two different streams namely ‘Aroni’ and 
‘Eruru’ flow along the forest making some areas marshy 
and muddy all year round. Interactions among fallen leaves 
and tree, moist soils, decayed matters, minimal inflow of 
anthropogenic activities and suitable environmental 
conditions make the forest suitable for the growth of 
different wild mushrooms. 

 
 

 
 
Figure 1. Map showing the location of ENPOST forest, Ilesa, Southwestern Nigeria 
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Presumptive identification of wild mushrooms  
Specimens were initially photographed in their 

respective habitats and on growth substrates. Mushroom 
carpophores growing on soil and soil litter were carefully 
dug to prevent their bases from being bruised. Likewise, 
wood-rotting mushrooms were carefully detached from the 
bark of the trees. Representative mushroom specimens and 
wood substrates were collected in well-labeled sterile 
sampling paper bags and immediately taken to the 
laboratory for presumptive identification. Presumptive 
identification of mushroom samples was done using 
standard keys and by comparing the morphology of the 
carpophores with relevant literature (Rogers 1994; Nwordu 
et al. 2013).  

Ecology of wild mushrooms at ENPOST forest, Ilesa, 
Southern, Nigeria 

Different indigenous mushrooms growing on the forest 
conservation section of ENPOST forest were studied over a 
13-month regime (March 2014 and March 2015). Exactly 
20 plots of 1000 m2 were strategically mapped out on the 
site of study. Morphologically different wild mushrooms 
growing on different growth habitats and substrates within 
each plot were noted and counted three times a week. To 
avoid multiple counting of same mushroom carpophore, the 
mushrooms were marked with methylene blue at first 
encounter. The identity of wood substrates was done at the 
Herbarium unit of the Department of Pharmacognosy, 
Faculty of Pharmacy, Obafemi Awolowo University, Ile-
Ife, Southwestern Nigeria.  

Monitoring of climatic conditions of the site of study 
The daily temperature and relative humidity of the study 

site were monitored using hygrometer (Fluke, 1620A, US), 
while daily rainfall data was obtained using rain gauge. 

Data analysis 
Diversity indices including species richness and 

diversity, relative abundance, dominance, and evenness 
were determined using BioDiversity Pro 2.0 software 
(McAleece et al. 1997). Species similarity between rainy 
and dry seasons was determined using the Jaccard's 
similarity coefficient (Cj). Mathematically, Jaccard 
coefficient (Cj) = a / (a + b + c). Where a = number of 
mushroom species common to both rainy and dry seasons; 
b = number of mushroom species unique to rainy season; 
and c = number of mushroom species unique peculiar to 
dry season. Correlation was also performed to identify 
relationships among monthly climatic data, mushroom 
species richness and relative abundance using Statistical 
Package for Social Sciences [(SPSS) IBM version 22 
software]. Statistical significance was set at p < 0.05. 

RESULTS AND DISCUSSION 

Enumeration of wild mushrooms found growing at 
ENPOST forest, Ilesa, Southwestern, Nigeria  

During the period of this study, a total of 151 different 
mushroom species belonging to phyla Basidiomycota and 

Ascomycota were found. Out of the 151 mushroom 
species, 143 (94.70%) belong to phylum Basidiomycota 
and 8 (5.30%) to phylum Ascomycota (Figure 2). 
Representative pictures are shown in Figure 3.   

All the mushroom samples surveyed belong to 68 
genera and include: Agaricus, Amanita, Anthrodiella, 
Auricularia, Cantharellula, Cantharellus, Clavatia, 
Clavariadelphus, Clitocybe, Clitopilus, Collybia, Coprinus, 
Coriolus, Cortinarius, Crepiotus, Cyathus, Dacrymyces, 
Daldina, Dichometus, Dictophora, Ganoderma, Gleophyllum, 
Hapalopilus, Hericium, Heterobasidion, Hydnellum, 
Hydnum, Hygrocybe, Hypholoma, Hypoxylon, Inocybe, 
Inonotus, Laccaria, Lactarius, Lentinus, Lenzites, Lepiota, 
Leucocoprinus, Lycoperdon, Lyophyllum, Maramiellus, 
Marasmius, Micromphale, Mycena, Nidularia, Nolanea, 
Oxyporus, Panaeolina, Peziza, Phellinus, Piptoporus, 
Pleurotus, Pluteus, Polyporus, Psathyrella, Schizophyllum, 
Schizopora, Scleroderma, Stereum, Suillus, Termitomyces, 
Trametes, Trichoglossum, Tricholoma, Tricholomopsis, 
Tuber, Volvariella and Xylaria.  

Ecology of wild mushrooms at ENPOST forest, Ilesa, 
Southwestern, Nigeria 

Mushrooms grew in two major habitats, i.e., ligneous 
(woody) and terrestrial (land). The species that grew in the 
ligneous habitats was 82 (54.31%) and higher than those on 
the terrestrial 68 (45.03%) (Figure 4). Interestingly, 1 
(0.66%) species grew on termite nest (terrestrial) found on 
a living tangerine tree (ligneous) (Figure 5). All the 
mushroom species observed were habitat specific.  

The ligneous and terrestrial habitats comprise different 
growth substrates. While the terrestrial habitat consists of 
soil debris, termite mound and nest, bank of fish pond, soil 
heap, and sclerotium buried or on soil surface (Figure 6), it 
was root, stump, stem log, branch, leaves, and twig of dead 
Cola nitida, Mangifera indica, Pseudospondias 
microcarpa, Elaeis guineensis, Triplochiton scleroxylon, 
Bambusa vulgaris, Cordyline australis, Gliricidia sepium, 
Musa paradisiaca, Pycnanthus angolensis trees and some 
unidentified dead wood for the ligneous habitat (Table 1). 
All the mushrooms species from the terrestrial habitats 
were substrate specific with soil debris and heap having the 
highest 54 (79.41%) and lowest 1 (1.47%) number 
respectively (Figure 6). Of the 82 species that grew on the 
ligneous habitat, the highest number 59 (71.95%) grew on 
one type of growth substrate with Dead Elaeis guineensis 
supporting the highest number of species (25; 30.49%), 11 
(13.41%) on two wood substrates simultaneously or at 
different times, 1 (1.22%) on 3 different substrates whereas 
11 (13.41%) on unidentified substrates (Table 1). It was 
also observed that more than one mushroom species grew 
on some ligneous substrates at different times during this 
study. However, the succession pattern of mushrooms on 
each of the substrates was not studied. Notably were 3 
mushroom species namely; Hapalopilus nidulans, Lentinus 
subnudus and Pleurotus pulmonarius that grew on erect 
dead trees (Unidentified tree, Cola nitida, Cordyline 
australis respectively) about 10 m above ground (Figure 7). 
All Termitomyces sp. both in the ligneous and terrestrial 
habitats were associated with termite mound or nest. 
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Figure 2.  Percentage frequency of mushrooms in phyla 
Basidiomycota and Ascomycota 
 

 
 
Figure 4. Distribution of mushroom species on different growth 
habitats at ENPOST forest, Ilesa, Southwestern Nigeria  
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Figure 3. Representative pictures of wild mushrooms growing at ENPOST forest Ilesa, Southwestern, Nigeria. A. Auricularia auricula-
judae; B. Clavariadelphus junceus; C. Coprinus lagopides; D. Daldina concentric; E. Hydnellum peckii; F. Schizophyllum commune; G. 
Lycoperdon spadiceum; H. Peziza aurantia; I. Tuber excavatum; J. Xylaria hypoxylon 
 

 
    
Figure 5. A. Stereum gausapatum growing on termite nest on a living tangerine tree; B. Close-up view 
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Figure 6. Frequency of mushroom species on the different 
terrestrial growth substrates  

Monitoring of climatic conditions of the site of study  
The lowest temperature (23°C) was obtained in August 

2014 and the highest (28°C) in February 2015 (Table 2). 
The order of monthly precipitation was 16.85 >12.55 > 
9.09 > 6.58 > 5.66 > 2.46 > 2.39 > 2.11 > 0.41 mm during 
May 2014, July 2015, October, August, September, June, 
April, March and November 2014 respectively. Only 
December 2014 and January 2015 had zero precipitation 
(Table 3). Based on the temperature and rainfall pattern of 
the site of study, March, April, November, December 2014 
and January, February and March 2015 were grouped as 
dry season and May, June, July, August, September, and 
October 2014 as rainy season. Generally, the relative 
humidity was high throughout the study period. The 
highest (96.2 ± 2.2) and lowest (78.9 ± 3.2) values were 
recorded in July 2014 and March 2015 respectively (Table 
2).  

Diversity indices of mushrooms sampled at the site 
Mushroom species richness and relative abundance  

Table 3 shows the monthly species richness of 
mushrooms at ENPOST forest between March 2014 and 
March 2015. Species richness was very high in October 
(70), followed by May (66) and September (62), 2014 and 
low March 2015 (11), January (13) and July (14) 2014. 

Generally, mushrooms in the terrestrial habitat were 
abundant and found higher than those in the ligneous 
habitat only in May, September and October 2014. The 
relative abundance of mushroom carpophores in the 
terrestrial habitat during the period of study ranged from 0 
to 45.35% with May 2014 recording the highest value 
(45.35%) (Table 3). In the ligneous habitat, the monthly 
relative abundance of mushroom carpophores ranged from 
1.99% (August 2014) to 18.79% (April 2014) (Table 3).  

Mushroom dominance, species diversity and evenness 
The dominance, species diversity, and evenness of the 

mushrooms studied in the rainy and dry seasons are 
presented in Table 4. Generally, a higher mushroom 
dominance was observed in the terrestrial habitat during the 
rainy and dry seasons (0.072 and 0.159 respectively) when 
compared to the ligneous habitat. On the contrary, species 
diversity was higher in both seasons in the ligneous habitat. 
Though the value obtained for evenness in the two seasons 
were higher in the terrestrial habitat with the highest 
evenness (0.581) during the dry season, no wide margin 
was noticed in both terrestrial and ligneous habitats during 
the rainy season where 0.261 and 0.264 were obtained 
respectively (Table 4).  

 

 
 
 
 
 

 
A B C 

 
Figure 7. Pictures of mushrooms growing on erect dead wood logs about 10 m above ground.  A. Unidentified tree, B. Cola nitida, C. 
Cordyline australis 
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Table 1. Occurrence and percentage frequency of mushroom species on different ligneous substrates 
 
Substrate type Substrate n  % 
Single substrate Dead Cola nitida  14 17.07 

Dead Elaeis guineensis 25 30.49 
Dead Mangifera indica 13 15.85 
Dead burnt Triplochiton scleroxylon associated with termite nest 2 2.44 
Dead Cordyline australis 1 1.22 
Dead Pseudospondias microcarpa 1 1.22 
Dead Bambusa vulgaris 2 2.44 
Dead Gliricidia sepium 1 1.22 
Total 59 71.95 

    
Dual substrates Dead Cola nitida and Dead Elaeis guineensis 1 1.22 
 Dead Cola nitida and Dead Mangifera indica 4 4.88 
 Dead Elaeis guineensis and Dead Musa paradisiaca 2 2.44 
 Living Cola nitida and Elaeis guineensis 1 1.22 
 Dead Elaeis guineensis and Dead Pycnanthus angolensis 1 1.22 
 Dead Elaeis guineensis and Dead Bambusa vulgaris 1 1.22 
 Dead Bambusa vulgaris and Dead Mangifera indica 1 1.22 
 Total 11 

 
 13.41 

Triple substrates Dead Mangifera indica, Dead Elaeis guineensis Font, Dead Cordyline australis 1 1.22 
 Total 1 1.22 
    

Unidentified substrates Unidentified dead wood substrates  11 13.41 
 Total 11 13.41 
    

 Overall total 82 100 
Note: n - Number of mushroom species 

 
   
Table 4. Seasonal variation in dominance, species diversity and evenness of mushrooms in the ligneous and terrestrial habitats during 
the rainy and dry season 
 

Habitat Rainy season Dry season 
 Dominance Species diversity Evenness Dominance Species diversity Evenness 

Ligneous 0.033 3.912 0.261 0.093 3.019 0.220 
Terrestrial 0.072 3.304 0.264 0.159 2.167 0.581 
 
 

 
Table 2. Measurement of climatic elements of ENPOST forest, 
Ilesa, Southwestern Nigeria 
 

Year Month 

Average 
monthly  

temp.  
(°C) 

Number of  
rainfall (d) 
per month 

Average 
monthly 
precip. 
(mm) 

Average 
monthly 
relative 

humidity (%)
2014 March 27 ± 3 6 2.11 93.1 ± 2.7 

April 26 ± 3 6 2.39 92.7 ± 5.3 
May 26 ± 3 10 16.85 95.6 ± 2.8 
June 25 ± 3 9 2.46 94.9 ± 3.6 
July 24 ±2 11 12.55 96.2 ± 2.2 
August 23 ± 3 8 6.58 92.8 ± 2.3 
September 24 ± 2 12 5.66 96.1 ± 2.6 
October 25 ± 2 13 9.09 95.8 ± 1.1 
November 26 ± 4 2 0.41 89.3 ± 2.7 
December 26 ± 5 0 0.00 85.3 ± 3.3 

      
2015 January 26 ± 6 0 0.00 83.7 ± 4.5 

February 28 ± 6 ND ND 80.2 ± 3.6 
March 27 ± 7 ND ND 78.9 ± 3.2 

Note: ND – Not determined 

Table 3. Species richness and relative abundance of mushroom 
during the period of study 
 

Year Month Species 
richness 

Relative 
abundance of 
mushrooms in 
the terrestrial 
habitat (%) 

Relative 
abundance of 
mushrooms in 

the ligneous 
habitat (%) 

2014 March 20 0.32 7.57 
April 38 11.82 18.79 
May 66 45.35 8.91 
June 24 0.77 9.67 
July 14 0.00 2.11 
August 17 0.94 1.99 
September 62 12.22 10.28 
October 70 24.54 14.36 
November 42 2.68 13.75 
December 17 0.20* 3.27 

     

2015 January 13 0.00 3.29 
February 26 0.45 3.57 
March 11 0.72 2.43 

 Total  100 100 
Note: *Mushrooms in this month were found growing close to the 
stream flowing through the forest 
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Seasonal variation in the occurrence and similarity of 
mushroom species found growing in the ligneous and 
terrestrial habitats 

The occurrence of mushroom species was higher during 
the rainy season in the terrestrial habitat (n = 43) than in the 
ligneous habitat (n = 29). Contrariwise, the occurrence of 
mushroom species in the dry season was higher in the 
ligneous habitat (n = 14) than in the terrestrial habitat (n = 
10). In addition, the number of mushroom species that 
occurred in both the dry and rainy seasons was higher in 
ligneous (39) than terrestrial habitats (15). Jaccard’s 
similarity index indicates fewer mushroom species grew in 
both rainy and dry seasons in the terrestrial habitat when 
comparison to the ligneous habitat (Table 5). 

Generally in the ligneous habitat, the highest 
carpophores during the rainy and dry seasons was observed 
in Coprinus disseminates (7,675) and Schizophyllum 
commune (7,329) respectively (Table 6) while it was 
Mycena monticola (760; rainy season) and Mycena 
sanguinolenta (362; dry season) in the terrestrial habitat 
(Table 7). In addition, Auricularia auricula-judae, A. 
polytricha, Cantharellus cibarius, Coprinus lagopides, 
Cortinarius paleaceus, Inonotus hispidus, Lenzites 
betulina, Nidularia farcta, Pluteus salicinus, Schizophyllum 
commune, Trametes pubescens, Hericium abietis, 
Hypoxylon fragiforme, and Hypoxylon sp. had more 
carpophores occurring in the dry season in the ligneous 
habitat (Table 6).  

 
 

Table 5. Frequency and relationship between mushroom species 
found during the rainy and dry seasons 
 

 Habitat 
Ligneous Terrestrial 

Rainy season 29 43 
Dry season 14 10 
Both seasons 39 15 
Jaccard’s similarity index 0.4756 0.2206 
 
 
 
Table 6. Occurrence of mushroom carpophores in the ligneous 
habitat 
 
Mushroom identity RS DS T 
Amanita bisporigera  300 269 569 
Amanita solitaria 6 3 9 
Anthrodiella hoehnelii 0 7 7 
Auricularia auricula-judae  1177 1843 3020 
Auricularia polytricha 13 57 70 
Cantharellus cibarius 78 137 215 
Clavariadelphus junceus 1469 0 1469 
Clitocybe sp. 44 0 44 
Coprinus disseminatus 7675 498 8173 
Coprinus lagopides 70 132 202 
Coprinus lagopus 16 0 16 
Coprinus plicatilis 0 4 4 
Coprinus sp.1 0 6 6 
Cortinarius paleaceus 1452 1629 3081 
Crepiotus mollis 0 14 14 
Cyathus striatus 0 26 26 
Dacrymyces sp. 586 0 586 

Daldina concentrica 16 16 32 
Dichomitus campestris 3 0 3 
Ganoderma applanatum  6 3 9 
Ganoderma resinaceum 39 29 68 
Gleophyllum sepiarium 0 1 1 
Hapalopilus nidulans 0 158 158 
Hericium abietis 78 121 199 
Heterobasidion annosum 2 2 4 
Hydnellum peckii 71 6 77 
Hydnum sp. 137 80 217 
Hypoxylon fragiforme  23 38 61 
Hypoxylon sp.  28 44 72 
Inonotus hispidus 7 31 38 
Inonotus radiatus 45 32 77 
Lactarius obscuratus 9 0 9 
Lentinus subnudus 1011 407 1418 
Lenzites betulina 119 210 329 
Lepiota ventriosospora 24 0 24 
Lycoperdon echinatum 15 0 15 
Lyophyllum loricatum 6 0 6 
Marasmiellus candidus 2081 2910 4991 
Marasmius sp.1 22 0 22 
Marasmius sp.2 0 67 67 
Marasmius wynnei 12 0 12 
Marasmius ramealis 1099 749 1848 
Mycena galericulata 1 0 1 
Mycena inclinata 426 0 426 
Mycena maculata 0 137 137 
Mycena sp.1 32 0 32 
Mycena sp.2 279 2 281 
Mycena tortuosa  13 0 13 
Mycena vitilis 1421 721 2142 
Nidularia farcta  67 78 145 
Nolanea cetrata 168 0 168 
Oxyporus populinus 26 0 26 
Panaeolus foenisecii 23 0 23 
Panaeolus semiovatus 9 0 9 
Peziza aurantia 290 51 341 
Phellinus igniarius 2 0 2 
Piptoporus betulinus 1 0 1 
Pleurotus florida 27 9 36 
Pleurotus lignatilis 129 100 229 
Pleurotus ostreatus 3 0 3 
Pleurotus pulmonarius 0 78 78 
Pluteus salicinus 1 5 6 
Polyporus floccipes 3 0 3 
Polyporus sp. 231 0 231 
Polyporus varius 6 0 6 
Psathyrella marcescibilis 0 1 1 
Schizophyllum commune 3408 7329 10737 
Schizopora paradoxa 15 33 48 
Scleroderma areolatum 10 0 10 
Sterum complicatum 22 20 42 
Sterum hirsutum 9 20 29 
 Stereum sp. 3 0 3 
Termitomyces sp. 0 2 2 
Termitomyces striatus  0 3 3 
Trametes ochracea 274 146 420 
Trametes pubescens 18 20 38 
Trametes versicolor 56 47 103 
Trichoglossum hirstum 41 0 41 
Tricholomopsis sp. 0 7 7 
Tuber excavatum 5 0 5 
Xylaria hypoxylon 1515 1178 2693 
Xylaria longipes 3036 2372 5408 
Total 29309 21888 51197 
Note: Legend: RS – Rainy season; DS – Dry season;T – Total 
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Table 7. Occurrence of mushroom carpophores in the terrestrial 
habitat 
 
Mushroom identity RS DS T 
Agaricus impudicus 0 20 20
Agaricus semotus 55 0 55
Agaricus silvicola 35 0 35
Amanita cokeri 4 17 21
Amanita muscaria 1 0 1
Amanita parcivolvata 0 6 6
Amanita phalloides 20 11 31
Amanita virosa 1 0 1
Cantharellula umbonata 6 31 37
Clavatia excipuliformis 1 1 2
Clitocybe nud 2 0 2
Clitopilus prunulus 6 0 6
Collybia distorta 0 9 9
Collybia erythropus 24 0 24
Collybia maculate 16 0 16
Collybia palustris 0 6 6
Collybia sp. 51 0 51
Coprinus palustris 0 1 1
Coprinus sp.2 24 22 46
Coprinus sp.3 1 1 2
Dictophora duplicata 8 0 8
Hygrocybe cantherelus 235 0 235
Hygrocybe conica 1 0 1
Hygrocybe miniata 31 0 31
Hygrocybe nigrescens 2 0 2
Hygrocybe vitellina 485 0 485
Hypholoma capnoides 17 0 17
Inocybe fastigiata 2 5 7
Laccaria laccata 375 0 375
Lactarius deliciosus 1 0 1
Lepiota adulterine 4 0 4
Lepiota felina 13 0 13
Lepiota konrandi 1 0 1
Lepiota mastoidea 13 0 13
Lepiota pseudohelveola 10 0 10
Leucocoprinus birnbaumii 2 0 2
Leucocoprinus brebissonii 0 5 5
Lycoperdon spadiceum 1 0 1
Macrolepiota procera 56 14 70
Marasmius epiphyllus 32 0 32
Marasmius sp.3 24 0 24
Marasmius sp.4 33 0 33
Marasmins sp.5 125 0 125
Micromphale brassicolens 0 2 2
Micromphale foetidum 420 0 420
Mycena acicula 3 0 3
Mycena aetitis 3 0 3
Mycena alcalina  1 0 1
Mycena crocata 12 21 33
Mycena galopus 78 9 87
Mycena haematopus 67 0 67
Mycena interrupta 69 0 69
Mycena monticola 760 0 760
Mycena pearsoniana 43 0 43
Mycena sanguinolenta 0 362 362
Panaeolina foenisecii 11 3 14
Pleurotus tuber-regium 20 8 28
Suillus sp. 16 0 16
Termitomyces aurantiacus 442 0 442
Termitomyces bulborhizus 4 0 4
Termitomyces letestui 202 0 202
Tricholoma inocybeoides 84 34 118
Tricholoma sp. 0 1 1
Tricholoma sulphureum 0 1 1
Tricholoma ustale 82 49 131
Tricholoma vaccinum 3 8 11
Tricholomopsis decora 3 0 3
Volvariella speciosa 1 0 1
Total 4042 647 4689
Note: Legend: RS – Rainy season; DS – Dry season; T – Total 

Likewise, in the terrestrial habitat, Amanita cokeri, 
Cantharellula umbonata, Mycena crocata and Tricholoma 
vaccinum had more carpophores in the dry season (Table 
7). Whereas Schizophyllum commune recorded the highest 
carpophores in the ligneous habitat (10,737), it was Mycena 
monticola in the terrestrial habitat (760) (Table 6-7). 
Overall, the total frequency of mushroom carpophores was 
generally higher in the rainy than dry season in both 
habitats (Table 6-7).  

Correlations among monthly climatic data, mushroom 
species richness and relative abundance  

The result obtained shows strong significant 
relationship among species richness, relative abundance of 
mushrooms in the terrestrial (r = 0.829; p = 0.000) and 
ligneous (r = 0.679; p = 0.011) habitat. Average monthly 
precipitation correlated strongly with relative abundance of 
mushroom carpophores in the terrestrial habitat (r = 0.7018, 
p = 0.024) and number of rainfall per month (r = 0.730; p = 
0.011). Also, average monthly relative humidity correlated 
strongly with average monthly temperature (r = -0.668; p = 
0.013), number of rainfall per month (r = 0.952; p = 0.000) 
and average monthly precipitation (r = 0.689; p = 0.019) 
(Table 8). 

Discussion 
Forest structure including degree of tree cover, 

humidification of soil, nature of substratum, acidity of soil 
and favorable environmental condition are pivotal to the 
growth, development and diversity of mushrooms in the 
biological world (Straatsma et al. 2001; Odeyemi et al. 
2014; Djelloul and Samraoul, 2011; Johnsy et al. 2011). In 
the present study, the 151 mushrooms identified have been 
widely reported in India (Dwivedi et al. 2012; Pushpa and 
Purushothama 2012; Vyas et al. 2014), Bangladesh (Rashid 
et al. 2016; Rumainul and Aminuzzaman 2016), Cameroon 
(Andrew et al. 2013), Algeria (Djelloul and Samraoui 
2011), Switzerland (Straatsma et al. 2001) and Mexico 
(LaRochelle and Berkes 2003). 

In Nigeria, Zoberi (1973), Oso (1975, 1977a, b), Alofe 
(1985), Gbolagade et al. (2006), Ezeibekwu et al. (2009), 
Oyetayo (2009, 2011), Okhuoya et al. (2010), Adedayo 
(2011), Ayodele et al. (2011), Nwordu et al. (2013) had 
earlier reported mushrooms in the genera Agaricus, 
Amanita, Auricularia, Clavatia, Collybia, Coprinus, 
Daldina, Dictophora, Ganoderma, Lactarius, Lentinus, 
Lepiota, Lycoperdon, Pleurotus, Psathyrella, 
Schizophyllum, Termitomyces, Tricholoma, Volvariella and 
Xylaria. This is the first time mushrooms in the genera 
Anthrodiella, Cantharellula, Cantharellus, Clavaria-
delphus, Clitocybe, Clitopilus, Coriolus, Cortinarius, 
Crepiotus, Cyathus, Dacrymyces, Dichometus, 
Gleophyllum, Hapalopilus, Hericium, Heterobasidion, 
Hydnellum, Hydnum, Hygrocybe, Hypholoma, Hypoxylon, 
Inocybe, Inonotus, Laccaria, Lenzites, Leucocoprinus, 
Lyophyllum, Maramiellus, Marasmius, Micromphale, 
Mycena, Nidularia, Nolanea, Oxyporus, Panaeolina, 
Peziza, Phellinus, Piptoporus, Pluteus, Polyporus, 
Schizopora, Scleroderma, Stereum, Suillus, Trametes, 
Trichoglossum, Tricholomopsis and Tuber are reported.  
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Table 8. Correlations among monthly climatic data, mushroom species richness and relative abundance  
 

  1 2 3 4 5 6 7 

1 Species richness 
  

1 
 

 

2 Relative abundance of mushrooms in the terrestrial habitat (%) 
  

0.829** 
 (0.000) 

 
 1 

 

3 Relative abundance of mushrooms in the ligneous habitat (%) 
  

0.679* 
 (0.011) 

0.434 
 (0.138) 

1 
 

 

4 Average monthly temperature 
  

-0.148 
 (0.630) 

-0.054 
 (0.861) 

0.009 
 (0.977) 

1 
 

 

5 Number of rainfall (d) per month 
  

0.555 
 (0.076) 

0.479 
 (0.136) 

0.205 
 (0.546) 

-0.542 
(0.085) 

1 
 

 

6 Average monthly precipitation (mm) 
  

0.466 
 (0.148) 

0.716* 
 (0.013) 

-0.089 
 (0.794) 

-0.353 
(0.287) 

0.730* 
 (0.011) 

1 
 

7 Average monthly relative humidity (%) 
  

0.534 
 (0.060) 

0.453 
 (0.120) 

0.467 
 (0.107) 

-0.668* 
(0.013) 

0.952** 
 (0.000) 

0.689* 
 (0.019)

1 
 

Note: Values in parenthesis are p-value of correlation coefficient  
 
 
 
 

Majority of wild mushrooms are found on variety of 
organic substrates in ligneous and terrestrial habitats where 
they obtain nutrients for growth (Gbolagade et al. 2006; 
Johnsy et al. 2011, Nwordu et al. 2013). In the current 
study, a high occurrence of wild mushrooms was recorded 
in the ligneous compared to terrestrial habitat and their 
symbiotic association (Figure 4). This could be attributed 
to the abundance of woody substrates and their 
colonization with mushroom mycelia that are mostly 
saprophytic. Mushrooms can secrete hydrolytic and 
oxidative extracellular enzymes that digest lignin and 
cellulose present in the substrates into smaller organic 
compounds or minerals into usable forms (Altaf et al. 2010; 
Odeyemi et al. 2014). Similarly, the high prevalence of 
terrestrial mushrooms on soil debris (79.41%) (Figure 6) 
indicates presence of simple organic matter and massive 
mycelia colonization of the underground soil. Mushroom 
develop from undisturbed interwoven web of hyphae called 
mycelium, which often time is buried in or found on the 
substrate where it derives its nourishment (Wilkinson and 
Buezaeki 1982; Ramsbottom 1989; Adedayo 2011). Also, 
association of Termitomyces species with termite mound or 
nest was noted by other researchers (Gbolagade 2006; 
Johnsy et al. 2011). 

Previous investigations have documented association of 
some mushrooms with a particular genus or family of trees 
(Arora 2008; Karwa and Rai 2010), suggesting mushroom 
substrate specificity. In this study, quite a high percentage 
of the observed mushrooms (about 72%) were associated 
with single substrate and about 15% with two or three 
substrates (Table 1) revealing that all mushrooms are not 
substrate-specific.  

Spore dispersal is crucial for sustainability of 
mushroom in nature. During the reproductive stage in the 
life cycle of mushrooms, spores are released from blown 
out mushroom carpophores and settle on substrates where it 
establishes its mycelium and continues the cycle (Odeyemi 
et al. 2014). The growth of mushrooms on erect dead trees 

5 feet above ground (Figure 7) revealed that some 
mushroom spores might be carried up in the air by current, 
settles on and colonize suitable wood substrate which can 
support their growth. Flying insects, pecking birds and 
crawling animals carrying mushroom spores might also be 
agent of dispersal (Abbott 2002; Lilleskov and Bruns 2005; 
Viljanen-Rollinson et al. 2007).  

The ranges of temperature (from 23 to 28°C), 
precipitation (from 0.00 to 16.85 mm) and high relative 
humidity (from 78.9 to 96.1%) (Table 2) observed in this 
study fell within the established limits that support the 
growth of mushrooms (Odeyemi et al. 2014). However, the 
temperature and rainfall range slightly differ compared to 
the report of Straatsma et al. (2001) on the biodiversity of 
fungal carpophore in a Swiss forest plot over 21 years 
regime. They reported a temperature range of 16.1 to 
20.6°C yearly and a range of 285.5 to 636.3 mm 
precipitation yearly on an average of 6 to 10 months. The 
occurrence of mushrooms in all the months of study 
showed their ready availability all-year-round at ENPOST 
forest. This is in agreement with the report of Adedayo 
(2011) who also noted the growth of mushrooms 
throughout the year.   

Mushroom diversity expressed as species richness, 
relative abundance in ligneous and terrestrial habitats 
reveals the dynamic nature of mushrooms between months, 
habitats and seasons. Species richness peaked in May (66), 
September (62) and October (70) 2014 with corresponding 
high mushroom relative abundance, 45.35, 12.22 and 
24.54%, in the terrestrial habitat, compared to the ligneous 
counterpart (Table 3). The boom of mushroom in May 
align with the report of Nwordu et al. (2013) who stated 
that highest occurrence of mushroom falls between April 
and June. Other diversity indices including dominance, 
species diversity, evenness and Jaccard's index give insight 
into preponderance, degree of representation and possible 
overlap of species and environmental stability in the forest 
(Kindt and Coe 2005). Dominance index indicated that 
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more species dominated in the terrestrial habitat 
comparable to the ligneous habitat. The high species 
diversity index in ligneous (3.912) and terrestrial (3.304) 
habitats (Table 4) infer a more stable and less disturbed 
environment during rainy season; albeit, the community 
was more stable. Similarly, the high evenness index in the 
terrestrial habitat (0.581) indicated that species occurring 
during the dry season are common and abundant. Jaccard's 
index also revealed that more species of mushrooms 
occurred both in the rainy and dry seasons in ligneous 
habitat than the terrestrial.  

A diverse mushroom community observed at ENPOST 
forest may not be a true representation of all the 
mushrooms present as some mycelia remain dormant 
underground or in their substrate until there is a prevailing 
environmental condition favorable for its growth 
(Adedayo, 2011; Andrew et al. 2013). Adequate moisture 
and water holding capacity of growth substrate are key 
factors to be considered for mushroom development 
(Ayodele et al. 2011; Tibuhwa et al. 2011; Bellettini et al. 
2016). In this study, mushrooms found during rainy season 
were higher than dry season (Table 5). In the same vein, 
frequencies of carpophore obtained suggest that moisture 
requirement for the mushrooms differ, i.e., species can 
grow either under high, low moisture availability or both 
(Tables 6, 7). The present findings also reveal that monthly 
precipitation correlated significantly with relative 
abundance of mushrooms in the terrestrial habitat.  

