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Abstract. RindyastutiR, NurfadilahS, RahadiantoroA, HapsarilL, AbywijayalK. 2018. Leaf anatomical characters of four epiphytic
orchids of Sempu Island, East Java, Indonesia: The importance in identification and ecological adaptation. Biodi@ersgas

1918 Leaf anatomy features are important characters to support species identification and classificatibay arel related to
ecological adaptation of species. The aims of the present study (iyei® investigate leaf anatomical charactefsfaur epiphytic
orchids of Sempu Island Aécochilus emarginatus, Dendrobium subulatum, Thrixspermum subulaadh, Thrixspermum
acuminatissimupnin relation to the significance in species identification and ecological adaptation in coastal habitatsuofsterd,

(i) to compare the adaptive ability of the four species in coastal habitats based on adaptive anatomical chizegetersdure of leaf
anatomical studies as followsrchid leaves were fixed in ethanol 70% and sliced into thin pieces wiilsratome, and stained with

1% SafraninThe leaf anatomical organization of orchids (stomata, epidermis, mesophyll, vascular bundles, and other characters such as
hypodermis, fibre bundles, raphide bundles, and spiral thickenings) was observed urideiiclighcope.The results showed the
comparable data of leaf anatomical charactar®ngthe orchids. There was distinct variation in dweatomical characters of the
orchids including stomata anomocytic, tetracytic, and cyclocytic; the presence or absdnygmdermis, spiral thickenings, fibre
bundles, raphide bundles, and bundle sheaths; homogenous and heterogesuplg/ll; and variation in vascular bundle arrangement.
Detailed leaf anatomical characters can be used to distinguish a species frosy wtfieh are important to support species
identification. The similarity of anatomical charactemmongthese orchids were they possessed relatively thick cuticle and other
specific anatomical characters as a structural adaptation to coastal habitaghvitheldiation to reduce leaf transpiratid. subulatum

can be considered as the most adaptive orchid species to coastal habitats lzakgative anatomical charactexs it possessed the
largest number of adaptive anatomical characlére implicaton of this study is the importance of leaf anatomical features to support
species identification and to increase understanding of orchid biology and ecology which are irmportdid conservation.

Keywords: Anatomy, ecologyenvironmentOrchidaceaesmall island

INTRODUCTION characters to distinguish genera within subtribe
Pleurothallidinae(Acostaea, Barbosella, Brachinionidium,
Orchidaceae is one of the most successful plant famili€yptophoranthus, Dracula, Dresslerella, Dryadella,
in evolution and speciatignresulting in approximately Lepanthes, Masdevalliaand other genera within the
25.000 species across the world with highly variousubtribe) using anatomical characters of leaf such as
morphological and anatomical characters (Dressler 1998uticle, epidermis, hypodermis, spiral thickenings, and
Anatonical characters of orchids have been widely studiedascular bundlenumber Fan et al (2014) reported that
in a wide range of species within tribes, subtribes, ardolcoglossumcould be distinguished from the related
genera levels such as tribeCalypsoeae (Stern and genera such as Ascocentrum, Luisia, Papilionéme,
Carlsward 2008); subtribdsaeliinae (Stern and Carlsward Rhynchostylis,and Vanda based on leaf cuticular wax
2009); Aeridinae Angraecinae and Aerangidinae characteristics. Furthermore, Aybeke et. a2010)
(Carlsward et al2006); Stanhopeina€Stern and Whitten demonstrated the use of anatomical characters to
1999), Orchidinae (Stern 1997); Habenariinae (Stern distinguish species within genera ®phrys such asO.
1997),0ncidiinae(Stern and Carlsward 2006); and generapeculum, O. fusca, O. lutea, O. sphegp@escornuta, O.
Caladenia(Pridgeon 1993)DendrobiumsectionsAporum  umbilicata, O. bucephala, O. apifel@nd Orchis such as
andRhizobium(Carlsward etl. 1997),0Ophrys, Orchisand O. coriophora O. tridentata, O. militaris, O. papilionacea,
Dactylorhiza(Aybeke et al. 2010). 0. mascula,and O. palustris The species had particular
Anatomical features are important characters to suppa@mdmparable anatomical characters that can be used to
identification and classification in Orchidaceae (Pridgeodistinguishit from others using anatomical characters, such
1982; Aybeke et al. 2010, Fan et al. 2014). Pridgeon (19823 thickness of epidermal walls and shape of chlorenchyma
and Pridgeon ad Norris (1979) showed diagnosticcells.
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Anatomical characters have been shown to hthee The dear species identification, biology and ecolaipta
relationship with the ecological adaptation of orchids. of orchids are required in the management of orchid
Moreira et al.(2013) showed theehves ofEpidendrum conservation. Furrmore, understanding dhe adaptive
secundumgrowing in the luminous area haa relatively ability of orchids to coastal habitats based on adaptive
thick cuticle indicating adaptation tthe environment with anatomical characters also supports the assessment of the
intense solar radiation, with cuticle functions as a barrier gusceptibility of orchid species to the environmental
reduce transpiration because of the high intensity afteration, which is important for species consgion
sunlight. Fan et al(2014) demonstrated other anatomicapriority.
characters showing structural adaptation in other orchids. Various orchids can be found in Sempu island,
They reported thatlolcoglossunhad structural adaptations especially on coastal areas exposed to irradiation.
to strong winds and ample rains in subalpine region of thgproximately 15 orchid species have been recorded in
Hengduans Mountains bhyaving laterocytic and polarcytic Sempu island, that consisted of mostly epiphytic orchids
stomata in their leaf epidermal layer. (14 species) and one terresatrbrchid (Rindyastuti et al.

