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Abstract. Fatonah S, Hamidy R, Mulyadi A, Efriyeldi. 2021. Floristic composition and stand structure of mangrove forests with varying 
vegetation conditions in Sungai Apit, Siak, Riau, Indonesia. Biodiversitas 22: 3972-3983. Mangrove forest in Sungai Apit Sub-district, 
Siak District, Riau is one of mangrove ecosystems that is still partly natural with some parts being damaged or rehabilitated. Degraded 
mangrove forest is a mangrove forest that has been disturbed by human activities and natural factors. This study aimed to investigate the 
floristic composition and stand structure of trees and seedlings in mangrove forests in Sungai Apit, Siak District, Riau Province, 
Indonesia in three vegetation conditions, i.e., natural, degraded, and rehabilitated forests. Line Transect Plot Method was used to collect 
data in three stations (i.e., Rawa Mekar Jaya, Sungai Rawa and Mengkapan villages) where each station consisted of three transects with 
a size of 10 x 100 m. A total of 20 species belonging 11 families were recorded in the studied sites with Rhizophora apiculata was the 

most dominant species in all forest conditions. The natural forest had the highest number of species followed by rehabilitated forest and 
the degraded forest. Stand structure in terms of tree density, mean diameter of mangrove trunks, and basal area differed significantly 
across the three vegetation conditions with the natural forest had the highest values followed by the rehabilitated forest, while the 
degraded forest was the lowest. For the seedling, the lowest number of species was observed in the degraded forest while the highest 
was in the rehabilitated forest, indicating the result of rehabilitation activities. Yet, seedling density in natural forests was lower than that 
in rehabilitated and degraded forests. This study provides information that differences in structure, species composition and recruitment 
of seedlings in mangrove forests in the three conditions and locations can be related to differences in recovery time and degradation 
levels which may be important for developing mangrove forest management and conservation strategies. 
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INTRODUCTION 

Mangrove forests are complex and productive 

ecosystems that are very important for humans because 

they provide ecological and economic functions. This is 

because mangrove forests provide a variety of ecosystem 

services, including provisioning (food, fuel, medicines, and 

honey), regulatory (storm protection, erosion control, and 

climate regulation), cultural (spiritual, recreational and 

aesthetic), and supporting (habitat function) (Vo et al. 

2012).  

More than two-thirds of mangrove forests occur in only 

12 countries with Indonesia accounting for more than 20% 

of the global mangrove area. About 3 million hectares of 
mangrove forest grow along Indonesia's 95,000 km 

coastline. Mangrove forests are found in various parts of 

Indonesia, with important regional mangrove ecosystems 

located in Papua, Kalimantan and Sumatra (FAO 2007; 

Giri et al. 2011).  

Over the past three decades, Indonesia has lost 40 

percent of its mangrove forests, which represents the fastest 

rate of mangrove destruction in the world. Mangrove 

ecosystems have been under increasing pressure due to 

over exploitation, pollution, and deforestation. Mangrove 
degradation is mostly caused by anthropogenic activities, 

such as forest clearing for ponds and aquaculture, oil palm 

plantation and as well as illegal logging due to the 

increasing demand for wood production (Brander et al. 

2012;  Campbell and Brown 2015; Owuor et al. 2019). 

Degraded mangrove forests generally show a low-density 

level and are dominated by juvenile stages or young 

vegetation (Onrizal 2008).  

Vegetation analysis in mangrove forests is a tool to 

assess the condition of vegetation whether it is in intact or 

in degraded condition. Vegetation analysis is also 

important to investigate the dynamics of the vegetation 
following forest rehabilitation. Assessments of species 

composition, dominant species and pattern of seedling 

colonization are important in the protection and 

conservation of mangrove ecosystems. Also, regeneration 

is essential for the preservation of the mangrove ecosystem. 

Moreover, the understanding of vegetational structure and 

regeneration patterns of mangroves are important in 

developing management strategies (Alemayehu and 

Wekesa 2017). The ability of mangrove species to 

regenerate is related to reproductive capacity, growth, 
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survival and competition of vegetation at young stages. 

This aspect is important since the viability of young 

mangrove plants in canopy gaps is generally greater than 

those growing in full shade (Azad et al. 2020). 

The floristic composition and structure of tree and 

seedlings in various mangrove forests had been studied 

with observations showing different compositional and 

stand structures (Sawale and Thivakaranet 2013; Shah et al. 

2016; Dharmawan and Widyastuti 2017; Alemayehu and 

Wekesa 2017; Kantharajan et al. 2018; Pototan et al. 2021; 
Azad et al. 2020; Rasquinha and Mishra 2020; Pototan et 

al. 2021; Sreelekshmi et al. 2020; Njana 2020).  

Riau Province is one of the provinces in Indonesia that 

has been experiencing deforestation and degradation of its 

mangrove forests. Mangrove destruction in this province 

was intensifying in the 1990s and still continues these days. 

Currently, Riau has about 261,285 ha of mangrove forests 

on the shoreline or coastal areas with the indication of this 

ecosystem appearing to decrease. In 2008, there were only 

4,850 hectares of mangrove forest in the province that 

remained intact with only a few meters width to the land 
(Yurizal 2018). A study on the structure of mangrove 

vegetation in Riau Province had been carried out by 

Mulyadi and Amin (2016). 

Mangrove forest in Sungai Apit Sub-district, Siak 

District, Riau Province, Indonesia is one of mangrove 

ecosystems that is still partly natural with some parts being 

damaged or rehabilitated. The differences in mangrove land 

conditions in Siak District, which includes natural, 

degraded, and rehabilitated forests resulted in differences in 

the structure and floristic composition of trees and 

seedlings. The natural mangrove forest in Sungai Apit is a 
secondary forest that has not been disturbed for years. 