In conclusion, different mushroom species are still 
relatively abundant in Nigeria due to prevailing 
environmental and climatic conditions and copious 
availability of growth substrates which support their 
growth. The ecology, biodiversity and seasonal distribution 
of wild mushrooms at ENPOST forest were studied. Our 
study revealed for the first time in Nigeria a total of one 
hundred and fifty-one different mushrooms, a good 
representative of Nigeria's rich mushroom flora, which can 
be of diverse human and biotechnological benefits if 
properly harnessed. However, it should be noted that these 
bioresources are gradually going into extinction as a result 
of human activities such as deforestation, bush burning, use 
of pesticides and herbicides, urbanization and climate 
change. Hence, need for their urgent preservation and 
sustainability is advocated. 
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Abstract. Krupnova TG, Mashkova IV, Kostryukova AM, Egorov NO, Gavrilkina SV. 2018. Bioconcentration of heavy metals in aquatic 
macrophytes of South Urals region lakes. Biodiversitas 19: 296-302. This paper studies bioconcentration of heavy metals in 
macrophytes. High concentration of heavy metal compounds in the lakes of South Ural is natural. Moreover, some of the South Ural 
lakes are polluted by heavy metals that get into the water together with partly treated sewage of ferrous and non-ferrous industries as 
well as mining. The paper analyzes similarities and differences of macrophyte communities in six lakes: Bolshoye Miassovo, Bolshoy 
Ishkul, Bolshoy Tatkul, Argayash, Savelkul, Baraus. In our research, we determined species diversity for each lake. Potamogeton lucens 
L. and Lemna minor L. were found in all the studied lakes, and the concentrations of heavy metals were studied in their leaves. Such 
metals as Fe, Mn, Cu, Zn were found in macrophytes. We obtained a metal ratio Mn <Fe<Cu<Zn in plant leaves. High accumulation of 
Fe, Cu, Zn was observed in Lemna while Mn accumulates equally. Metals bioconcentration factors (BCFs) were calculated 

Keywords: aquatic macrophytes, bioaccumulation, heavy metals, bioconcentration factor (BCF) 

INTRODUCTION 

Heavy metal contamination in aquatic environments is a 
serious environmental problem. Anthropic activities are 
source of heavy metals in aquatic systems (Prasad 2004). 
Trace elements can be accumulated in aquatic plants 
(Kabata-Pendias and Pendias 2001). It is known that the 
aquatic macrophytes are good bioindicators of heavy metal 
in lake systems (Zhou et al. 2008). There are a number of 
studies that focus on this issue. The results of studies 
suggested that Myriophyllum aquaticum (Vell.) Verdc. 
(Harguinteguy et al. 2013, 2016), Potamogeton pusillus L. 
(Harguinteguy et al. 2016), Stuckenia filiformis (Pers.) 
Börner (Harguinteguy et al. 2014), Scirpus tripueter L. and 
Cyperus malaccensis Lam. (Zhang et al. 2010), 
Potamogeton pectinatus L. and Potamogeton malaianus 
Miq. (Peng et al. 2008) are good bioindicators of heavy 
metal in rivers. Ipomoea aquatic could be used as 
biomonitors of sedimentary metal contamination for the 
Beung Boraphet reservoir (Dummee et al. 2012). 
Myriophyllum spicatum L. was investigated for its ability 
to accumulate nutrients, and heavy metals from 
contaminated watercourses of Egypt (Galal and Shehata 
2014) The aquatic macrophytes play a very significant role 
in removing the different metals from the ambient 
environments. They probably play a major role in reducing 
the effect of high concentration of heavy metals 
(Vardanyan and Ingole 2006, Keskinkan et al. 2004). 
Jackson reviews paradigms of metal accumulation in 
rooted aquatic vascular plants (Jackson 1998). 

The aquatic macrophytes can use to remove heavy 

metals from the contaminated water. For example, it was 
shown that wastewater treatment can be used plants such as 
Potamogeton pectinatus L. and P. malaianus (Peng et al. 
2008), Pistia stratiotes L., Spirodela polyrrhiza W. Koch 
and Eichhornia crassipes (Mart.) Solms (Mishra and 
Tripathi 2008), M. aquaticum, Ludwigia palustris (L.) 
Elliot. and Mentha aquatica L. (Kamal et al. 2004). Lemna 
gibba L. can be successfully used for metals (Cd, Cu, and 
Zn) removal (Khellaf and Zerdaoui 2009; Megateli et al. 
2009, Drost et al. 2007). Moreover, Lemna minor L. is a 
good bioindicator species (Horvat et al. 2007). Studies 
involving plants and multielemental waters are very rare 
because of the difficulty in explaining interactions of the 
combined toxicities. Regardless of the complexity in 
interpretation, Lemna bioassay can be efficiently used to 
assess combined effects of multimetal treated electroplating 
wastewater’s samples (Horvat et al. 2007). Three aquatic 
plants E. crassipes, L. minor and S. polyrhhiza, were used 
in laboratory for the removal of heavy metals from the coal 
mining effluent (Mishra et al. 2008). Aquatic plants 
(Potamogeton natans L.) can be used to enhance the 
performance of constructed wetland systems for stormwater 
treatment (Fritioff and Greger 2006). The uptake of heavy 
metals, As, and Sb by aquatic plants-fluvial horsetail, 
platyphyllous cattail, etc.-growing in industrial collection 
ponds of metal mining industry in the Kemerovo region, 
Russia, was studied. Cu, Pb, Cd, Zn, As, and Sb are the 
major pollutants in these plant habitats (Hozhina et al. 
2001). 

Plants exposed to high concentrations of heavy metals 
should respond in order to avoid the deleterious effects of 
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heavy metal toxicity at the structural, physiological and 
molecular levels (Oveka and Takac 2014). Nevertheless, 
the physiological changes observed in plants at high metal 
concentrations and accumulations, did not represent a risk 
in relation to their survival. This is shown in the example of 
M. aquaticum and Egeria densa (Planch.) Casp. 
(Harguinteguy et al. 2015). 

High concentration of heavy metal compounds in the 
lakes of east piedmont limnological region of South Ural is 
natural. It is said to be connected with the region geology. 
In Lake Bolshoye Miassovo the average concentrations 
were: Cu-0.02 mg·L-1, Zn-0.03 mg·L-1, Pb-0.01 mg·L-1, 
Mg-0.05 mg·L-1, Sr-0.58 mg·L-1 (Gavrilkina et al. 2000). 
Large concentration of heavy metals is considered as a 
natural background (Rogozin 2003). Moreover, some of the 
South Ural lakes are polluted by heavy metals that get into 
the water together with partly treated sewage of ferrous and 
non-ferrous industries as well as mining.  

Bioconcentration factor (BCF) is widely used to assess 
of heavy metal bioaccumulation (Parkerton et al. 2008). 
The aim of this paper was to investigate bioaccumulation 
of heavy metals in macrophate from the lakes of South 
Ural. Our research seeks to address the following issues: 
(1) to study macrophyte species composition of the six 
South Urals region lakes, (2) to determine the heavy metal 
concentrations in chosen macrophyte species and (3) to 
evaluate heavy metals bioconcentration factors (BCFs).  

MATERIALS AND METHODS 

Study area  
The studied waterbodies are the part of Kisegach-

Miassovo hydrological system forming an almost closed 
ring of several large and medium-sized lakes connected by 
small rivers and creeks (Figure 1).  

 

 
 
 
 

 
 

 
Figure 1. Map of lakes of South Urals, Russia 
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Bolshoye Miassovo, Bolshoy Ishkul, Bolshoy Tatkul, 
Argayash, Savelkul, Baraus are located on the territory of 
the Ilmen State Reserve and may be considered 
conventionally undisturbed. The lakes of the Ilmen group 
are located in rows along the meridian-oriented mountain 
ranges in the low-mountain and piedmont zones at the 
height of 270-375 m above sea level. The lakes are of 
erosion-tectonic origin and in various stages of 
development. Thus, they may be characterized by complex 
bolson, considerable depth, angularity of the coastline, 
steep stony coasts. The lakes under study belong to small 
and middle in terms of surface they occupy and middle and 
deep in terms of depth. Their chemical composition refers 
them to the lakes of hydrocarbonate, calcium and 
magnesium water of different types (according to the 
classification of Alekin (1970). pH value changing with 
seasons varies in the range of 8.0-8.6 in epilimnion from 
May to September. This value, as well as the gas regime 
(oxygen, carbon dioxide), is closely related to the thermal 
regime, which in turn is in direct proportion to their depth. 
Low water salinity 0.1-0.3 g·L-1, the predominance of 
hydrocarbonate ions and rich microelement water 
composition are the characteristic features of the lakes 
(Gavrilkina et al. 2000). 

Sample collection 
We collected data of species diversity in 2005-2015 

(Mashkova et al. 2015) and used data of other research 
works (Vejsberg 2007, Vejsberg 2014). We studied six 
lakes. In field research standard methods of ecological 
profiling were used (Katanskaya, 1981). In our research, 
we determined species diversity, water flora taxonomic 
structure for each lake. Ecological groups were identified 
according to the classification generally accepted in 
hydrobotanical literature which divides macrophytes into 
aquatic and semi-aquatic according to their interaction with 
the aquatic environment. We made flora lists of all the 
studied lakes in common (Krupnova et al. 2017). 

For chemical analysis, we collected plants leaves from 
July to August in 2015-2016. At each study site, where 
individual plant species were found, plant leaves were 
collected in five replicates. Two species that were common 
for all study lakes were selected for analysis: Potamogeton 
lucens L. from lakes B. Miassovo (n=5), B. Ishkul (n=3), 
Argayash (n=3), B. Tatkul (n=3), Savelkul (n=4), Baraus 
(n=4) and L. minor from lakes B. Miassovo (n=4), B. 
Ishkul (n=3), Argayash (n=3), B. Tatkul (n=3), Savelkul 
(n=4), Baraus (n=3). Leaves from plants were carefully 
collected, washed thoroughly with the lake water, freed of 
all adhering materials, and transferred to the laboratory in 
clean plastic bags. 

Water samples were taken from June to September in 
2014-2016. A total of 5-12 comparable samples of water in 
different sites distributed around the perimeter of the lake 
were collected every study year.The sampling system PE-
1110 was used for hydrochemical sampling. Water samples 
for metal analysis were collected into 2.0 dm3 polymer 
dishes according to the National Standard (GOST R 51592-
2000; GOST R 51593-2000). Sample preservation and 

storage was in accordance with the National Standard 
GOST 31861-2012.  

Analytical determination of metal concentrations in 
macrophytes 

To reduce individual differences, 5 plants of each 
species were sampled at each lake. Macrophytes were 
washed and dried at 60 ° C for 48 hours. The dried leaves 
of 5 plants were combined into one mixed sample, 
respectively. Mixed samples were ground in a mortar. The 
finely ground rock powder was compressed using a 
hydraulic press into a pellet.  

XRF patterns were registered in the lab of Center for 
Nanotechnology at South Ural State University. Rigaku 
SuperMini200 XRF Spectrometer was used for XRF 
analysis. The Russian National State Standard Samples 
GSO 8923-2007 Standard sample of birch leaves, GSO 
8922-2007 The standard sample of a mixture of herbs, 
OSO 10-150-2008 seaweed (kelp) and GSO 8921-2007 
Elodea canadensis Michx. were used. The relative standard 
results deviation was not more than 5%. 

Analytical determination of metal concentrations in 
water  

Water samples were digested with concentrated HNO3 
acid as described by APHA (1998). The concentrations of 
heavy metals (Cu, Zn, Mn, and Fe) in the water samples 
were determined using Analyst 400 (Perkin-Elmer) atomic 
absorption spectrometer with a flame atomization mode. A 
standard metal solution was used to prepare the standard 
curve according to GOSTR 51309-99. All the metal 
concentrations were measured in the lab of the South-Ural 
Common Use Center of the Ilmen State Reserve UrB RAS. 

Data processing 
The total weight of each heavy metal can be calculated 

from the XRF-results, and the concentration data (μg/g) 
used in this study is the heavy metal weight divided by the 
dry weight (DW) of the macrophyte samples. Microsoft 
Excel 2013 and SPSS 24.0 software were used to organize 
and analyze the data. Differences in heavy metal 
concentration among the species and the lakes were 
analyzed using ANOVA with post-hoc comparisons made 
using Fisher’s least significant difference (LSD).  

We analyzed the data using a special program module 
"GRAPHS" (Nowakowski 2004). 

BCF values in this study were calculated as reported by 
Gobas et al. (2009) where bioconcentration factor (BCF) is 
defined as the ratio of the steady-state metal ions 
concentrations in the plant vs the concentration in water:  

 

.  
     

 
Where: 
BCF = Bioconcentration factor 
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RESULTS AND DISCUSSION 

Macrophyte species composition 
The studied lakes vegetation in syntaxon terms is rather 

diverse with vegetation being well developed in shallow 
waters. It is often rare in open spaces, goes a narrow 
broken line along the coasts and has a pattern character. 
Macrophytes of small lakes (Argayash, Savelkul, Baraus) 
are distributed more evenly, and their distribution zones 
occupy a relatively larger area of the water area. Formed 
communities occupy the bottom to the depth of 3.0-4.0 in 
average, some species of Fontinalis antipyretica Hedw. 
and charophytes are met to the depth of 5 m.  

During our research, we registered about100 
macrophyte (Krupnova et al. 2017) species of which 63 
(63%) is water plants, and 37 (37%) are coastal. The list 
includes 8 species of charophytes belonging to 3 genera, 2 
species of moss, 1 species of Equisetophyta and ferny and 
88 species of Magnoliophyta of 44 genera, 29 families. The 
difference between our data and reference data in terms of 
macrophyte taxonomic composition refers only to 
Magnoliophyta and some updating of the species 
composition of Argayash, B. Miassovo, B. Tatkul. A 
smaller number of genera and species is registered without 
considering woody plants (willows and birches). The 
species proportion of some families is different, e.g., 
Potamogeton, Cyperaceae, cereal, buckwheat, Labiatae, 
Rosaceae, and Ranunculaceae. 

The discrepancies between our data and reference data 
are likely to be connected with the aim of our work, that 
was not to make a comprehensive re-inventory of 
macrophytes. So, we may assume that some species were 
not covered. Moreover, most of the species that were not 
described in terms of neo-botany are registered in the 
reference literature as rare or singular. 

Besides, the aim of our research was to study lake 
ecosystems, so numerous rivers, streams, flows, and bogs 
were not considered. That explains the change in 
proportion of aquatic and semi-aquatic plants for the 
benefit of the latter. However, given the fact that the 
reference data is rather old (more than 15 years) the change  

in macrophyte species composition of many lakes under 
study may be explained by the influence of various factors, 
apparently, to a larger extent of natural origin. Macrophyte 
habitats may have been reduced due to the waterbodies 
aging and overgrowing.  

According to the research macrophyte species 
composition of the studied lakes is different. B. Miassovo 
is remarkable in species abundance (95 species). Many 
species absent in other lakes are found here, e.g., 
charophytes, water moss (F. antipyretica), some 
Potamogeton species, several hygrophyte species growing 
on floating bogs. Macrophyte list of B. Miassovo has 95% 
of species of the total list (Krupnova et al. 2017). 

 The lakes under study are stated to be different in 
taxonomic diversity of aquatic flora. According to Veisberg 
(2014) the representatives of Najadaceae, Zannichelliaceae, 
Calliergonaceae families, rare for the South Ural, are found 
in B. Miassovo. Potamogetonaceae, Characeae are also rich 
in composition. It may be explained by the fact that during 
natural eutrophication in the process of overgrowing flora 
is becoming poor mainly due to the habitat reduction of 
aquatic plants. It is higher, for example, in B. Miassovo for 
some charophyte species, Nymphaea candida J. Presl, 
Nuphar pumila (Timm) D.C., P. lucens, Potamogeton 
perfoliatus L., Persicaria amphibian (L.) Gray, 
Schoenoplectus lacustris (L.) Palla and others. Most of 
these species prefer solid soil and wandering water. 
However, quantitative analysis considering each species 
frequency of occurrence showed a fairly high similarity of 
waterbodies flora diversity. The dendrogram constructed 
on the basis of the Jacquard species similarity index is 
shown in Figure 2. 

Potamogeton lucens and L. minor were found in all the 
studied lakes These species were chosen for studying heavy 
metal concentrations.  

Heavy metals content in plants  
Elemental composition of macrophyte was studied. Such 
metals as Mn, Fe, Cu, and Zn are found in macrophytes of 
all the studied lakes. The heavy metal concentrations (mean 
and standard deviation) are shown in Table 1. 

 
 

Table 1. Mean values (±standard errors), mg·kg-1DW, for all heavy metal concentrations in macrophytes 
 

Metal  Lakes 
B. Miassovo B. Ishkul Argayash B. Tatkul Savelkul Baraus 

 
P. lucens  

Mn 721±198a 970±87a 760±208a 721±98a 708±201a 690±126a 
Fe 639±120a 514±87a 520±125a 490±110a 556±180a 523±145a 
Cu 36±5a 42±6a 48±5a 46±6a 37±6a 41±7a 
Zn 30±5a 32±4a 36±6a 38±6a 27±6a 29±5a 

 
L. minor 

Mn 912±185a 710±71a 809±114a 712±125a 703±135a 676±130a 
Fe 402±68b 390±96b 380±198b 289±90b 321±85b 368±112b 
Cu 26±4b 28±5b 34±4b 34±5b 29±4b 27±4b 
Zn 16±5b 22±6b 28±5b 26±6a 17±4b 11±7b 

Note: P. lucens from lakes B. Miassovo (n=5), B. Ishkul (n=3), Argayash (n=3), B. Tatkul (n=3), Savelkul (n=4), Baraus (n=4). L. 
minor from lakes B. Miassovo (n=4), B. Ishkul (n=3), Argayash (n=3), B. Tatkul (n=3), Savelkul (n=4), Baraus (n=3). Different letters 
indicate significant differences among the species according to Fisher’s LSD (p<0.05) 
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Figure 2. Dendrogram of the similarity of the lakes studied by species of macrophytes 

 
 
 
 

We obtained a metal ratio Mn <Fe<Zn<Cu in plant 
leaves. Mn content in the organs of plants usually takes 
values from 10 to 25 mg/kg (Parzych et al. 2016) which 
covers the physiological needs of most plants. Very high 
levels of this element were found in P. lucens (690-970 
mg·kg-1DW) and L. minor (676-912 mg·kg-1DW). These 
concentrations are reported as toxic to most plants 
(Bonanno and Lo Giudice 2010, Bonanno 2013). But study 
lakes are not polluted. Probably the increased Mn content 
in organs of aquatic plants indicates a positive influence of 
these macrophytes on purification of waters and bottom 
sediments from manganese compounds in relation to 
physiological demand and can be a genetic feature 
(Parzych et al. 2016). 

Iron concentration in leaves remained at 289-639 
mg·kg-1DW. This metal is required as essential 
microelement for the plant metabolism (Kumari and 
Tripathi 2015). Generally, Cu (26-48 mg·kg-1DW) and Zn 
(11-38 mg·kg-1DW) concentrations in leaves of 
macrophytes studied were within the range of natural 
content in aquatic plants (Parzych et al. 2016). 

High accumulation of Fe, Cu, Zn is observed in L. 
minor while Mn accumulates equally (Table 1). The 
differences may be associated with the different types of 
plants rooting. L. minor is free-floating, unrooted 
macrophyte, P. lucens is a rooted water plant. 

Bioaccumulation of metals 
The heavy metal concentrations in lakes water are 

shown in Table 2. Cu was characterized by the highest 
variability of concentration within the research area. 
Waters of lakes catchments were rich in dissolved iron and 
manganese. In the lake B. Miassovo discovered iron-
manganese nodules which are differed from the same 

formations from freshwater lakes higher contents of Mn 
and an extremely high rate of Fe (Gavrilkina et al. 2000).  

The macrophytes showed diversified accumulation 
properties in relation to Mn, Fe, Cu and Zn present in water 
(Table 3). The highest bioaccumulation was found in the 
case of Mn. The BCFs of Fe and Cu were statistically 
equal. It is known that the majority of iron and manganese 
are biologically accumulated by plankton in Lake B. 
Miassovo (Gavrilkina et al. 2000). A high degree of 
accumulation of Mn and Fe can be explained by the 
widespread detection of oxides of these elements in the 
upper layer of bottom sediments and iron-manganese 
nodules (Gavrilkina et al. 2000). 

In the Lake B. Ishkul, the high content of Cu (1.02 
mg·L-1) was detected. This is due to its greatest proximity 
to the zone of the winds Kyshtym copper-smelting plant. 
But the high Cu content in the macrophytes was not 
observed (see Table 1). The lowest content of Cu (0.003 
mg·L-1) but statistically significant decrease in the content 
of copper in plants is not found was in the water of the 
Lake Savelkul but statistically significant decrease of the 
Cu content in plants was not found (see Table 1). We 
excluded these lakes for calculating mean values of BCFs. 
Bioaccumulation of Zn was slightly lower.  

In conclusion, the composition of macrophyte 
ecological groups in its relation to aquatic factor is one of 
the most important indicators characterizing waterbody 
biotope diversity. So, local flora of the waterbodies under 
study has some differences in spite of the lakes being equal 
in surface and belonging to the single hydrological system. 
Bolshoye Miassovo has a higher level of taxonomic 
diversity and variety of ecological forms of plants. It is 
explained by a higher diversity of its biotopes which is the 
result of the complex formation of its coasts and a variety 
of soil. 
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Table 2. Mean values (±standard errors), mg·L-1, for all heavy metal concentrations in water of lakes . Miassovo (n=58), B. Ishkul 
(n=78), Argayash (n=14), B. Tatkul (n=16), Savelkul (n=18), Baraus (n=11) 

 
Metal  Lakes 

B. Miassovo B. Ishkul Argayash B. Tatkul Savelkul Baraus 
Mn 0.0151±0.0001 0.0728± 0,0002 0.0945 ±0.0007  0.1622±0.0014 0.0347±0.0041 0.0251±0.0002 
Fe 0.0206± 0.0009 0.0310± 0.0005 0.1073±0.0014 0.0888±0.0009 0.0300± 0,0002 0.0250±0.0004 
Cu 0.00148±0.00012 1.020± 0.003 0.00400± 0.00005 0.0021±0.0003 0,00027±0.00001 0.0070±0.0002 
Zn 0.00414±0.000011 0.00792±0.00004 0.00415± 0.00012 0.00515±0.00013 0.00380±0.00014 0.00251±0.00011 
 
 
 

Table 3. Bioconcentration factor (BCF) of heavy metals in plants from study lakes 
 

Metal 
Lakes 

B. Miassovo B. Ishkul Argayash B. Tatkul Savelkul Baraus Mean 
values  

Standard 
errors 

 
Potamogeton lucens 

Mn 47748 13324 8042 4445 20403 27490 20242a 15845 
Fe 31019 16580 4846 5518 18533 20920 16236b 9904 
Cu 24000 41* 12000 21904 123333* 5857 15940b 8519 
Zn 7317 4050 8571 7307 7105 14500 8141c 3458 

 
Lemna minor 

Mn 60397 9752 8560 4389 20259 26932 21714a 20697 
Fe 19514 12580 3541 3254 10700 14720 10718b 6388 
Cu 17333 27* 8500 16190 96667* 3857 11470b 6414 
Zn 3902 2784 6667 5000 4474 5500 4721c 1338 

Note: *Excluded values when calculating the average. Different letters indicate significant differences among the heavy metals 
according to Fisher’s LSD (p<0.05) 

 
 
 
 
Leaves’ elemental composition of P. lucens and L. 

minor was studied, such metals as Mn, Fe, Cu, and Zn are 
found in macrophytes of all the studied lakes. Statistically 
significant differences were found in the content of Fe, Cu, 
and Zn in the leaves of P. lucens and L. minor. 
Bioconcentration factors could be arranged into the 
following sequences: Mn>Fe=Cu>Zn. 
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Abstract. Nugraha FAD, Fatchiyah F, Smith EN, Nia Kurniawan N. 2018. Phylogenetic analysis of colubrid snakes based on 12S rDNA 
reveals distinct lineages of Dendrelaphis pictus (Gmelin, 1789) populations in Sumatra and Java. Biodiversitas 19: 303-310. The 
phylogenetic relationship among the major colubrid snakes, particularly those of the subfamily Colubrinae, has been the subject of much 
debate. Also, there was limited data on the molecular relationships of Sundaland colubrid snakes. This study aimed to examine the 
relationships among colubrid snakes from Sumatra and Java based on fragments of 12S rDNA gene. We sequenced 17 specimens of 
colubrid snakes representing 5 genera and 2 subfamilies: Colubrinae and Ahaetullinae. We used maximum likelihood, maximum 
parsimony and Bayesian inference methods for inferring phylogenetic relationships. The result of our phylogenetic analyses is in line 
with the previous findings for the separation between Colubrinae and Ahaetullinae. Interestingly, we found two distinct clades of 
Dendrelaphis pictus species with the high genetic divergence between them where D. pictus from Sumatra and West Java separated 
from Central and East Java clade. Our divergence time estimation showed that the differentiation between these clades of D. pictus 
occurred in the late Miocene epoch (8.9 Ma) when Sumatra and Java separated after being inundated in the early Miocene epoch. 

Keywords: Colubridae, mtDNA, phylogeny, p-distance, Sundaland 

INTRODUCTION 

Indonesia is known as one of the top biodiverse 
countries in the world. It comprises about 17,000 islands of 
various sizes and geological origins (Mittemeier et al. 
1999). Based on the Indonesian Biodiversity Action Plan, 
16% of the amphibians and reptiles of the world occur in 
Indonesia (BAPPENAS 1993). The distribution of 
herpetofauna within those thousands of islands was 
affected by the geological activities occurred in the past. 
These geological activities include volcanic activities, 
subduction of the Indian ocean crust, and collision of 
Australia-East Indonesia, which resulted in the rise and 
widening of Sumatra island at 15 Ma - mid-Miocene. 
Another region, East Java-West Sulawesi-Sumba, South 
West Borneo - rifted from the Australia continental block 
and were added to Sundaland at approximately 145 Ma - 
Cretaceous (Hall 2013). The Malay Peninsula, Sumatra, 
Java and Borneo islands were later connected due to 
decreasing of the sea level to approximately 118 m below 
the present sea level during ice ages, most recently at 
20,500 - 14,000 years ago (Solihuddin 2014).  

Previous studies on animal compositions have revealed 
complexity in their distribution, in particular within the 
Sundaland region. Snake populations on the Malay 
Peninsula and Sumatra are more closely related to each 
other than to those from Java or Borneo. However, snakes  

 

on the Malay Peninsula, Sumatra, Java, and Borneo were 
more closely related than they were to those from Sulawesi 
(Inger and Voris 2001). Based on a simple spatial 
proximity similarity model, mammals on Mentawai island 
and Borneo were more closely related to each other than 
they were to those from Sumatra, the Malay Peninsula and 
Java, while reptiles and amphibians on those two islands 
were closely related to those on Sumatra than to those from 
the other areas (Wilting et al. 2012). Outside of the 
Sundaland region, several studies have been conducted on 
colubrid snakes to resolve their taxonomy issues, 
evolutionary history, biogeographies, and phylogenies 
(Guo et al. 2012; Lawson et al. 2005; Pyron et al. 2011b; 
Vidal et al. 2000; Vidal and Hedges 2002; Zaher et al. 
2009). Nevertheless, the phylogeny of Colubridae has not 
yet been fully resolved, particularly within the paraphyletic 
Colubrinae (Figueroa et al. 2016; Pyron et al. 2013a). 
Unfortunately, there have been few genetic samplings of 
Colubridae from Java and Sumatra (Shaney et al. 2016). 
However, some species of colubrid snakes in Indonesia 
intrigued some scientists in the past (Auliya 2002; How et 
al. 1996; van Rooijen and Vogel 2008a, b; 2010; 2012; 
Vogel 2008; Vogel and van Rooijen 2007; 2008). Here, we 
conducted the first study to address the relationship of 
colubrid snakes within Java and Sumatra islands using 12S 
rDNA with focusing on Colubrinae and the newly 
recognized subfamily (Figueroa et al. 2016), Ahaetullinae. 
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MATERIALS AND METHODS  

Specimen collection and ethical clearance  
This study analyzed eleven specimens of the genus 

Dendrelaphis from different locations in Sumatra and Java 
(Figure 1) consisting of D. pictus (Gmelin, 1789), D. 
caudolineatus (Gray, 1834), D. haasi van Rooijen & 
Vogel, 2008, and D. subocularis (Boulenger, 1888), one 
specimen of Boiga dendrophila (Boie, 1827) from Central 
Java, three specimens of the genus Ptyas from central and 
east Java, one specimen each of Lycodon capucinus (Boie, 
1827) and of Coelognathus radiatus (Boie, 1827) from 
Central and East Java, respectively. Additional colubrid 
and non-colubrid outgroup sequences were obtained from 
GenBank (Table 1). To focus the assessment of sequence 
divergence and relationship on colubrid of the Sundaland 
region, we restricted our GenBank sampling to only the 
sequences that came from Sundaland. Therefore, many 
sequences from the same genera were not included in our 
analysis because they come from outside of Sundaland. To 
collect our specimens, we obtained ethical clearance with a 
letter of Ethical Clearance No: 68-KEP-UB. 

DNA isolation, PCR and sequencing 
Genomic DNA was isolated from muscle tissue using a 

QIAGEN DNA isolation kit following the manufacturer’s 
instruction. A fragment of the 12S gene was amplified by 

polymerase chain reaction (PCR) using the primers 12S268 
(5’-GTGCCAGCGACCGCGGTTACACG-3’) and 12S916 
(5’-GTACGCTTACCATGTTACGACTTGCCCTG-3’) 
(Jeong et al. 2013). The PCR amplification was performed 
in 40 μL reaction volumes with 5 min denaturation at 94º 
C, followed by 35 cycles of 94º C for 30 s, 56,5º C for 1 
min, and 72º C for 1 min, and then by post elongation at 
72º C for 10 min. The amplified DNA was purified at 
Biosains Institute, Brawijaya University and sequenced in 
both directions using the same primers as for PCR by 
IndoseqGATC. 

Sequence and data analysis 
DNA sequences were aligned in MEGA 7.0 by the 

ClustalW method (Kumar et al. 2016). The alignments 
were edited by eye, with ambiguous sites trimmed 
(Figueroa et al. 2016). Genetic distances were calculated as 
uncorrected pairwise distances (Kumar et al. 2016). 
Phylogenetic relationships were estimated by maximum 
likelihood (ML), maximum parsimony (MP) and Bayesian 
inference (BI). ML analyses were performed with 1000 
bootstrap replicates in MEGA 7.0 (Kumar et al. 2016) with 
Kimura2 parameter model. PAUP 4.0b10 was used to 
performed MP analyses with 1000 bootstrap replicates 
(Swofford 2002) and tree bisection recognition (TBR) 
branch-swapping algorithm on heuristic search option.  

 
 

 
 

Figure 1. Locations of specimens collected from Sumatra and Java, Indonesia and included in this study 
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Table 1. List of GenBank accession numbers of sequences used in the phylogenetic analysis. 
 

Specimens Locality Country Genbank  
accession no. Source 

Boiga dendrophila  Cilacap, Central Java Indonesia KY700852 This study 
Coelognathus radiatus  Malang, East Java Indonesia KY700853 This study 
Dendrelaphis caudolineatus  Aceh Indonesia KY700854 This study 
Dendrelaphis caudolineatus Bengkulu Indonesia KY700855 This study 
Dendrelaphis sp. Sukabumi, West Java Indonesia KY700856 This study 
Dendrelaphis subocularis Bogor, West Java Indonesia KY700857 This study 
Dendrelaphis haasi  Bengkulu Indonesia KY700858 This study 
Dendrelaphis pictus Bogor, West Java Indonesia KY700859 This study 
Dendrelaphis pictus South Lampung, Lampung Indonesia KY700860 This study 
Dendrelaphis pictus Aceh Indonesia KY700861 This study 
Dendrelaphis pictus Medan, North Sumatra Indonesia KY700862 This study 
Dendrelaphis pictus South Malang, East Java Indonesia KY700863 This study 
Dendrelaphis pictus Wonosobo, Central Java Indonesia KY700864 This study 
Lycodon capucinus  Sadang, Central Java Indonesia KY700865 This study 
Ptyas korros Cilacap, Central Java Indonesia KY700866 This study 
Ptyas korros Cilacap, Central Java Indonesia KY700866 This study 
Ptyas mucosa South Malang, East Java Indonesia KY700867 This study 
Boiga cynodon  Thailand Thailand Z46468 Heise et al. 1995 
Boiga forsteni  Sri Lanka Sri Lanka KC347314 Pyron et al. 2013b 
Lycodon laoensis Suphanburi Thailand Z46455 Heise et al. 1995 
Coelognathus radiatus Thailand Thailand AY122676 Utiger at el. 2005 
Coelognathus flavolineatus Java Indonesia AY122666 Utiger at el. 2005 
Coelognathus erythrurus Sibutu island Philippines AY122776 Utiger at el. 2005 
Ptyas mucosa Kathmundu, Nepal India AY122828 Utiger at el. 2005 
Dendrelaphis caudolineatus Thailand Thailand AF544782 Vidal and Hedges 2002 
Enhydris enhydris - - EF395879 Alfaro et al. 2008 
Hypsiscopus plumbea - - EF395884 Alfaro et al. 2008 
Naja naja - - AF236683 Unpublished 
 
 
 
 

Transition and transversion were equally weighted and 
the gaps were treated as missing data. BI was calculated 
with MrBayes 3.0b4 (Huelsenbeck and Ronquist 2001). 
The analysis performed under 4 simultaneous metropolis 
couple Monte Carlo Markov Chains (MCMC) for 
1,000,000 generations and sampled a tree in every 1000 
generations. The consensus topology was calculated by 
discarding the tree with the burn-in of 25%.  