Previous studies on orchids anatomy in Indonesia ha2€18). The most common orchids that could be found in
been conducted including anatomical characters of roots 8&mpu island included\scochilus emarginatugBlume)
orchids of Sempu Island (Nurfadilah et al. 2016), leaSchuit, Dendrobium subulatum(Blume) Lindl, and
anatomy of ninespecies ofBulbophyllum(Orchidaceae) Thrixspermum subulatuifBlume) Rchb.f.(Figure 1). The
(Betty 2011), comparative leaf and root anatomy of twpresent studyaimed (i) to investigate the anatomical
species oDendrobium(Metusala et al. 2017 .he present characters of these orchids of Sempu Islamdl. (
study of orchid leaf anatomy provides additional data temarginatus, D. subulatum, T. subulajumas well as
support species identification and to increasderstanding Thrixspermum acuminatissimuBlume) Rchb.f. (ii) ) to
of orchid biology and ecologyconcerning structural compare the adaptive ability of the four orchids to coastal
adaptation of orchidén coastal habitats in Sempu Island.habitats based on adaptive anatomical characters.

Figure 1. Four orchids species which grow in coastal habitats of Sempu Islandsochilus emarginatuéBlume) Schuit. B.
Dendrobium subulatuniBlume) Lindl, C. Thrixspermum subulaturiBlume) Rchb.f D. Thrixspermum acuminatissimu(Blume)
Rchb.f Courtesy Figurel.A. Siti NurfadilahFigurel.B. Nina Dwi Yulia,Figurel.C. Apriyono Rahadiantoro, kige1.D. Comber (1990)
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MATERIALS AND METHOD S Assessment of the adaptive aliy of orchid species to
coastal habitats
Study area Adaptive anatomical characterssuch as smaller

Sempu Island is a small isldrocated off the south stomata, larger epidermis, the presence of hypodermis,
coast of East Java, Indoneskigure 1). The island is a many layers of mesophyll, the presence of fibre bundles,
nature reserve under the Ministry of Forestry with an arespiral thickenings and bundle sheaths were useglsess
of approximately 877 ha. The islandltitude ranges the adaptive ability of orchid species to coastal habitats
between 0 and 102 m asl. The epiphytic orchids wefédybeke et al. 2010Fahn 1982; Guan et al. 2011; Roth
collected n the coastal habitat in WalYaru and Air 1984; Reginato et al. 200%isiao 1973;Metusala et al.
Tawar, Sempu Islandith temperatures around 2B °C, 2017; Vincent 2000; Richter et al. 2011; Placet et al. 2014;
high humidity 9694 % and sunlight intensity around 52 Leroux et al. 2010fack and Evans 2001)The data of
163 lux. The epiphytic orchids grew on some host treeglaptive anatomical characters were obtained by
(phorophytes), such a%erminalia catappal., SQreblus comparing the size of stomata and epidermis, the presence
asperLour., Sophora tomentosh. in the coastal habitats of hypodermis, many layers of mesophyll, the presence of

that were exposed to high irradiation. fibre bundles, spiral thickenings and bundle sheaths among
four orchid species. Assessment of the most adaptive
Anatomical sample preparations orchid species was established through the largest number

The leaves were fixed in ethanol 70%, and sliced intof adaptive anatomical characters it had.