Degraded mangrove forest is a mangrove forest that has 

been disturbed by human activities and natural factors. The 

main cause of mangrove forest degradation and a decrease 

in mangrove area in Sungai Apit was the massive felling of 

mangrove trees around 2000, mainly due to the demand for 

piles for buildings. Currently, there are still threats to 

mangrove areas especially the activity of taking wood for 

charcoal raw materials, deforestation of mangrove land for 

conversion to oil palm plantations and abrasion and waves 

crashing. Rehabilitated forest is a mangrove forest that was 

previously degraded with severe level of disturbance and 
mangrove seedlings have been planted. Rehabilitation of 

mangrove forests is carried out on mangrove areas with 

more severe disturbance levels. Mangrove rehabilitation 

efforts have been carried out by the people of Sungai Apit 

starting in 2002.  

Efriyeldi et al. (2020) assessed the condition of 

mangrove vegetation in Sungai Apit, Siak, Riau, at three 

stations (Lalang, Bunsur, and Sungai Rawa) in which 

mangrove species with high density at the three stations 

were Avicennia alba, Sonneratia alba, and Rhizophora 

apiculata. The mangrove ecosystem in that location was 
assessed based on tree density from rare to dense. 

However, this method has limitation when the assessment 

combined trees and saplings simultaneously, resulting in 

the condition of the mangroves being classified as good 

since they had very dense stands. This study aimed to 

investigate the floristic composition and stand structure of 

trees and seedlings in mangrove forests in Sungai Apit in 

three mangrove forest conditions, i.e., natural, degraded, 

and rehabilitated forests. 

MATERIALS AND METHODS  

Study site and period 
The research was conducted in Sungai Apit Subdistrict, 

Siak District, Riau Province, Indonesia (Figure 1). Three 

villages, namely Rawa Mekar Jaya, Sungai Rawa and 

Mengkapan were selected as sampling locations as 

excellent context to represent varying conditions of 

mangrove forest. The sampling station was determined 

based on the conditions of the mangrove ecosystem, 

namely natural, rehabilitated, and degraded forests that 

have not been rehabilitated. Several coordinate points were 

taken to represent the three conditions in the three villages. 

Degraded forest was a disturbed forest that was not 
rehabilitated. The degraded forest in Rawa Mekar Jaya was 

a forest that had been damaged by logging and was 

currently being disturbed due to the construction of canals 

and its proximity to the clearing of mangrove forests 

(deforestation) for oil palm plantations. The degraded 

forest in the Sungai Rawa occurred because it is close to 

ports and settlements and former charcoal production. 

Ongoing disturbances in disturbed forests in Sungai Rawa 

and Mengkapan occur due to abrasion resulting in 

inundation and strong sea waves crashing. 

In 2014, rehabilitation through planting of mangrove 
started in Rawa Mekar Jaya, and had been routinely carried 

out every year, until 2019. Mangrove rehabilitation in 

Sungai Rawa was carried out from 2008 to 2018, while it 

was conducted from 2002 to 2016 in Mengkapan. The 

sampling point for rehabilitated forest in Rawa Mekar Jaya 

was a rehabilitation forest with an age of about four years. 

The age of the rehabilitated forest in Sungai Rawa 

observed was about five years, while in Mengapan it was 

about 7 years. Mangrove rehabilitation activities were 

carried out by non-governmental organizations with 

assistance from government agencies and the private 

sector. Activities conducted by the community, among 
others, include the Tourism Awareness, Mangrove 

Observer and Nursery Groups. Species planted included R. 

apiculata, Rhizophora mucronata, A. alba, Avicennia 

marina, Bruguiera sexangula, Bruguiera hainesii and 

Bruguiera gymnorrhiza. The spacing for Rhizophora was 

about 1 x 1 m, while for other genera it was about 2 x 2 m. 

The percentage of growing seedlings was about 40 to 80%. 
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Figure 1. Map of the study sites in Sungai Apit, Siak District, Riau Province, Indonesia. Notes: NF: natural forest; RF: rehabilitated 
forest; DF: degraded forest 

 
 

 

Data collection 

Data was collected using the Line Transect Plot 
Method. In each village, three stations representing the 

condition of mangrove forests (natural, rehabilitated, and 

degraded forests) were established. At each sample location 

studied, three transect lines were created with a width and 

length of 10 and 100 m, respectively, or equivalent to 1000 

m2 of sampling area per transect. Three plots of 10 m x 10 

m for trees and 2 m x 2 m for seedlings were made on each 

transect line. The species that occurred at each plot were 

identified using resources published by Wetlands 

International Indonesia Program 

(http://www.wetlands.or.id/mangrove/mangrove_species.p

hp?id=11). All trees and seedlings encountered at each plot 
were counted with individual trees being measured around 

the trunk in order to determine the diameter at breast height 

(at 1.3 m). In addition, the actual and total numbers of 

individual seedling species per plot were further recorded 

(Mauludin et al. 2018). 

Data analysis 

Vegetation analysis data (number of individual trees 

and seedlings, and tree diameter at breast height (DBH)) 

were analyzed using Microsoft Excel in order to obtain 

important values describing stand characteristics, such as 
the total number of species, tree density (individuals per 

ha), mean diameter (DBH), basal area (m2/ha), Shannon-

Wiener index of diversity (H '), Pielou's index of evenness 

(j), and Species index of dominance (c). Also, the 

Importance Value Index IV (%) of species was calculated 

to determine the dominant tree and seedling species based 

on relative density, frequency, and coverage (basal area). 