The divergence time was estimated with BEAST 
(Drummond and Rambaut 2007) under a Hasegawa-
Kishino-Yano (Hasegawa et al. 1985) model of DNA 
evolution with uncorrelated log-normal relaxed clock rate 
model (Drummond et al. 2006). The external calibration 
used the time divergence between Homalopsidae, 
Colubridae and Elapidae at 49.2 Million years ago (Ma) 
(CI: 39-61); between Colubridae and Elapidae at 46.3 Ma 
(CI: 36-58) (Vidal et al. 2009); and between Enhydris 
enhydris and Enhydris plumbea at 18.9 Ma (CI: 12.9-24.9) 
(Alfaro et al. 2008). The internal calibration used the 
divergence time of Colubridae at 36.6 Ma (CI: 28-46) 
(Vidal et al. 2009); and between Ptyas mucosa and Ptyas 
korros at 21 Ma (Nagy et al. 2004). The analysis used 
MCMC chain every 1000 generations, for a total of 
10,000,000 samples and assessed to the stationary 
distribution through inspection of the likelihood and 
parameter sample plots in Tracer v1.6 (Rambaut et al. 
2014). All of the phylogenetic trees from the analyses were 
visualized with Figtree v1.4.2 (Rambaut 2014). 

RESULTS AND DISCUSSION 

Genetic Distances 
The uncorrected pairwise distance or p-distance is 

described as the difference of nucleotide which being 
compared (Nei and Kumar 2000). Regardless of the 
locality, p-distance among Boiga ranged from 5.6% to 
6.5% (mean±sd; 5.99 ± 0.47). Genetic distances were in the 
genus of Coelognathus (mean±sd;6.40 ± 3.50), which 
ranged from 4.0% to 9.0%. Sequence divergence within 
Ptyas ranged from 0.62% to 7.4% (mean±sd;5.06 ± 3.68). 
Within Dendrelaphis, p-distance values ranged from 5.9% 
to 11.8% (mean±sd; 6.36 ± 3.79) (Table 2). The intra-
species threshold for 12S/16S was previously set at 3% 
(Jeong et al. 2013). Based on our result, we propose that 
12S threshold for intra-species is 3.7%, inter-species is 
11.8% and inter-generic is 16%. Our results showed the 
higher value of sequence divergence than the previous 
studies which suggests that the colubrid snakes in Java and 
Sumatra are genetically more diverse than those of other 
places. 

Interestingly, D. pictus of West Java showed a greater 
distance when it compared to Central or East Java (3.1-
3.72%) than to Sumatra (0.31-0.93%). The value of p-
distance showed that D. pictus from Sumatra and West 
Java were genetically distinct from those in Central and 
East Java (Table 3). 
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Table 2. Uncorrected p-distances (%) for 12S rDNA among 
different genera of colubrid snakes of Java and Sumatra  
 
Genus Mean ± SD  Range 
Boiga 5.99 ± 0.47 5.6-6.5 
Coelognathus 6.40 ± 3.50 4.0-9.0 
Ptyas 5.06 ± 3.68 0.62-7.4 
Dendrelaphis 6.36 ± 3.79 5.9-11.8 
 
 
 
Table 3. Uncorrected p-distances (%) for 12S rDNA of 
Dendrelaphis pictus from different localities of Java and Sumatra 
 
No.  Locality  1 2 3 4 5 
1 Aceh, Sumatra      
2 Medan, North Sumatra 0.3     
3 Lampung, Sumatra 0.6 0.3    
4 Bogor, West Java 0.9 0.6 0.3   
5 Wonosobo, Central Java 3.7 3.4 3.7 3.1  
6 Malang, East Java  3.4 3.1 3.4 3.4 0.3 
 
 

Relationships among Colubridae in Sumatra and Java 
islands  

The ML, BI and MP trees showed identical topology in 
the case of separation between the subfamilies Colubrinae 
and Ahaetullinae. In the monophyly of Colubrinae, the 
group of Ptyas found to be paraphyletic, while within 
Ahaetullinae, D. pictus was separated from D. 
caudolineatus (Figure 2). Monophyly of Colubrinae was 
strongly supported in all trees (Figure 2), while in 

Ahaetullinae it was strongly supported in the BI and MP 
trees (BPP=1, MP=70) yet weakly in the ML tree.  

In the subfamily of Colubrinae, two P. korros from 
Cilacap formed a clade and was strongly supported in all 
trees. In the ML and BI trees, this clade was separated from 
other remaining species consisting of P. mucosa, 
Coelognthus, Lycodon and Boiga, while P. mucosus from 
East Java and P. mucosa from India were in a clade which 
formed a sister to the clade consisting of Coelognathus, 
Lycodon, and Boiga. The group of Coelognathus formed a 
clade (BPP=0.93) where C. radiatus from East Java and C. 
radiatus from Thailand (ML=100, BPP=1, MP=100) 
separated from C. erythrurus and C. flavolineatus (ML=84, 
BPP=1, ML=60). The Colubrinae genus Coelognathus 
clade was separated from the clade consisting of Lycodon 
and Boiga, where the clade of Lycodon formed a sister to 
the clade of Boiga. The species of L. laoensis formed a 
clade with L. capucinus (ML=89, BPP=1, MP=87) and B. 
dendrophila nested in a clade with B. forsteni in the ML 
and BI trees, but with B. cynodon in the MP tree.  

Within Ahaetullinae, D. caudolineatus from Aceh, 
Bengkulu, and Thailand and Dendrelaphis sp. from 
Sukabumi formed a clade with significant bootstrap values 
in all trees. The clade consisting of D. subocularis, D. 
haasi, and D. pictus was divided into two subclades. The 
first subclade consists of D. subocularis from Bogor and D. 
haasi from Bengkulu, which was a sister clade to D. pictus 
from Bogor, Lampung, Medan, and Aceh. The second 
subclade consists of D. pictus from Wonosobo and Malang 
(ML=93, BPP=1, MP=96). 

 
 
 
 
 
 

 
 
 
Figure 2. Phylogeny of Colubridae in Sumatra and Java islands based on partial sequence of 12S rDNA. Left: ML and Bayesian 
inference tree. Nodal supports represent ML bootstrap value/Bayesian posterior probability (BPP) (-) means no value. Right: MP tree 
with the bootstrap values on the branches 
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The present study is consistent with previous studies by 
Pyron et al. (2011; 2013a, b) and Figueroa et al. (2016) 
which separated Dendrelaphis from the Colubrinae group. 
Based on their results, Figueroa et al. (2016) proposed a 
new subfamily Ahaetullinae, which consists of Ahaetulla, 
Chrysopelea, Dendrelaphis, and Dryiophiops and covers 
56 species. B. dendrophila (Cilacap, Central Java) in this 
study formed a clade with B. forsteni (Sri Lanka) and B. 
cynodon (Thailand), which is consistent with the subfamily 
proposed by Pyron et al. (2013a, b). However, Figueroa et 
al. (2016) showed that B. dendrophila formed a clade with 
B. cyanea, which was a sister clade to B. forsteni and B. 
cynodon. Additionally, two specimens of P. korros 
(Cilacap, Central Java) and P. mucosus (Malang, East Java) 
did not form a clade as showed by Utiger et al. (2005) and 
Pyron et al. (2011; 2013a), yet comprised a sister clade to 
Coelognathus (Utiger et al. 2005). 

Dendrelaphis formed a clade with Oreocalamus (Kraus 
and Brown 1998). An individual of D. caudolineatus, 
Ahaetulla fronticincta, Chrysopelea paradisi formed a 
clade and became a sister clade to all remaining colubrid 
snakes (Pyron et al. 2011). Four single-specimens of 
Dendrelaphis formed a clade; D. caudolineatus formed a 
clade with D. schokari, D. tristis and D. bifrenalis (Pyron 
et al. 2013a), while in Pyron et al. (2013b) D. bifrenalis 
formed a clade with D. pictus and D. calligaster. The study 
with more comprehensive specimens and genetic sampling 
showed that D. caudolineatus separated from D. haasi, D. 
cyanochloris, and D. pictus, which were nested in a 
paraphyletic clade (Figueroa et al. 2016). In contrast to our 
expectation, D. pictus was found to be paraphyletic, with 
separation of the clade between Sumatra-west Java and 
central-east Java. Given that the high p-distance value and 
separated clade of the D. pictus group, we consider the 
geological history which could influence on the genetic 
differentiation in this area below; while the taxonomic 
status of this snake remains an area for further 
investigation.  

The opportunities for gene flow among snakes from 
Sumatra, Java and Borneo would have been possible until 
the end of the Oligocene (±25 Ma) and again at the end of 
Miocene (±10 Ma). The exposed continents of Sundaland 
during much of Pleistocene were partially covered by 
savanna or grasslands. It provided the corridor for the 
migration of the snakes from the north of Sundaland to the 
south in Java region (Inger and Voris 2001). The 
prehistoric environmental conditions also had an enormous 
influence on the divergence of these snakes (Allam and 
Abo-Eleneen 2012). However, based on the map of Heaney 
(1991), the Pleistocene savanna or grasslands only covered 
part of the area between Sumatra-Borneo and Borneo-
Eastern Java. It would have led the snakes to come only to 
East part of Java and then diversified genetically from 
those in Western Java and Sumatra. Unfortunately, our 
work did not include D. pictus from Borneo, which might 
be critical to understanding the pattern of distribution.  

Historically, the east part of Java was a block rift from 
continental Australia, as along with SW Borneo and West 
Sulawesi. The blocks were added to Sundaland at 
approximately 90 Ma from West Java through Meratus 
mountains in the north (Hall 2014). According to this, 
snakes would have existed in these blocks since the snakes 
arose at approximately 125 Ma and they have become a 
distinct population from those in West Java. However, this 
scenario is not supported by the oldest known fossil of 
colubrid snake found in Wai Lek, Thailand, which was 
considered to date from the late Eocene (Rage et al. 1992). 
Moreover, we still consider this scenario as the likely 
speciation process between Sumatra-west Java and Central-
East Java population due to limited fossil information, 
particularly for D. pictus.  

The divergence time of Colubrid snakes 
Our analysis on divergence time estimated that Colubrid 

snakes started to diverge in the late Eocene approximately 
37.6 Ma. It was the period when most of western of 
Sundaland formed a connected landmass with many large 
freshwater lakes; while southern Sundaland comprised 
volcanic arcs that formed new islands. This age was 
considered as the collision time between India and Asia 
(Hall 2013), which might have facilitated many migrations 
of terrestrial fauna. From late Eocene, colubrid snakes 
began to spread from Asia to Europe by Oligocene, to 
North America through Beringia and to the west of 
America (Holman 1984). Moreover, colubrid rat-snakes 
began to spread from the eastern Palearctic to the western 
Palearctic and Nearctic at about 20 Ma (Chen et al. 2017). 
The result was also in line with the oldest Colubridae fossil 
in Wai Lek pit, which was dated from the late Eocene 
(Rage et al. 1992). The subfamily Colubrinae began to 
diversify in early Miocene at about 25 Ma, when rainforest 
extended to the north over much of Sumatra and when 
shallow seas inundated Java while Ahaetullinae diversified 
later in the Miocene, at about 24 Ma. D. caudolineatus 
began to diverge in the late Miocene at about 11.3 Ma, 
while genetic differentiation among D. pictus populations 
from Sumatra-West Java and Central-East Java occurred 
later at about 9.0 Ma when many small volcanic islands 
emerged in Sumatra and Java (Hall 2013).  

Although the diversification of colubrids was estimated 
to have started in the Eocene epoch, our relaxed normal 
clock showed that most of the inter-specific divergence 
occurred in the Miocene epoch, when the majority of Java 
and Sumatra was inundated by a shallow sea. Glaciation in 
the Pleistocene epoch caused lowering of the sea level, 
which formed a continuous landmass of Sundaland. 
Savannah and open woodlands that grew up in this region 
may have facilitated a huge spread of colubrid snakes. To 
address the distinct lineage of D. pictus between Sumatra-
West Java and Central-East Java, we discussed three 
possibilities that caused the distinction. 
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Figure 3. The divergence chronogram of colubrid snakes of Sumatra and Java based on 12S rDNA. The tree was constructed based on a 
relaxed normal clock and Bayesian inference with 95% credible interval 
 
 
 

 
Table 4. The time of divergence of Colubridae with 95% credible 
interval 
 

Clade Divergence time 
(Ma) 

95% CI  
(Ma) 

1 49.3 45.488-54.977 
2 47.2 40.466-51.489 
3 37.6 33.419-43.257 
4 25.1 21-30.204 
5 24.8 18.279-32.931 
6 23.1 20.093-26.669 
7 20.9 19.326-23.076 
8 20.7 15.669-26.46 
9 19.6 13.558-24.105 
10 17.9 14.581-21.5 
11 13.1 8.163-18.722 
12 11.3 10.455-17.787 
13 10.5 6.831-15.094 
14 9.9 5.094-15.281 
15 9.2 4.53-11.854 
16 9.0 5.634-13.334 
17 8.4 4.742-11.314 
18 6.0 2.817-8.615 
19 1.8 0.564-3.545 
20 1.4 0.094-3.075 
21 1.2 0.07-2.019 
22 1.2 0.141-2.653 
23 0.9 0.094-2.09 
24 0.8 0.07-1.784 
25 0.6 0.07-1.432 
26 0.6 0.094-0.986 
27 0.4 0.094-1.286 

 
First, if Rage (1992) is correct about the Asiatic origin 

of Colubridae, the migration through a land bridge for D. 
pictus must come from South of Java which is Borneo or 
Sumatra and began to diversify. The possibility to migrate 
occurred only in the Pleistocene epoch because there was 
no a land bridge which connected these islands since 
Eocene through Miocene. However, it was not 
corroborated by the divergence time data. The Pleistocene 
began at 1.8 Ma, while the separation of D. pictus 
populations in Sumatra-west Java from those in Central-
East Java evidently occurred at 9 Ma. Second, West 
Sulawesi and East Java were continental blocks that rifted 
from Australia and were added to Asia in the Cretaceous 
period (Hall 2014). If D. pictus from Central-East Java 
came from these continental blocks, Colubridae should 
have appeared in the Jurassic period or at least in the 
Cretaceous, but the oldest fossil Colubridae was considered 
only from the late Eocene which is very far from Jurassic. 
Hence, the two possibilities described above are 
contradicted by other data and cannot explain the high 
genetic differentiation between D. pictus populations of 
Sumatra-West Java and Central-East Java. 

The last possibility uses the migration theory proposed 
by Inger and Voris (2001), material rafting. When D. pictus 
reached the west part of Java, the volcano activities caused 
migration of the snakes down from their habitat, they 
randomly attached to material that floats on the water, and 
the sweepstakes migration followed the wind or cyclonic 
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storm to the central part and east part of Java. The scaly 
epidermis may have facilitated and protected them from 
crossing the saline water. Once D. pictus reached central or 
east part of Java, the gene flow was obstructed between the 
regions of Sumatra-West Java with Central-East Java. 
However, the possibility of inhibition of gene flow only 
lasted until the Ice Age in the Pleistocene, because in this 
epoch the distribution of snakes becomes larger than the 
previous wave of distribution in the final epoch of the 
Eocene, Oligocene, Miocene or Pliocene. This happened 
due to the lowering sea level and the growth and 
development of savanna in the mainland of Sundaland. In 
addition, the river system linking the island of Borneo to 
Central and East Java, as well as West Java with the central 
and eastern part also provided a very suitable corridor for 
the migration of D. pictus to and from those areas. As a 
result, the gene flow that had been interrupted in the 
previous epoch (Eocene-Pliocene), which was not strong 
enough to make D. pictus in the West Java significantly 
different from Central and East Java, became reopened in 
the Pleistocene epoch. Hence, the gene flow could still 
occur again among populations of D. pictus of western Java 
with those in central and eastern Java. 

This study showed that geological history and 
ecological variation of Sumatra and Java facilitated the 
distribution and the diversification of colubrid snakes in 
those islands. Moreover, our study has found evidence that 
East and Central Java has a unique diversity compared to 
West Java and Sumatra as it found in L. hasseltii (Hamidy 
and Matsui 2017). However, the present study should be 
confirmed with further studies using more genes and more 
comprehensive methods, since we only used one 
mitochondrial gene in this study. More specimens from 
adjacent islands such Bali, Madura, Borneo, and Sulawesi 
are also crucial to reveal the origin of East Java diversity, 
especially that of D. pictus. 
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Abstract. Basyuni M, Gultom K, Fitri A, Susetya EA, Wati R, Slamet B, Sulistiyono N, Yusriani E, Balke T, Bunting P. 2018. Diversity 
and habitat characteristics of macrozoobenthos in the mangrove forest of Lubuk Kertang Village, North Sumatra, Indonesia. 
Biodiversitas 19: 311-317. Mangrove plays an important role in coastal ecosystems including ecological, social, and economic aspects. 
This study aimed to determine the diversity of macrozoobenthos and water quality based on diversity index (H’), similarity Index (E), 
and dominance index (D) in the mangrove of Lubuk Kertang Village North Sumatra, Indonesia. The samples of macrozoobenthos 
(biological parameter) and water quality (physical and chemical parameters) were collected from fifteen plots in three different stations. 
Macrozoobenthos were collected in 1 m × 1 m transect in the mangrove forest. The biota was taken by using a shovel, inserted into a 
plastic bag, and identified. Results showed that eight species of macrozoobenthos were found and classified into three classes of 
Gastropod, Bivalvia, and Malacostraca. The highest diversity index (H′) of macrozoobenthos was found at Station II (2.39), the highest 
evenness index (E) was located at Station I (0.54), and the highest dominance index (D) was found at Station II (0.34). Principal 
component analysis (PCA) was used to determine the habitat characteristics of macrozoobenthos. PCA confirmed that station III was a 
habitat with suitable characteristics for the life of macrozoobenthos indicating the negative axis. The present study suggested four 
parameters namely salinity, clay temperature, and dissolved oxygen that should be preserved to support the survival of macrozoobenthos 
in the mangrove forests. 

Keywords: Macrozoobenthos, mangrove, principal component analysis, water quality 

INTRODUCTION 

Mangrove plays a vital role in coastal ecosystem 
including ecology, social, and economic aspects (Blasco 
and Aizpuru 2002; Dahdouh-Guebas et al. 2005; Duke et 
al. 2007). In ecology aspect, mangrove is inhabited by 
various types of biota either living in the waters or from the 
landward to the seaward. Mangrove forests play an 
important role in marine fisheries, such as feeding ground, 
nursery ground, spawning ground for various types of 
aquatic biota (Able 2005).  

Mangrove forests in Lubuk Kertang Village, Langkat, 
North Sumatra have undergone many land conversion 
(Basyuni et al. 2015). The areas have been converted to oil 
palm plantations, settlements, farms, and paddy field that 
can affect the ecological value of mangroves and food 
chain cycles (Basyuni et al. 2015). Consequently, those 
conditions are cut off in aquatic ecology as well as water 
quality degradation and will have the impact to the inland 
(Alongi 2002). This circumstance is in a great need of 
attention from all circles of society to ensure that the 
management and conservation of mangrove forests can be 
maintained. 

Macrozoobenthos are known to be sensitive to water 
status alteration, and macroinvertebrates are justifiably the 
most frequently employed biological elements in 
monitoring studies (Morse et al. 2007). Macroinvertebrates 
are found in all aquatic habitats. They are less mobile than 
most other groups of aquatic organism. They are easily 
collected, and most of them have relatively long periods of 
development in the aquatic environment. Thus, 
macroinvertebrate species should reflect deleterious events 
that have occurred in the aquatic environment during any 
stage of their development (Cairns and Pratt 1993). 

Macrozoobenthos are living organisms that are 
crawling, sticking, burying, and burrowing either in the 
bottom waters or the bottom surface of the waters (Lee 
2008). Macrozoobenthos that settled in the mangrove area 
mostly live on the hard substrate to the muddy environment 
(Marzano et al. 2003). Macrozoobenthos plays an 
important role in maintaining the balance of aquatic 
ecosystems but also very sensitive to changes in water 
quality of their life. The presence of macrozoobenthos in 
water is, therefore, strongly influenced by various 
environmental factors, including biotic and abiotic 
(Bonzini et al. 2008). The influential biotic factors are 



 B IODIVERSITAS 19 (1): 311-317, January 2018 

 

312

producers such as the mangrove plant itself, which is one 
of the food sources for macrozoobenthos (Basyuni et al. 
2007; Wardiatno et al. 2015; Sihombing et al. 2017). The 
abiotic factor is the aquatic chemical and physical 
parameters such as temperature, salinity, dissolved oxygen, 
pH, and substrate of the bottom water (Beuchel et al. 2006). 

The significant benefits of mangrove forest in Lubuk 
Kertang Village make it very vulnerable to over-
exploitation and severe environmental degradation. These 
threats lead to not only reduced mangrove forest area but 
also decreased ecological function. On the other hand, the 
life of macrozoobenthos is inseparable from the mangrove 
fertility and water quality level (Meziane and Tsuchiya 
2002). To get more insight into the balance supporting in 
the mangrove ecosystem, the present study was aimed to 
analyze the diversity, abundance, and habitat characteristic 
of macrozoobenthos with special emphasis to water quality 
and community activities around the mangroves. 

MATERIALS AND METHODS 

Study area 
The study was conducted in Lubuk Kertang Village, 

Brandan Barat Sub-district, Langkat District, North 

Sumatra Province, Indonesia. The location for sampling 
was divided into three different stations. The station I was 
located at 3º46.44ʹ30.1ʺ-3º46.44ʹ34.17ʺ North Latitude and 
between 98º43.89ʹ2.0ʺ-98º43.89ʹ4.5ʺ East Longitude. 
Station II was situated at N 3º46.60ʹ44.32ʺ-3º46.60ʹ47.98ʺ 
and between at E 98º43.70ʹ0ʺ-98º43.70ʹ2.28ʺ. Station III 
was located at N 3º46.82ʹ18.33ʺ-3º46.82ʹ21.87ʺ and 
between at E 98º43.66ʹ33.3ʺ-98º43.66ʹ36.67ʺ (Figure 1). 

Procedures 
Sampling of macrozoobenthos  

The method used to determine the station was 
purposive sampling based on community activities. Three 
different stations were set with the criteria listed in the 
description of the area. The samplings of macrozoobenthos 
were done in two weeks with time interval three times. 
Each station was further sub-divided into five plots of 1 m 
× 1 m size. The macrozoobenthos above and below the 
ground were taken by hand. The samples obtained were 
cleaned with distilled water and put into a plastic bag 
containing 70% alcohol for preservation and then labeled. 
The samples were identified with the identification book of 
Dharma et al. 2005). 

 
 
 

 
 
Figure 1. Study location at Lubuk Kertang Village, North Sumatra, indicating the sampling sites of macrozoobenthos consisted of 
fifteen plots in the three stations  
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benthos, pH effect is related to the decreasing of stress. If 
the pH was above six, then the benthic diversity decreased 
slightly. This finding was supported by the calculated 
diversity index of the present research, which ranged from 
2.30 to 2.39. The diversity of macrozoobenthos in the three 
stations was classified as medium diversity. Conditions of 
water that are very acidic or alkaline will disturb the 
survival of the organism as it can cause respiratory and 
metabolic disorders. The present study result was also 
supported by Wang et al. (2012) who found that the pH 
value of <5 or> 9 is not appropriate for the life of 
macrozoobenthos.  

Abundance of macrozoobenthos 
Macrozoobenthos abundance value was obtained from 

analysis of data from three different stations. The highest 
abundance (34 individuals m-2) was obtained from Station 
III while the lowest (26 individuals m-2) was obtained from 
the station I (Table 2). Table 2 shows that eight species 
macrozoobenthos were found and classified into three 
classes of Gastropod, Bivalvia, and Malacostraca. Six 
species, C. cingulata, N. lineata, E. aurisjudae, L. scabra, 
V. cochlidium, and T. telscopium belong to Gastropod. M. 
casta was a member of Bivalvia, and H. oregonensis 
belongs to Malacostraca.  

 
 
Table 1. Physical and chemical parameters in each station 
 

Parameter Unit Station 
I II III 

Physical     
Temperature ̊C 29 30 29.5 
Brightness m 0.3 0.2 0.35 
Current 
velocity m/s 0.161 0.140 0.185 

Substrate 
texture - sandy 

clay 
sandy clay 
loam 

sandy 
clay 

Chemical     
pH - 6.6 6.7 6.9 
Salinity ‰ 22.5 30 28 
DO mg/L 2.2 2.1 2.1 
C-organic % 7.69 7.69 8.63 

 
 
 
Table 2. Abundance value (ind m-2) of macrozoobenthos in each 
station 
 

Species Station 
I II III 

Hemigrapsus oregonensis 2 2 3 
Cerithidea cingulata 6 6 10 
Nerita lineata 12 13 12 
Ellobium aurisjudae 1 0 0 
Littoraria scabra 1 1 3 
Volegalea cochlidium 3 5 5 
Meretrix casta 0 0 1 
Telescopium telescopium 1 1 0 
Total 26 28 34 
 
 

Relative abundance of macrozoobenthos 
The relative abundance of macrozoobenthos was 

depicted in Table 3. The highest relative abundance of 
macrozoobenthos was 42.25% (N. lineata), and the lowest 
was 0.78% (M. casta). According to Lee (2008), gastropod 
class has the highest relative abundance in estuary waters 
due to its immune system and a hard shell that makes it 
more likely to survive compared to other classes. Also, 
Chen et al. (2007) also showed that N. lineata has a shell 
with a very large body whorl. N. lineata usually is attached 
to the root or mangrove stems. In the mangrove area of 
Lubuk Kertang Village, the most dominant mangrove 
species was Rhizophora apiculata (Basyuni et al. 2017). 
This species has trunk and branching roots called stilt roots, 
which makes it possible for N. lineata to stick to the roots. 
N. lineata also had the highest density among the 
macrozoobenthos observed (Table 2). 

Diversity index (H’), similarity index (E), and 
dominance index (D) of macrozoobenthos 

Macrozoobenthos diversity was determined by using 
the Shannon-Wiener Diversity Index. The Diversity Index 
value ranged from 2.30 to 2.39 belonging to the medium 
diversity category, and the water quality category was 
classified as moderate. The similarity index (E) ranged 
from 0.51-0.54, and the dominance index (D) ranged from 
0.33 to 0.35 belonging to the medium version category 
(Table 4).  

The classified dominance index value in this study 
indicates that there was no any type that remarkably 
dominated other types. These results show that the 
condition of the water community was quite stable. It has 
been reported that an assessed polluted ecosystem is not so 
easily detected from the relationship between species 
diversity and community stability (Ilarri et al. 2012). A 
stable system regarding resistance to disturbance or 
contaminants may have low or high biodiversity, 
depending on the function of the energy flow present in the 
waters (Meziane and Tsuchiya 2002). 

As shown in Table 4, the similarity index ranges from 
zero to one. The closer to zero, the smaller the similarity of 
the population, meaning that the spread of the number of 
individuals of each species is not the same, and there is a 
tendency of one type to dominate. The closer the value to 
unity (one), then the spread tends to flatten, and there is no 
dominating type.  

 
Table 3. Relative abundance of macrozoobenthos (%) 
 
Species Relative abundance 
Hemigrapsus oregonensis 7.75 
Cerithidea cingulate 24.81 
Nerita lineata 42.25 
Ellobium aurisjudae 1.16 
Littoraria scabra 5.81 
Volegalea cochlidium 16.28 
Meretrix casta 0.78 
Telescopium telescopium 1.16 
Total 100.00 
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The salinity obtained during the study ranged from 22.5 
to 30‰. The highest salinity value was shown at station II 
(30 ‰) while the lowest value was shown at Station I (22.5 
‰). Based on Minister of Environment Decree No. 51 of 
2004, salinity value that meets the standard quality was 0-
34 ‰. Wang et al. (2007) reported that the salinity 
fluctuation gradient pattern depends on season, topography, 
tides and the amount of fresh water. The range of typical 
salinity values for macrozoobenthos life in mangrove 
forests ranged from 20-35 ‰. The salinity range observed 
in this study is still included in the standard category.  

Figure 4.B depicts PCA analysis of physical and 
chemical parameters of the research site. The results 
displayed the physical and chemical parameters that had a 
significant role and an essential habitat for 
macrozoobenthos at the station III that was on the opposite 
of axis 2. The station III was medium in diversity index of 
macrozoobenthos (2.35). The physical parameters of the 
PCA analysis affected the chemical characteristics of the 
habitat at the station III which showed smaller value 
indicating a low uniformity. This result showed that the 
density of each type could be the same and tended to be 
dominated by a particular type.  

In conclusion, we have confirmed that water quality 
(physical and chemical parameters) affected habitat 
characteristics of macrozoobenthos at each station 
observed. Four parameters namely salinity, clay, 
temperature, and DO play a significant role in Mangrove 
area in Lubuk Kertang Village. The four parameters should 
be preserved to support the survival of macrozoobenthos in 
the mangrove forests. 
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Abstract. Susanto S, Sumarpo A, Parikesit AA, Putra ABNN, Ishida E, Tabuchi K, Sugahara T. 2018. Short Communication: 

Immunostimulatory effect of tempoyak (fermented durian) on inducing cytokine production (IL-6 and TNF-α) by RAW 264.7 cells. 

Biodiversitas 19: 318-322. Indonesia is known to be home to various fermented foods with many-reported usage as potential sources of 

probiotics. Tempoyak (fermented durian) is among one of the Indonesian fermented foods that are rarely studied for its bioactivities. 

This study was conducted to evaluate the potential bioactivities of tempoyak, particularly the immunostimulatory aspects. Water extract 

of tempoyak was prepared by suspending the freeze-dried tempoyak sample in distilled water. Immunostimulatory activity of tempoyak 

water extract was evaluated using mouse macrophage cell line RAW 264.7. ELISA was used to screen cytokine productions (IL-6 and 

TNF-α) by RAW 264.7 cells following treatment with tempoyak water extract. In addition, real-time RT-PCR was also used to 

determine IL-6 and TNF-α mRNA expression. We showed that water extract of tempoyak exerts immunostimulatory effects towards 

RAW 264.7 cells. This was observed from the increased production of IL-6 and TNF-α in a dose-dependent manner. This was also 

supported by increased IL-6 and TNF-α mRNA expression. Our finding suggests that tempoyak has immunostimulatory effects towards 

murine macrophage cell line RAW 264.7. However, further studies are needed to identify the specific compounds responsible for 

inducing immunostimulatory effects. 

Keywords: Cytokine production, IL-6, immunostimulatory, tempoyak, TNF-𝛼  

INTRODUCTION 

Indonesia is known for various fermented foods with, 

most of them have been reported as potential sources of 

probiotics. It is suggested that the probiotics activity of 

fermented food is due to the presence of lactic acid bacteria 

(LAB) in the fermented food. LAB is long believed to 

possess several potential nutritional or health benefits, 

including improved nutritional value of food, control of 

intestinal infections, improved digestion of lactose, and 

control of serum cholesterol levels (Gilliland 2006). 

Moreover, fermented food is also known to promote 

immune responses that protect human body from invading 

pathogens (Parvez et al. 2006). The following health 

benefits may result from either probiotic effect of the food, 

interaction between the ingested microbes with the host, or 

biogenic effect of the food, which is a result of the 

interaction with the ingestion of microbial metabolites 

produced during the fermentation process (Stanton et al. 

2005).  

Some of Indonesian fermented foods include oncom 

(fermented soybean), tape (fermented cassava), brem 

(fermented glutinous rice), and other various kinds of 

fermented foods. Tempoyak (fermented durian) is among 

one of Indonesian fermented food that is rarely 

investigated. The fermentation process of tempoyak itself 

does not involve direct addition of LABs; however it relies 

on natural lactic acid fermentation, by salt addition into the 

durian pulp, which might inhibit the growth of pathogenic 

microorganisms, and promotes the growth of LABs 

(Leisner et al. 2001; Neti et al. 2011). This particular 

fermented food is known to contain a number of LABs, 

which falls under the species of Lactobacillus, 

Enterococcus, Weisella, and Pediococcus (Nuraida 2015). 