thin pieces with a microtome, and stained with 1 %

Safranin (Sternand Judd, 2000). The leaf anatomicaData analyses

organization of orchids was observed underlight Data of stomata size, cuticle thickness, and epidermis

microscope (Olympus CX21) with three replication ofsize among four orchid speciesere analyzedusing

slices of leaf for each orchid species. The leaf anatomicAhalysis of Variance(ANOVA) and Tukeyposttest in

features of all orchids were characterizeidcluding confidence level of 95% using MINITAB 15.0.

stomata, epidermis, mesophyll, vascular bundles, and oti@omparison of the adaptive ability of orchid species to

characters (hypodermis, fibre bundles, raphide bundles, atehstal habitats was based on the presence and absence of

spiral thickenings). The size of stomata, epidermis, aratlaptive anatomical charartesuch assmaller stomata,

cuticle thickness was measured using micrometer. larger epidermis, the presence of hypodermis, more layers
of mesophyll, the presence of fibre bundles, spiral
thickenings, and bundle sheaths.
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Figure 2. The study site of epiphytic orchid species in Wevaru and Air Tawawithin Sempu IslandEast Java, Indonesia
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RESULTS AND DISCUSSION

Sempu Island.

L eaf anatomical features

The leaf anatomical structures showed organization gparenchyratous cells in

Dendrobium subulatum
Dendrobium subulatunanatomical characters showed
The results ofthis study showed leaf anatomicalthat stomata configuration was cyclocytic. Cuticle was

features of orchids of Sempu Island and comparable datsiate, relatively thick ranging from 224 um. The

amongthe orchids to support species identification and tepidermis was a single layecomposed of elongated
understand their struatal adaptation to coastal habitat inshaped cells. There was a specific anatomical character of

D. subulatum fibre bundles subtended epidermal layer,

forming hypodermal layers (Figure 3). Mesophyll was 19

22 layers, heterogeneous, consisted of elongstiaged

the outer

190¢

mesophyll and

components forming leaves consistedstomata, cuticle, polygonatshaped parenchymatous cells in the inner
epidermis, mesophyll, and vascular bundles. There wemesophyll.
specific claracters, such as hypodermis, spiral thickeninggarenchymatous cells of mesophyll. Vascular bundles were

fibore bundles, and raphide bundles in epidermal cells Arranged

particularorchid species (Table 1).

Ascochilus emarginatus

striate, relatively thick ranging from 6BL pm. The

Chlorophylls

radially  within

were

present in the

parenchymatous areas of

mesophyll, consited of 1012 arcles of vascular bundles.
Sclerenchymatic cells were associated with phloem.
Bundle sheath was thiwalled surrounding vascular
Leaf transverse section oAscochilus emarginatus bundles (Table 1; Figure 3).
showed theleaf anatomical structuregcluding stomata
with anomocytic and tetracytic configuration. Cuticle wad hrixspermum subulatum

Thrixspermum subulatuhd anomocytic and tetracytic

epidermis was uniseriate, composed of elongateped Stomaa configuration, smooth and thick cuticle layer
cells. Hypodermis was absent or not clear. Mesophyll wagnging from9.4-11.8 um. The eidermis was uniseriate

homogenous, awisted of 1014 layers andconsistingof

composed of polygonahaped cells. Hypodermis was

thin-walled and roundedhaped parenchymatous cellsabsent. Mesophyll was-B2 layers; homogenous consisted

cells
Spiral

Parenchymatous
(chlorenchyms).

contained

thickenings were present

chlorophyllef polygonatshaped parenchymatous cells. Enewere
ighlorophyllsin parenchymatous cells of mesophyll. Spiral

parenchymatous cells of mesophyll. Vascular bundldbickenings were preserih parenchymatous mesophyll.
consisted of ylem and phloem arranged collaterally. Theré/ascular bundles consisted of xylem and phloem arranged
were 910 arches of vascular bundles arranged in a singtellaterally. No sclerenchyma cells were associated with
row embedded in parenchymatous cells of mesophy#ascular bundles. Bundiheath was indistinct. There were
There were no sclerenchyma cells associated with vasculdr13 arcles of vascular bundles arranged in a single row

bundles.

Thirwalled bundle sheath surrountethe

vascular bundle (Table 1; Figure 2).

(Table 1; Figure 4).