The Shannon and Pielou (Pielou 1969) indices were also 

used to calculate species diversity and evenness/equality, 

respectively (Budiharta 2010; Alemayehu and Wekesa 

2017; Rasquinha and Mishra 2020; Azad et al. 2020; 

Pototan et al. 2021). Natural regeneration patterns were 
further determined based on seedling density and the 

number of species with composition and dominance. These 

data were analyzed descriptively in the form of percentage 

value to seek the decline or increase of the condition in the 

rehabilitated versus in the degraded forests, after being 

compared with the stand characteristic values of natural 

mangrove ecosystems (Azad et al. 2020). 

 

  



FATONAH et al. – Mangrove stand structure in Sungai Apit, Siak, Indonesia 

 

3975 

RESULTS AND DISCUSSION 

Tree species composition and dominance  

The species composition and dominance of trees in 

varying conditions of mangrove forests in three villages 

(Rawa Mekar Jaya, Sungai Rawa, and Mengkapan) at 

Sungai Apit Subdistrict, Siak District, Riau Province, 

Indonesia are shown in Tables 1, 2, and 3.  

In total, 20 tree species from 11 families were 

discovered in these nine sampling locations, namely R. 

apiculata, Rhizophora stylosa, R. mucronata, Xylocarpus 
granatum, Xylocarpus moluccensis, Sonneratia caseolaris, 

Sonneratia ovata, S. alba, B. gymnorrhiza, B. sexangula, B. 

hainesii, and Scyphiphora hydrophyllacea. There were also 

non-mangrove plants including rukam (Flacourtia rukam), 

Waru (Hibiscus tilliaceus), gurah (Cledodendron 

serratum), and bedaru (Urandra corniculata). The three 

villages showed different numbers of species with the 

highest value was discovered in Sungai Rawa (16), 

followed by Mengkapan (13) and the lowest was at Rawa 

Mekar Jaya (7). The differences in species composition 

occurred in the three conditions of mangrove forests at the 
selected villages in Sungai Apit, Siak. Natural mangrove 

forests showed the highest number of species in Rawa 

Mekar Jaya, Sungai Rawa, and Mengkapan with 5, 11, and 

11, followed by rehabilitated mangrove with 5, 8, and 7, 

and degraded mangrove with 3, 4, and 6, respectively. 

The natural and rehabilitated forests were generally 

dominated by Rhizophora apiculata, except the 

rehabilitated forest in Mengkapan which was dominated by 

A. alba with the second-order being R. apiculata. The 

dominant mangrove species in the degraded forests were R. 

apiculata in Rawa Mekar Jaya, and S. alba in Sungai Rawa 
and Mengkapan. R. apiculata also dominated mangrove 

forest in other regions, for example, Dumai Coastal Area, 

Riau (Mulyadi and Amin 2016), Sibuti mangrove forest, 

Sarawak, Malaysia (Shah et al. 2016), and Teluk Adang 

Nature Reserve (TANR) East Kalimantan, Indonesia 

(Mukhlisi et al. 2020).  

There was a difference in species composition between 

the natural, rehabilitated, and degraded forests. There was a 

decline in the number of species that occurred in the 

degraded forests as well as in tree species composition. 

Forest disturbance and vegetational rehabilitation were also 

observed to have resulted in a decrease and increase in the 

number of species. R. apiculata was a species that 
dominated natural forest in Rawa Mekar Jaya, Sungai 

Rawa and Mengkapan, as it also grew in the rehabilitated 

and degraded mangrove zones. Another mangrove species 

that grew in all forest conditions was A. alba. 

There were differences in the total number of mangrove 

species in the natural, rehabilitated, and degraded forests. 

The natural mangrove forest in Rawa Mekar Jaya showed 

the lowest number of species (5) compared to Sungai Rawa 

and Mengkapan (12). There was an increase in the number 

of species up to 20% (6 species) in the rehabilitated forest 

in Rawa Mekar Jaya, while the values in the degraded 
mangrove remained stagnant (neither decreased or 

increased). The changes in mangrove forests from natural 

conditions resulted in a decrease in the number of species 

at Sungai Rawa and Mengkapan, with the decline higher at 

both locations in the degraded forest, reaching 66.67% and 

50%, respectively. These results indicate that the 

rehabilitation activities by local communities are successful 

in increasing species diversity. 

Structure and diversity of tree stands 

The structure and diversity of mangrove tree stand in 

Sungai Apit in varying mangrove forest conditions are 
presented in Table 4.  

 

 

 
Table 1. Species composition and dominance of tree in Rawa Mekar Jaya, Sungai Apit, Siak, Riau, Indonesia 
 

Forest 

condition 
Species Family 

Relative 

density 

(%) 

Relative 

frequency 

(%) 

Relative 

dominance 

(%) 

Importance 

value (%) 

Natural forest Rhizophora apiculata Bl.  Rhizophoraceae 81.01 42.86 86.20 210.07 
Bruguiera sexangula (Lour.) Poir. Rhizophoraceae 6.96 28.57 2.89 38.42 
Rhizophora mucronata Lam. Rhizophoraceae 8.86 19.05 9.64 37.55 
Heritiera littoralis Korth.  Sterculiaceae 1.90 4.76 0.34 7.00 
Clerodendrum serratum (L.) Spr. AP Lamiaceae 1.27 4.76 0.94 6.96 

       