Lactobacillus plantarum is among one of the predominant 

LAB in tempoyak and reported to exhibit health beneficial 

properties when ingested in an appropriate amount (Leisner 

et al. 2001; Neti et al. 2011). This could be due to the 

production of metabolites compound by the LABs during 

the fermentation process. However, the health benefits of 

these metabolites produced during the fermentation process 

are still elusive.  

Macrophages are classified as phagocytic cells and are 

considered as one of the most important cells in the innate 

immune system (Ishida et al. 2017). In the presence of 

foreign microbial pathogens, macrophages are activated, 

and this induces their migration to the site of infection. 

Pattern-recognition receptors (PRRs) are present in the 
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surface of macrophages, and these receptors mediate the 

recognition of microbial pathogens present at the site of 

infection. The receptors are able to recognize specific 

molecular structure present on the surface of pathogens 

identified as pathogen-associated molecular patterns 

(PAMPs). In addition, macrophages can also recognize 

damage-associated molecular patterns (DAMPs) that are 

often present in dead cells (Takeuchi and Akira 2010). The 

activation of macrophage via recognition of either PAMPs 

or DAMPs mediated by PRRs, consequently leads to the 

activation of several immune-response related downstream 

signaling cascades in macrophages (Heinrich et al. 2003). 

This event leads to the secretion of pro-inflammatory 

cytokines by macrophages, which include interleukin-6 

(IL-6) and tumor necrosis factor-α (TNF-α). The secretion 

of these cytokines mediates the initiation of various 

immune responses that help to protect human body from 

deleterious effects exerted by invading pathogens. In this 

study, the immunostimulatory effects of tempoyak are 

evaluated on innate immune system by using mouse 

macrophage-like cell line RAW264.7 cells. 

MATERIALS AND METHODS 

Procedures 

Cells and cell culture 

RAW 264.7 cells, a mouse macrophage-like cell line, 

were obtained from the Japanese Collection of Research 

Bioresources Cell Bank (Osaka, Japan). RAW 264.7 cells 

were maintained in DMEM supplemented with 100 U mL-1 

of penicillin, 100 μg mL-1 of streptomycin, and 10% FBS at 

37oC in a humidified environment containing 5% CO2. 

Phosphate buffer saline (PBS) containing 0.25% trypsin 

and 0.02% ethylenediamine-N,N,N’,N’-tetraacetic acid 

(Dojindo Laboratories, Kumamoto, Japan) was used to 

detach RAW 264.7 cells.  

Sample preparation  

Tempoyak samples were purchased from two different 

suppliers, one was purchased from a traditional market 

located in Palembang, Indonesia, and the other one was 

purchased from an online distributor based in Palembang, 

Indonesia. The tempoyak purchased from traditional market 

was abbreviated as fermented durian traditional (FDT), 

while the other tempoyak purchased from online distributor 

was abbreviated as fermented durian online (FDO). Both 

tempoyak samples were freeze-dried for 24 h and afterward 

grounded into powder form. The powdered tempoyak 

samples were then suspended in deionized distilled water 

(DDW) at 0.1 g mL-1 and stirred at 12oC for 24 h. The 

liquefied samples were centrifuged two times at 12,000 

rpm, 4oC for 20 min and 70,000 rpm, 4oC for 20 min 

respectively. After centrifugation, the supernatant was 

collected and dialyzed using a 500 Da dialysis membrane 

(Wako Pure Chemical Industries) against DDW overnight 

at 4oC. The dialyzed supernatant was then filtered through 

0.22 μm filter and tempoyak water extract was obtained. 

Tempoyak water extract was then stored at-20oC until 

subsequent use.    

Cell viability assay  

RAW 264.7 cells suspended in 10% FBS-DMEM 

medium was seeded into a 96-well culture plate (Corning) 

at 3.0 x 105 cells mL-1 and cultured at 37oC for 16 h under 

humidified 5% CO2. The medium was then aspirated and 

the cells were washed with PBS. After washing step, the 

cells were then treated with 200 μL of 10% FBS-DMEM 

medium containing various concentrations of tempoyak 

water extract or deionized distilled water (DDW) as control 

group and incubated at 37oC for 6 h. After 6 h of 

incubation, the culture media was aspirated, and cell 

viability was measured using WST-8 solution (Nacalai 

Tesque) according to the manufacturer’s instructions.  

Cytokine production assay  

RAW 264.7 cells suspended in 10% FBS-DMEM 

medium was seeded into a 96-well culture plate (Corning) 

at 3.0 x 105 cells mL-1 and cultured at 37oC for 16 h under 

humidified 5% CO2. The medium was then aspirated, and 

the cells were washed with PBS. After washing, the cells 

were then treated with 200 μL of 10% FBS-DMEM 

medium containing various concentrations of tempoyak 

water extract or DDW as control group and incubated at 

37oC for 6 h. After incubation, the culture media was 

collected, and IL-6 and TNF-α concentrations in the culture 

media were measured by ELISA using Mouse IL-6 ELISA 

MAX standard kit (BioLegend) and TNF-α Mouse 

Uncoated ELISA Kit (Invitrogen), respectively according 

to the manufacturer’s instructions.  

Real-time RT-PCR 

RAW 264.7 cells suspended in 10% FBS-DMEM were 

seeded into a 35 mm culture dish (Falcon) and cultured for 

16 h at 37oC under humidified 5% CO2. The medium was 

then aspirated, and the cells were washed with PBS. The 

cells were then treated with 2 mL of 10% FBS-DMEM 

medium containing tempoyak water extract at the final 

concentrations of 189 and 105 μg/mL or DDW as control 

group and incubated at 37oC for 3 h. After incubation for 3 

h, total RNA was isolated from the cells using Sepasol-

RNA I Super G (Nacalai Tesque) according to the 

manufacturer’s instructions. The isolated total RNA was 

used as template for cDNA synthesis using M-MLV 

reverse transcriptase (Promega) and an oligo-(dT)20 primer 

(Toyobo). Afterwards, the synthesised cDNA was 

subjected to real-time RT PCR, performed using 

StepOnePlus Real-Time PCR System (Applied 

Biosystems). A 20 μL of real-time RT PCR mixture was 

prepared composing of 10 μL of Thunderbird SYBR qPCR 

Mix (Toyobo), 1 μL of forward primer (10 μM), 1 μL of 

reverse primer (10 μM), 6 μL of ultrapure water, and 2 μL 

of cDNA sample (10 ng mL-1). -actin was used as the 

endogenous control. The thermal cycling conditions were 

as follows: 20 s at 95oC, 40 cycles of 3 s at 95oC and 30 s 

at 60oC. The primers for each specific genes are shown in 

Table 1.  
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Table 1. Sequences of primers for real-time RT-PCR 

 

Primer  Sequences (5’-3’) 

Mouse β-

actin 

CATCCGTAAAGACCTCTATGCCAAC (sense) 

ATGGAGCCACCGATCCACA (antisense)  

Mouse 

TNF-α 

CTACTCCCAGGTTCTCTTCAA (sense)  

GCAGAGAGGAGGTTGACTTTC (antisense) 

Mouse IL-6 AAGCCAGAGTCCTTCAGAGAGAT (sense)  

TTGGATGGTCTTGGTCCTTAGC (antisense) 

 

Statistical analysis  

Each result is expressed as the mean the mean ± 

standard deviation (SD). Student t-test was used to assess 

the statistical significance of the difference. Each value of * 

p < 0.05 and ** p < 0.01 is considered to be statistically 

significant.  

RESULTS AND DISCUSSION 

Effect of tempoyak water extract on RAW 264.7 cells 

viability  

Cell viability assay was carried out to determine 

cytotoxicity of tempoyak water extract towards RAW 264.7 

cells. RAW 264.7 cells were treated with culture medium 

containing tempoyak water extract at various 

concentrations. After 6 h of incubation, the culture media 

was aspirated, and cell viability was measured using WST-

8 solution. As shown in Figure 1, cell viability assays show 

that tempoyak water extracts do not induce cytotoxicity 

towards RAW 264.7 cells even at the maximum 

concentration. 

Effect of tempoyak water extract on IL-6 and TNF-α 

production by RAW 264.7 cells  

The effect of tempoyak water extract on cytokine 

production by RAW 264.7 cells was examined. RAW 

264.7 cells were treated with culture medium containing 

tempoyak water extract at various concentrations. The 

amount of IL-6 and TNF-α concentration was measured 

after 6 h of incubation by ELISA. Result from ELISA 

experiment shows that the production of IL-6 and TNF-α 

concentration in RAW 264.7 cells treated with tempoyak 

water extract increases in a concentration-dependent 

manner (Figure 2). RAW 264.7 cells were treated with 100 

μg mL-1 of FDO water extract, the production of IL-6 and 

TNF-α was increased by 33.9-fold and 80.9-fold, 

respectively when compared to control. On the other hand, 

RAW 264.7 cells treated with 100 μg mL-1 of FDT water 

extract, the production of IL-6 and TNF-α was increased by 

16.5-fold and 50.7-fold, respectively when compared to 

control; but slightly lower when compared with FDO 

treated group. Amount of TNF-α production in both FDO 

and FDT water extract treated groups were significantly 

upregulated compared to IL-6 production, suggesting both 

samples were more potent in stimulating TNF-α 

expression. Cytokine production was not observed in RAW 

264.7 cells treated with fresh durian water extract. 

Effect of tempoyak water extract on gene expression 

levels in RAW 264.7 cells  

As previously discussed, tempoyak water extract 

induced IL-6 and TNF-α expression in RAW 264.7 cells. 

To investigate, the effect of tempoyak water extract on 

mRNA expression of IL-6 and TNF-α was examined. 

Tempoyak water extracts, FDO and FDT, were added to 

cell culture medium at 100 μg mL-1, and mRNA expression 

levels of IL-6 and TNF-α were determined by real-time 

RT-PCR. Both tempoyak water extract, FDO, and FDT 

significantly increase mRNA expression levels of IL-6 and 

TNF-α in RAW 264.7 cells. The mRNA expression levels 

of IL-6 and TNF-α in RAW 264.7 cells treated with FDO 

were significantly increased by 61.9-fold and 3.7-fold, 

respectively, compared to control. Furthermore, mRNA 

expression levels of IL-6 and TNF-α in RAW 264.7 cells 

with FDT was increased by 22.9-fold and 2.7-fold, 

respectively, compared to control. Taken together, our 

results suggest that tempoyak water extract induces mRNA 

expression level of IL-6 and TNF-α in RAW 264.7 cells by 

upregulating cytokine gene expression.  

 

 
 

Figure 1. Effect of tempoyak water extract on RAW 264.7 cells viability. RAW 264.7 cells were treated with culture medium containing 

tempoyak water extract at various concentrations. After 6 h of incubation, the culture media was aspirated and cell viability was 

measured using WST-8 solution. Negative control cells were cultured in 10% FBS-DMEM medium containing DDW, while positive 

control cells were treated in 10% FBS-DMEM medium containing lipopolysaccharide (LPS). The data represent the mean ± SD of 

triplicate experiments. 
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Figure 2. Effect of tempoyak water extract on cytokine production in RAW 264.7 cells. RAW 264.7 cells were cultured in 10% FBS-

DMEM medium containing varying concentration of tempoyak water extract (FDO and FDT). Control cells were cultured in 10% FBS-

DMEM medium containing DDW. The cell was incubated for 6 h at 37oC. ELISA was used to determine the cytokine concentration in 

culture media. The data represent the mean±SD of triplicate experiments. Close circle: control; open circle: FDO; open square: FDT; 

open triangle: fresh durian. Statistical analysis was done using student t-test * p < 0.05 and ** p < 0.01.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Effect of tempoyak water extract on gene expression levels in RAW 264.7 cells. RAW 264.7 cells were cultured in 10% FBS-

DMEM medium containing FDO and FDT water extract with concentration 100 µg mL-1. Control cells were cultured in 10% FBS-

DMEM medium containing DDW. Cells were incubated for 3 h at 37oC. Total RNA was isolated from the cell, and real-time RT-PCR 

was carried out to determine gene expression levels. The data represent the mean±SD of duplicate experiments. Statistical analysis was 

done using student t-test * p < 0.05 and ** p < 0.01 
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Discussion 

The immunostimulatory properties of fermented foods 

have long been reported. Various studies involving various 

kinds of fermented foods have been conducted in order to 

provide scientific evidence on the immunostimulatory 

effects of fermented foods. It is speculated that there were 

two possible factors that underlie the immunostimulatory 

effects of fermented foods (Perdigón et al. 2002; Granier et 

al. 2013). Immunostimulatory effects exerted by fermented 

foods might be due to the presence of fermenting bacteria 

contained in the food, presumably LABs, or the effect 

could also be a result of metabolite product generated 

during fermentation process (Perdigón et al. 2002; Granier 

et al. 2013).  

Generation of pro-inflammatory cytokines such as IL-6 

and TNF-α marks the activation of macrophage, which is 

an essential response of the immune system to invading 

pathogens (Wijanarti et al. 2015). Secretion of TNF-α by 

macrophages induces the transcription of genes that are 

responsible for encoding other inflammatory molecules 

(Parameswaran et al. 2010). These molecules are 

considered to contribute in the priming process of 

macrophages that generates enhanced responsiveness 

towards pathogens invasion (Parameswaran et al. 2010). In 

addition to its role in enhancing macrophages response, 

TNF-α also plays a role in the mediating the recruitment of 

other immune cells such as lymphocytes which enhances 

immune response (Wijanarti et al. 2015). Similar to TNF-α, 

IL-6 also modulates the responsiveness of the immune cell 

towards pathogen invasion, particularly by mediating 

macrophages polarization (Fernando et al. 2014). 

Macrophages are known as innate immune cells that 

possess two distinct phenotypes which are a pro-

inflammatory subset that is associated with and an anti-

inflammatory subset (Mosser and Edwards 2008). IL-6 is 

known to enhance the polarization of macrophage towards 

the anti-inflammatory subset, thereby promoting anti-

inflammatory benefits of macrophage (Fernando et al. 

2014). In addition to mediating macrophage polarization, 

IL-6 also plays a role in mediating B cell differentiation 

into plasma cells (Wijanarti et al. 2015). 

In the following in vitro study described here, the 

immunostimulatory effects of tempoyak were investigated 

by observing the immunostimulatory effects that were 

exerted towards mouse macrophage cell line RAW 264.7. 

The results of the study demonstrated the ability of 

tempoyak to induce IL-6 and TNF-α production by RAW 

264.7 cells in a concentration-dependent manner relative to 

control group. Interestingly, the immunostimulatory 

properties possess by tempoyak water extract largely 

originates from the fermentation process; cytokine 

production was hardly observed in RAW 264.7 cells 

treated with fresh durian. Therefore, this finding suggests 

that the fermentation process of tempoyak might generate 

bioactive compounds that are responsible for the 

immunostimulatory effects. Therefore, further investigation 

is necessary to determine its identity. The following result 

suggests that tempoyak possess potential immuno-

stimulatory properties and therefore could be utilized as a 

potential candidate for processed food.  

Taken together, tempoyak water extract is shown to 

have potential immunostimulatory properties. This was 

shown through the ability of tempoyak water extract to 

induce cytokine production in RAW 264.7 cells. Moreover, 

the immunostimulatory properties possessed by tempoyak 

are largely due to the fermentation process. There is a 

possibility that during fermentation process, the bacteria 

produce specific metabolites that could potentially be 

responsible for the immunostimulatory properties found in 

tempoyak. Further investigation is necessary to investigate 

the bioactive compounds capable of inducing immuno-

stimulatory effect in tempoyak.  
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Abstract. Soendjoto MA, Riefani MK, Triwibowo D, Metasari D. 2018. Birds observed during the monitoring period of 2013-2017 in 
the revegetation area of ex-coal mining sites in South Kalimantan, Indonesia. Biodiversitas 19: 323-329. The number of bird species in 
the reclaimed and revegetated ex-mine site increases as the vegetation age increases. To test the hypotheses, the number of bird species 
was recorded at 08.00-12.00 and 14.00-17.00, 6-8 days for eight consecutive semiannual monitorings of 2013-2017 in four revegetation 
sites. Since the second half of 2015, another revegetation site, namely BP was added. Bird species were recorded in 25 m right side and 
25 m left side of the observation path and within a radius of 25 m of observation points. To show an increase in the number of bird 
species, the number of newly discovered bird species in the given semiannual monitoring was added to the number of bird species in the 
previous semiannual monitoring. The number of bird species in the early semiannual monitoring was used as the baseline value. A bird 
species was categorized as a resident if the species was observed in each monitoring in the four vegetated sites. Up to the last 
monitoring, 53 bird species were recorded in the first four sites and 70 bird species in five sites (four reclamation and revegetation sites 
and one additional site, BP), while in the early semiannual monitoring (second half of 2013) birds recorded were only 30 species. This 
result shows that the older the vegetation age in the vegetated site, the greater the number of bird species utilizing the site. Seventeen 
species of birds were categorized as residents. These resident bird species includes White-breasted Woodswallow, Pied Triller, Scaly-
breasted Munia, Asian House-martin, Pacific Swallow, Long-tailed Shrike, Blue-throated Bee-eater, Olive-backed Sunbird, Sooty-
headed Bulbul, Yellow-vented Bulbul, White-breasted Waterhen, Ashy Tailorbird, Yellow-bellied Prinia.  

Keywords: bird, resident, species, vegetated site, coal mining 

INTRODUCTION 

Active coal mining will shift horizontally from the old 
site (the former site of the mine) to a new site. In the old 
site, the deposit has been exhausted and the activity carried 
out is environmental management, which essentially is 
reclamation and revegetation. At the new site, the mine is 
directed to reach the location of the mine deposit, and the 
deposit is taken for use. Along with the shift, the company 
is faced with a dilemma that has economic and ecological 
impacts associated with the disposal accumulation site 
before the coal deposit at the new site is mined. Should the 
company be freeing up new sites controlled by the 
community or reusing old sites that are likely to have been 
reclaimed and revegetated several years ago?  

By assuming that the volume and depth of the mine 
deposit location at the new site is the same as at the old 
site, reuse of the ex-mine site may be more economical, if 
the conditions are as follows. Firstly, the old site is 
relatively close to the new site. Secondly, the cost of using 
the old site that is still under the control of the company is 
cheaper than the cost to free the new site that is usually 
controlled by the community, especially if the management 
phase of the old site is just or not more than the 

reclamation. Thirdly, the reuse of old sites is more 
strategic, because the company does not face conflicts with 
the community that at times arise and even the long-term 
impact that disrupts the company's operations in line with 
the acquisition of new land. 

However, if the management of the old site 
environment has reached more than reclamation phase (in 
this case the revegetation phase), the use of this site will 
create economic and ecological problems. Economic 
problems are related to financial loss, as costs have been 
invested to revegetate the old site and also maintain its 
vegetation. Maintenance costs include rents generated from 
stands (especially those categorized as woody plants) to 
grow larger or higher, and also the cost of replacing dead 
plants before they grow optimally.  

Ecological issues vary. One of the issues is the number 
of bird species affected by reuse of ex-mining sites. The 
bird is one of the biological components that utilizes 
vegetation sites and readily observable in the field rather 
than amphibians and mammals. The longer the vegetation 
in the reclamation site, the higher the number of bird 
species that use this site. Some bird species even become 
residents of the site.   
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This study aimed to test the above-mentioned 
hypotheses. The results are expected to be used as 
consideration by the company to at least specify which 
sites are selected to accumulate new disposal.   

MATERIALS AND METHODS 

Observations were made at 07.00-12.00 and 14.00-
18.00, 6-8 days for eight consecutive semiannual 
monitorings in May or June (first half) and November or 
December (second half) in the monitoring period of 2013-
2017 at the four reclamation and revegetation sites (herein 
after referred to as the revegetation site) of PT Adaro 
Indonesia, Tabalong and Balangan, South Kalimantan,  

Indonesia. The first semiannual monitoring was in December 
2013. One observation site was added since the second half 
of 2015, namely BP (Bumi Perkemahan Paringin, Paringin 
Camping Ground) of Balangan, South Kalimantan, 
Indonesia, the former coal mining site that was reclaimed 
and revegetated in 1996/1997. Location of each 
observation site and the main stands is presented in Figure 
1 and Table 1. 

Bird Species was recorded on the 25 m left or 25 m 
right site of the observation path and/or within a radius of 
25 m from the observation point. Supporting equipment for 
observations included both binoculars and camera that 
were equipped with telelens (70 x 300) or (80 x 400). Bird 
species were identified with identification key by 
MacKinnon et al. (2010).   

 
 
 

 

 

 
Figure 1. Study site Tabalong and Balangan districts, South Kalimantan, Indonesia  
 
 
 
Table 1. The location of each observation site and the age of the main stands 
 

Site Area (ha) Coordinate Time of revegetation Age until May 
2017 (years) E N 

S-1 Disposal C 6-7 1.39 338619 9760701 September 2012 4.67 
S-2 Disposal Wara 0.36 330507 9758599 May 2012 5.0 
S-3 Disposal S-7 3.21 330914 9753890 February 2012 5.25 
S-4 Disposal IPBF 2.27 330932 9752964 February 2012 5.25 
BP Bumi Perkemahan Paringin ± 100 - - 1996/1997 >19 

Tabalong 

Balangan
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An increase in the number of bird species is shown by 

adding the number of newly discovered bird species in the 
given semiannual monitoring to the number of bird species 
recorded in the previous semiannual monitoring. The 
number of bird species in the early semiannual monitoring 
was used as the baseline value.  

The residential status of a bird species was classified 
into two categories, i.e., resident and migrant. A bird 
species is categorized as a resident if it is observed in each 
monitoring in four revegetation sites. Any bird excluded in 
this criterion is categorized as a migrant. This 
categorization may only be temporary as it depends on the 
proposed criteria employed.  

RESULTS AND DISCUSSION 

Number of bird species recorded at the beginning of 
monitoring (second half of 2013) was only 30 species and 
then fluctuated in the following monitorings (Table 2). 
Although the number of bird species recorded in certain 
semiannual monitoring was the same as that of the other 
one, the compositions were not necessarily the same. In the 
monitoring carried out at the second half of 2013, 
Brahminy Kite was present but Wandering Whistling-Duck 
was absent. A contradictory result did occur in the first half 
of 2014 monitoring.  

The fluctuations in the number of species within 
different monitoring period reflected the dynamics of 
species by time, which are more likely due to differences in 
environmental conditions over time. These environmental 
conditions include the availability of species and variety of 
feed sources, the convenience of birds to behave (mainly 
related to breeding from pair searching, nesting, mating, 
egg laying, parental caring), and bird safety from biological 
factors (predation by predators, disturbance or threat by 
human) or physical factors (heat, high humidity, no shade), 
while time is represented by the observation period during 
the dry season (first half) and rainy season (second half). 
Effective management, such as avoiding human activity in 
bird habitats is needed in habitat protection (Rittiboon and 
Karntanut 2011). 

Soendjoto et al. (2015) mentioned that the factors that 
caused differences in the number of species of birds among 
habitat types are the diversity of plant species, vegetation 
strata, availability of feed, as well as safety and comfort of 
habitat types. Birds often exhibit distinct behaviors 
associated with vegetation structure and composition that 
may influence habitat selection and foraging efficiency 
(Zakaria et al. 2016). The distribution, diversity and density 
of avian species are influenced by microhabitat factors such 
as ground cover (i.e., the proportion of soil covered with 
vegetation), plant species richness (i.e., the number of plant 
species), vegetation type (i.e., trees, shrubs, grasses, 
emerged and submerged vegetation, sedges, reeds, ferns, 
and herbs), vegetation structure (i.e., vegetation height and 
diameter), and microclimate factors (i.e., temperature, 
humidity, and light intensity) (Rajpar and Zakaria 2011). 
Microclimate change in a site triggers birds to divert 

activity from uncomfortable atmosphere to a comfortable 
one, from a comfortable atmosphere to a more comfortable 
one, or from a site with fewer feed resources to another 
with abundant feed resources (Soendjoto and Gunawan 
2003). Climate factors drive resident birds to shift to a 
certain direction (Wu and Zhang 2015). Temperature 
strongly affects daily feeding patterns (Bonter et al. 2013). 
Local weather is an important determining factor in eggs 
laying period (Carey 2009). 

Plant species planted after reclamation (recovery of the 
soil layer in the former mining pits) were commonly 
legumes. Legumes that usually serve as a cover crop 
include Centrosoma, Pueraria, Calopogonium, and 
Crotalaria, while those serving as fillers and then 
developing into the main stands are sengon 
(Paraserianthes falcataria), Acacia mangium, A. 
auriculiformis, turi (Sesbania grandiflora), johar (Cassia 
siamea), trembesi (Samanea saman), kaliandra (Calliandra 
callothyrsus), malapari (Pongamia pinnata), and lamtoro 
(Leucaena glauca). Vegetation protects the soil effectively 
from winds that may carry toxic particles, runoff, and soil 
erosion (Makineci et al. 2011). In general, legume is 
intentionally planted to improve soil fertility (Sheoran et al. 
2010; Smith et al. 2016; Stagnari et al. 2017).   

In addition to legume species, there were also 
intentionally planted non-legume species including jabon 
(Anthocephalus cadamba), Gmelina arborea, karet (Hevea 
brasiliensis), Eucalyptus deglupta, and randu (Ceiba 
pentandra). Besides intentionally planted plant species, 
there were also plants that grew spontaneously or were not 
planted such as alaban (Vitex pubescens), sendilau udang 
(Commersonia batramia), Alphitonia excelsa, Trema and 
various species of Cyperaceae (Fimbristylis, Scleria 
bancana) and Poaceae (Paspalum, Pennisetum setaceum, 
Saccharum spontaneum). Cyperaceae and/or Poaceae grew 
on vacant land that has not been overgrown, covered, or 
dominated by legumes or on shallow-topsoil land. Non-
legume species and naturally growing plants not only 
increase the diversity of plant species in the revegetation 
site, but also provide a variety of feed for nectarivores 
(such as Sunbirds), granivores (Munias), or frugivores 
(Bulbuls), especially if they are flowering and fruiting 
throughout the year. There were 107 plant species of 
varying levels of growth in the PT Adaro Indonesia 
reclamation site that was then revegetated and the 
vegetation age was 1-2 years (Soendjoto et al. 2014a). As a 
comparison, there were 106 plant species existed in a 
reclaimed coal mining dump of Czech Republic within 13-
15 years since reclamation (Kabrna et al. 2014). 

Different things happened in cempedak (Artocarpus 
integer), durian (Durio zibethinus), or pampakin (D. 
kutejensis). These plant species were not planted in the 
reclamation site but were cultivated on community-
controlled land around the mining site. Cempedak usually 
flowers in October-November, durian flowers in August-
September, and pampakin flowers in September-October. 
Areas cultivated with these plants are visited by 
nectarivores, granivores, and frugivores in certain months 
only. However, the site may be visited throughout the year 
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by insectivores, such as Hooded Pitta. The year-round 
availability of insectivores makes the birds also visited this 
site for insect as a potential feed, in addition the suitable 
environmental moisture for the birds. Hooded Pitta is a bird 
that is very sensitive to habitat disturbance since this bird is 
nesting in understory forest (Hashim and Ramli 2013). The 
insectivorous birds are most influenced by habitat 
disturbance (Mansor and Sah 2012). 

Seventeen bird species including residents were 
observed, especially in the vegetated site of about five 
years old. These included White-breasted Woodswallow, 
Pied Triller, Scaly-breasted Munia, Asian House-martin, 
Pacific Swallow, Long-tailed Shrike, Blue-throated Bee-
eater, Olive-backed Sunbird, Sooty-headed Bulbul, 
Yellow-vented Bulbul, White-breasted Waterhen, Ashy 
Tailorbird, and Yellow-bellied Prinia. A bird becomes a 
resident because of its ability to explore a relatively narrow 
area and at the same time, adapts to the local environment. 
The resident birds’ annual survival depends on the 
availability of food resources which is affected by weather 
condition (Santisteban et al. 2012). However, it is likely 
that the number of bird species categorized as residents is 
more than 17 species. 

Asian Blue-quail, in this case, is not or rather has not 
been included as a resident. Its habit of wandering above 
the ground and at a point hidden in vegetation of about 1 m 
tall grass makes Asian Blue-quail was not easily observed, 
and consequently, not data was recorded on this bird. The 
presence of birds can be recorded when the observer walks 
on the grass. Birds appear suddenly from the bottom of the 
grass vegetation and fly away.  

As with Asian Blue-quail, the presence of Black-
winged Flycatcher-shrike was not easily detected because 
the size of the bird is relatively small. Also, the birds rarely 
sing, their voices are disguised among sounds in the forest 
or field, the color of the feathers on the entire body is 
camouflaged, and they are often active in tree canopies that 
can reach 30 m high from the ground, such as the canopy 
of sengon. 

 
 
  

 

 
 
 
Figure 1. The cumulative number of bird species in each 
semiannual monitoring in 4 reclamation/revegetation sites and 
Bumi Perkemahan Paringin  

 

The number of bird species increased from 30 in the 
reclamation site overgrown by the main stands over 1.25 
years old (second half of 2013) to 53 in the same site with 
the main standing of more than 4.67 years old (first half of 
2017). This shows that the number of bird species 
increased with the age of vegetation or primary standing 
(Figure 1). However, it does not necessarily mean that all 
birds will settle in this vegetated environment continuously. 
Some bird species made the reclamation site their entire 
range, but other species used the revegetation site only as 
part of their whole home range. A migrant bird might have 
been included in the last criterion. The species most likely 
to be grouped as a migrant (at least locally in BP) is Barn 
Swallow. This bird was not only rarely observed during the 
monitoring period of 2013-2017 but also has never been 
observed perching in vegetation. This is very different from 
the Pacific Swallow which is usually perching on dry 
branches of trees, or wooden pole ends that appear 1 m or 
more above the water surface of settling pond in BP. 
Biamonte et al. (2011), who compared the number of bird 
species in Costa Rica's Central Valley with the number of 
bird species studied by others reseachers in the same place 
16 years ago found a decrease in the number of bird 
species, although 58% of them were the same species. 

The dynamics of the bird species do not only happen by 
time, but also by space. In other words, the number of bird 
species varies based on the period of observation and by 
habitat type as well (Soendjoto et al. 2014b). Figure 1 
proves that in the last four semiannual monitorings, the 
number of bird species in the site revegetated 19-21 years 
ago was greater than that in the site revegetated 3-5 years 
ago. The number of bird species in the two-year and ten-
year post-harvested hill of dipterocarp tropical rainforest 
was 49 (each), in the twenty-year post-harvested hill of 
dipterocarp tropical rainforest was 55, and in the thirty-
five-year post-harvested hill of dipterocarp tropical 
rainforest was 59 (Rajpar and Zakaria 2014). The increase 
in richness and diversity of bird species is in line with the 
increase in a particularly high canopy, secondary canopy 
development, and bush cover (Styring et al. 2011). The 
abundance of bird species in different regions was affected 
by various factors, such as patch size, development class, 
stands age and tree height (Jokimäki and Solonen 2011).  