Table 1.Leaf anatomical charactersfolir epiphyticorchidsin Sempu Island

embedded within parenchymatous cells of mesophyll

: Ascochilus Dendrobium Thrixspermum Thrixspermum
Anatomical characters emarginatus subulatum Subulatum acuminatissimum
Leaf shape bladelike cylindric bladelike bladelike
Leaf thickness 512.4584.4um 12251773 pm 523.4585.5um 681.6923um
Stomata

Stomata configuration anomocytic, tetracytic cyclocytic anomocytic, tetracytic tetracytic
Cuticle

Thickness |im) 6.311 2.95.4 9.411.8 5.7-14.9

Cuticle Pattern striate striate smooth smooth
Epidermis

Number of @idermis cell lagr uniseriate uniseriate uniseriate uniseriate

Epidermis cell shape elongated elongated polygonal elongated
Hypodermis absent or indistinct  single layer, thiavalled absent or indistinct  absent or indistinct
Mesophyll

Number of nesophylllayer 1014 1922 9-12 14-17

Mesophyll cell shape rounded elongated, polygonal polygonal polygonal

Mesophyll cell thickening no no no no

Mesophyll homogenous yes no yes yes
Vascular bundles

Bundle sheath thin-walled thin-walled indistinct thin-walled

Arch number 9-10 11-12 1011 10

Vascular bundle arrangement single row radial single row single row
Specific characters

Fibre bundles absent present absent absent

Raphide bundles in epidermis absent absent absent present

Spiral thickening absent absent present present
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Figure 2. Transverse section éfscochilus emarginatusaf. A. Stomata, tetracyti®. Stomata anomocyti€. Cuticle (cut) epidermis
(ep) mesophyll (mes)D. Spiral thickeningin parenchymatous ce(iSth) within mesophyll (mes)E. Homogenousmesophyll and
vascular bundles arranged in a single row, vascular bundle (affovfylem (x), phloem (phl), tracheid (tr§5. Thinwalled cells of
bundle sheath surrounding the vascular bundle (black arrow).
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Figure 3. Transverse section @endrobium subulaturteaf. A. Cyclocytic Stomata B. Cuticle (cut), sclerenchym (arrow), epidermis
(ep), hypodermis (hyp), fibre bundle (arrow), mesophyll (m&s)Heterogenousnesophyll, fibre bundle (arrow), vascular rulle
(arrowhead) D. Thinwalled bundle sheath surrounding vascular bunBle Vascular bundles arranged radially, vascular bundle
(arrowhead), fibre bundle (arron§. Xylem (x), phloem (phl), sclerenchyma associated with phloem (under phloem).




BIODIVERSITAS 19 (5): 19061918 September 2018

Figure 4. Thrixspermum subulatuheaf transverse section. Aetracyticstomata B. Anomocyticstomata C. Cuticle (cut), epidermis
(ep), mesophyll (mes)D. Spiral thickeningn parenchymatous cefiSth); E. Xylem (x), phloem (phl), indistinct. bundle sheafh
Homogenousnesophyll and vascular bundles arranged in a single row, vascular bundle (arrow)
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Figure 5. Leaf transverse section ®fhrixspermunacuminatissimumA. Stomata, anomocyti®. Raphide bundles in epidermis ¢l
Cuticle (cut), Epidermisefp), mesophyll (mesD. Spiral thickening $th); E. Mesophyll homogenous, vascular bundles arranged in a
single row, vascular bundle (arrawfr. Thinwalled bundle sheatlsurroundingvascular bundle G. Xylem (x), phloem (phl),
sclerenchyma cells asso@dtwith xylem and phloem.
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Table 2. Means of stomata size, cuticle thickness and epidermis size of orchids Sempu Island

Anatomical characters Ascochilus Dendrobium Thrixspermum Thrixspermum
emarginatus subulatum subulatum acuminatissimum

Stomata

Stomata width (meantSE) 36.83 +3.35 36.50 +0.72 55.82 +2.08 59.70 +0.47

Stomata length (mean+SE) 44,10 +2.% 37.40 +2.07 75.92 +2.63 79.65 +1.02

Cuticle

Cuticle thickness (meantSE) 8.82 +0.96 3.880 + 0.45 10.00 £ 0.32 9.99+0.84

Epidermis

Epidermis width (meanzSE) 11.73 +1.18° 8.98 +1.638 9.71 +0.28 21.38 +4.74

Epidermis length (mean+SE) 25.54 +2.73 13.02 +1.59 31.74 +1.34 31.26 £1.94

Note Size was performed ipm; Different letters indicate significant differencesanrg orchid species at p < 0.05 based on ANOVA
and Tukey test