Rehabilitated 
forest 

Rhizophora apiculata Bl. Rhizophoraceae 71.35 71.35 71.35 176.91 
Bruguiera sexangula (Lour.) Poir. Rhizophoraceae 17.44 17.44 17.44 70.75 
Urandra corniculate (Becc.) Foxw.  Icacinaceae 7.06 7.06 7.06 31.69 
Sonneratia alba J.E. Smith  Lythraceae 3.35 3.35 3.35 13.41 
Rhizophora mucronata Lam. Rhizophoraceae 0.80 0.80 0.80 7.25 

       
Degraded forest Rhizophora apiculata Bl.  Rhizophoraceae 70.40 70.40 70.40 192.79 

Rhizophora mucronata Lam. Rhizophoraceae 27.69 27.69 27.69 88.94 

Bruguiera sexangula (Lour.) Poir. Rhizophoraceae 1.91 1.91 1.91 18.27 
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Table 2. Species composition and dominance of tree in Sungai Rawa, Sungai Apit, Siak, Riau, Indonesia 
 

Forest condition Species Family 

Relative 

density 

(%) 

Relative 

frequency 

(%) 

Relative 

dominance 

(%) 

Importance 

value (%) 

Natural forest Rhizophora apiculata Bl.  Rhizophoraceae 64.92 64.92 64.92 153.51 
Xylocarpus granatum Koen. Meliaceae 13.47 13.47 13.47 44.06 
Rhizophora mucronata Lam. Rhizophoraceae 3.15 3.15 3.15 24.77 

Xylocarpus moluccensis (Lam) M.Roem. Meliaceae 4.49 4.49 4.49 19.72 
Sonneratia caseolaris (L.) Engl. Lythraceae 6.24 6.24 6.24 10.91 
Bruguiera gymnorrhiza (L.) Lamk. Rhizophoraceae 2.54 2.54 2.54 10.91 
Rhizophora stylosa Griff. Rhizophoraceae 0.98 0.98 0.98 9.66 
Flacourtia rukam Zoll. & Mor. Salicaceae 0.72 0.72 0.72 9.66 
Bruguiera sexangula (Lour.) Poir. Rhizophoraceae 1.44 1.44 1.44 8.40 
Sonneratia alba J.E. Smith  Lythraceae 1.51 1.51 1.51 4.20 
Bruguiera hainesii C.G.Rogers Rhizophoraceae 0.53 0.53 0.53 4.20 

       

Rehabilitated 
forest 

Rhizophora apiculata Bl. Rhizophoraceae 53.63 53.63 53.63 130.21 
Xylocarpus granatum Koen. Meliaceae 22.81 22.81 22.81 58.59 
Bruguiera hainesii C.G.Rogers Rhizophoraceae 1.85 1.85 1.85 29.21 
Scyphiphora hydrophyllacea C.F.Gaertn.  Rubiaceae 9.38 9.38 9.38 27.05 
Bruguiera sexangula (Lour.) Poir. Rhizophoraceae 3.70 3.70 3.70 22.12 
Ceriops tagal C.B. Rob.  Rhizophoraceae 3.81 3.81 3.81 13.66 
Bruguiera gymnorrhiza (L.) Lamk. Rhizophoraceae 2.56 2.56 2.56 11.58 
Sonneratia alba J.E. Smith  Lythraceae 2.24 2.24 2.24 7.58 

       
Degraded forest Sonneratia alba J.E. Smith  Lythraceae 45.01 45.01 45.01 120.51 

Avicennia alba Bl. Acanthaceae 37.38 37.38 37.38 110.62 
Sonneratia ovata Back. Lythraceae 14.59 14.59 14.59 46.89 
Avicennia marina (Forssk.) Vierh Acanthaceae 3.02 3.02 3.02 21.98 

 

 

 
Table 3. Species composition and dominance of tree in Mengkapan, Sungai Apit, Siak, Riau, Indonesia 
 

Forest condition Species Family 

Relative 

density 

(%) 

Relative 

frequency 

(%) 

Relative 

dominance 

(%) 

Importance 

value (%) 

Natural forest Rhizophora apiculata Bl. Rhizophoraceae 31.03 31.03 31.03 107.72 
Xylocarpus granatum Koen. Meliaceae 51.51 51.51 51.51 105.20 
Bruguiera gymnorrhiza (L.) Lamk. Rhizophoraceae 6.08 6.08 6.08 23.97 
Scyphiphora hydrophyllacea C.F.Gaertn.  Rubiaceae 2.47 2.47 2.47 14.62 
Sonneratia alba J.E. Smith  Lythraceae 3.90 3.90 3.90 12.94 

Rhizophora stylosa Griff. Rhizophoraceae 1.23 1.23 1.23 10.42 
Rhizophora mucronata Lam. Rhizophoraceae 1.22 1.22 1.22 7.78 
Bruguiera sexangula (Lour.) Poir. Rhizophoraceae 0.93 0.93 0.93 6.94 
Bruguiera hainesii C.G.Rogers Rhizophoraceae 0.30 0.30 0.30 3.47 
Sonneratia ovata Back. Lythraceae 0.55 0.55 0.55 3.47 
Avicennia alba Bl. Avicenniaceae 0.77 0.77 0.77 3.47 

       
Rehabilitated 

forest 

Avicennia alba Bl. Acanthaceae 27.96 27.96 27.96 81.55 

Rhizophora apiculata Bl. Rhizophoraceae 25.06 25.06 25.06 75.47 
Sonneratia alba J.E. Smith  Lythraceae 28.40 28.40 28.40 70.59 
Bruguiera gymnorrhiza (L.) Lamk. Rhizophoraceae 5.29 5.29 5.29 29.30 
Sonneratia ovata Back. Lythraceae 7.67 7.67 7.67 22.96 
Scyphiphora hydrophyllacea C.F.Gaertn.  Rubiaceae 4.60 4.60 4.60 12.24 
Avicennia marina (Forssk.) Vierh Acanthaceae 1.03 1.03 1.03 7.88 