In subsequent monitoring, it is predicted that the 
number of bird species will increase, more than 70 or at 
least close to 76 species. The last number (76 species) was 
used a baseline as this number of bird species had been 
previously observed by Soendjoto et al. (2016) in a 
research focusing on birds and was conducted only in BP. 
Marthy et al. (2017) recorded 139 bird species in the less 
degraded forest and 133 bird species in the highly degraded 
forest. Further study is needed to obtain the maximum 
number of bird species inhabiting a maximum succession 
of revegetation sites, similar to primary forests or 
undisturbed forests. Holl (2002) ascertain that it took much 
longer than 35 years and must also be supported with 
management that facilitated long-term succession to make 
ex-coal-mining sites in the eastern part of USA were able 
to host the entire complement of the local flora. 
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In conclusion, the number of birds species found in the 
reclaimed and revegetated ex-mining sites in South 
Kalimantan increased as long as the vegetation in the site 
was preserved. Seventeen species were categorized as 
residents in the reclamation and revegetation site of PT 
Adaro Indonesia, South Kalimantan.  
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Table 2. List of bird species found in the reclamation/revegetation site of PT Adaro Indonesia, South Kalimantan, Indonesia 
 

Family Scientific name Indonesian name Common name 2-2013 1-2014 2-2014 1-2015 2-2015 1-2016 2-2016 1-2017 
 4S 4S 4S 4S 4S BP 4S BP 4 S BP 4S BP 

Accipitridae Elanus caeruleus Elang tikus Black-winged Kite ● ● ● ● - - ● - ● - ● - 
Accipitridae Haliastur indus Elang bondol Brahminy Kite ● - - - - - - - - - - - 
Accipitridae Ictinaetus malayensis Elang hitam Black Eagle - - ● ● - - - - - - - - 
Accipitridae Spizaetus cirrhatus Elang brontok Changeable Hawk-eagle - - - - - - - - - - ● - 
Alcedinidae Alcedo meninting Raja udang meninting Blue-eared Kingfisher - - - - - - - ● - ● ● - 
Alcedinidae Pelargopsis capensis Pekaka emas Stork-billed Kingfisher - - - - - ● - ● - - - ● 
Alcedinidae Todirhamphus chloris Cekakak sungai Collared Kingfisher - - - - ● - - - - ● ● ● 
Anatidae Dendrocygna arcuata Belibis kembang Wandering Whistling-Duck - ● - - - ● ● - - - - - 
Apodidae Apus affinis Kapinis rumah Little Swift - ● ● - - - - - - - - - 
Ardeidae Ixobrychus sinensis Bambangan kuning Yellow Bittern - ● - - - ● - - - ● - - 
Artamidae Artamus leucorynchus * Kekep babi White-breasted Woodswallow ● ● ● ● ● ● ● - ● ● ● - 
Campephagidae Hemipus hirundinaceus Jinjing batu Black-winged Flycatcher-shrike - - - - - ● - - - - - - 
Campephagidae Lalage nigra * Kapasan kemiri Pied Triller ● ● ● ● ● ● ● ● ● ● ● ● 
Campephagidae Pericrocotus flammeus Sepah hutan Scarlet Minivet - - - - ● - - - - ● - - 
Caprimulgidae Caprimulgus affinis* Cabak kota Savannah Nightjar ● ● ● ● ● - ● ● ● ● ● - 
Chloropseidae Aegithina viridissima Cipoh jantung Green Iora - ● ● ● - ● ● ● - ● ● ● 
Chloropseidae Chloropsis sonnerati Cica daun besar Greater Green Leafbird ● - - - - - - - - - - - 
Ciconiidae Leptoptilos javanicus Bangau tongtong Lesser Adjutant ● ● - ● ● - ● - - - - - 
Columbidae Chalcophaps_indica Punai Tanah Emerald Dove - - - - - ● - ● - ● - - 
Columbidae Geopelia striata* Perkutut Zebra Dove ● ● ● ● ● - ● ● ● ● ● - 
Columbidae Stigmatopelia chinensis* Tekukur biasa Spotted-Dove ● ● ● ● ● ● ● ● ● ● ● ● 
Columbidae Treron olax Punai kecil Little Green-pigeon - ● - - - - - - - - - - 
Columbidae Treron vernans Punai gading Pink-necked Green-Pigeon - ● ● ● - - ● - - ● ● ● 
Cuculidae Cacomantis merulinus Wiwik kelabu Plaintive Cuckoo ● ● ● ● ● ● ● ● - ● ● ● 
Cuculidae Centropus bengalensis* Bubut alang-alang Lesser Coucal ● ● ● ● ● ● ● ● ● ● ● - 
Cuculidae Centropus sinensis Bubut besar Greater Coucal - - - - ● ● - ● - ● - ● 
Cuculidae Phaenicophaeus chlorophaeus Kadalan selaya Raffles's Malkoha - - - - - ● - - - - - - 
Dicaeidae Dicaeum trigonostigma Cabai bunga-api Orange-bellied Flowerpecker - ● - - - - - ● - ● - - 
Dicaeidae Dicaeum trochileum Cabe jawa Scarlet-headed Flowerpecker - ● ● ● ● ● ● ● - ● ● - 
Estrildidae Lonchura fuscans Bondol kalimantan Dusky Munia ● ● ● - ● - - ● - ● - ● 
Estrildidae Lonchura malacca Bondol rawa Black-headed Munia ● ● ● ● - - - ● - - ● ● 
Estrildidae Lonchura punctulata* Bondol peking Scally-breasted Munia ● ● ● ● ● - ● - ● - ● - 
Falconidae Microhierax fringillarius Alap-alap capung Black-thighed Falconet - - - - - ● - ● - - - - 
Hirundinidae Delichon dasypus* Layang-layang rumah Asian House-martin ● ● ● ● ● ● ● - ● - ● - 
Eurylaimidae Cymbirhynchus macrorhynchos Sempur hujan sungai Black-and-red Broadbill - - - - - - - - - ● - - 
Hemiprocnidae Hemiprocne longipennis Tepekong jambul Grey-rumped Treeswift - - - - - - - - - ● - - 
Hirundinidae Hirundo rustica Layang-layang api Barn Swallow - - ● - - - - - - - - - 
Hirundinidae Hirundo tahitica* Layang-layang batu Pacific Swallow ● ● ● ● ● ● ● ● ● ● ● - 
Laniidae Lanius schach* Bentet kelabu Long-tailed Shrike ● ● ● ● ● - ● ● ● ● ● - 
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Megalimidae Megalaima rafflesii Takur tutut Red-crowned Barbet - - - - - ● - - - - - - 
Meropidae Merops philippinus Kirik-kirik laut Blue-tailed Bee-eater ● - ● ● ● ● - - - ● - - 
Meropidae Merops viridis* Kirik-kirik biru Blue-throated Bee-eater ● ● ● ● ● ● ● ● ● - ● ● 
Motacillidae Anthus novaeseelandiae Apung tanah Common Pipit ● ● ● ● ● - ● - - - ● - 
Nectariniidae Aethopyga siparaja Burung-madu sepah raja Crimson Sunbird - ● - - - - - - - - - ● 
Nectariniidae Anthreptes malacensis Burung-madu kelapa Plain-throated Sunbird ● ● ● ● - ● - ● - ● ● ● 
Nectariniidae Arachnothera longirostra Pijantung kecil Little Spiderhunter - - - - - - - ● - - - ● 
Nectariniidae Nectarinia jugularis * Burung-madu sriganti Olive-backed Sunbird ● ● ● ● ● ● ● ● ● ● ● ● 
Nectariniidae Nectarinia sperata Burung-madu pengantin Purple-throated Sunbird - - - - - - - ● - - - ● 
Phasianidae Coturnix chinensis Puyuh batu Asian Blue Quail ● ● ● - ● - - - ● - ● - 
Picidae Picoides moluccensis Caladi tilik Sunda Woodpecker - - - - - ● ● ● - ● ● - 
Picidae Dinopium javanense Pelatuk besi Common Goldenback - - - - - - - - - ● - - 
Pittidae Pitta sordida Paok hijau Hooded Pitta - - - - - ● - - - ● - ● 
Podargidae Batrachostomus javensis Paruh-kodok jawa Javan Frogmouth - - - ● - - - - - - - - 
Psittacidae Loriculus galgulus Sirindit Blue-crowned Hanging-parrot - - - - - ● - - - - - - 
Pycnonotidae Pycnonotus aurigaster* Cucak kutilang Sooty-headed Bulbul ● ● ● ● ● ● ● ● ● ● ● ● 
Pycnonotidae Pycnonotus brunneus Merbah mata merah Red-eyed Bulbul - - - - - ● - ● - ● ● ● 
Pycnonotidae Pycnonotus erythrophthalmos Merbah kacamata Spectacled Bulbul - - - - - - - ● - - - - 
Pycnonotidae Pycnonotus goiavier* Merbah cerukcuk Yellow-vented Bulbul ● ● ● ● ● ● ● ● ● ● ● ● 
Pycnonotidae Pycnonotus plumosus Merbah belukar Olive-winged Bulbul - ● - - - ● - ● - ● ● ● 
Rallidae Amaurornis phoenicurus* Burak-burak White-breasted Waterhen ● ● ● ● ● ● ● ● ● ● ● ● 
Rhipiduridae Rhipidura javanica Kipasan belang Pied Fantail - ● ● ● ● ● ● ● ● ● ● ● 
Scolopacidae Actitis hypoleucos Trinil pantai Common Sandpiper ● - ● - - - - - - - - - 
Silviidae Gerygone sulphurea Remetuk laut Golden-bellied Gerygone - ● ● ● - - ● ● - ● ● ● 
Silviidae Orthotomus ruficeps* Cinenen kelabu Ashy Tailorbird ● ● ● ● ● ● ● ● ● ● ● ● 
Silviidae Orthotomus sericeus Cinenen merah Rufous-tailed Tailorbird - - - - ● ● - ● - ● ● ● 
Silviidae Prinia flaviventris* Prenjak rawa, ciblek Yellow-bellied Prinia ● ● ● ● ● ● ● ● ● ● ● - 
Sturnidae Acridotheres javanicus Kerak kerbau Javan Myna - ● ● ● - - ● - ● - ● - 
Sturnidae Aplonis panayensis Perling kumbang Asian Glossy Starling ● - - ● ● - ● - ● - - - 
Timaliidae Macronous gularis Ciung-air coreng Striped Tit-babbler - ● ● ● ● ● ● ● - ● ● ● 
Zosteropidae Zosterops palpebrosus Kacamata biasa Oriental White-eye - ● ● - - - - - - - - - 
   Number of species 30 40 37 34 31 35 31 36 22 39 37 27 
Note: * = resident, ● = present, - = absent, 4S = four sites,  BP = Bumi Perkemahan Paringin 
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Abstract. Supardi N, Sumarpo A, Sutejo R, Putra ABN, Kageyama N, Kawano M, Sugahara T. 2018. Short Communication: IgE 
production-suppressing effect of asam kandis (dried Garcinia xantochymus) extracts by mouse hybridoma aDNP-Hy Cells. Biodiversitas 
19: 330-335. Asam kandis (dried Garcinia xanthocymus Hook.f.ex.T.Anderson) is popularly used as a spice in many Indonesian 
cuisines. Although Garcinia xanthocymus has been reported to possess various pharmacological properties, its immunologic functions 
have been poorly studied. Therefore, in this study, we aimed to determine immunoglobulin E (IgE) production-suppressing effect of 
Asam Kandis extract (AKE) using mouse hybridoma aDNP-Hy cells. AKE was prepared through 24 hours maceration in distilled water. 
IgE production-suppressing activity of AKE by aDNP-Hy cells was examined in time-wise manner. Cell viability and IgE mRNA 
expression were assessed using trypan blue assay and qRT-PCR, respectively. IgE production-suppressing activity of heat-treated 
(100°C) AKE was also examined. As a result, AKE significantly reduced IgE production by aDNP-Hy cells in a concentration-
dependent manner both in 24 and 36 h incubation periods. Furthermore, AKE exhibited its IgE production-suppressing activity without 
any cytotoxicity and also significantly decreased IgE mRNA expression. Heat-treated AKE showed no IgE production-suppressing 
activity, indicating that the bioactive substances are heat labile. More interestingly, heat-treated AKE showed cytotoxic effect by aDNP-
Hy cells. We showed that AKE exhibits IgE production-suppressing effect by aDNP-Hy cells. Further studies are necessary to discover 
underlying bioactive compounds of asam kandis and substance that responsible for the cytotoxic effect of heat-treated AKE. 

Keywords: asam kandis, Garcinia xanthocymus, IgE 

Abbreviations: AKE = asam kandis extract; BSA = bovine serum albumin; DEPC = diethyl pyrocarbonate; FBS = fetal bovine serum; 
GADPH = glyceraldehyde-3-phosphate dehydrogenase; IgE = immunoglobulin E; IL-4 = interleukin 4; PAF = platelet aggregating 
factor; PBS = phosphate-buffered saline; PGD2 = prostaglandin D2; RPMI 1640 = Rosewell Park Memorial Institute 1640; TNF = 
tumor necrosis factor; T-PBS = tween 20 phosphate-buffered saline 

INTRODUCTION 

Allergy has been one of the world’s serious problems in 
the last decade. Allergy is a hypersensitive reaction that is 
mediated by immune system of the body (Pudjiadi et al. 
2009). Immunoglobulin E (IgE), the antibody component 
of adaptive immune system that has the capability to 
destroy parasites, has been long found to be responsible for 
this unfavorable reaction (Burton and Oettgen 2011). The 
IgE binds to a relatively harmless antigen and this 
crosslinking eventually causes allergic reaction that occur 
within minutes (Burton and Oettgen 2011). Thus, people 
that possess allergy have higher serum IgE in comparison 
to healthy individuals. The most common manifestations of 
this reaction include asthma, allergic rhinitis, 
conjunctivitis, gastroenteritis, and also atopic dermatitis 
(Burton and Oettgen 2011; Bellik et al. 2012).  

Prevalence of allergy is rapidly increasing every year, 
in both developing and developed countries around the 

world. According to a report by World Allergy 
Organization (WAO) in its book WAO White Book on 
Allergy, which is published in 2013, approximately 30-40% 
of the whole world population is now being affected by 
allergy and this number keeps on rising annually (WAO 
2013). Most of clinical cases of allergy, including in 
Indonesia, rely on the drug medications to suppress the 
reaction. Nevertheless, this might, in long-term use, elicits 
side effects. Due to this matter, the demand for foods with 
anti-allergic effect that may lower down IgE production 
constantly attracts the interest of people. This is due to 
definitely lower side effects compared to drugs and 
therefore, more scientific evidences for this kind of foods 
are needed.  

Indonesia is very rich in its cultures and biodiversity. 
Through this, many cuisines were created as the reflections 
of each culture’s identity. Most of the cuisines utilize own 
biodiversity that has been noticed to be extremely abundant 
for centuries even by the ancestors. One of the most 
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prominent biodiversity in Indonesian cuisines is spice. 
Spices have been identically linked and become one of the 
essential parts to most of Indonesian cuisines. These spices 
contribute to the colorful and luscious flavors of the dishes, 
making them recognizable to the world. In the recent years, 
many studies have explored more in regards to Indonesian 
biodiversity, including the spices, as they have been 
associated with some biological activities believed since 
the ancient medication.  

Asam kandis is a spice that is commonly used in the 
cuisines of Sumatra Island of Indonesia. It is derived from 
the skin of Garcinia xanthocymus Hook.f.ex.T.Anderson 
fruit that is sun-dried until it becomes black-red in color 
(Ismawan et al. 2012). G. xanthocymus has been utilized 
long ago as medicine for skin infection, diarrhea, 
dysentery, and also wound (Heyne, 1987; Boggett et al. 
2005). Some studies have demonstrated the biological 
potential of G. xanthocymus, including antioxidant (Zhong 
et al. 2009), anti-toxicity (Han et al. 2007), anti-
inflammation (Pal 2005; Hamidon et al. 2009), cytotoxic 
effect (Hamidon et al. 2009), potential neuron growth 
factor (Chanmahasathien et al. 2003), and anti-malarial 
properties (Indarti et al. 2009).  

Nonetheless, despite of these promising biological 
activities of G. xanthocymus, all of these studies are limited 
to the bark and leaves of the G. xanthocymus, while the 
dried skin or spice form remains elusive. In addition, its 
capacity in the immunological point of view has been 
poorly demonstrated, especially in the IgE-suppressing 
activities. Therefore, our study was aimed to determine the 
IgE-suppressing effect of AKE in vitro by aDNP-Hy cells.  

MATERIALS AND METHODS 

Procedures 
Reagents  

Roswell Park Memorial Institute 1640 (RPMI 1640) 
medium, fetal bovine serum (FBS), and bovine serum 
albumin (BSA) were all purchased from Sigma-Aldrich (St. 
Louis, MO, USA). Rat anti-mouse IgE antibody and biotin-
conjugated rat anti-mouse IgE were products of BD 
Pharmingen (San Diego, CA, USA). HRP-labeled 
streptavidin and 2,2’-azinobis (3-ethylbenzo thiazoline-6-
sulfonic acid ammonium salt) were from Wako Pure 
Chemical Industries (Osaka, Japan).  

Sample preparation 
Asam kandis (dried G. xanthocymus) was purchased 

from Indonesian local market located in Sunter, North 
Jakarta, Indonesia. Prior the extraction, asam kandis was 
grinded using miller until it was finely grounded and stored 
at -18°C freezer. It was macerated in distilled water (0.1 
g/mL) at 12°C for 24 h on a rotator (15 r/min) and 
centrifuged at 12,000 rpm for 20 min at 4°C. The 
supernatant was collected and further centrifuged at 70,000 
rpm for 20 min at 4°C. The supernatant was taken and 
filtered (0.45 µm) before processed to another step. The pH 
value of the supernatant was adjusted to pH 7.4. It was then 
filtered (0.22 µm) and stored at -35°C freezer before 

further usage. The extract was named as asam kandis 
extract (AKE) in this experiment. Moreover, in order to 
investigate the heat stability of the sample, the AKE was 
heated on heat block at 100°C for 10, 30, 60 min and stored 
at -35°C before further assessment.  

Protein quantification  
Protein quantification was done in order to determine 

the protein concentrations of AKE. It was assessed using 
DC Protein Assay Kit (Bio-Rad, Hercules, CA, USA) with 
purified BSA as standard according to manufacturer’s 
instructions. 

Cell culture  
Mouse hybridoma aDNP-Hy cells were gift from Dr. 

Kazutaka Maeyama, Faculty of Medicine, Ehime 
University. The aDNP-Hy cells are hybridoma cells that 
constantly produce IgE. These aDNP-Hy cells were 
cultured in RPMI 1640 medium that has been 
supplemented with 10% FBS in 100 mm culture dish (BD 
Falcon, Franklin Lakes, NJ, USA) at 37°C under 
humidified 5% CO2. 

IgE production-suppresing activity  
The aDNP-Hy cells were suspended in RPMI 1640 

medium supplemented with 10% FBS and various 
concentrations of AKE. They were seeded with seeding 
density of 1.0 x 105 cells/well in 96-well culture plate (BD 
Falcon) and incubated at 37°C under humidified 5% CO2. 
After 12, 24, and 36 h of incubation periods, the IgE level 
was quantified using ELISA and the remaining cells or 
supernatant were used for cytotoxic assay, which all 
referred to the next following sections. 

Enzyme-linked Immunosorbent Assay (ELISA) 
The IgE concentration in the culture media was 

measured by an in-house-developed ELISA. The 96-well 
microtiter plate (Nunc, Roskilde, Denmark) was coated 
with 100 µL of rat anti-mouse IgE antibody at 0.5 µg/mL 
concentration in PBS and incubated overnight at 4°C. 
Following the coating, washing was done with 0.05% T-
PBS 3 times and each well was blocked with PBS that 
contained 1% (w/v) BSA (300 µL) for 30 min at room 
temperature. After washing with T-PBS 3 times, culture 
media (50 µL) and mouse IgE (50 µL) as standard were 
added to the well and incubated for 1 h at room 
temperature. Following washing with T-PBS 3 more times, 
each well was incubated with 100 µL biotin-conjugated rat 
anti-mouse IgE diluted in 0.5 µg/mL in 1% BSA-PBS for 1 
h at room temperature. The plate was washed 6 times and 
treated with HRP-labeled streptavidin (100 µL) diluted at 
1.25 µg/mL in 1% BSA-PBS for 30 min at room 
temperature. After washing 6 times with T-PBS, 100 µL of 
0.6 mg/mL 2,2’-azinobis (3-ethylbenzo thiazoline-6-
sulfonic acid ammonium salt) dissolved in 0.03% H202-
0.05 M Citrate Buffer (pH 4.0). After color development, 
1.5% oxalic acid (100 µL) was added to the plate. The 
absorbance was measured using Model 550 microplate 
reader (Bio-Rad) at 415 nm (reference: 655nm). 
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Cell viability assay 
Cell viability assay that was used in this experiment 

was tryphan blue exclusion assay. The cell solution was 
centrifuged at 35,000 rpm for 10 min at 4°C. Following the 
centrifugation process, the supernatant was removed and 
the cells were suspended in new medium (50 µL). The cell 
suspension (30 µL) were then taken, mixed with tryphan 
blue (10 µL), and incubated in room temperature for 10 
min. The numbers of dead and total cells were counted 
manually by preparing the mixture (10 µL) in the 
hemocytometer under the microscope.  

RNA extraction 
The cells were seeded and incubated as described in the 

“IgE production-suppressing assay” section for 30 h. The 
culture medium (150 µL) was retrieved and added with 
PBS (150 µL). This suspension was centrifuged at 3,000 
rpm for 10 min at 4°C. The supernatant was removed and 
the PBS washing was repeated one more time. After the 
supernatant was decanted, total RNA was isolated by using 
1 mL of Sepasol-RNA I Super G (Nacalai Tesque, Kyoto, 
Japan) and incubated for 5 min at room temperature. 
Chloroform (200 µL) was then put in, mixed vigorously, 
set aside in room temperature for 3 min, and centrifuged at 
12,000 rpm for 15 min at 4°C. The clear upper part (500 
µL) was collected, added with 2-propanol (500 µL), 
incubated in room temperature for 10 min, and centrifuged 
again at 12,000 rpm for 15 min at 4°C. Following the 
centrifugation process, the supernatant was removed, added 
with 75% ethanol (1 mL), mixed gently, and further 
centrifuged at 12,000 rpm for 15 min at 4°C. The 
supernatant was removed and the remaining ethanol was 
left air-dried for 10 min. After air-dried process, 10 µL of 
diethyl pyrocarbonate (DEPC) was added. The 
concentration and purity of RNA was measured by using 
UV/VIS (purity: 260/280 ratio in range of 1.8 to 2) before 
further assessment.  

qRT-PCR 
The cDNA synthesis was done through the RT-PCR of 

the isolated RNA. The RNA (1 µg) was added with DEPC 
water until the volume reach 13.5 µL and further supplied 
with 0.5 µL of 10 mM Oligo (dT)20 primer (Toyobo, 
Osaka, Japan). The mixture was heated at 70°C for 10 min 
in the thermal cycler. Following the heating, 2.5 mM dNTP 
(5 µL), 5x Buffer (5 µL), RNAse inhibitor (0.5 µL), DEPC 
water (0.3 µL) and MMLV-Reverse Transcriptase 
(Promega, Madison, WI, USA) (0.2 µL) were added to the 
heated mixture and further reacted at 37°C for 60 min in 
the thermal cycler. The cDNA was then undergone qPCR 
to quantify the mRNA level of IgE. The cDNA (10 µg) was 
added with Thunderbird SYBR qPCR mix (Toyobo) (10 
µL), 10 µM forward primer (1 µL), 10 µM reverse primer 
(1 µL), and ultrapure water (6 µL). The thermal cycling 
conditions were 95°C for 10 min, 40 cycles of 3 s at 95°C 
and 30 s at 60°C, continued with 95°C for 15 s, 60°C for 1 
min, and 95°C for 15 s. The quantification was done by 
StepOne Plus Real-Time PCR System (Applied 
Biosystems, Foster City, CA, USA) and the relative gene 
expression was calculated automatically based on the 

comparative CT method using StepOne software v.2.1 
(Applied Biosystems). The gene expression was 
normalized by using the expression of house keeping gene: 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) of 
the same sample. Specific primer sequences for mouse IgE: 
sense, 5’-ATGACCTTACCAG-CCACCAC-3’ and anti-
sense, 5’-GGTTTTGTTGTCGACCCAGT-3’. 

Data analysis 
The data obtained form this experiment were shown in 

mean ± standard deviation (SD). One-way ANOVA test 
followed with Tukey-Kramer test were utilized in order to 
determine the statistical significance of difference. The 
value of * p<0.05 and ** p<0.01 were considered as 
statistically significant.  

RESULTS AND DISCUSSION 

Effect of AKE on IgE production by mouse hybridoma 
aDNP-Hy cells  

The aDNP-Hy cells were cultured in RPMI 1640 
medium containing various concentrations of AKE in 3 
incubation periods, which were 12, 24, and 36 h. The IgE 
concentration was then measured with ELISA method. This 
was done in order to determine and reassure the effect of 
AKE on IgE production by aDNP-Hy and also to know the 
best incubation time for AKE to show the most effective 
IgE-suppressing activity. As shown in Figure 1A, AKE 
significantly reduced IgE production in a concentration-
dependent manner at both 24 and 36 h incubation periods. 
Nevertheless, in the 36 h, more significant decrease (t-test, 
**p<0.01 in all concentrations) was observed compared to 
24 h incubation period (t-test, both *p<0.05 and **p<0.01). 
IgE production was even suppressed for more than 50% 
when treated with AKE in 219 µg/mL concentration for 36 
h.  

Furthermore, the survival rate of aDNP-Hy cells, which 
have been exposed to various concentrations of AKE for 24 
h, was determined by using tryphan blue exclusion assay. 
The stained total and dead cells were measured and 
determined by utilizing hemocytometer under the 
microscope. This was done in order to ensure that AKE 
exhibited its IgE production-suppressing activity without 
cytotoxicity. There was no cytotoxicity observed in all 
concentrations of AKE (Figure 1B) since the survival rates 
of aDNP-Hy are all beyond 90%. 

Effect of AKE by mouse hybridoma aDNP-Hy IgE 
mRNA expression 

The IgE-suppressing activity of AKE was also observed 
at molecular level. The level of IgE mRNA relative 
expression by aDNP-Hy was determined by using the qRT-
PCR method. The aDNP-Hy cells were cultured in RPMI 
1640 medium and exposed to the highest and lowest 
concentration of the effective AKE concentrations, which 
were 55 and 219 µg/mL. The cells were incubated for 30 h 
prior qRT-PCR, remembering the fact that the mRNA is 
usually expressed before it is translated to protein (referring 
36 h as the best time for IgE protein expression). Figure 
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1.C shows that the relative IgE mRNA level was 
significantly decreased in both concentrations (t-test, ** 
p<0.01) compared to control.  

Effect of heat-treated AKE on IgE production by mouse 
hybridoma aDNP-Hy  

The AKE has been shown to possess IgE-suppressing 
activity towards aDNP-Hy cells. Nonetheless, asam kandis, 
as spices, is required to be heated as cooking ingredients. 
Therefore, the effect of heat-treated AKE was also 
observed in this study in order to know whether the IgE-
suppressing activity still occurs following exposure of heat 
and at the same time, the heat-stability of the bioactive 
substances responsible for this effect can also be 
determined. The aDNP-Hy cells were exposed to various 
concentrations of AKE that have been previously heated in 
the thermal block at 100°C for 10, 30, and 60 min. The IgE 
concentration was then measured using ELISA. The heat-
treated AKE showed no significant decrease in the IgE 
production by aDNP-Hy cells after 36 h of exposure 
(Figure 2). In addition, heat-treated AKE elicited cytotoxic 
effect at the highest concentration, which is 219 µg/mL 

Discussion 
IgE mediates type I hypersensitive reaction, which is 

commonly called as immediate hypersensitivity. This term 
represents the extremely sensitive nature of the IgE itself 
and also the exceptional speed of this reaction (Burton and 
Oettgen, 2011). In the presence of antigen, B cells undergo 
irreversible commitment and differentiate further to 
produce IgE antibodies (Talay et al. 2012). The IgE 
primarily binds to the FcεR1, CD 23, and other receptors 
that present in the surface of mast cells, basophils, and a 
wide range of tissues in the body (Gould and Sutton, 2008; 
Burton and Oettgen, 2011; Galli and Tsai, 2012). This 
crosslinking event leads to the activation and degranulation 
of mast cells, resulting in the release of several preformed 
and newly synthesized inflammatory mediators, such as 
interleukin 4 (IL-4), tumor necrosis factor (TNF), 
histamine (5-HT), serotonin, platelet aggregating factor 
(PAF), prostaglandin D2 (PGD2), and other variety of 
cytokines (Burton and Oettgen, 2011; Platzer et al. 2011; 
Bellik et al. 2012). All of these molecules causes the 
symptoms of immediate hypersensitivity reaction in 
allergic people (Burton and Oettgen, 2011). Therefore, 
many therapeutic approaches for allergic reaction focus on 
the suppression of IgE production in order to regulate the 
inflammatory mediators that elicit all unfavorable 
symptoms (Bellik et al. 2012; Holgate, 2014).  

Previously, we screened several Indonesian spices 
extracts: cardamom (Amomum compactum) seed, asam 
kandis (dried G. xanthocymus), and candlenut (Aleurites 
moluccana) seed extracts for IgE-suppressing activity by 
aDNP-Hy cells. It was demonstrated that AKE exhibited 
the most potential IgE suppressing activity compared to 
other spices (data not shown). Therefore, in this study, we 
focused on the AKE and further assessed it as an anti-
allergic functional food candidate.  

In this study, we showed that AKE reduces IgE 
production by aDNP-Hy cells in a concentration-dependent 

manner. Thus, this indicates that AKE is a very promising 
candidate for anti-allergic functional food candidate, 
linking to the fact that people with allergy have high serum 
IgE level. Moreover, this study also demonstrated that both 
24 and 36 h incubation periods reduced IgE production 
significantly. Nevertheless, it is clear that 36 h of AKE 
exposure was the best time for AKE to elicit its IgE 
production-suppressing activity, even when compared to 24 
h. 12 h incubation period is the least favorable exposure 
time since it did not show any significant reduction of IgE 
production. Therefore, according to the time periods done 
in this experiment, 12 h of AKE exposure is not enough to 
stimulate its IgE production-suppressing activity and it needs 
at least 24 h of incubation period to elicit a significant 
reduction in all concentrations. 36 h incubation time might 
be utilized as a reference of AKE exposure for further 
studies. In addition, our data also suggested that AKE 
induced IgE production-suppressing activity without any 
cytotoxicity, which seen from the high survival rate of the 
aDNP-Hy cells (Figure 1B). This shows that AKE surely 
exhibited IgE production-suppressing activity and has one 
more desirable characteristics as anti-allergic functional food 
candidate. Furthermore, the level of IgE mRNA relative 
expression was observed to be significantly decreased in 
this study. The reduced trend was also in line with the IgE 
production, which was in a concentration-dependent manner. 
This demonstrates that AKE affects the cell molecular level 
and brings out its IgE production-suppressing activity 
through the lower down of IgE gene expression.  

For the heat-treated AKE, our result indicated that it did 
not elicit any significant reduction in the IgE production by 
aDNP-Hy cells (Figure 2). This result is actually 
contradicted with the untreated AKE sample that has been 
demonstrated previously and therefore, it indicates that heat 
treatment of AKE causes loss of IgE production-
suppressing activity. It also clarifies that the bioactive 
substance that responsible for IgE-suppressing activity 
within AKE is heat unstable since the IgE production-
suppressing activity was not observed following the heat 
exposure. More interestingly, the highest concentrations in 
all heat treatment periods were shown to be cytotoxic to the 
cells, whereas, this concentration was not cytotoxic in 
untreated AKE. This shows that heat exposure towards 
AKE might cause some changes in the substances that 
cause or strengthen the cytotoxic effect of the AKE 
towards the cells. Some studies have observed the effect of 
heat treatment on functional foods in relation to its 
cytotoxic effect. Heat treatment mostly leads to the 
conformational changes in the protein and lipid. This heat 
treatment can actually increase or decrease the cytotoxicity 
of the substance based on the changes it encounters. For 
instance, Park et al (1999) reported that the heat-treated 
Korean mistletoe showed lower cytotoxic effect against 
cancer cell, meanwhile study by Leclere et al. (2016) found 
out that heat treatment of citrus pectin cause significant 
increase in its cytotoxicity against cancer cells (Park et al. 
1999; Leclere et al. 2016). Therefore, it is very important to 
investigate the cytotoxic substance of AKE in the future 
study since asam kandis utilization always involves heat 
exposure during cooking. 
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Figure 1. (A) Effect of various concentrations of AKE, 0 (circle), 55 (triangle), 110 (diamond), and 219 (square) µg/mL, on IgE 
production by aDNP-Hy cells in 12, 24, and 36 h incubation periods. (B) Survival rate of hybridoma aDNP-Hy cells following exposure 
of AKE for 24 h. (C) Relative mRNA expression in aDNP-Hy cells after 30 hours of AKE exposure. Scale bars indicate mean ± SD. * 
p<0.05 and ** p<0.01 compared to control. Abbreviation: AKE, asam kandis extract 
 
 

 
 

Figure 2. Effect of various concentrations of AKE, which have been previously treated with heat for 10. 30, and 60 min, on IgE 
production by aDNP-Hy cells in 36 h. Scale bars indicate mean ± SD. Abbreviation: AKE, asam kandis extract. Scale bars indicate 
mean ± SD. Abbreviation: AKE, asam kandis extract 
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In this study, we demonstrated that AKE exhibits IgE 
production-suppressing activity by aDNP-Hy cells. Our 
study showed that AKE significantly decreased IgE 
production by aDNP-Hy in both 24 and 36 h incubation 
periods in a concentration-dependent manner without any 
cytotoxicity. AKE also significantly decrease IgE mRNA 
expression. Heat treatment of AKE caused the loss of IgE 
production-suppressing activity, which at the same time 
indicating that the bioactive substances are heat labile. 
Moreover, heat-treated AKE showed cytotoxic effect on 
the cells in highest concentration that are not cytotoxic in 
untreated AKE. Based on our findings, we suggest that 
further studies are needed to determine the exact bioactive 
compounds of AKE that are responsible for the IgE 
production-suppressing activity and also evaluate the 
substances that are responsible for the increase of 
cytotoxicity of heat-treated AKE. 
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Abstract. Larasati RF, Suadi, Setyobudi E. 2018. Short Communication: Population dynamics of double-spined rock lobster (Panulirus 
penicillatus Olivier, 1791) in Southern Coast of Yogyakarta. Biodiversitas 19: 337-342. The southern coast of Yogyakarta, Indonesia, 
near to the Indian Ocean borders is a preferable habitat for lobster. Double-spined rock lobster (Panulirus penicillatus) is one of the 
prevalent species caught by fishermen. However the increased number of capture activities had an effect on the sustainability of global 
lobster fisheries. In order to sustain these fisheries resource, the preservation management of lobster should include wild stock 
assessments. Currently, the effect of fishing pressures on populations of P. penicillatus is limited. The objective of this research was to 
identify several factors affecting lobster population in terms of growth (carapace length (CL) and mass), recruitment, mortality rates, and 
exploitation rates in this species. Results showed that double-spined rock lobster had a longer size (CL) (45.2-55.1 mm) than that of 
females (55.2 mm-65.1 mm). While the growth rate (K) of males lobster is 0.85 year-¹ and its CL reached an asymptotic point at 125 
mm (12 years old). Growth rate of females double-spined rock lobster was 0.55 year-¹ and its CL reached an asymptotic point at 125.5 
mm (15 years old). The total estimation of mortality rates of double-spined rock lobster was 2.46, wherein 2.56 year-¹ for males and 
females, respectively. The estimated values of M were 1.08, 0.81 year-¹ for males and females, respectively while the respective values 
of F were 1.38 year-¹ and 1.75 year-¹ for males and females. The exploitation rate of males was 0.56 and females was 0.68. It has 
exceeded the optimal level (0.5) and reached overfishing value. Based on these results, it suggest that the time management of fishing 
activities such as by several approaches including the restricted time of fishing activity in spawning and recruitment season, the 
management of catching effort by the development of environment-friendly fishing gear, and the development of the lobster hatchery to 
reproduce and maintain their population naturally. 