Thrixspermurmacuminatissimum present study,A. emarginatusand D. subulatum had
Thrixspermum  acuminatissimumhad anomocytic smaller stomata size than two other speciess(ibulatum
stomata configuration and cuticléith 5.7-14.9 pm thick. T. acuminatissimujn The smaller stomata dkscochilus
Epidermis had one layer composed of elongatgthped emarginatusand D. subultum can support the species to
cells. Raphide bundles were presemt eépidermis cells. be more adaptive to coastal habitat with warmer
Hypodermis was absent. Mesophwylés homogenous, 34 temperature and high irradiation.
17 layersconsistingof polygonal shape@arenchymatous
cells. Chlorophyllsand giral thickenings were present i Cuticle
mesophyll parenchymatous cells. Vasculdundles The aiticle is the outermost layer of orchid leaves,
consisted of xylem and phloem arranged collaterally. Thetposited on the surface of epidermal cells. Platitle
were 811 vascular bundles areharranged in a single row plays an important fe in the interaction of plants with the
embedded in the mesophyll. Sclerenchyma cells associaenvironment, such a® reduce absorbedolar radiation
with xylem and phloem. Thiwalled bundle sheatlis and temperarre by reflecting the sunlighind to reduce
surrounding vascutébundle (Table 1; Figure 5). transpiration Dominguez et al. 2011Fahn 1982; Rosso
1966). Cuticle containgolysaccharides, flavaids and
Anatomical features of the fourepiphytic orchid species cutin matrix. These charactergrovide structural and
of Sempu Island chemical modifications for surface wetting, ranging from
The leaf anatomical characters diour orchids of super hydrophilic to superhydrophobic to adapt the
Sempu Island was revealed. There were similarities amdivironment (Koch and Barthlott 2009Furthermore,
differences in their anatomical features whishowed according toPridgeon (1993),cuticular patterns varies
variations in ecological adaptation among orchid speciesnong species but are a consistent feature within each of

(Table 1 and Table 2). them.
Orchidaceae has a large variationcuticle thickness
Stomata In the present study, the orchids of Sempu Island had

Stomata are small pores deavessurfaces and have relatively thick cuticle (> 2.5 or 3 um) (Carlsward at
role of facilitatingthe gasesnovement in and out of leaves 2006), with various cuticle thickness, 8.82 um &
and, thus, the gas exchange in plants as @evlStomata emarginatus; 3.88 in D. subulatum 10.005 in T.
have significant importance in the plant physiologysubulatumand 9.99 inT. acuminatissimuniTable 2). he
evolution, and ecology (Hetherington and Woodwarthick cuticle is an ecological adaptation to reduce
2003). Stomata configuration of plants varied, such astranspiration (Moreira et al. 2013) and amndition (Guan
anomocytic, tetracytic, cyclocytic, and diacytic. Theet al. 2011). The thick leaf cuticle of the orchids is
stomata configuration ofour epiphytic orchids stuged significantly different among species based on the variance
were various, anomocytic and tetracytic Ascochilus analysis. The cuticle dd. subulaturris thinner than that of
emarginatusand Thrixspermum subulatunffFigure 2 and three other speciesA( emarginatus, T. subulaturnd T.
Figure4), cyclocytic inDendrobium subulaturfFigure3), acumhatissimurh The thicker cuticle of these three
and anomocytic iThrixspermum acuminatissimufiigure  speciescan also support for more adaptive capability of
5). these species in coastal habitats. There are some types of

The f¢omata size (width and length) of the orchids wasuticle including smooth, striate, papillate, or pitted,
also significantly differentamong species(Table 2). verrucose along the contours of aégiimal cells. In the
According to Guan et al. (2011), larger stomata are slowpresent study, two types of cuticle were recordedhe
to close and have greater potential for hydrauliorchid leaf of Sempu Island, striate and smoéstochilus
dysfunction under drought condition. Smaditomata is emarginatusandD. subulatummhad striate cuticle, whil&.
more tolerant to drought than the larger stomata. In tisaibulatumandT. acuminatissimurhad smooth cuticle.
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Epidemis adaptation n coastal habitat in Sempu Islgndvith