       
Degraded forest Sonneratia alba J.E. Smith  Lythraceae 37.07 37.07 37.07 103.58 

Avicennia alba Bl. Acanthaceae 32.45 32.45 32.45 92.51 
Rhizophora apiculata Bl. Rhizophoraceae 21.21 21.21 21.21 70.55 
Scyphiphora hydrophyllacea C.F.Gaertn.  Rubiaceae 6.71 6.71 6.71 15.82 
Xylocarpus granatum Koen. Meliaceae 1.81 1.81 1.81 9.31 
Hibiscus tilliaceus L.  Malvaceae 0.74 0.74 0.74 8.24 
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Table 4. Structure and diversity of tree stands in natural, rehabilitated and degraded mangrove forests in Sungai Apit, Siak, Riau 
Indonesia  

 

Parameter 
Rawa Mekar Jaya Sungai Rawa Mengkapan 

NF RF DF NF RF DF NF RF DF 

otal number of species  5 6 
(+20) 

5 
(0) 

12 9 
(-25) 

4 
(-66.67) 

12 7 
(-41.67) 

6 (-50) 

Tree density (individuals 
per ha)  

1755.38b 1233.21ab 
(-29.74) 

1155.44ab 
(-34.18) 

1766.49b 1344.31ab 
(-23.90) 

866,58a 
(-50.94) 

2644.18c 1399.86ab 
(-47.06) 

688.82a 
(-74.95) 

Mean diameter (DBH, 
cm) 

12.37a 9.4a 
(-24.01) 

8.27a 
(-33.14) 

18.78b 8.15a 
(-56.60) 

10.86a  
(-42.17) 

14.58a 12.24a 
(-16.05) 

11.75a 
(-19.41) 

Basal area (m2 /ha) 37.90a 11.81a 
(-68.83) 

9.70a 
(-74.41) 

55.19c 
 

8.49a 
(-84.62) 

9.45a 
(-82.88) 

48,12bc 
 

16.70a 
(-65.46) 

11.21a 
(-76.70) 

Shannon-Weiner Index of 
Diversity (H') 

0.70 1.16 
(64.83) 

0.72 
(2.86) 

1.34 1.42 
(5.43) 

1.10 
(-18.05) 

1.34 1.59 
(18.64) 

0.87 
(-35.03) 

Pielou's Index of 
Evenness (J)  

0.44 0.90 
(106.70) 

0.66 
(50.69) 

0.56 0.68 
(21.57) 

0.79 
(41.74) 

0.56 0.82 
(46.20) 

0.49 
(-13.06) 

Species Index of 

Dominance (C)  

0.67 0.40 

(-39.97) 

0.55 

(-17.84) 

0.43 0.35 

(-19.07) 

0.37 

(-13.32) 

0.35 0.24 

(-31.71) 

0.30 

(-14.22) 

Notes: NF: natural forest; RF: rehabilitated forest; DF: degraded forest. The numbers in brackets for rehabilitated forest and degraded 
forest showed the percentage of increase (+) or decrease (-) compared to the natural forest. 

 

 

  

The results of ANOVA (Analysis of Variance) and 

DMRT (Duncan's Multiple Range Test) further tests 

showed a significant difference in tree density in the 
natural forests, which was higher than that in the 

rehabilitated and degraded forests. In the natural forest, tree 

density (individuals per ha) at the three locations was at a 

high level (more than 1500 trees per hectare). The highest 

tree density was observed at the natural forest in 

Mengkapan (2,644.18 individuals per ha), while in Rawa 

Mekar Jaya and Sungai Rawa had almost at the same level 

at 1,755.38 and 1,766.49 individuals per ha, respectively. 

Also, lower tree density occurred in the rehabilitated and 

degraded forests. Degraded forest showed a decrease in 

tree density, which was higher than in the rehabilitated 
zone.  

 The mean diameter at breast height (DBH) of 

mangroves tree at the study site was quite large, ranging 

from 8.27 to 18.78 cm. The highest mean diameter 

occurred in the natural forest in Sungai Rawa which was 

significantly different from the others. The mean stem 

diameter in the natural forest was higher than in the 

rehabilitated and degraded forests. The stem diameter in 

the rehabilitated and degraded forests in Rawa Mekar Jaya 

was almost the same compared to those in Sungai Rawa 

and Mengkapan, which were higher in the degraded forest. 

The percentage of decrease in the mean stem diameter in 
the rehabilitated and degraded forests was not high 

compared to the natural forest. The lowest and highest 

decrease in the rehabilitated forest were 16.05% and 

58.26% 42.17 in Mengkapan and Sungai Rawa, 

respectively. 

Basal area is the closure of the mangrove forest zone by 

tree stems which was determined by the size of stem 

diameter and tree density. Significant differences in the 

basal area occur in varying forest conditions in Sungai 

Rawa in which the natural forest in Sungai Rawa had the 

highest basal area compared to the other forest conditions 
in the three villages. Basal area in the natural forests was 

higher than in the rehabilitated and degraded forests. Also, 

the degraded forest had lower basal area than that of the 

rehabilitated. The lowest and highest decreases regarding 
basal area declined in the rehabilitated forest were 65.46 

and 84.62% in Mengkapan and Sungai Rawa, respectively. 