Keywords: growth parameter, overfishing, Panulirus penicillatus, population, Yogyakarta  

INTRODUCTION 

Decapod lobsters inhabit all oceans (Cockcroft et al. 
2011), which geographically ranging from New Zealand in 
the South Pacific Ocean, to Norway in the North Atlantic 
Ocean. The Palinuridae lobster fishery had the highest 
economic value of many global lobster fishery. It is also a 
promising target species for commercial fisheries (Bakhtiar 
et al. 2013; Kusuma et al. 2012). The high nutritional value 
of lobster has driven the high demand in the global market 
and becomes one of the most prestigious cuisines. This 
high demand of lobster is in line with the needs of other 
sectors i.e tourists, hotels, and restaurants (Vijayanand et 
al. 2007). Global production of lobster is estimated to reach 
77,000 metric tonnes per year, with a value of around US 
$500 million (Phillips and Kittaka 2000). Therefore, the 
high demand of lobster cause the rates of fisheries capture 
increases leading to the existence of lobster population 
under high pressure (Balkhair et al. 2012). 

Ernawati et al. (2014) reported that high levels of 
lobster exploitation (E = 0.59) has occured in the North Sea 
region of Sikka Regency and adjacent waters. Similarly, it 
also happened in Cilacap, Central Java (E = 0.57) (Bakhtiar 
et al. 2013) and in Oman Beach as an an international 

beach which the value of lobster exploitation reached 3.16 
and 3.81 for males and females, respectively (Mehanna et 
al. 2012). The declining number in Catch Per Unit Effort 
(CPUE), yield, and profitability leading to over-
exploitation have been also reported in Galapagos Islands, 
Ecuador (Szuwalski et al. (2016). These highlighted that 
the sustainable management and monitoring of lobster 
fisheries to ensure their future economic value and 
biological viability is necessary. 

The southern coast of Yogyakarta in Indonesia, along 
with border of Indian Ocean is a significant region for 
lobster habitat. More than half of the coastline consisting of 
rocky coastal terrain and reef areas. Previous studies 
reported that six species of lobster inhabit in the southern 
coast of Yogyakarta, i.e., Panulirus homarus, Panulirus 
penicillatus, Panulirus longipes, Panulirus ornatus, 
Panulirus versicolor, and Panulirus polypagus 
(Wirosaputro 1996). Of those species, P. penicillatus and 
P. homarus are the prevalent species caught by fishermen 
(Aisha and Triharyuni 2010). Most of P. penicillatus lives 
inshore rocky reefs in shallow water (< 10 m) than offshore 
because water turbidity would be consistently higher than 
that on the deeper (Steyn and Schleyer 2011).  
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The Ministry of Marine Affairs and Fisheries has issued 
the Regulation of the Minister of Marine Affairs and 
Fisheries of the Republic of Indonesia Number 1 the Year 
2015 on fishing of lobster (Panulirus spp.), crab (Scylla 
spp.), and blue swimming crab (Portunus pelagicus spp.). 
This regulation was revised with the Regulation of the 
Minister of Marine Affairs and Fisheries Number 56 the 
Year 2016 on Prohibition of the arrest of lobster (Panulirus 
spp.), crab (Scylla spp.), and blue swimming crab (Portunus 
spp.) from the territory of the Republic of Indonesia. In line 
with implementation of various regulation from the 
goverment which is aimed to prevent the over-exploitation 
and sustainability of lobster, the availability of data through 
the assessment of lobster stocks is needed. Biological 
information in the forms of basic data and information on 
fish species is essential to employ the best practices of 
fisheries management (Wahyudin et al. 2017). Therefore, 
the objective of this research was to identify several factors 
affecting lobster population in terms of growth (carapace 
length (CL) and mass), recruitment, mortality rates, and 
exploitation rates in this species. 

Research area and sampling sites 
This study was conducted between February and 

August 2017. Samples were collected at four locations in 
the southern coast of Gunung Kidul Regency, Yogyakarta 
(7°46´8°09´ South Latitude and 110°21´110°50´ East 
Longitude) at four research sites: (1) Ngrenehan, (2) Baron, 
(3) Drini and (4) Tepus (Figure 1). The range of seawater 
temperature was 28º C during the period of February until 
August 2017 (Litbang KKP 2017). 

Sampling locations were selected based on the data of 
commercial fisheries rates at each site by selecting the high 

presence of catched lobster in order to limit the repetition 
of sample measurements. Gunungkidul has more 
commercial fisheries rates than two other districts in 
Yogyakarta as shown in Table 1. 

Most P. penicillatus occupy inshore rocky reefs in 
shallow water (< 10 m) where the water turbidity is 
consistently higher than that in the deeper, offshore reefs 
where P. homarus live (Steyn and Schleyer 2011). In total, 
546 samples were collected from each of the 4 sites 
simultaneously and krendet (trap net) was used to catch 
lobster (Figure 2). Krendet is a passive fishing gear used to 
catch lobster. This trap net is put on rocky water from the 
top of the cliff or put it in long lines. Construction of this 
trap net consists of looped iron with gillnet installed in the 
midle. In the center of trap net also mounted transverse 
straps of PE material monofilament to place the bait. 
Monofilament is a net that only consist of one single fiber. 
Krendet has a diameter around 80-100 cm and mesh size 
4.5-5 inch. The carapace length of each sample was 
measured from the edge of the orbit to the posterior to the 
end of the carapace using a digital caliper (±0.1 mm), and 
mass using digital scales (± 0.1 g).  
 
Table 1. Volume of commercial fisheries rates in Yogyakarta 
(ton) 
 
District 2012 2013 2014 2015 
Kulon Progo 638,971 446,900 542,834 422,500 
Bantul 541,350 546,800 364,863 391,800 
Gunungkidul 2,912,813 2,400,300 4,480,542 3,103,300 
Total 4,093,134 3,394,000 5,388,239 3,917,600 
Source: Departement of Maritime Affairs and Fisheries 
Yogyakarta (2015) 

 
 

  
 
Figure 1. Location of four research sites used to capture double-spined rock lobster (Panulirus penicillatus) in the southern coast of 
Yogyakarta, Indonesia. 1. Ngrenehan beach; 2. Baron beach; 3. Drini beach and 4. Tepus beach 
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Figure 2. Schematic representation of a krendet trap used to 
capture lobster  
 

Growth rate 
The estimation of growth coefficient value of CL∞ and 

K was calculated using the electronic length frequency 
analysis method (ELEFAN I) using the FAO-ICLARM 
Stock Assessment Tool (FISAT II) program (Gayanilo et 
al. 2005). The pattern of lobster growth was then calculated 
using the following von Bertalanffy equation as described 
in Sparre and Venema 1999: 

 
Lt = L∞ (1- exp [- K(t – t0)]) 
 
Where: Lt is the carapace length at age t; L∞ is the 

asymptotic length of carapace length when reach t years 
old; K is growth coefficient; t is lobster age and t0 is 
theoretical age when the length of carapace is zero.  

The mortality rate and exploitation 
The mortality rate and exploitation was completed by 

FISAT II program. The natural mortality rate (M) is 
measured by the empirical equation of Pauly (1983) using 
the water surface temperature’s annual mean (T = 28°C) as 
follows: 

 
Log M = - 0.0066 - 0.279 log L∞ + 0.6543 log K + 

0.463 log T  
 
The estimation of catching mortality mark (F) was 

calculated using the following equation (Sparre and 
Venema 1999):     F = Z - M, and the rate of exploitation 
(E) was obtained from fishing mortality rate (F) and total 
mortality rate (Z) = F / Z. E > 0.5 represents high 
exploitation (overfishing); E < 0.5 represents low 
exploitation (under fishing) and E = 0.5 shows optimal 
fishing levels (Sparre and Venema 1999). 

Recruitment pattern 
Recruitment pattern analysis was completed by FISAT 

II program. The predicted result is obtained by entering the 
values of CL∞, K, and t0. 

RESULTS AND DISCUSSION 

Carapace length 
A total number of 546 double-spined rock lobster (289 

males and 257 females) were successfully caught from four 
research sites in Gunungkidul Regency, Yogyakarta with 
sizes (CL) ranged between 35.2 mm and 120.5 mm for 
males and from 35.6 mm to 90.6 mm for females. The mass 
(g) weight of samples ranged between 44 g and 1110 g for 
males and from 46 g to 505 g for females. Of the carapace 
length, it shows that the highest proportion of males 
carapace length was 26.99 % (78 lobsters) ranged between 
45.2 mm and 55.1 mm (Figure 3) while the highest 
proportion of females carapace length was 25.68 % (66 
lobsters) ranged between 55.2 mm and 65.1 mm (Figure 4). 
Results showed that males double-spined rock lobster had 
the longer size (CL) than females lobster. It could be 
caused by several factors affecting the lobster growth such 
as biology factor and ecology factors. Biology factors 
included sex, gene, the level of gonad maturation, growth 
phase, and feeding habit (Froses 2006; Tarkan et al. 2006). 
While ecology factors were weather, water qualities 
(temperature, pH, salinity), and geographic position 
(Jenning et al. 2001). 
 

Tropical lobsters had a complex life cycle with an 
extended pelagic larve phase (> 6 mo: Philips et al. 2006) 
and post-settlement phases occupying different habitats and 
depths (Haywood and Kenyon 2009). The long larval phase 
means that larvae can potentially disperse in long distances 
from their coral reefs. During this extended larval phase, 
they are exposed to the range of environmental conditions 
that affect their survival rate and subsequent recruitment 
(Caputi et al. 2001). 

Growth rate 
Growth rate (K) of double-spined rock lobster males 

was determined using data from CL distribution (Figure 5). 
Results showed that the growth rate reached of 0.85 year-¹ 
and the CL distribution reached an asymptotic point 
(growth-limited) at 125 mm (12 years old). The theoretical 
age at which CL equals zero was -0.89 for males and -0.70 
for females. Theoretical age is important to measure the 
asymptotic length. The growth rate of female’s double-
spined rock lobster was determined using data from CL 
distribution (Figure 6). Results showed that the growth rate 
of 0.55 year-¹ and that CL reached an asymptotic point 
(growth-limited) at 125.5 mm (15 years old). In addition, 
the theoretical age at which CL equals zero was -0.70. It 
means that double-spined rock lobster has fast growth rate 
in the 1st year with the growth rate values (K) for males 
were higher than females. 



 B IODIVERSITAS  19 (1): 337-342, January 2018 

 

340

The growth of double-spined rock lobster appeared to 
be similar to other lobster species in tropical and 
subtropical waters. For example, P. homarus in Arabia has 
a similar growth rate, with K values of 0.71 year-¹ and CL∞ 
of 143.16 mm (Mehanna et al. 2012). However, the growth 
rate of P. homarus in Central Java (K male = 0.31 year-¹, 
CL∞ = 110 mm and K female = 0.26 year-¹, CL∞ = 95.62 
mm) (Bakhtiar et al. 2013) and in West Aceh (K = 0.39 
year-¹ and CL∞ = 119.5 mm) (Kembaren and Nurdin 2015) 
were slow. Ernawati et al. (2014) determined the K value 
of Panulirus versicolor in north Sikka and adjacent waters 
at 0.44 year-¹ with a CL∞ of 146.7 mm. In other species, P. 
penicillatus caught in Central Java had K values of 0.15 
year-¹ and CL∞ of 136 mm (male), and 0.19 year-¹, CL∞ of 
123 mm (female) (Zaenuddin and Putri 2017).  

The growth rate value (K) of double-spined rock lobster 
was less than 1, which indicates that this species has a slow 
growth (Sparre and Venema 1999). It means that this 
species needs much more time to grow for reaching the 
commercial size standard of consumption. According to the 
Regulation of The Ministry of Maritime Affairs and 
Fisheries Republic of Indonesia No. 1 Year 2015, fishing 
lobster (Panulirus spp.) was permitted with carapace length 
> 8 cm. It means that most of catched double-spined rock 
lobsters were still under permitted size; therefore, the 
capture activities of this species should be limited and 
waited for 1 or 2 years to enable their carapace length grow 
> 8 cm. Therefore, our model provides valuable data in 
supporting the development of resource management 
strategy including an optimal catch strategy to maintain the 
sustainability of both the species and economical benefits. 

Mortality rate and exploitation 
Total mortality rates of double-spined rock lobster were 

estimated 2.46 year-¹ and 2.56 year-¹ for males and females, 
respectively. The estimated values of natural mortality (M) 
were 1.08 year-¹ for males and 0.81 year-¹ for females. 
Meanwhile, the respective values of mortality by fishing 
activities (F) were 1.38 year-¹ and 1.75 year-¹ for males and 
females, respectively. The exploitation rate of this species 

were 0.56 and 0.68 for males and females, respectively. 
Moreover, the excessive capture of lobster in fishing 
activities highly contributed to lobster mortality. The same 
study reported by Bakhtiar (2013) in Central Java, which 
influences the rate of exploitation is fishing activities. This 
research confirmed the impact of exploitation rate on the 
high mortality rates of lobster, which is commonly 
occurred in Indonesia. Concisely, the main cause of lobster 
mortality was fishing activities. The high fishing pressure 
increasing the exploitation number of lobster stock was 
also reported in India (Vijayanand et al. 2007). Mehanna et 
al. (2012) highlighted that in the international scale, the 
lobster exploitation value in the Oman Beach due to 
intensive fishing activities were 3.16 for males and 3.81 for 
females, respectively. Therefore, in this study, the 
overexploitation of double-spined rock lobster also occured 
in the southern coast of Yogyakarta. According to Pauly 
(1983), in order to ensure the sustainability, the 
exploitation rate of fisheries stock was recommended 
around 0.5 (E opt = 0.5). The use of E = 0.5 as the optimal 
value for exploitation rate was based on the assumption 
that the mortality due to fish capture and natural mortality 
are in balance condition (F = M). Mortality curve of P. 
penicillatus in both males and females was presented at 
Figure 7 and Figure 8 with the black point indicated as 
mortality by fishing activities and the yellow point is 
mortality caused by old ages.  

Environmental factors influence on catching activities 
such as a sharp increase in rainfall during the wet season 
increased turbidity leading to the more active activity of 
lobsters, especially P. penicillatus. On the other hand, 
increase in rainfall had less effect on P. homarus catch than 
that on P. penicillatus. Most P. penicillatus occupied 
inshore rocky reefs in shallow water (< 10 m) where the 
water turbidity is consistently higher than that found in 
deeper offshore reefs where P. homarus life (Steyn and 
Schleyer 2011). Implementation various fishing 
management is needed to provide an opportunity for lobster 
to reproduce and maintain their population naturally.  

 
 
 

 
 
Figure 3. Distribution of carapace length of males double-spined 
rock lobster (Panulirus penicillatus) 

 
 
Figure 4. Distribution of carapace length of females double-
spined rock lobster (Panulirus penicillatus) 
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Figure 5. Growth curve of double-spined rock lobster (Panulirus 
penicillatus) males 
 

 
 
Figure 6. Growth curve of double-spined rock lobster (Panulirus 
penicillatus) females 
 

 
 

 
Figure 7. Males mortality curve of double-spined rock lobster 
(Panulirus penicillatus) 

 
Figure 8. Females mortality curve of double-spined rock lobster 
(Panulirus penicillatus) 

 

Recruitment pattern 
Descriptive statistics were used to estimate monthly 

recruitment patterns for double-spined rock lobster. The 
peak of recruitment occurred in January and August (Fig. 
9). This differed to peak recruitment of P. homarus in 
Central Java, which occurred in June and October 
(Bakhtiar et al. 2013). Interestingly, recruitment patterns of 
P. penicillatus at the southern coast of Yogyakarta was 
strikingly similar to Panulirus versicolor in the northern 
sea of Sikka District with peak recruitment occurring in 
August and September for both species (Ernawati et al. 
2014). Differences in recruitment rates are likely caused by 
differences in patterns and efforts of fishing activities in 
each area, as well as environmental factors such as weather 
patterns. Besides the result, it is necessary to manage 
fishing time by not fishing in spawning and recruitment 
season as an effort to keep the sustainability of lobster 
resources. 

 
 

 
Figure 9. Recruitment pattern of double-spined rock lobster 
Panulirus penicillatus in southern coast of Yogyakarta  
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The conclusion of this research are males double-spined 
rock lobster has longer size than that in females. The 
growth rate (K) of males double-spined rock lobster is 
more quickly than females lobster. The exploitation rate of 
males was 0.56 and females was 0.68. Fisheries 
exploitation of this species has exceeded the optimal level 
(0.5) and reached overfishing value. The peak of 
recruitment occurred in January and August. Overfishing of 
undersize lobsters was the threat for sustainability of 
lobster resources. So that, it is necessary to regulate the 
fishing activities, especially during spawning and 
recruitment season. Moreover, the development of eco-
friendly fishing gear and habitat protection are important to 
ensure their population will increase naturally. 
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Abstract. Prasertsin T, Peerapornpisal Y. 2018. Distribution and isolation of microalgae for lipid production in selected freshwater 
reservoirs of northern Thailand. Biodiversitas 19: 343-350. Nong Bau Reservoir and Chiang Saen Lake are considered important 
freshwater reservoirs of Chiang Rai Province located in northern Thailand. The surrounding areas of these water bodies are host to a 
range of human activities that influence water quality. Moreover, to date, there are have not been any studies on the water quality and 
the distribution of microalgae in these places. The physical and chemical parameters of the water quality and microalgae were carried 
out in Nong Bua Reservoir and Chiang Saen Lake during the months of May, July, and October of 2015. Microalgae were isolated in 
order to investigate the lipid-producing abilities. Samples collected from Nong Bua Reservoir have revealed the presence of seven 
divisions, 90 species of algae. Six divisions, 55 species of algae were found in Chiang Saen Lake. The trophic status of the water was 
evaluated from the main parameters (AARL-PC Score), and it was determined that Nong Bua Reservoir was of meso-eutrophic status 
and Chiang Saen Lake was of mesotrophic status. Microalgae were isolated from Nong Bua Reservoir and Chiang Saen Lake for the 
purposes of studying lipid content; 25 and 6 isolations were identified, respectively. The lipid content was highest in Botryococcus 
braunii (39.25 ± 0.32% dry weight) followed by Ankistrodesmus sp. (26.80 ± 0.44% dry weight) and Coelastrum microsporum (24.95 ± 
0.55% dry weight). The lowest lipid content was found in Planktolyngbya sp. (7.25 ± 0.43% dry weight). The indigenous strains of 
microalgae of Nong Bau Reservoir and Chiang Saen Lake’s can be considered quite promising as model strains in terms of the 
production of biofuel within the country. 

Keywords: AARL-PC Score, isolation, microalgae, trophic status, water quality 

INTRODUCTION 

Algae are known to be the main oxygen-producing 
organisms in aquatic environments. They are a diverse 
group of aquatic organisms and are considered the 
foundation of the food chain in aquatic environments. They 
are responsible for more than 40% of global carbon 
fixation and are thought to be effective in regulating global 
warming and climate change by controlling pollution levels 
(Wetzel 2001). Algae can live in various environments 
including saline water, freshwater and brackish water. They 
can be found throughout a wide variety of water bodies that 
display a range of water quality. Algae possess different 
physical and chemical requirements whereby each species 
has a different set of favorable conditions that promote its 
growth and reproduction. The algae communities are 
sensitive to changes in their environment, and therefore 
phytoplankton total biomass and certain designated species 
are often used as indicators of water quality (Reynolds et 
al. 2002; Brettum and Andersen 2005). Algae range in size 
from unicellular (microalgae) to very large multicellular 
species (macroalgae). Microalgae are microscopic 
photosynthetic organisms that are found in marine and 
freshwater environments (Brennan and Owende 2010; 
Demirbas 2010). Notably, there exists a potential for these 
organisms to fix 1.83 tons of atmospheric CO2 while 

producing one ton of algae biomass (Chisti 2008). 
Microalgae are considered to be good candidates for 
biofuel production because of their higher photosynthetic 
efficiency, higher biomass production, and faster growth 
rate when compared to other energy crops such as rapeseed 
and soybean (Miao and Wu 2006). Moreover, it is easy to 
cultivate microalgae with wastewater even in lands that are 
unsuitable for agriculture (Mata et al. 2010). The lipid 
accumulation in the cells of microalgae ranges from 25-
75% of its dry weight (Malcata 2011). Microalgal lipids, 
commonly referred to as crude lipids or total fatty acids of 
microalgae, are extracted and then arranged by 
transesterification during the production of microalgal 
biofuels. The key processes involved in biodiesel 
production from microalgae include cultivation, harvest, 
lipid extraction, and transesterification of the lipids 
(Jungmin 2013). 

Chiang Rai Province is located in the northern part of 
Thailand and is home to many important fresh bodies of 
water such as lakes, reservoirs and ponds. Nong Bau 
Reservoir is a potential source of freshwater and is located 
within the grounds of Chiang Rai Rajabhat University. This 
reservoir resource provides water for the general public. 
The areas surrounding this reservoir are home to various 
restaurants and communities, which have both direct and 
indirect effects on the water body, particularly during the 
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months of October to December of every year. During this 
period, the water of this reservoir is often green in color 
and sometimes a scum of algae can be found on the surface 
of the water. The area comprising Chiang Saen Lake is one 
of the areas that have been selected for implementation of 
the project entitled Ramsar Convention Management and 
Protection of Wetland Areas. This water body is also 
influenced by a range of human activities that take place in 
the immediate area of the lake. It is understood that these 
two locations are exposed to various human activities. 
There have been only a few studies that have been 
conducted on water quality, distribution of phytoplankton 
and production of microalgal lipids in these two locations. 
This research study has two main objectives; i.e., to study 
the water quality based on the physical and chemical 
parameters of these water sources in collaboration with the 
distribution of microalgae and isolation of lipid producing 
microalgae in search of potential sources of biofuel.  

MATERIALS AND METHODS 

Study areas 
Microalgae and water samples were collected from two 

sampling sites that were located in the northern part of 
Thailand: 1. Nong Bua Reservoir (19°58'44.3"N 
99°50'38.7"E) located in Chiang Rai Rajabhat University, 

Mueang District, Chiang Rai Province and 2. Chiang Saen 
Lake (Nong Bong Kai; 20°15'43.3"N 100°02'49.8"E) 
located in Chiang Saen District, Chiang Rai Province. 
Water samples were collected from five stations at each 
sampling site and were chosen based on the community 
activities and agricultural areas that cover the surrounding 
areas (Figure 1) during May, July and October 2015 
(samples were collected once per month).  

Procedures 
Water quality of physicochemical properties and 
distribution of microalgae   

Determination of physicochemical properties of 
water. A determination of the relevant physicochemical 
properties of the water in each reservoir was done at each 
sampling site. The depth to which sunlight could penetrate 
the water body was measured with a Secchi disc. The 
temperature was measured with a thermometer, while pH 
and conductivity were measured with the use of a 
multiparameter (Eutech CyberScan CD 650). Dissolved 
oxygen (DO) was measured using the azide modification 
method (Eaton et al. 2005). Water samples were then 
collected at a depth of 30 centimeters from the surface of 
each water resource using polyethylene bottles, which were 
then kept in a cool box (5-7 ˚C) for later analysis in the 
laboratory.  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Map of northern Thailand showing 2 sampling sites (A) Nong Bua Reservoir and (B) Chiang Saen Lake  
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Some physical and chemical properties of the water in 
the reservoirs were measured in the laboratory as follows. 
Total alkalinity was measured using the phenolphthalein 
methyl orange indicator method (Eaton et al. 2005). 
Biochemical oxygen demand (BOD) was measured using 
the azide modification method (Eaton et al. 2005). Water 
turbidity was measured using a turbidity meter. Nutrient 
content, especially with regard to ammonium nitrogen, 
nitrate nitrogen and soluble reactive phosphorus (SRP), 
were determined using the nesslerization method, cadmium 
reduction method and ascorbic method, respectively (Eaton 
et al. 2005). Chlorophyll content was determined by 
employing the method developed by Saijo (1975) and 
Winterman and de Mots (1965). 

The trophic status of the water was determined by 
evaluation of the main parameters which included: 
conductivity, DO, BOD, ammonium nitrogen (NH4

+), 
nitrate nitrogen (NO3

-), soluble reactive phosphorus (PO4
3-) 

and chlorophyll an according to the method of 
Peerapornpisal et al. (2004). This method was based on 
those of Wetzel (2001) and Lorraine and Vollenweider 
(1981). 

Collection of microalgae. Twenty liters of water 
samples from each station at the two sampling sites were 
collected and filtered with a 10 µm pore size plankton net. 
The 100 mL of remaining water in the plankton net 
collected from each station were pooled together and 
refiltered to obtain 100 mL. The samples were then divided 
into two equal portions. One portion was preserved by 
adding 0.7 mL of Lugol’s solution to 100 mL of the sample 
(Eaton et al., 2005). The other portion was kept at a natural 
temperature for morphological observation, identification, 
and isolation of microalgae in order to determine lipid 
content in the laboratory (Wetzel 2001). 

Identification of microalgae. The microalgae were 
observed, and the details of the cells were identified under 
a 40X and 100X light microscope. The identification of 
microalgae was based on a number of relevant 
characteristics such as the color of the cells, the size of the 
cell or colony or filament, the shape of the chloroplast, the 
number and position of the flagella, with or without the 
spine and details of the granular characteristics of the cell 
wall which were clearly visible with a light microscope 
(John and Brook, 2002). Each microalga was measured in 
terms of the size of the cell or colony or filament, and the 
details of the cells were observed and photographed using 
an Olympus Normaski microscope. Species identification 
was conducted according to Prescott (1970); Huber-
Pestalozzi (1983); Hindák (1990); Komarek and Jankovska 
(2001) and John et al. (2011). For detailed identification of 
the genera and species, special publications on tropical 
environments were used Lewmanomont (1995); Yamagishi 
and Kanetsuna (1987); Hirano (1975, 1992). 

 
Isolation and lipid extraction of microalgae 

Isolation of microalgae. Microalgae in the water 
samples were examined under a microscope, and single 
cells or colonies were isolated with a glass micropipette 
using the micropipet washing technique (Daniel, 2012). 
Single cells or colonies were washed with sterile 

Jaworski’s medium (JM) at least five times. Each cell or 
colony was cultivated in 5 mL of sterile JM medium at 25 
°C for at least 7 days. They were purified using the streak 
method on JM agar plate and incubated at room 
temperature until growth appeared to initiate. Sub-culturing 
was carried out until a monoculture was obtained and 
transferred to JM broth as the stock culture. 

The monoculture of microalgae was inoculated in 250 
ml Erlenmeyer flasks containing 150 mL JM medium at 
room temperature under 10.8 µmol.m-2.s-1 with a 16: 8 h 
photoperiod for 10 days. It was then transferred to 500 mL 
Erlenmeyer flasks containing 300 mL of JM medium, and 
the seed cultures were scaled up to 20 L of JM medium. 
Ten percent (V/V) of each seed culture was inoculated in 
20 L of JM medium and was then cultivated at room 
temperature under 10.8 µmol.m-2.s-1 with a 16: 8 h 
photoperiod and aerated using a bubbling air-line in a 
plastic carboy tank (Daniel, 2012). When growth reached a 
stationary phase (about 14 days), the cells were harvested 
by sedimentation, and the supernatant was siphoned off and 
then centrifuged at 3,000 rpm for five minutes. The cells 
were dried at 60°C in an oven for 48 hr and ground 
thoroughly with a mortar and pestle for the purposes of 
lipid extraction (Stemmler et al. 2016). 

Lipid extraction. The lipids obtained from the 
microalgae was extracted using a procedure modified from 
the method of Bligh and Dyer (1959). Each microalgal cell 
powder sample of 0.5 g was put in a 50 mL centrifuge tube 
and 15 mL of a solution of chloroform: methanol (2: 1, v/v) 
was added. The samples were then mixed well on a vortex 
mixer. Each sample was then placed in an ultrasonic bath at 
40 kHz, 40°C for 1 hr. The solvent layer was separated by 
centrifugation at 6000 rpm for 10 min, and the samples 
were evaporated to dryness in a fume hood until constant 
weight was obtained. The lipid content was determined 
gravimetrically. This research was conducted according to 
Mubarak et al. 2015, who reported that a mixture of 
chloroform/methanol was used as a solvent for increased 
extraction yields of lipids from microalgae than those that 
were extracted using other solvents. The ultrasonic 
extraction assisted the thick cell walls of the microalgae 
blocks in the release of intra-lipids that were present in 
Neto et al. (2013).  

RESULTS AND DISCUSSION 

Water quality and physicochemical properties  
The results of the analysis of the physicochemical 

parameters of the Nong Bua Reservoir and Chiang Saen 
Lake revealed certain differences. The values of the 
parameters were found to be higher in the Nong Bua 
Reservoir. The trophic status of the water was evaluated 
using the main parameters, which included conductivity, 
DO, BOD, ammonium nitrogen (NH4

+), nitrate nitrogen 
(NO3

-), soluble reactive phosphorus (PO4
3-) and chlorophyll 

a. These parameters were assessed according to the method 
of Peerapornpisal et al. (2004), and it was determined that 
Nong Bua Reservoir was meso-eutrophic in status and 
Chiang Saen Lake was mesotrophic in status (Table 1).  
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Table 1. Certain physical and chemical parameters of water 
quality (average) in Nong Bua Reservoir and Chiang Saen Lake,  
northern Thailand 

 

Parameters Nong Bua 
Reservoir 

Chiang Saen 
Lake 

Water temperature (°C) 30.00 ± 0.71 30.80 ± 0.76 
Air temperature (°C) 32.00 ± 0.71 31.20 ± 1.44 
Secchi dept (m) 0.94 ± 0.03 1.44 ± 0.10 
Turbidity (NTU) 8.07 ± 1.70 5.26 ± 2.25 
pH  7.42 ± 0.11 6.64 ± 0.13 
Alkalinity (mg/L as CaCO3) 149.00 ± 2.65 138.00 ± 2.59 
Conductivity (µS/cm)* 94.80 ± 2.39 82.60 ± 2.39 
Dissolved oxygen (DO) (mg/L)* 7.10 ± 0.79 6.30 ± 0.77 
Biochemical oxygen demand 
(BOD) (mg/L)* 

3.20 ± 1.43 1.50 ± 0.69 

Nitrate nitrogen (mg/L)* 1.12 ± 0.33 0.74 ± 0.29 
Ammonium nitrogen (mg/L)* 0.36 ± 0.05 0.20 ± 0.04 
Soluble reactive phosphorus (mg/L)* 0.52 ± 0.28 0.31 ± 0.27 
Chlorophyll a (µg/L)* 46.00 ± 0.23 18.00 ± 0.30 
AARL-PC Score 4.00 3.20 
Trophic status Mesotrophic-

eutrophic 
Mesotrophic 

Note: * = Parameters used to evaluate water quality 

Distribution of microalgae in Nong Bua Reservoir and 
Chiang Saen Lake 

Seven divisions, 90 species of algae were found in 
Nong Bua Reservoir. The most diverse division was 
Chlorophyta (39 species) followed by Euglenophyta (17 
species), Bacillariophyta (14 species), Cyanophyta (13 
species), Chrysophyta (four species), Pyrrophyta (two 
species) and Cryptophyta (one species), respectively. Six  

divisions, 55 species of algae were found in Chiang Saen 
Lake. The most diverse division was Chlorophyta (25 
species) followed by Bacillariophyta (12 species), 
Cyanophyta (seven species), Euglenophyta (five species), 
Chrysophyta (two species) and Pyrrhophyta (two species), 
respectively (Table 2).  