The eidermis is the outecell layer ofa plant leaf that relatively high irradiation to reduce water loss because of
functionsas a barrier interconnecting and separating leavésaf transpiration. Some other orchids of Sempu Isla@nd (
from the environment, and is importanttine response of emarginatus, Tsubulatum,and T. acuminatsimun that
plants to external stimulus. Ecophysiologically, importantlid not possess hypodermis, had another additional
functions of eaf epidermis either in the direct interactionstructure for adaptation in relatively high illuminatiom
with environmental factors (Dietz and Hartung 1996)coastal habitat in Sempu Island (spiral thickening;
According to Darling (1989)he epidermis is important to discussed below).
protect mesophyll and chlorenchyma from higolar
radiation and reduce the heat loaw leaves.The thicker Mesophyll
the epidemal cells, the more radiation and heat can be The nesophyll is an important structure in leaves
reflected and reduced. Moreover, large epidermal cells dontaining a vital component for photosynthesis
many species of orchids serve as water storage (Guan ef(ethlorophyll) to assimilate nutrientsThe number of
2011). Based on the variance analysisvifith and length mesophyll layers in the present study varied:
of theepidermal cells significantly different among speciesemarginatus(10-14 layers),D. subulatum(19-22 layers),
T. acuminatissimunias the largest epidermal cells amond. subulatun{9-12 layers), and". acuminatissimur(i.4-17
the species in this study, whilB. subulatumhas the layers). The thicker mesophyll layers also support the
smallest epidermal cells. The larger epidermal cell3.of leaves succulence. The succulence level of leaves related to
acuminatissimumcan support the sgies to be more the parenchymal capacity of mesophylls to provide water
adaptive tothe warmer environment compared to othersupply for photosynthetic process and leaves cells turgor
species. Tere are various shapes of leaf epidermis dafspecially inthe arid environment (Hsiao 1973; Lack and
orchids such agolygonal, isodiametric, rectangular, andEvans 2001Metusala et al. 201). In the present stud.
elongated (Aybeke et al. 2010)he epidermis of orchids subulatumhad more mesophyll layers than the other three
of Sempu Island(A. emarginatus, D. subulatymT. orchid species indicating thdd. subulatumwas more
subulatum,and T. acuminatissimujnin the present study succulent compared to the other three orchiecigs and
had various shape of epidermal ceBs.emarginatus, D. had more capability to store water, which is important to
subulatum, and T. acuminatissimum had elongated survive in the habitats with high irradiation.

epidermal cells, while T. subulatum had polygonal The mesophyll parenchymatic cells are known to be

epidermal ells (Table 1Figure2-5). homogenous for some orchids and heterogeneous for some
others (Carlsward et al. 2006; 8teand Whitten 1999). In

Hypodermis the present study, there was variation in the homogeneity

The typodermis is a structure benedtie epidermis. and heterogeneity of mesophyll of orchids of Sempu
This structure can be present or absent in orchid speclsland. A. emarginatus, T. subulatum, and T.
(Pridgeon 1982; Stern 1997). Together wviltke epidermis, acuminatissimunpossessed homogenous mesophyll, while
it has a role to protect the underlying layersp. subulatumhad hetergenous mesophyll. Homogeneity
parenchymatous mesophyfkom too high sun radiation and heterogeneity of mesophyll of other orchids were also
especially UV A and UV B and reduce the heat load in theported to be varied.
leaves (Roth 1984; Darling 1989). Another role of
hypodermis is for water storage (Roth 1984; Reginato et &8ascular bundles
2009). The vwascular bundle is a transport system containing

The typodermis is an imptant anatomical character. xylem and phloem that are important in the water and
The development of hypodermis is useful in distinguishingutrients transport.ack and Evans 2001; Fahn 1982). The
monocotyledon genera and species. For example, withiascular bundlearrangement in the mesophyll of orchids
Pleurothallidinag such as Acostaecae, Barbosella, of Sempu Island varied.emarginatus, Tsubulatum,and
Dryadella, Lepanthes, Masdevalliand Pleurothallishad T. acuminatissimuniad vascular bundles aligned in one
hypodermis while other genera within the same sectiomow in the center of mesophyll, while the vascudandles
such asBrachionidium and Dracula did not exhibit to of D. subulatumarranged radially in the mesophy#igure
posses hypodermis (Pridgeon 1982). 2-5).