The low basal area in the rehabilitated forest of Sungai 

Rawa was due to the reduced mean stem diameter.  

The differences in mean stem diameter and basal area in 

the rehabilitated forest in Rawa Mekar Jaya, Sungai Rawa 

and Mengkapan villages were related to plant age after the 

rehabilitation, stress and percentage of seedling survival. 

The rehabilitated forest in Mengkapan showed a higher 

mean stem diameter and basal area due to a longer planting 

age (seven years). The age of the trees in the rehabilitated 
forest in Sungai Rawa was longer (5 years), but the mean 

stem diameter and basal area values were lower than in the 

rehabilitated forest in Rawa Mekar Jaya. This is due to tidal 

stress and inundation from seawater which results in a 

lower survival percentage of mangrove seedlings (40%) so 

that during rehabilitation the dead seedlings were replaced 

with new seedlings with younger age. The percentage of 

seedling survival of mangrove rehabilitation in Rawa 

Mekar Jaya is higher (80%) because the mangrove forest in 

Rawa Mekar Jaya is directly connected to river. 

Tidal stress and seawater inundation reduce the 

effectiveness of mangrove rehabilitation because it 
increases seedling mortality and increases costs due to 

seedling replacement activities. Mangrove rehabilitation is 

successful if the hydrological environment is suitable for 

mangrove growth. The survival and growth of mangrove 

species are related to the depth, duration and frequency of 

flooding, and soil saturation. Therefore, the most important 

factor when designing a successful mangrove restoration 

project is to determine the normal hydrology (depth, 

duration and frequency, and tidal flooding) of the natural 

mangrove plants present at the restoration site (Lewis 2005; 

Lewis 2009). Hydrological restoration has been carried out 
to rehabilitate an abandoned shrimp pond in Bunaken 
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National Park, North Sulawesi, Indonesia in which all the 

procedures applied were simple and cost-effective, and the 

results were significantly successful (Djamaluddin et al. 

2019).  

Diversity and evenness indexes were used to evaluate 

species diversity and number size, respectively. The 

Shannon Diversity Index is a widely used method for 

comparing diversity between different habitats. The 

diversity index values range from 0–7 with the following 

criteria: 0–2 (low), 2–3 (moderate), and > 3 (high) (Setiadi 
2005). The diversity index at the nine sampling locations 

ranged between 0.7 to 1.59, which was classified as low. 

The difference in the diversity index from different 

locations was not too high although there is a tendency in 

the degraded forest of the Sungai Rawa and Mengkapan to 

be lower than the natural and rehabilitated forest. However, 

the diversity at the degraded forest in Rawa Mekar Jaya 

was the same as at the natural, which was very low (0.7). 

The low Shannon and Wiener diversity index also occurred 

in four mangrove forests in the Gulf of Khambhat arid 

region of Gujarat, west coast of India, which ranged from 0 
to 1.179 (Singh 2020). 

The evenness index described the size of the number of 

individuals between species in a community. The more 

evenly the distribution of individuals between species, the 

greater the balance of the ecosystem. The index values 

range from 0–1 with category: 0 < E ≤ 0.4 (evenly small, 

stressed communities), 0.4 < E ≤ 0.6 (moderate evenness, 

unstable communities), and 0.6 < E ≤ 1.0 (high evenness, 

stable community). The evenness index in the study 

locations ranged from 0.44 to 0.9, suggesting that different 

forest conditions showed balanced values that varied from 
moderate to high equality. The rehabilitated and degraded 

forests showed high evenness values ranging from 0.66 to 

0.9, except for the degraded forest in Mengkapan that 

indicated moderate value (0.49). The natural forest in the 

three villages had a moderate evenness index with the 

lowest value was in the village of Rawa Mekar Jaya (0.44). 

Also, the highest evenness index value was in the 

rehabilitated forest in Rawa Mekar Jaya. These results 

indicated that mangrove revegetation activities increased 

the evenness of species when compared to the natural 

forest with the highest increase in the village of Rawa 

Mekar Jaya.  

The dominance index indicates the domination or 

extinction of species in an area. The index values range 
from 0 to 1 with categories of 0 < C < 0.5, 0.5 < C ≤ 0.75, 

and 0.75 < C ≤ 1.0, representing low, moderate, and high 

dominance, respectively (Ludwig and Reynolds 1988). The 

dominance index values in the nine research locations 

ranged from 0.24 to 0.67, indicating a low to moderate 

dominance. Moderate dominance only occurred in the 

natural (0.67) and degraded (0.55) forests in Rawa Mekar 

Jaya. However, the other seven locations showed low 

dominance with index from 0.24 to 0.40. The natural and 

degraded forests in Rawa Mekar Jaya had higher 

dominance values because there was still greater 
domination of species compared to other locations. R. 

apiculata dominated the natural and degraded forests with 

important values of 210.07% and 192.79%. Also, the 

rehabilitated forests showed a decrease in their dominance 

value. This indicates that mangrove rehabilitation resulted 

in an increase in species diversity and evenness, but a 

decreased in species dominance. This is because, during the 

rehabilitation activities, a large number of mangrove 

species were planted.  

Seedling structure and species composition  

The number of species and seedling density per ha can 
be seen in Figure 2, while the species composition and 

importance value are presented in Tables 5, 6, 7. 