The dominant species of microalgae present in the two 
reservoirs were found to be different. Nong Bua Reservoir 
was home to Botryococcus braunii Kützing, Lepocinclis 
oxyuris (Schmarda) Marin & Melkonian and Pediastrum 
duplex var. duplex Meyen, while Kirchneriella lunaris 
(Kirchner) Möbius, Peridinium sp. and Staurastrum sp.1 
were the dominant species of microalgae found in Chiang 
Saen Lake (Figure 1). 

Isolated of microalgae and lipid contents 
Ninety species and 55 species of microalgae were 

isolated from Nong Bua Reservoir and Chiang Saen Lake, 
respectively. However, only 25 isolates of microalgae were 
isolated from Nong Bua Reservoir, and 6 isolates were 
isolated from Chiang Saen Lake. Most of the isolates (26 
isolation) were green microalgae followed by blue-green 
algae (5 isolation), but the microalgae in another group 
were not able to grow in JM medium. The lipid content was 
highest in Botryococcus braunii (39.25 ± 0.32% dry 
weight) followed by Ankistrodesmus (NB) (26.80 ± 0.44% 
dry weight) and Coelastrum microsporum (24.95 ± 0.55% 
dry weight), and the lowest lipid content was found in 
Planktolyngbya sp. (7.25 ± 0.43% dry weight). Isolates 
collected from the two reservoirs revealed differing lipid 
contents (Table 3). 

 
 

 
Figure 3. A-C. Dominant species of microalgae in Nong Bua Reservoir, northern Thailand: A. Botryococcus braunii Kützing, B. 
Lepocinclis oxyuris (Schmarda) Marin & Melkonian and C. Pediastrum duplex var. duplex Meyen. D-F. Dominant species of 
microalgae in Chiang Saen Lake, northern Thailand: D. Kirchneriella lunaris (Kirchner) Möbius, E. Peridinium sp. and F. Staurastrum 
sp.1 (scale bar = 10 μm) 

A B C 

D E F 
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Table 2. List of microalgae found in Nong Bua Reservoir and 
Chiang Saen Lake, northern Thailand 
 

Species I II 
Division Cyanophyta   
Anabaena sp. + + 
Aphanocapsa sp. + + 
Chroococcus sp. + + 
Cylindrospermopsis raciborskii (Woloszynska) 
Seenayya & Subba Raju  

+ + 

Coelomoron pusillum (Van Goor) Komárek + + 
Merismopedia punctata Komárek + - 
Microcystis aeruginosa Kützing  + - 
Microcystis wesenbergii (Komárek) Komárek ex 
Komárek 

+ - 

Oscillatoria sp. + - 
Planktolyngbya sp. + + 
Pseudanabaena mucicola Naumann&Huber-Pestalozzi + - 
Pseudanabaena sp. + + 
Spirulina sp. + - 
 
Division Chlorophyta 

  

Actinastrum hantzchii Lagerh + + 
Acutodesmus acuminatus (Lagerheim) Chodat + + 
Acutodesmus javaensis Chodat + - 
Ankistrodesmus sp. + - 
Botryococcus braunii Kützing  + + 
Closteriopsis sp.   + + 
Closterium parvulum Nägeli + - 
Coelastrum microsporum Nägeli + - 
Coelastrum reticulatum var. cubanum Komárková   + - 
Cosmarium monilifoeme (Turpin) Ralfs + + 
Cosmarium punctulatum Brébisson + - 
Cosmarium subtumidum Nordstedt + + 
Crucigeniella crucifera (Wolle) Komárek + + 
Desmodesmus opoliensis (P.G.Richter) E.H.Hegewald + + 
Dictyosphaerium granulatum Hindák + + 
Dictyosphaerium tetrachotomum Printz + + 
Euastrum turneri W. West + + 
Golenkinia sp. + + 
Groenbladia sp. + - 
Kirchneriella lunaris (Kirchner) Möbius + + 
Micrasterias foliacea Bailey + - 
Monoraphidium tortile (West et G.S.West) Komàrkovà-
Legnerovà 

+ + 

Nephrocytium sp. - + 
Oocystis sp. + + 
Pediastrum duplex var. duplex Meyen + + 
 Pediastrum duplex var. gracillimum West & G.S.West + + 
Pediastrum duplex var. punctatum (Willi Krieger) Parra + - 
Pediastrum simplex var. simplex Meyen + - 
Pediastrum tetras (Ehrenberg) Ralfs + - 
Radiococcus sp. + + 
Scenedesmus sp. + + 
Staurastrum cf. longbrachiatum (Borge) Gutwinski + + 
Staurastrum smithii Teiling + + 
Staurastrum sp.1 + + 
Staurastrum sp.2 + + 
Staurastrum sp.3 + -
Staurodesmus convergens var. labportei Teiling + + 
Staurodesmus sp.1 + - 
Staurodesmus sp.2 + - 
Staurodesmus sp.3 + - 
 
Division Euglenophyta 

  

Euglena spirogyra var. abrupte-acuminata Lemmermann + - 

Euglena sp. + - 
Lepocinclis ovum (Ehrenberg) Lemmermann  + + 
Lepocinclis ovum var. gracillicauda Deflandre + + 
Lepocinclis oxyuris (Schmarda) Marin & Melkonian + - 
Lepocinclis playfairianna Deflandre + - 
Lepocinclis truncata A.M.Cunha + - 
Lepocinclis sp. + - 
Phacus lismorensis Playf. + - 
Phacus longicauda (Ehrenberg) Dujardin + - 
Phacus ranula Pochmann + + 
Trachelomonas armata var. steinii Lemmermann + + 
Trachelomonas hispida (Perty) Stein + - 
Trachelomonas volvocina var. subglobosa Lemmermann + - 
Trachelomonas volvocinopsis Swirenko + + 
Trachelomonas sp.1 + - 
Trachelomonas sp.2 + - 
 
Division Chrysophyta

  

Dinobyon sertularia Ehrenberg + + 
Isthmochloron gracile Chodat + - 
Centritractus belanophorus Lemmermann + + 
Mallomonas sp. + - 
 
Division Bacillariophyta 

  

Achnanthes sp. + + 
Aulacoseira granulata (Ehrenberg) Simonsen + +
Cyclotella meneghiniana Kützing + + 
Cymbella sp. + + 
Encyonema sp. + + 
Fragilaria sp.  + + 
Frustiulia sp. + + 
Gomphonema sp. + + 
Gyrosigma scalproides Rabenhorst + + 
Meloseira varians Agardh + + 
Navicula sp. + +
Nitzschia sp. + - 
Pinnularia sp. + +
Synedra ulna (Nitzsch) Ehrenberg  + - 
Division Cryptophyta   
Cryptomonas sp. + - 
Division Pyrrhophyta   
Peridinium inconspicuum Lemmermann  + +
Ceratium sp. + +
Note: I = Nong Bua Reservoir, II = Chiang Saen Lake, + = 
detected, - = not detected  
 

Discussion 
Water quality and physicochemical properties  

The water quality of the two water resources was found 
to be different. Chiang Saen Lake revealed a lower value in 
terms of the physicochemical properties than Nong Bua 
Reservoir. Most of the surrounding area of Chiang Saen 
Lake was made up of forests and agricultural areas. This 
area was selected for the implementation of the Ramsar 
Convention Management and Protection of Wetland Areas 
project and consequently was subject to fewer human 
activities. The trophic status of Chiang Saen Lake was 
classified as mesotrophic. Nong Bua Reservoir was 
classified as meso-eutrophic status because the area was 
surrounded by communities, restaurants, fish ponds and 
was home to various types of fishing activities. The 
influence of these activities resulted in higher BOD and 
nutrient levels (ammonium nitrogen, nitrate nitrogen,  
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Table 3. Isolates of microalgae and their lipid contents  
 

Isolation of microalgae 
Lipids content (% dry weight)

Nong Bua 
Reservoir 

Chiang Saen 
Lake 

Aphanocapsa  10.02 ± 0.36 - 
Chroococcus  15.07 ± 0.22 - 
Cylindrospermopsis raciborskii  8.24 ± 0.09 - 
Coelomoron pusillum 10.73 ± 0.25 - 
Planktolyngbya   7.25 ± 0.43 - 
Acutodesmus acuminatus  10.27 ± 0.05 - 
Ankistrodesmus  26.80 ± 0.44 24.48 ± 0.25 
Botryococcus braunii  39.25 ± 0.32 - 
Chlorella  14.92 ± 0.56 - 
Closteriopsis  13.20 ± 0.24 - 
Closterium parvulum 21.28 ± 0.05 - 
Cosmarium punctulatum  17.25 ± 0.45 13.33 ± 0.67 
Coelastrum microsporum 24.95 ± 0.55 - 
Desmodesmus opoliensis 21.56 ± 0.30 - 
Dictyosphaerium granulatum 17.36 ± 0.22  12.89 ± 0.34 
Euastrum turneri 17.68 ± 0.10 13.08 ± 0.54 
Kirchneriella lunaris 24.30 ± 0.34 - 
Micrasterias foliacea 10.45 ± 0.07 - 
Pediastrum duplex  14.50 ± 0.20 - 
Pediastrum simplex  13.25 ± 0.65 - 
Pediastrum tetras  10.46 ± 0.44 - 
Radiococcus  16.96 ± 0.87 - 
Scenedesmus  23.00 ± 0.47 - 
Staurastrum   8.20 ± 0.33  5.20 ± 0.39 
Staurodesmus  10.45 ± 0.50  7.42 ± 0.87 
Note: - = not isolated, = microalgae isolated from Nong Bua 
Reservoir 

 
 
 
soluble reactive phosphorus) being present in Nong Bua 
Reservoir than in Chiang Saen Lake, where nitrates and 
phosphates present in the water body contributed to higher 
BOD levels. Nitrates and soluble reactive phosphorus 
contamination resulted from the degradation of animal and 
plant carcasses. Additionally, agricultural fertilizers and 
wastewater from the community that were discharged into 
the lake caused plant life and algae to grow quickly. 
However, when plants and algae grow quickly, they also 
die quickly. This can contribute to the amount of organic 
waste present in the water, which would then decompose 
resulting in high BOD levels (Wetzel 2001). The value of 
BOD was recorded in a range of 2.5 -5.0 mg/L indicating 
β-mesosaprobic (Eaton et al. 2005). 

Distribution of microalgae in Nong Bua Reservoir and 
Chiang Saen Lake 

The number of species of microalgal found in Nong 
Bua Reservoir was found to be greater than in Chiang Saen 
Lake. A wide variety of algae was found to possess 
differing physical and chemical requirements (John 2011). 
Each species responded to different sets of favorable 
conditions that could promote growth and reproduction. 
The two most important nutrients, nitrogen (N) and 
phosphorus (P), were present in the soluble form. 
Phosphorus and nitrogen present in natural waters are 
usually found in the form of phosphorus (PO4

3-) and nitrate 
(NO3

-), and are present in a soluble form that plants and 
algae can use for growth. In freshwater lakes and rivers, 

phosphorus is often found to be the growth-limiting 
nutrient because it occurs in a form that is least relative to 
the needs of plants and algae. If excessive amounts of 
phosphorus and nitrogen are added to the water, algae and 
aquatic plants can be produced in large quantities (Wetzel 
2001). The dominant species of microalgae in Nong Bua 
Reservoir were used to assess the water quality as being of 
meso-eutrophic status. These species were Pediastrum 
duplex var. duplex Meyen (Prasertsin et al. 2015), while in 
the Nong Bua Reservoir, the euglenoid group were found 
to be present in higher numbers than in Chiang Saen Lake. 
The euglenoid group was indicative of water quality in the 
eutrophic status (Wetzel 2001 and Peerapornpisal et al. 
2007). 

 
Isolated of microalgae and lipid contents  

A total of 25 species and 6 isolates of microalgal were 
isolated from Nong Bua Reservoir and Chiang Saen Lake, 
respectively. The conditions of the Nong Bua Reservoir 
were suitable and similar to the conditions of the media 
used for the isolation and cultivation of algae, which was in 
agreement with the findings of Rosenberg et al. (2008). It 
was reported that suitable or similar conditions were 
responsible for the fast adaptation and growth of the algae. 
Jaworski’s medium (JM) contains many macronutrients 
and micronutrients which are essential for algal growth 
(Mcelroy and Nason 1954). In this study, the highest 
isolates were green microalgae (26 isolates) followed by 
blue-green algae (5 isolates). The elements required for the 
growth of green algae are N, P, K, Ca, Cu, S, Fe, Mg, Mn, 
and Zn. These elements are typically added in the form of 
salts (Oh-Hama and Miyachi 1988). All of these elements 
were detected by Jaworski’s medium (JM). Additionally, 
Jaworski’s medium could not be used to isolate euglenoid, 
dinoflagellate and diatom groups. These groups may 
require special elements such as silicon (Si) as a 
fundamental inorganic nutrient that is required for diatom 
growth (Jickells 1998). Notably, a source of silicon must be 
provided for continued good growth. The dinoflagellate 
requires yeast extract, thiamine, and proteose peptone for 
the highest possible level of growth (Daniel 2012).  

Algae can be photosynthesised as a first step in the 
conversion of light energy to chemical energy and is 
ultimately responsible for supporting all biofuel synthetic 
processes that are used to convert solar energy into 
biomass, carbon storage products (carbohydrates and 
lipids) and hydrogen (Perrine et al. 2012). The synthetic 
processes of blue-green algae can convert solar energy into 
carbohydrates and a number of lipids. Green algae can 
double their biomass in less than 24 hours and can also 
yield high lipid contents, usually those of over 50%. The 
lipid content depends on the specific algal strain and their 
growth conditions with an average content ranging from 2 
to 75% of dry weight (DW) under exceptional 
circumstances. However, these circumstances would 
typically be between 10 and 30% DW (Chisti 2007). 
Notably, the algae used in biodiesel production are usually 
aquatic unicellular green algae (Chlorophyceae) (Demirbas 
2010). In this study, it was determined that the highest 
crude lipid content of Botryococcus braunii (39.25 ± 0.32% 
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dry weight) was more than that which had been previously 
reported by Ashokkumar et al. (2014) as 23.5 ± 0.40% dry 
weight. Moreover, Scenedesmus (23.00 ± 0.47% dry 
weight) content was more than what had been previously 
reported by Shin et al. 2014 at 14.5 ± 0.50% dry weight 
when using the Bligh and Dyer method. In this study, the 
extraction of lipids from microalgae biomass was done by 
using non-polar solvents such as chloroform, and polar 
solvents such as methanol (Bligh and Dyer 1959) that were 
combined with the ultrasonic extraction effect in achieving 
higher crude lipid contents.  

The lipid composition of microalgae mainly consists of 
non-polar (neutral) and polar molecules. The polarity of a 
molecule is determined by the presence of fatty acids. The 
charge of neutral lipids occurs mainly in the form of 
triacylglycerols, which are used to determine their structure 
(Shahidi and Wanasundara 2002). A combination of the 
polar and non-polar solvents such as hexane, benzene, 
toluene, diethyl ether, chloroform, and polar solvents such 
as acetone, ethyl acetate, and ethanol and methanol, are 
recommended for higher lipid extraction efficiency from 
algal biomass. These are usually used to extract both polar 
lipids (from membranes) and neutral lipids (from lipid 
droplets that are highly desirable for biodiesel feedstock) 
(Dos Santos et al. 2015). Moreover, the ultrasonic 
extraction assists the thick cell walls of the microalgae in 
blocking the release of intra-lipids that are present inside 
(Neto et al. 2013). The principle behind the ultrasound-
assisted extraction method involves the intense sonication 
of liquid that generates sound waves to be propagated into 
the liquid media resulting in alternate high-pressure and 
low-pressure cycles. During the high-pressure cycle, the 
small vacuum bubbles that are produced in a low-pressure 
cycle, collapse violently and result in a phenomenon called 
cavitation. The high pressure and high speed liquid jets 
then form shearing forces around the algae cells during 
cavitation and break the cell structure mechanically and 
improve material transfer in supporting the extraction of 
lipids (Yoon et al. 1998).  

In conclusion, algae can be found in a wide variety of 
water qualities that possess different physical and chemical 
requirements. The lipid contents of the two water bodies in 
this study could be used in the production of biodiesel, 
which has been recognized as an efficient alternative 
source of fuel.  
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Abstract. Susilowati A, Sari SLA, Setyaningsih R, Muthmainna HN, Handarwati H, Pangastuti A, Purwoko T. 2018. Lipolytic bacteria 
isolated from Indonesian sticky rice cake wajik and jenang experiencing with rancidity. Biodiversitas 19: 351-356. Lipolytic bacteria are 
lipase producing bacteria. These bacteria can be isolated from various sources such as vegetable oil wastes, industrial dairy products, 
oil-contaminated soil, seeds, and foods containing fat. The lipolytic bacteria were isolated from wajik, jenang manten and jenang alot 
that have been cultured for 4-35 days using minimum media containing MgSO4.7H2O 0.03%, K2HPO4 0.005%, (NH4) SO40.5% (w/v) 
supplemented with olive oil as a carbon source. Lipolytic activity was marked by orange luminescence when it was exposed to UV light 
at 350 nm on colonies grown on media containing olive oil-rhodamine B. Lipolytic bacteria were identified based on colony 
morphology, cell morphology and sequences of 16S rRNA gene. The 16S rRNA gene sequences were analyzed to determine the identity 
of bacterial isolates based on the percentage of sequence identity using BLAST Nucleotide software on NCBI website. Results showed 
there were 7 lipolytic bacteria of 52 isolates. Those bacteria were Gram-negative with spherical and rods shape. The identity of four 
isolates obtained in wajik indicated 97-98% of similarity to Acinetobacter and one isolate showed 96% of similarity to Pseudomonas. 
The last two isolates obtained from jenang manten had 99% similarity belonging to the species of Serratia marcescens. 
Keywords: lipolytic bacteria, wajik, jenang, 16S rRNA gene sequence 

INTRODUCTION 
Lipase (triacylglycerol acyl hydrolases, EC 3.1.1.3) is 

an enzyme that serves as a catalyst and synthesis of ester 
hydrolysis. Apart from being the catalyst for the hydrolysis 
reaction and the synthesis of ester (esterification), lipase 
can also catalyze the Trans-esterification process which is 
useful in industrial oleochemicals and biodiesel (Gupta et 
al. 2011). Trans-esterification is a reaction process of 
triglycerides in vegetable oil or animal fat with short-chain 
alcohol such as methanol or ethanol to produce fatty acid 
methyl esters (Fatty Acids Methyl Esters/FAME) or 
biodiesel and glycerol (glycerin) as the by-products 
(Hikmah and Zuliyana 2010). Biodiesel produced in the 
transesterification process can be used as a substitute for 
diesel oil. This biodiesel also has some advantages such as 
renewable, non-toxic, biodegradable and can improve local 
air quality by reducing emissions of harmful gases 
contributing to global warmings such as SOx, NOx, and 
CO2 (Pratt et al. 2009). Lipase production can also be 
applied in food industries (modifying tastes), chemicals 
substance production industries (synthetic ester), detergent 
industries (hydrolysis of fats), wastewater treatment 
(decomposition and removal of oily substances), cosmetics 
industries (removal of lipids), medicine (digestion of oils 
and fats in the foods), leather processing (removal of fat 
from animal skin) and biomedical tests (blood 
triglycerides) (Salihu et al. 2012). 

Due to the importance of lipase enzyme in the biodiesel 

and other industries, various efforts to find a new source of 
lipase enzyme has been conducted. Most of lipase was 
isolated and purified from a variety of sources such as 
fungi, bacteria, plants and animals (Hasan et al. 2006). 
However, lipase derived from bacteria is known to be more 
economical and stable when it is used on an industrial scale 
both pharmaceutical industry and agriculture (Snellman et 
al.2002). Lipolytic bacteria can be isolated from foods 
containing fat or vegetable oil. One of examples of these 
foods is wajik and jenang. Wajik and jenang are traditional 
Indonesian cake made from steamed glutinous (sticky) rice 
and further cooked in palm sugar containing coconut milk. 
The coconut milk in this cake is favorable for the growth of 
lipolytic bacteria. Based on the research by Pratiwi (2014) 
wajik contains lots of fat, i.e., 8.78%. Wajik and jenang 
stored for a long time will undergo rancidity. Rancidity is a 
decomposition process of fat in which free fatty acids will 
be produced. Hence, rancidity is a sign of lipolytic activity. 
The aim of this study was to obtain lipolytic bacteria and to 
identify species of the lipolytic bacteria based on the 16S 
rRNA encoding gene from traditional sticky rice cake wajik 
and jenang. 

MATERIALS AND METHODS 
Samples of wajik and jenang Wajik samples obtained from wajik-producing center in 
Janti village, Klaten, Central Java, were stored for 21 days 
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in a plastic container and sealed properly. During the 
storage period, on day 7th, 14th and 21st samples were taken. 
Both jenang manten and jenang alot were obtained from 
Kenep village in Sukoharjo Regency, Central Java. Jenang 
manten was stored for 8 days and jenang alot for 21, 28, 
and 35 days.  
Isolation of lipolytic bacteria One gram of each sample was weighed, crushed and 
dissolved in 9 mL of 0.85% salt solution (physiological 
solution). Subsequently, a serial dilution was made up to 
10-4. Minimum media contains MgSO4.7H2O 0.03% (w/v), 
K2HPO4 0.005% (w/v), (NH4)SO4 0.5% (w/v) enriched 
with olive oil 2% (v/v) was used during isolation of 
lipolytic bacteria.The diluted solution was spread onto plate 
with duplication and incubated for 48-72 hours at 27°C 
(Susanty et al. 2013). Each grown colony having different 
morphology in shape, color and size were selected and 
purified as candidates for lipolytic bacteria. Pure cultures 
were stored at 4°C. 
Lipolytic activity test Lipolytic activity test was done using media containing 
nutrient broth 0.008% (w/v), NaCl 0.004-0.02% (w/v), 
olive oil (31.25 mL/L), and 10 mL/L rhodamine B (1 
mg/mL). One inoculation loop of each isolate was streak on 
the olive oil-rhodamine B media and incubated at 27°C for 
48 hours. A positive result could be observed from orange 
color glows of colonies under UV (Ultra Violet) light with 
a wavelength of 350 nm (Kumar et al. 2012). This color 
appearance resulted from hydrolysis of olive oil into a fatty 
acid, interacted with rhodamine B.   
Observations of colony and cell morphology of the 
lipolytic bacteria  Morphological identification bacterial colonies grown 
on nutrient agar medium including shape, color, elevation, 
and the edge of colonies were examined (Hadioetomo 
1993). Furthermore, bacterial classification was also 
performed by Gram staining method which could 
distinguish between two major groups of bacteria (Gram 
positive and Gram negative) and also determined the shape 
of the cell (Irianto 2006). 
Amplification of 16S rRNA gene using PCR method Lipolytic bacterial genomic DNAs were extracted using 
Presto TM Mini gDNA Bacteria Kit (Genaids). The 16S 
rRNA gene of the lipolytic bacteria was amplified using 
forward primer (63F: 5 
'CAGGCCTAACACATGCAAGTC-3') and reverse primer 
(1387r: 5'-GGGCGGAWGTGTACAAGGC-3 '). 
Polymerase Chain Reaction (PCR) mixture consisted of 
12.5 µl Kapa 2G Fast Ready Mix DNA polymerase, 1.25 
µl of each primer (10 pmol), 1 µl of DNA template (100 
ng), and 9µl of ddH2O. Thermocycling conditions include 
pre-denaturation at 95°C for 3 minutes, and 30 cycles of 
denaturation at 95°C for 15 seconds, annealing at 56°C for 
15 seconds, elongation 72°C for 30 minutes. Finalizing 
process was performed at 72°C for 2 minutes (Marchesi et 
al. 1998). 

Table 1. Bacterial isolates obtained from wajik and jenang stored 
for several days 
 
Type of traditional 

food/cake 
Duration of 

storage 
(days) 

Number of 
bacteria 

strains isolates 

Number of 
bacteria with 

lipolytic 
activity 

Wajik  7 14 1 
Wajik 14 6 3 
Wajik 21 4 1 
Jenang manten 8 16 2 
Jenang alot 21 6 - 
Jenang alot 28 4 - 
Jenang alot 35 2 - 
Number of isolates  52 7 

 
Sequencing PCR products of 16S rRNA gene were then sequenced 
by sending it to 1st Base Singapore. The 16S rRNA gene 
sequences were analyzed using BLAST Nucleotide 
software on NCBI website (www.blast.ncbi.nlm.nih.gov/ 
blast.cgi) in order to identify the species of the lipolytic 
bacteria based on the sequence similarity with the GenBank 
database (Waturangi et al. 2008). 

RESULTS AND DISCUSSION 
Lipolytic bacteria isolated from wajik and jenang 
experiencing with rancidity According to Swandi et al. (2015), lipolytic bacteria can 
be found in many places that contain oils or 
fats. Environments containing oil or fat are good substrates 
for lipolytic bacterial growth. Thus, we believe lipolytic 
bacteria can also be isolated from traditional food, i.e., 
wajik, jenang manten and jenang alot. The selection of 
wajik and jenang as sources of lipolytic bacteria was 
because these foods contain fat (emulsion fat) derived from 
coconut milk, which could trigger the growth of lipolytic 
bacteria. In the long-stored periods, these foods will be 
rancidly caused by the activity of lipid-breaking bacteria. 
During this experiment, we successfully isolated 52 
bacteria strains as candidates of lipolytic bacteria (Table 1). 
Many bacterial isolates found in this study that indicate 
lipolytic bacteria. These isolates can grow on minimum 
medium supplemented with olive oil as a source of carbon. 
The bacterial isolates use olive oil as a carbon source. In 
further lipolytic activity testing, only 7 bacterial isolates 
showed strong lipolytic activity with the onset of orange 
luminescence on rhodamin B media.  

Lipolytic bacteria can grow well if nutrients in media 
are appropriate for the growth and one of the crucial 
components in media is oil that will be used as a carbon 
source by these bacteria (Swandi et al. 2015). Therefore, 
the isolation of lipolytic bacteria in this research was 
conducted using minimum media enriched with olive oil as 
a sole carbon source. These selected media were used to 
limit the carbon type consumption of bacteria, which were 
specifically derived only from olive oil so that during the 
isolation the specific bacteria will be obtained. Olive oil 
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had been selected because it is easily obtained and used by 
bacteria (Carissimi et al.2007). Lipase-producing bacteria 
can grow on tributyrin agar medium containing tributyrin 
substrate as well as olive oil because the short-chain fatty 
acids (4 atom C) from those substrates are easily 
hydrolyzed by bacteria (Susanty et al. 2013). 
Lipolytic activity Lipase-producing bacteria will produce orange 
fluorescence color on rhodamine B media when they were 
exposed to UV light at wavelength 350 nm (Telussa 
2013). Rhodamine B is a lipase sensitive fluorescence 
indicator. Orange fluorescence color occurs based on the 
changes of acid from Rhodamine B to the form of cations 
and complex formation with uranylfatty acid ions. It is 
inversely proportional between the long-chain fatty acids 
and orange fluorescence excitation at 350 nm (Carissimi et 
al. 2007). Bacterial isolates giving positive response of 
lipolytic activity with orange luminescence in rhodamine B 
media are shown in Figure 1. 

Seven bacterial isolates showed positive response for 
lipolytic activity (Table 1). Those bacterial strains were 
labeled as W203, W204, W205, W111 and W303 which 
are derived from wajik and JM8.O and JM8.P are from 
jenang manten. This result showed that lipolytic bacteria 
found in wajik and jenang manten have been experienced 
with rancidity. Rancidification is the decomposition of fats, 
oils and other lipids by hydrolysis or oxidation, or both. 
Hydrolysis will split fatty acid chains away from the 
glycerol backbone in glycerides. These free fatty acids can 
then undergo further auto-oxidation. Oxidation primarily 
occurs with unsaturated fats by a free radical-mediated 
process. These chemical processes generate highly reactive 
molecules in rancid foods and oils, which are responsible 
for producing unpleasant and noxious odors and flavors. 
Lipolysis is the enzymic hydrolysis lipids to free fatty acids 
and partial glycerides. The enzymes have responsible to 
cause detrimental effects of lipolysis in those microbial 
origin. Therefore, rancidity indicates the presence of 
lipolysis activity by lipolytic bacteria. No lipolytic bacteria 
found from jenang alot. All of isolates isolated from jenang 
alot did not show lipolytic activity on rhodamin B 
screening media under UV light exposure. Isolates with no 
growth performances potentially had lipolytic activity 
because they are esterase-producing bacteria observed from 
pink fluorescence on rhodamine B screening media 

(Niyozima and Sunil 2013). Screening using rhodamine B 
could not be used to test bacterial cultures producing fatty 
acid metabolites because of the absence of orange 
luminescence, which might happen due to two reasons, i.e., 
bacteria that consuming the fatty acids that have been 
produced and the absence of lipase activity (Telussa 2013). 
Morphological characteristics of lipolytic bacteria  Morphological seven strains of bacteria having positive 
lipolytic activity were observed. Results of these 
observations were presented in Table 2. Colony 
morphology of lipolytic bacteria showed slight different in 
colors, edges, and elevations indicating differences isolates. 
Gram staining bacteria produce bacterial cells that are red. 
This shows that the five lipolytic bacteria are gram-
negative bacteria, with the shape of coccus and Bacillus. 
Several bacteria are reported to produce lipases from 
Gram-negative or Gram-positive groups, namely 
Acinetobacter sp., Achromobacter lipolyticum, Aeromonas 
hydrophila, Photobacterium lipolyticum, Moraxella sp., 
Pseudomonas fluorescens, Pseudomonas fragi, 
Psychrobacter okhotskensis, Serratia marcescens and 
Staphylococcus epidermidis, and Bacillus sphaericus 
(Joseph et al. 2007). However, in this study only groups of 
Gram-negative bacteria were found. 
Lipolytic bacteria identity based on 16S rRNA gene 
sequences Lipolytic bacterial isolates were identified molecularly 
based on sequences of genes encoding 16S rRNA. 
Bacterial genomic DNAs were amplified by PCR method 
with primers 63F and 1387r. Marchesi et al. (1998) 
discovered that those primers could amplify 16S rRNA 
gene sequences with a size of about 1300 base pairs. PCR 
products from each of the 7 lipolytic bacterial strains 
showed almost the same size, which was about 1300 base 
pairs. Visualization of PCR products could be seen in 
Figure 2. 

Several pair combinations of forward and reverse 
universal primers used to amplify gene encoding 16S 
rRNA of bacteria such as 23f, 24f, 1392r and 1492r. 
Marchesi et al. (1998) have designed and evaluated 63f and 
1387r primer for amplification gene encoding 16S rRNA of 
the bacterial domain. The primer pairs can amplify 16S 
rRNA gene with the size of 1300 base pairs and able to 
identify and produce 43 genera and 88 species. 

  
 

Table 2. Colony and cell morphology of lipolytic bacteria isolated from traditional food of wajik and jenang, grown on nutrient agar 
 
Name of isolates Colony shape Edge Color  Elevation  Cell shape Gram staining 
W203 Irregular Undulate White Flat Coccus  Negative 
W204 Irregular Undulate White Flat Coccus  Negative 
W205 Irregular Undulate White Flat Coccus  Negative 
W111 Circular Entire Yellowish Convex Coccus  Negative 
W303 Irregular Undulate White Flat Coccus  Negative 
JM8.O Circular  Entire White (may be changed to pink) Convex Bacillus Negative 
JM8.P Circular Entire White (may be changed to pink) convex Bacillus Negative 
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Figure 1. Streak of lipolytic bacteria isolated from traditional foods of wajik and jenang on rhodamine B media. Isolates W203 (A), 
W204 (B), W205 (C), W111 (D), W303 (E) JM8.O (F) and JM8 (G) showed orange fluorescent under UV light at 350 nm which 
indicates lipolytic activity. Other isolates did not show lipolytic activity  
 
  

 
Based on BLASTN analysis, 7 lipolytic bacteria had the 

similarity percentage ranging between 97-98% within 
the existing database on GenBank (Table 3). The degree of 
similarity was determined from the obtained value 
identity. The higher value of identity, the more similarity 
with the reference sequence contained in GenBank (Hall 
2001). Isolates W203, W204, W205 and W303 had 
similarities with Acinetobacter ursingii with 97% identity 
for W203 and 98% identity for three remaining isolates. 
Morphologically, those four isolates also share the same 
characteristics. However, another isolate from wajik 
sample, W111, produced 97% similarity to 
Pseudomonas. Different species were found from two 
lipolytic bacteria of jenang manten. Both isolates, JM8.O 
and JM8.P, represented 98% and 99% similarity, 
respectively to Serrata marcescens. High-level similarity 
of those isolates compared to GenBank data confirmed that 
these isolates belonged to the same genus/species as 
mention in database. According to Drancourt et al. (2000), 
based on comparison sequences of genes encoding 16S 
rRNA in GenBank, two bacteria that had the maximum 

degree of similarity (Maximum identity) ≥99% indicates 
that the species being compared are the same species, while 
the maximum rate ≥97% similarity can be stated that the 
isolates are in the same genus and similarities between 89-
93% showing different family. 