In the present study, hypodermis was only presebt in Other orchids were also reported to have variation in
subulatumwith a single layer hypodermic cell, while it wasthe alignment of vascular bundles in the mesophyll.
absentor not clear in other specied\.(emarginatus, T. Vascular bundle arrangement in a single row was reported
subulatum,and T. acuminatissimujn Hypodermis inD. in Campylocentrunmicranthum(Carlsward et al. 2006); in
subulatumis a single layer and composed bfntwalled Habenaria cornuta, H. holothrix, H. monorrhiza, H.
hypodermic cell. Tie hin-walled hypodermic cells usually occidentalis, H. odontopetala, H. snowdenii, H. vaginatu
have a role in water storag€arlswardet al. 2006; Stern Stenoglottis fimbriata, S. longifoliaand S. woodii(Stern
and Carlsward 2008)Hypodermal layers in orchids also1997); in Calypso bulbosa, Govenia tingens, Olgria
serve as additional structures on leave thickness adidcolor (Stern and Carlsward 2008). Another vascular
succulence (Metusala et al. 201 The presence of bundle arrangement, symmetric arrangement, was reported
hypodermis inD. subulatumin the present study is one of in Dendrobium ancepiCarlsward et al. 1997).
the important stratures to store water and as a structural
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The presence or absence of sclerenchyma associatedin the present study, fibre bundles were only present in
with vascular bundles (xylem and phloengncbe one of D. subulatum(Figure3), forming hypodermal layers under
the anatomical characters in the differentiation betweeepidermis, while they were absent An emarginatus, T.
species (Stern and Carlsward 2009). In the present studupulatumandT. acuminatissimumrhe presence of fibre
sclerenchyma cells associated with xylem and phloem webendles can be a diagnostic character in species
recorded inThrixspermum acuminatissimynassociated identification and differentiation. Other studies also
with phloem only n D. subulatum;while A. emarginatus reported lhe presence and absence of fibre bundles in some
and T. subulatumdid not exhibit to possess sclerenchymather orchid species, such as the presence of fibre bundles
associated with xylem or phloenOther studies also in lonopsis utricularioides, Helcia sanguinolenta, Aspasia
showed the presence and absence of sclerenchylmnata, Oncidium boothianurgStern and Carlsward 2006),
associated with vascular bundles (xylem and or phloem) (Bongora portentosa, G. truncatand Cirrhaea dependens
someother orchid species. (Stern and Whitten 1999pidendrum secundu@ioreira

Other orchids which were reported to possesset al. 2013)Cattleya skinneri, C. forbesii, Laelia anceps,
schlerenchyma associated with vascular bundles wefepophyllum giganteuriStern and Carlsward 2009); while
Octomeria sp. (Pridgeon 1982), Campylocentrum fibre bundles were absent in some others, such as in
micranthum (Carlsward et al. 2006), Epidendrum Campyl@entrum micranthum(Carlsward et al. 2006),
secundum(Moreira et al. 2013)Dendrobiumleonis, D. Brachtia andina, Erycina echinata, Lemboglossum
anceps, D. brevimentum, D. aloifolium, D. distichum, Dmaculatum, Odontoglossum cordatun{Stern and
indivisum, D. mannii, D. rosellumand D. nathaniele Carlsward 2006)Caladenia(Pridgeon 1993)Epidendrum
(Carlsward et al. 1997RArpophyllum giganteur(Stern and anceps, Prosthechea boothiarend P. radiata (Stern and
Carlsward 2009), while other orchids which reported to n@arlswad 2009).
exhibit schlerencggma cells associated with vascular
bundles wereBarbosella cucullata(Pridgeon 1982) and Raphide bundles
Calypso(Stern and Carlsward 2008). Raphides are bundles of narrow, elongated needle

Bundle sheath consisted of cells surrounding thehaped crystals containing calcium oxalate (Prychid and
vascular bundleBundle sheath is an anatomical structur@udall 1999). The raphide function is as a storage form for
of leaf which indicates that leaf contains two calcium or oxalate, regulation levels of calcium oxalate,
photosynthetic enzymes both Rubisco and PEP carboxylasechantal support, and osmotic regulation (Franceschi
to catalyze the CPfixation in photosynthetic reactions. and Horner 1980; Paiva and Machado 2005).

This features important to adapt tthe higher temperature Raphide bundles in parenchymatous cells are common
through the photosynthetic effectiveness in maintainingy Orchidaceae and are of little or no systematic value
plant productivity (Lack and Evans 2001). Of four orchidg¢Carlsward et al. 1997). However, raphide bundles in
of Sempu Island, three orchidsA.( emarginatus, D. epidemal cells are of taxonomic value (Carlquist 1961;
subulatum, and T. acuminatissimujn had thin walled Tomlinson 19611969). In his study, raphide bundles can
bundle sheath; while the bundle sheatfiisubulatunwas be used in species identification as they were only present
indistinct in leaf epidermal cells iA. acuminatissimumwhile they