 

 

 
 

  
A B 

 
Figure 2. Number of species and density of seedlings in mangrove forest with varying conditions in Sungai Apit, Siak, Indonesia: A. 
Number of species and B. Seedling density per ha          
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Table 5. Species composition and dominance of seedling in Rawa Mekar Jaya, Sungai Apit Siak, Riau, Indonesia 
 

Forest condition Species Family 
Relative 

density (%) 

Relative 

frequency (%) 

Importance 

value (%) 

Natural forest Rhizophora apiculata Rhizophoraceae 70.43 57.14 127.58 
 Rhizophora mucronata Rhizophoraceae 21.74 28.57 50.31 
 Bruguiera sexangula Rhizophoraceae 6.09 7.14 13.23 
 Acrostichum aureum Pteridaceae 1.74 7.14 8.88 

      
Rehabilitated forest Rhizophora apiculata Rhizophoraceae 86.36 50 136.36 
 Bruguiera sexangula Rhizophoraceae 10.45 30 40.45 
 Rhizophora mucronata Rhizophoraceae 2.73 10 12.73 
 Santiria laevigata Blume Burseraceae 0.45 10 10.45 
      
Degraded forest -  - - - 

 

 
Table 6. Species composition and dominance of seedling in Sungai Rawa, Sungai Apit, Siak, Riau, Indonesia 
 

Forest condition Species Family 
Relative 

density (%) 

Relative 

frequency (%) 

Importance 

value (%) 

Natural forest Rhizophora apiculata Rhizophoraceae 92.86 66.67 159.52 
  Bruguiera parviflora Rhizophoraceae 7.14 33.33 40.48 
       
Rehabilitated forest Rhizophora apiculata Rhizophoraceae 32.26 57.14 89.40 
  Sonneratia alba Lythraceae 48.39 14.29 62.67 

  Ceriops tagal Rhizophoraceae 9.68 14.29 23.96 
  Xylocarpus granatum  Meliaceae 9.68 14.29 23.96 
       
Degraded forest Avicennia alba  Acanthaceae 52.94 50 102.94 
  Sonneratia alba Lythraceae 45.10 33.33 78.43 
  Sonneratia ovata Lythraceae 1.96 16.67 18.63 

 
 

Table 7. Species composition and dominance of seedling in Mengkapan, Sungai Apit, Siak, Riau, Indonesia 
 

Forest condition Species Family Relative density 

(%) 

Relative 

frequency (%) 

Importance 

value (%) 

Natural forest Rhizophora apiculata Rhizophoraceae 37.74 50.00 87.74 
  Bruguiera gymnorrhiza Rhizophoraceae 52.83 33.33 86.16 
  Scyphiphora hydrophyllacea Rubiaceae 1.89 16.67 18.55 

  Sonneratia alba Lythraceae 7.55 0.00 7.55 
      
Rehabilitated forest Avicennia alba Acanthaceae 79.37 37.50 116.87 
  Rhizophora apiculata Rhizophoraceae 12.70 25.00 37.70 
  Sonneratia ovata Lythraceae 3.17 12.50 15.67 
  Sonneratia alba Lythraceae 3.17 12.50 15.67 
  Bruguiera gymnorrhiza Rhizophoraceae 1.59 12.50 14.09 
      

Degraded forest Avicennia alba Acanthaceae 79.37 37.50 116.87 
  Rhizophora apiculata Rhizophoraceae 12.70 25.00 37.70 
  Sonneratia ovata Lythraceae 3.17 12.50 15.67 
  Sonneratia alba Lythraceae 3.17 12.50 15.67 
  Bruguiera gymnorrhiza Rhizophoraceae 1.59 12.50 14.09 

 
 

 

The number of seedling species was observed to be 
lower (0 to 5 species) compared to that of tree (4 to 12 

species). The lowest and highest numbers of species were 

recorded in the degraded and rehabilitated forests, 

respectively. The seedling density also ranged from 0 to 

93055 individuals/ha. The highest and lowest seedling 

densities (individuals per ha) were also observed to be in 

the rehabilitated and degraded forests in Rawa Mekar Jaya 

as they did not grow seedlings. Generally, the three 

locations indicated that natural forests showed the lowest 
abundance of seedlings compared to rehabilitated and 

degraded forests. The abundance of seedlings in the 

degraded forest in Sungai Rawa and Mengkapan was 

higher than that of the rehabilitated. Seedling colonization 

is related to differences in mangrove canopy as higher 

shade inhibits seed germination. The degraded forest in 

Rawa Mekar Jaya did not grow seedlings due to the high 

level of canopy as it was close to land clearing for oil palm 
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plantations. The creation of canals the degraded forests for 

oil palm plantation in inhibited seedling colonization. The 

fallen mangrove seeds did not grow, possibly due to high 

canopy levels and physical stress. Also, the rehabilitated 

forest had a higher ability to regenerate due to the lower 

level of cover which promotes germination and growth of 

mangrove seeds. Additionally, the higher density of the 

trees in the rehabilitated forest allowed mangrove plants to 

produce more seeds than in the degraded zones. The 

existence of canopy gaps also stimulated seed germination 
and growth of mangrove seedlings. This was supported by 

the research results of Azad et al. (2020) which showed 

that the density of mangrove seedlings in the gap was 

higher than in the canopy. High seedling density was an 

indication of mangrove forest regeneration, suggesting to 

ecosystem recovery. Strong regeneration of forests was 

also demonstrated in mangrove ecosystems in Mwache, 

Kenya (Alemayehu and Wekesa 2017).  