Species belong to Acinetobacter genus are widely 
distributed in nature and they are often found in soil, water 
and dry environment. Research by Musa and Bukola 
(2012), stated that Acinetobacter sp. could be isolated from 
contaminated soils, the substance of food that had been 
damaged and the rest of materials. In addition, the research 
also showed that Acinetobacter sp. had supreme lipase 
activity for 7 hours of incubation compared to other 
bacteria namely Yersinia sp., Bifidobacterium sp., 
Arthrobacter sp., Brevibacterium sp., Staphylococcus sp. 
Streptococcus sp., Lactobacillus sp., Citrobacter sp., 
Serratia marcescens, Bacillus sp ., Acetobacterium sp., 
Acidomonas sp., and Aeromonas hydrophila. The average 
rate of lipase production was known to be 1.25-8.65 U/mL, 
and Acinetobacter sp. ranks first for the bacteria that 
produce the highest lipase. 
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  A B 
 Figure 2. Agarose gel electropherogram of 16S rRNA gene amplification of lipolytic bacteria. Amplification products size were about 
1300 bp. Description: M = Marker 1 kb, (A): 1 = Isolate W203, 2 = Isolate W204, 3 = Isolate W204, 4 = Isolate W111 and Isolate 5 = 
W303. (B) 1 =Isolate JM8.O , 2 = Isolate JM8.P. Condition: 0.8% agarose gel. Amount of DNA ladder loaded per lane: 0.2ug each 
Volume of sample loaded per lane: 1uL each 1kb DNA Ladder (bp): 250, 500, 750, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 5000, 
6000, 8000, 10000 1kb DNA Ladder (ng/0.2ug): 10, 10, 10, 24, 10, 10, 10, 28, 12, 12, 12, 28, 12, 12  

 
 

 
 
Table 3. Identity of lipolytic bacteria from traditional foods of wajik and jenang based on sequences of gene encoding 16S rRNA  
Isolates names Identity% Query cover% Closest species identity Accession number 
W203 97 98 Acinetobacter ursingii 505 KM281506.1 
W204 98 99 Acinetobacter ursingii 505 KM281506.1 
W205 98 99 Acinetobacter ursingii NBRC 110 605 LC014147.1 
W111 97 99 Pseudomonas sp. SW-114 KY382819.1 
W303 98 98 Acinetobacter ursingii 505 KM281506.1 
JM8.O 99 98 Serratia marcescens strain R12 Root KM099142.1 
JM8.P 99 99 Serratia marcescens train 40 KX058478.1 

 
 
 

 
Pseudomonas genus is Gram-negative, rod-shaped 

(rods) or cocci (coccus), obligate aerobe, motility by polar 
flagellum bacteria. This bacterium is oxidase positive, 
catalase positive, no fermenter and grow well at 4°C or 
below 43°C. Pseudomonas was found in soil, plants, and 
water (Suyono and Salahudin 2011). Pseudomonas is a 
genus of bacteria known as good extracellular lipase 
producer (Lokre and Kadam 2014). According to Haba et 
al. (2000), Pseudomonas genus produces greater lipase 
activities among Bacillus, Rhodococcus and 
Staphylococcus genus that was equal to 1,703 U/L. 
Traditional foods wajik and jenang contain coconut milk 
which is a fatty emulsion that can trigger the growth of 
lipolytic bacteria. This traditional fatty food is a local 
source of various species of bacteria that have high 
lipolytic activity. Therefore, the bacteria are potential to be 
developed as lipase-producing bacteria. Characterization 
and activity of these lipolytic enzymes need to be done in 
subsequent research.  

ACKNOWLEDGEMENTS 
This research was partially funded by Hibah 

Maintenance Research Group, PNBP University of Sebelas 
Maret 2017 

REFERENCES 
Carissimi M, Ottonelli Stopiglia CD, Furtado de Souza T, Corbellini VA, 

Scroferneker ML. 2007. Comparison of lipolytic activity of 
Sporothrix schenckii strains utilizing olive oil-Rhodamine b and 
tween 80. Tecnológica 11 (1): 33-36 

Drancourt M, Bollet C, Carlioz A, Martelin R, Gayral JP, Raoult D. 2000. 
16S ribosomal DNA sequence analysis of a large collection of 
environmental and clinical bacterial isolates unidentifiable. J 
Clin Microbiol 38 (1): 3623-3630. 

Gupta P, Padhyay LSBU, Shrivastava R. 2011. Lipase-catalyzed 
transesterification of vegetable oils by lipolytic bacteria. Res J 
Microbiol 6 (3): 281-288. 



 BIODIVERSITAS  19 (1): 351-356, January 2018 

 

356 
Haba E, Bresco O, Ferrer C, Marques A, Busquets M, Manresa A. 2000. 

Isolation of lipase secreting bacteria by deploying used frying oil as 
selective substrate. Enzyme Microb Technol 26 (1): 40-44.  

Hadioetomo RS. 1993. Basic Microbiology in Practice. Third printing. PT 
Gramedia Pustaka Utama, Jakarta. [Indonesian] 

Hall BG. 2001. Phylogenetic Trees Made Easy: A How-To Manual for the 
Molecular Biologist. Sinaeur Associates, Inc., Sunderland. 

Hasan F, Shah AA, Hameed A. 2006. Industrial applications of microbial 
lipases. Enzyme Microb Technol 39 (2): 235-251. 

Hikmah MN, Zuliyana. 2010. Making of Methyl Ester (Biodiesel) of Rice 
Bran Oil and Methanol with Esterification and Transester 
Process. [Thesis]. Semarang: Department of Chemical Engineering, 
Faculty of Engineering, University of Diponegoro, Semarang. 

Irianto K. 2006. Microbiology: Revealing the Microorganisms World 
Volume 2. CV. YramaWidya, Bandung. 

Joseph B, Ramteke PW, Thomas G, Shrivastava N. 2007. Standard review 
cold-active microbial lipases: a versatile tool for industrial 
applications. Biotechnol Mol Biol Rev 2 (2): 39-48. 

Kumar D, Lalit K, Sushil N, Chand R, Rajinder P, Gupta VK 2012. 
Screening, isolation and production of lipase/esterase producing 
Bacillus sp. strain DVL2 and its potential evaluation in esterification 
and resolution reactions. Arch Appl Sci Res 4 (4): 1763-1770.  

Loker SS, Kadam DG. 2014. Screening of thermostable lipase producers 
from alkaline lake. Intl J Curr Microbiol Appl Sci 3 (11): 240-245. 

Marchesi JR, Sato T, Weightman AJ, Martin TA, Fry JC, Hiom SJ, Wade 
WG 1998. Design and evaluation of useful bacterium-specific PCR 
primers that amplify genes coding for bacterial 16S rRNA. Appl 
Environ Microbiol 64 (2): 795-799. 

Musa H, Bukola CAT. 2012. Screening of microorganisms isolated from 
different environmental samples for extracellular lipase production. 
Assumption Univ J Technol 15 (3): 179-186.  

Niyonzima FN, Sunil SM. 2013. Screening and identification of a novel 
alkaline lipase producing Bacterium. Intl J Pharma Bio Sci 4 (2): 
1037-1045. 

Pratama L, Yoeswono. Triyono, Tahir I. 2009. Effect of temperature and 
speed of stirrer to biodiesel conversion from coconut oil with the use 
of palm empty fruit bunches as a heterogeneous catalyst. Indon J 
Chem 9 (1): 54-61. 

Pratiwi E. 2014. Corn Husks as Natural Packaging for Coconut 
Wajik. [Thesis]. Department of Agricultural Industrial Technology 
Faculty of Technology, Bogor Agricultural Institute, Bogor. 
[Indonesian] 

Salihu A, Alam MdZ, Abdulkarim MI, Salleh HM. 2012. Lipase 
production: An insight into the utilization of renewable agricultural 
residues. Resour Conserv Recycl 58: 36-44. 

Snellman EA, Sullivan E R, Colwell RR. 2002. Purification and properties 
of the extracellular lipase, LipA, of Acinetobacter sp. RAG-1. Eur J 
Biochem 269 (1): 5771-5779. 

Sesanti A, Fitriani, Candra KP. 2013. Isolation of lipase-producing 
bacteria with esterase capabilities for methyl ester production. J 
Industr Technol Res 7 (14): 134-142. 

Suyono Y, Salahudin F. 2011. Identification and characterization of 
Pseudomonas bacteria on metal contamination indicated soils. J 
Industr Biopropal 2 (1): 8-13. 

Swandi MK, Periadnadi, Nurmiati. 2015. Isolation of palm oil industrial 
wastewater degrading bacteria. Jurnal Biologi Univ. Andalas 4 
(1): 71-76. 

Telussa I. 2013. Isolation of lipase enzyme producing bacteria from coco 
butter substitutes and their lipase characterization. Proceedings of 
FMIPA (Faculty of Mathematics and Natural Science), University of 
Pattimura, Ambon. 

Waturangi DE, Meicy V, Suwanto A. 2008. Isolation and identification of 
ice-nucleating active bacteria from Indonesian-edible leafy plant Poh-
Pohan (Pilea glaberina). Microbiol J 2 (1): 243-259. 

 



 
 
 
 
 
 
  Diversity and abundance of polyisoprenoid composition in coastal plant species from 

North Sumatra, Indonesia 
MOHAMMAD BASYUNI, RIDHA WATI, HIROSHI SAGAMI, SUMARDI, SHIGEYUKI BABA, 
HIROSUKE OKU 

1-11 

Genetic diversity of Falcataria moluccana and its relationship to the resistance of gall 
rust disease 
NEO ENDRA LELANA, SURYO WIYONO, GIYANTO, ISKANDAR Z. SIREGAR 

12-17 

Short Communication: The rattans (Arecaceae) of Wallacea 
ANDREW HENDERSON, RAMADHANIL PITOPANG 

18-21 

Tree standing dynamics after 30 years in a secondary forest of Bali, Indonesia 
MUSTAID SIREGAR, NI KADEK EROSI UNDAHARTA 

22-30 

Detection of Ace-1 gene with insecticides resistance in Aedes aegypti populations 
from DHF-endemic areas in Padang, Indonesia 
HASMIWATI, SELFI RENITA RUSJDI, EKA NOFITA 

31-36 

Short Communication: Javan Leopard Cat (Prionailurus bengalensis javanensis 
Desmarest, 1816) in the Cisokan non-conservation forest areas, Cianjur, West Java, 
Indonesia  
SYA SYA SHANIDA, RUHYAT PARTASASMITA, TEGUH HUSODO, PARIKESIT, 
ERRI NOVIAR MEGANTARA 

37-41 

Short Communication: The existence of Javan Leopard (Panthera pardus melas Cuvier, 
1809) in the non-conservation forest areas of Cisokan, Cianjur, West Java, Indonesia 
SYA SYA SHANIDA, RUHYAT PARTASASMITA, TEGUH HUSODO, PARIKESIT, PUPUT FEBRIANTO, 
ERRI NOVIAR MEGANTARA 

42-46 

Effects of bacterial endophytes from potato roots and tubers on potato cyst nematode 
(Globodera rostochiensis)  
NOOR ISTIFADAH, NURHAYATI PRATAMA, SYAHRIZAL TAQWIM, TOTO SUNARTO 

47-51 

Mutations causing hemophilia B in Algeria: Identification of two novel mutations of 
the factor 9 gene 
ZIDANI ABLA, YAHIA MOULOUD, EL MAHMOUDI HEJER, GOUIDER EMNA, 
ABDI MERIEM, OUARHLENT YAMINA, SALHI NAOUEL 

52-58 

Population dynamics and CPUE of Alosa genus with emphasis on Alosa braschnikovi 
(Borodin, 1904) on the coasts of Golestan Province, Iran 
ZOBEYDE BIBAK, SEYYED YOUSEF PAIGHAMBARI, MOJTABA POULADI, 
RASOUL GHORBANI, SEYYED ABBAS HOSSEINI, MOHSEN YAHYAEI 

59-66 

Short Communication: Abundance and diversity of plant parasitic nematodes 
associated with BP 308 and BP 42 clones of robusta coffee in Java, Indonesia 
MUTALA’LIAH, SIWI INDARTI, NUGROHO SUSETYA PUTRA 

67-70 

The fish diversity of mangrove waters in Lombok Island, West Nusa Tenggara, 
Indonesia 
GEMA WAHYUDEWANTORO 

71-76 

Forest gardens management under traditional ecological knowledge in West 
Kalimantan, Indonesia 
BUDI WINARNI, ABUBAKAR M. LAHJIE, B.D.A.S. SIMARANGKIR, SYAHRIR YUSUF, 
YOSEP RUSLIM 

77-84 

ISSN: 1412-033X  
E-ISSN: 2085-4722 

 



Diversity and longitudinal distribution of freshwater fish in Klawing River, Central Java, 
Indonesia 
SUHESTRI SURYANINGSIH, SRI SUKMANINGRUM, SORTA BASAR IDA SIMANJUNTAK, 
KUSBIYANTO 

85-92 

Local knowledge of utilization and management of sugar palm (Arenga pinnata) 
among Cipanggulaan People of Karyamukti, Cianjur (West Java, Indonesia)  
RIMBO GUNAWAN, UGA GEMA RAMADHAN, JOHAN ISKANDAR, 
RUHYAT PARTASASMITA 

93-105 

Short Communication: Biodiversity of weeds in Ilmen State Reserve, Russia 
IRINA V. MASHKOVA, TATYANA G. KRUPNOVA, ANASTASIYA M. KOSTRYUKOVA, 
NIKITA E. VLASOV 

106-111 

Short Communication: New records of Graphis (Graphidaceae, Ascomycota) in Bali 
Island, Indonesia 
JUNITA HARDINI, RINA SRI KASIAMDARI, SANTOSA, PURNOMO 

112-118 

Variation analysis of three Banyumas local salak cultivars (Salacca zalacca) based on 
leaf anatomy and genetic diversity 
WIWIK HERAWATI, ADI AMURWANTO, ZUHROTUN NAFI’AH, ARDIANTI MAYA NINGRUM, 
SITI SAMIYARSIH 

119-125 

Community forest management: Comparison of simulated production and financial 
returns from agarwood, tengkawang and rubber trees in West Kutai, Indonesia 
ABUBAKAR M. LAHJIE, ISMINARTI, B.D.A.S. SIMARANGKIR, R. KRISTININGRUM, 
YOSEP RUSLIM 

126-133 

Vertical stratification of bird community in Cikepuh Wildlife Reserve, West Java, 
Indonesia 
ROLISKA VIRGO DINANTI, NURUL LAKSMI WINARNI, JATNA SUPRIATNA 

134-139 

The diversity of aroids (Araceae) in Bogor Botanic Gardens, Indonesia: Collection, 
conservation and utilization 
YUZAMMI  

140-152 

Nest existences and population of Pangolin (Manis javanica Desmarest, 1822) at the 
designated area of Cisokan Hydropower, West Java, Indonesia 
SUSANTI WITHANINGSIH, FATHIMAH NOORAHYA, ERRI N. MEGANTARA, PARIKESIT, 
TEGUH HUSODO 

153-162 

Stand structure and species composition of merbau in logged-over forest in Papua, 
Indonesia 
PRIJANTO PAMOENGKAS, ISKANDAR Z. SIREGAR, AJI NURALAM DWISUTONO 

163-171 

Jellyfish Lakes at Misool Islands, Raja Ampat, West Papua, Indonesia 
GANDI Y.S PURBA, EKO HARYONO, SUNARTO, JEMMY MANAN, LUKAS RUMENTA, 
PURWANTO, LEONTINE E. BECKING 

172-182 

Collection and agro morphological characterization of Algerian accessions of lentil 
(Lens culinaris) 
DJOUHER GAAD, MERIEM LAOUAR, FATIMA GABOUN, AISSA ABDELGUERFI 

183-193 

The diversity of indoor airborne molds growing in the university libraries in Indonesia 
RAHMAWATI, LANGKAH SEMBIRING, LATIFFAH ZAKARIA, ENDANG S. RAHAYU 

194-201 

Short Communication: Distribution of dragonflies (Odonata: Insecta) in South Ural 
lakes, Russia 
IRINA V. MASHKOVA, TATYANA G. KRUPNOVA, ANASTASIYA M. KOSTRYUKOVA, 
NIKITA E. VLASOV 

202-207 

Growth performance of Bruguiera gymnorrhiza derived from cut-propagule seedling 
CECEP KUSMANA, TOPIK HIDAYAT, ISTOMO, OMO RUSDIANA 

208-214 

Ethnobotanical studies of plants utilization in the gold mining region in Central Kapuas, 
Indonesia  
SITI SUNARIYATI 

215-221 



Rehabilitation and soil conservation of degraded land using sengon (Falcataria 
moluccana) and peanut (Arachis hypogaea) agroforestry system 
SRI SARMINAH, KARYATI, KARMINI, JHONATAN SIMBOLON, ERIKSON TAMBUNAN 

222-228 

The ethnobotanical study of edible and medicinal plants in the home garden of 
Batak Karo sub-ethnic in North Sumatra, Indonesia 
MARINA SILALAHI, NISYAWATI 

229-238 

Population dynamics of Arthroschista hilaralis pest and its parasitoid diversity in 
various jabon (Anthocephalus cadamba) cropping patterns in South Sumatra, 
Indonesia 
SRI UTAMI, HERMANU TRIWIDODO, PUDJIANTO, AUNU RAUF, NOOR FARIKHAH 
HANEDA 

239-245 

Diversity of mangrove vegetation and carbon sink estimation of Segara Anakan 
Mangrove Forest, Cilacap, Central Java, Indonesia  
ANI WIDYASTUTI, EDY YANI, ERY KOLYA NASUTION, ROCHMATINO  

246-252 

Short Communication: Identification and evaluation of bioactivity in forest plants 
used for medicinal purposes by the Kutai community of East Kalimantan, Indonesia  
ABDUL RASYID ZARTA, FARIDA ARIYANI, WIWIN SUWINARTI, 
IRAWAN WIJAYA KUSUMA, ENOS TANGKE ARUNG 

253-259 

Short Communication: Introduction of study domestication of manggabai fish 
(Glossogobius giuris) in different environment  
YUNIARTI KONIYO, JULIANA 

260-264 

Rapid assessment method for population estimation of softshell turtle (Amyda 
cartilaginea Boddaert, 1770) and reticulated python (Python reticulatus Schneider, 1801) 
MARIANA TAKANDJANDJI, HENDRA GUNAWAN, VIVIN SILVALIANDRA SIHOMBING 

265-271 

Edge effects on biomass, growth, and tree diversity of a degraded peatland in 
West Kalimantan, Indonesia 
DWI ASTIANI, LISA M. CURRAN, MUJIMAN, DESSY RATNASARI, RUSPITA SALIM, 
NELLY LISNAWATY 

272-278 

Ecological correlation between aquatic vegetation and freshwater fish populations in 
Perak River, Malaysia 
SITI NORASIKIN ISMAIL, MUZZALIFAH ABD HAMID, MASHHOR MANSOR 

279-284 

Ecology, diversity and seasonal distribution of wild mushrooms in a Nigerian tropical 
forest reserve  
MOBOLAJI ADENIYI, YEMI ODEYEMI, OLU ODEYEMI 

285-295 

Bioconcentration of heavy metals in aquatic macrophytes of South Urals region lakes  
TATYANA G. KRUPNOVA, IRINA V. MASHKOVA, ANASTASIYA M. KOSTRYUKOVA, 
NIKITA O. EGOROV, SVETLANA V. GAVRILKINA 

296-302 

Phylogenetic analysis of colubrid snakes based on 12S rDNA reveals distinct lineages 
of Dendrelaphis pictus (Gmelin, 1789) populations in Sumatra and Java  
FITRA ARYA DWI NUGRAHA, FATCHIYAH FATCHIYAH, ERIC NELSON SMITH, 
NIA KURNIAWAN 

303-310 

Diversity and habitat characteristics of macrozoobenthos in the mangrove forest of 
Lubuk Kertang Village, North Sumatra, Indonesia 
MOHAMMAD BASYUNI, KRISTIAN GULTOM, ANNISA FITRI, IPANNA ENGGAR SUSETYA, 
RIDHA WATI, BEJO SLAMET, NURDIN SULISTIYONO, ERA YUSRIANI,  
THORSTEN BALKE, PETE BUNTING 

311-317 

Short Communication: Immunostimulatory effect of tempoyak (fermented durian) on 
inducing cytokine production (IL-6 and TNF-α) by RAW 264.7 cells 
SULVANIA SUSANTO, ANTON SUMARPO, ARLI ADITYA PARIKESIT, AGUS BUDIAWAN 
NARO PUTRA, ERI ISHIDA4, KAHO TABUCHI, TAKUYA SUGAHARA 

318-322 



Birds observed during the monitoring period of 2013-2017 in the revegetation area of 
ex-coal mining sites in South Kalimantan, Indonesia 
MOCHAMAD ARIEF SOENDJOTO, MAULANA KHALID RIEFANI, DIDIK TRIWIBOWO, 
DEWI METASARI 

323-329 

Short Communication: IgE production-suppressing effect of asam kandis (dried 
Garcinia xantochymus) extracts by mouse hybridoma aDNP-Hy Cells 
NADYA SUPARDI, ANTON SUMARPO, RICHARD SUTEJO, AGUS BUDIAWAN NARO 
PUTRA, NAOKI KAGEYAMA, MIHO KAWANO, TAKUYA SUGAHARA 

330-335 

Short Communication: Population dynamics of double-spined rock lobster 
(Panulirus penicillatus Olivier, 1791) in Southern Coast of Yogyakarta  
RAKHMA FITRIA LARASATI, SUADI, EKO SETYOBUDI 

337-342 

Distribution and isolation of microalgae for lipid production in selected freshwater 
reservoirs of Northern Thailand 
TIPPAWAN PRASERTSIN, YUWADEE PEERAPORNPISAL 

343-350 

Lipolytic bacteria isolated from Indonesian sticky rice cake wajik and jenang 
experiencing with rancidity  
ARI SUSILOWATI, SITI LUSI ARUM SARI, RATNA SETYANINGSIH, HANI’A NUR 
MUTHMAINNA, HAYYU HANDARWATI, ARTINI PANGASTUTI, TJAHJADI PURWOKO 

351-356 

 
 
 



GUIDANCE FOR AUTHORS 
 

Aims and Scope Biodiversitas, Journal of Biological Diversity or abbreviated 

as Biodiversitas encourages submission of manuscripts dealing with all 

biodiversity aspects of plants, animals and microbes at the level of the gene, 
species, and ecosystem as well as ethnobiology. 

Article types The journal seeks original full-length research papers, reviews, 

and short communication. Manuscript of original research should be written in 
no more than 8,000 words (including tables and picture), or proportional with 

articles in this publication number. Review articles will be accommodated, while, 

short communication should be written at least 2,000 words, except for pre-study. 
Submission The journal only accepts online submission, through open 

journal system (https://smujo.id/biodiv/about/submissions) or email to the 

editors at unsjournals@gmail.com. Submitted manuscripts should be the 
original works of the author(s). The manuscript must be accompanied by a 

cover letter containing the article title, the first name and last name of all the 

authors, a paragraph describing the claimed novelty of the findings versus 
current knowledge. Submission of a manuscript implies that the submitted 

work has not been published before (except as part of a thesis or report, or 

abstract); and is not being considered for publication elsewhere. When a 
manuscript written by a group, all authors should read and approve the final 

version of the submitted manuscript and its revision; and agree the submission 

of manuscripts for this journal. All authors should have made substantial 
contributions to the concept and design of the research, acquisition of the data 

and its analysis; drafting of the manuscript and correcting of the revision. All 

authors must be responsible for the quality, accuracy, and ethics of the work.  
Ethics Author(s) must obedient to the law and/or ethics in treating the 

object of research and pay attention to the legality of material sources and 

intellectual property rights. 
Copyright If and when the manuscript is accepted for publication, the 

author(s) still hold the copyright and retain publishing rights without 

restrictions. Authors or others are allowed to multiply article as long as not for 
commercial purposes. For the new invention, authors are suggested to manage 

its patent before published. 

Open access The journal is committed to free-open access that does not 
charge readers or their institutions for access. Readers are entitled to read, 

download, copy, distribute, print, search, or link to the full texts of articles, as 

long as not for commercial purposes. The license type is CC-BY-NC-SA. 
Acceptance The only articles written in English (U.S. English) are 

accepted for publication. Manuscripts will be reviewed by editors and invited 

reviewers(double blind review) according to their disciplines. Authors will 

generally be notified of acceptance, rejection, or need for revision within 1 to 2 

months of receipt. The manuscript is rejected if the content does not in line 
with the journal scope, does not meet the standard quality, inappropriate format, 

complicated grammar, dishonesty (i.e. plagiarism, duplicate publications, 

fabrication of data, citations manipulation, etc.), or ignoring correspondence in 
three months. The primary criteria for publication are scientific quality and 

biodiversity significance. Uncorrected proofs will be sent to the corresponding 

author by email as .doc or .docx files for checking and correcting of typographical 
errors. To avoid delay in publication, corrected proofs should be returned in 7 

days. The accepted papers will be published online in a chronological order at 

any time, but printed in January, April, July and October. 
A charge Starting on January 1, 2017, publishing costs waiver is granted 

to foreign (non-Indonesian) authors who first publish the manuscript in this 

journal, especially for graduate students from developing countries. However, 
other authors are charged USD 250 (IDR 3,500,000). 

Reprints The sample journal reprint is only available by special request. 

Additional copies may be purchased when ordering by sending back the 
uncorrected proofs by email. 

Manuscript preparation Manuscript is typed on A4 (210x297 mm2) 

paper size, in a single column, single space, 10-point (10 pt) Times New 
Roman font. The margin text is 3 cm from the top, 2 cm from the bottom, and 

1.8 cm from the left and right. Smaller lettering size can be applied in 

presenting table and figure (9 pt). Word processing program or additional 
software can be used, however, it must be PC compatible and Microsoft Word 

based (.doc or .rtf; not .docx). Scientific names of species (incl. subspecies, 

variety, etc.) should be written in italic, except for italic sentence. Scientific 
name (genera, species, author), and cultivar or strain should be mentioned 

completely for the first time mentioning it in the body text, especially for 

taxonomic manuscripts. Name of genera can be shortened after first 
mentioning, except generating confusion. Name of the author can be 

eliminated after first mentioning. For example, Rhizopus oryzae L. UICC 524, 

hereinafter can be written as R. oryzae UICC 524. Using trivial name should be 
avoided, otherwise generating confusion. Biochemical and chemical 

nomenclature should follow the order of the IUPAC - IUB. For DNA 

sequence, it is better used Courier New font. Symbols of standard chemical 
and abbreviation of chemistry name can be applied for common and clear 

used, for example, completely written butilic hydroxyl toluene (BHT) to be 

BHT hereinafter. Metric measurement use IS denomination, usage other 
system should follow the value of equivalent with the denomination of IS first 

mentioning. Abbreviations set of, like g, mg, mL, etc. do not follow by dot. 

Minus index (m-2, L-1, h-1) suggested to be used, except in things like "per-
plant" or "per-plot". Equation of mathematics does not always can be written 

down in one column with text, in that case can be written separately. Number 

one to ten are expressed with words, except if it relates to measurement, while 

values above them written in number, except in early sentence. The fraction 

should be expressed in decimal. In the text, it should be used "%" rather than 
"percent". Avoid expressing ideas with complicated sentence and verbiage, 

and used efficient and effective sentence. 

Title of the article should be written in compact, clear, and informative 
sentence, preferably not more than 20 words. Name of author(s) should be 

completely written. Name and institution address should also be completely 

written with street name and number (location), postal code, telephone number, 
facsimile number, and email address. Manuscript written by a group, author for 

correspondence along with address is required. First page of the manuscript is 

used for writing above information.  
Abstract should not be more than 200 words. Keywords is about five 

words, covering scientific and local name (if any), research theme, and special 

methods which used; and sorted from A to Z. All important abbreviations 
must be defined at their first mention. Running title is about five words. 

Introduction is about 400-600 words, covering the background and aims of 

the research. Materials and Methods should emphasize on the procedures and 
data analysis. Results and Discussion should be written as a series of 

connecting sentences, however, for manuscript with long discussion should be 

divided into subtitles. Thorough discussion represents the causal effect mainly 
explains for why and how the results of the research were taken place, and do 

not only re-express the mentioned results in the form of sentences. 

Concluding sentence should be given at the end of the discussion. 
Acknowledgments are expressed in a brief; all sources of institutional, private 

and corporate financial support for the work must be fully acknowledged, and 

any potential conflicts of interest are noted.  
Figures and Tables of maximum of three pages should be clearly 

presented. Title of a picture is written down below the picture, while title of a 

table is written above the table. Colored figures can only be accepted if the 
information in the manuscript can lose without those images; chart is preferred 

to use black and white images. Author could consign any picture or photo for 

the front cover, although it does not print in the manuscript. All images 
property of others should be mentioned source. There is no appendix, all data 

or data analysis are incorporated into Results and Discussions. For broad data, 

it can be displayed on the website as a supplement. 
References Author-year citations are required. In the text give the authors 

name followed by the year of publication and arrange from oldest to newest 

and from A to Z. In citing an article written by two authors, both of them 

should be mentioned, however, for three and more authors only the first author 

is mentioned followed by et al., for example: Saharjo and Nurhayati (2006) or 
(Boonkerd 2003a, b, c; Sugiyarto 2004; El-Bana and Nijs 2005; Balagadde et 

al. 2008; Webb et al. 2008). Extent citation as shown with word "cit" should 

be avoided. Reference to unpublished data and personal communication 
should not appear in the list but should be cited in the text only (e.g., Rifai MA 

2007, pers. com. (personal communication); Setyawan AD 2007, unpublished 

data). In the reference list, the references should be listed in an alphabetical 
order (better, if only 20 for research papers). Names of journals should be 

abbreviated. Always use the standard abbreviation of a journal's name 

according to the ISSN List of Title Word Abbreviations (www.issn.org/2-
22661-LTWA-online.php). The following examples are for guidance. 

Journal:  

Saharjo BH, Nurhayati AD. 2006. Domination and composition structure 
change at hemic peat natural regeneration following burning; a case study 

in Pelalawan, Riau Province. Biodiversitas 7: 154-158. 

Book: 

Rai MK, Carpinella C. 2006. Naturally Occurring Bioactive Compounds. 

Elsevier, Amsterdam. 

Chapter in book: 

Webb CO, Cannon CH, Davies SJ. 2008. Ecological organization, 

biogeography, and the phylogenetic structure of rainforest tree 

communities. In: Carson W, Schnitzer S (eds) Tropical Forest Community 
Ecology. Wiley-Blackwell, New York. 

Abstract: 

Assaeed AM. 2007. Seed production and dispersal of Rhazya stricta. 50th 
annual symposium of the International Association for Vegetation 

Science, Swansea, UK, 23-27 July 2007. 

Proceeding: 

Alikodra HS. 2000. Biodiversity for development of local autonomous 

government. In: Setyawan AD, Sutarno (eds.) Toward Mount Lawu 

National Park; Proceeding of National Seminary and Workshop on 
Biodiversity Conservation to Protect and Save Germplasm in Java Island. 

Universitas Sebelas Maret, Surakarta, 17-20 July 2000. [Indonesian] 

Thesis, Dissertation: 

Sugiyarto. 2004. Soil Macro-invertebrates Diversity and Inter-Cropping Plants 

Productivity in Agroforestry System based on Sengon. [Dissertation]. 

Universitas Brawijaya, Malang. [Indonesian] 
Information from internet: 

Balagadde FK, Song H, Ozaki J, Collins CH, Barnet M, Arnold FH, Quake 

SR, You L. 2008. A synthetic Escherichia coli predator-prey ecosystem. 
Mol Syst Biol 4: 187. www.molecularsystemsbiology.com 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Front cover: Pandanus odoratissimus L.f  

  (PHOTO: Y.I. ULUMUDDIN) 
 

Published quarterly PRINTED IN INDONESIA 

E-ISSN: 2085-4722  ISSN: 1412-033X   