The species composition and dominance of seedlings 

are shown in Tables 5, 6, and 7. The dominant species at 

seedling level in varying conditions of mangrove forest 
were almost the same as tree species. The dominant 

seedling species in the natural and rehabilitated forest was 

R. apiculata with a dominance level of around 89.40% to 

159.52%, except for the rehabilitated forest in Mengkapan 

which was dominated by A. alba (116.87%). Also, in Rawa 

Mekar Jaya, seedlings did not grow in the degraded forest 

as A. alba dominated in the degraded mangrove of Sungai 

Rawa and Mengkapan. 

The species of seedling that dominated mangrove 

forests in different conditions showed the ability to 

regenerate naturally than other species. The species that 
dominated the degraded forest in Sungai Rawa, included A. 

alba (102.94%), S. alba (78.43%) and in Mengkapan 

included A. alba (116.87%), R. apiculata (37.70%). 

However, for mangrove rehabilitation, other species of 

seedlings should be used as alternatives, including R. 

mucronata, B. sexangula, Bruguiera parviflora, Ceriops 

tagal, X. granatum, Sonneratia ovata, and Bruguiera 

gymnorrhiza. Several mangrove species had the potential to 

regenerate naturally, including A. alba, S. alba, and R. 

apiculata in Payum, Merauke, Papua Province (Wairara 

and Sianturi 2019); B. gymnorrhiza, R. mucronata, S. alba 

and R. stylosa in Pannikiang Island, South Sulawesi 
(Paembonan et al. 2020); Ceriops tagal in the Kemujan 

Island, Karimunjawa National Park, Indonesia (Winata et 

al. 2017).  

The characteristics of stands that affected mangrove 

seedling abundance were tree density and basal area. The 

results of this study indicated a trend that the higher the 

tree density and basal area, the lower the abundance of 

seedlings. The natural forest had a higher tree density and 

basal area than in the rehabilitated and degraded forests. 

However, the rehabilitated forest had a higher tree density 

than the degraded mangroves. The abundance of mangrove 
seedlings in the degraded forest was observed to be higher 

than the natural and rehabilitated forest in Mengkapan. 

Degraded forest in Rawa Mekar Jaya did not grow 

seedlings although the abundance of young plants showed 

the same trend. This indicated that the abundance of 

seedlings in the rehabilitated forest was higher than in the 

natural mangroves. Lower mangrove tree density further 

indicated a higher abundance of seedlings associated with 

the number of gaps. According to Azad et al. (2020), gaps 

in mangrove forests increased the colonization of seedlings. 

The formation of gaps in the mangrove forest canopy can 

create regeneration. Seeds that were dormant under the 

canopy had a chance to grow in place of dead trees (Amir 

2012). An increase in light and temperature in forest gaps 

are important in seed colonization due to their importance 
in breaking dormancy and seedling growth. Based on the 

results of this study, the degraded mangrove forests 

experienced good natural regeneration when there was no 

physical pressure or continuous degradation.  

In many areas in the world, degraded mangrove forests 

are able to regenerate naturally. Comparison between 

natural mangrove regeneration and human-assisted 

regeneration after Hurricane Mitch in the Gulf of 

Honduras, Guanaja did not show a significant difference in 

the success of mangrove replanting (Fickert 2020). A total 

of 23 species of mangrove were recorded and they had 
good ability in terms of natural regeneration in several 

mangrove forests affected by the tsunami, including in the 

North Coast of Aceh, the East coast of Aceh, the West 

coast of Aceh and the coast of Peninsular Malaysia 

(Onrizal et al. 2017). Natural regeneration in forest areas 

without restoration was higher than mangrove forests that 

were not restored in Jaguaribe River mangrove forests, Rio 

Grande do Norte, Brazil after 5 years (Ferreira et al. 2015). 

Mangrove forests in Ca Mau Province, Vietnam which 

were degraded after 35 years showed the same vegetation 

structure, both restored and regenerating naturally (Nam et 
al. 2016). 

In the degraded mangroves of Sungai Apit, Siak, 

Indonesia, natural regeneration and high levels of 

resuscitation in different forest conditions were an 

important part of mangrove rehabilitation. The natural 

regeneration of mangrove vegetation contributed to the 

maintenance of existing communities. Mangrove 

vegetation also had progressive, dynamic, and successful 

regenerative processes. This showed that the existence of 

this natural regeneration strategy was able to overcome the 

adverse situation in the habitat. This natural regeneration 

further allowed the damaged condition of the mangrove 
forest to change for good. This was due to the fact that 

growing seedlings were to become trees, which in turn 

leads to an increase in tree densities. Therefore, natural 

regeneration of mangrove vegetation is important for the 

preservation of the ecosystem.  

In conclusion, 20 species from 11 families were 

recorded in mangrove forests with varying conditions in 

Sungai Apit, Siak, Riau. The highest and lowest number of 

species were observed in the natural and degraded forests, 

respectively. The most dominant species was R. apiculata, 

which dominated across all forest conditions. Differences 
in tree density, the mean diameter of mangrove stems, and 

basal areas that occurred in the three forest conditions with 

the natural forest showed the highest value. There was a 

decrease in tree density, the mean diameter of mangrove 

stems, and basal areas in the rehabilitated and degraded 
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forests when compared to natural forests. Tree density, the 

mean diameter of mangrove stems, and basal areas in the 

rehabilitated forests were higher than in the degraded 

forests, but the mean diameter of mangrove stems and basal 

areas in the rehabilitated forests in Sungai Rawa was lower. 

This is because of the younger planting age, stress, and 

replacement of new seedlings due to the lower success rate 

of growing seedlings. The lowest and highest number of 

seedling species were observed in the degraded and 

rehabilitated forests. The number of seedling species was 
also lower than species values in tree stands. Seedling 

density in the natural forest was lower than rehabilitated 

and degraded forests. 
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