Other studies also reportedhriation in the bundle were absent in other orchidsA.( emarginatus, D.
sheath features of other orchépecies Distinct and thin  subulatum, and T. subulatun). Pridgeon (1982) also
walled bundles sheath were reporte®iphrys iricolor, O. showed similar results of useful characters of raphide
heldreichii, O. bucephala, Orchis coriophora, O. fragranspundles in epidermal cells in the systematic and
O. punctulata, O. purpurea, O. morio subsp. morio, Odentification within subtribe Pleurothallidinae.
papilionacea var. papilionacea, O. laxiflorand Ophrys
tenthredinifera (Aybeke et al. 2010)Cynorkis fastigiata Spiral thickening
(Stern 1997)Platanthera flava(Stern 1997)Dendrobium Spiral thickeing is spiraishaped cell wall thickening in
leonis, D. anceps, D. brevimentum, D. aloifolium, Dparenchymatic cells that function as mechanical
distichum, D. indivisum, D. maii, D. rosellum,andD. stabilization of parenchymatic cells, prevention from
nathaniele(Carlsward et al. 1997). Bundle sheath of othedesiccation, and for water storage (Leroux et al. 2010).
orchids was reported indistict, such asAimcistrorhynchus Spiral thickenings were present in parenchymatic
clandestinus A. refractus, Rhipidoglossum curvatum, Rmeophyll of A. emarginatus, T.subulatum, and T.

kamerunensandR. obanenséCarlsward et al. 2006) acuminatissimumyhile they were absent iD. subulatum

(Table 1, Figure 2, Figure 4, Figure 5). The spiral
Specific characters thickenings presence . emarginatus, T. subulaturand
Fibre bundles T. acuminatissimumis a structural adaptath to high

Fibre is elongated cells, typically sclerenchyma cellsllumination in coastal forests of Sempu Island to reduce
with thick-walled cells composed of cellulose and ligninwater loss because of transpiration. Altholyhsubulatum
The sclerenchymatic fibres organized, glued together bydid not exhibit to posses spiral thickenings in the
pectin interface form fibre bundles. The thwsklled mesophyll, it had fibre bundles that have the same function
sclerenchymatic cells in fibre or fibre bundles act aas spiral thickeings (discussed above). the previous
mechanical protection and a barrier to reduce water losgidy, spiral thickenings were also found in the cortical
(Vincent 2000; Richter et al. 2011; Placet et al. 2014).  roots ofA. emarginatugNurfadilah et al. 2016).
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The presence or absence of spiral thickenings in orchidigble 3. Adaptive anatomical characters of fapiphyticorchids
of Sempu Island in the present study can be irseecies ©0f Sempu Island, East Java, Indonesia
differentiation. D. subulatumis characterized by spiral

thickenings absence, while they were present in other £ £ =
orchids of Sempu Island. Pridgeon (1982) also reported g3 E g 2 E g_g
that spiral thickening is one of useful diagnostic anatomic@lyaptive anatomical £E 28 52 & 2
characters in ohids systematic and identification. characters 8§ T3 53 §§
- o <5 8% =3 EE
Assessment ofhe adaptive ability of four orchid species = o
to coastal habitats
To assess the adaptive ability of orchid species fgnaller stomata + + - -
coastal habitatfor the classification of the most to the Ies{h'Cker cuticle . * * *
; . . . arger epidermal cell - - +
adaptive species was leas on adaptive anatomical ;.o joa ] + ] )
characters. The adaptive anatomical characters uUseg qgence of hypodermis . + . .
included (i) smaller stomata; smaller stomatas are faster thicker layer of mesophyll - ¥ - -
close undethe dry condition that leaglto high capacity to Presence of fibre bundles - + - -
reduce transpiration rates (Fahn 1982; Guan et al.)201Presence of bundle sheatt  + +

(ii) thicker cuticle; the thicker cuticle the more ability toPresence of spiral * : ¥ ¥

reflect sunlight and to reduce water loss (Dominguez et dbickenings

2011; Fahn 1982; Rosso 1966)i) larger epidermal cell; Note: + indicates the presence of the charaeténdicates the

the larger epidermal cell; the more water can be stored 3Rsence of the character

epidermal cés which is important for water storage in dry

condition (Guan et al. 2011(iv) thicker leaf, this character

is relg_ted to t_he succulence level for the adaptation in dry pendrobium subulaturhad more adaptive anatomical
condition (Hsiao 1973; Lack and Evans 20Mgtusala et cnaracterq7 adaptive anatomical characters) compared to
al. 20T7); (v) presence of ypodermis; presence of gihar orchid speciesT. acuminatissimum(4 adaptive
hypodermis is important for water reservation to Increasg, stomical characters) A. emarginatus (3 adaptive
adaptive ability in warmer environment (Roth 19845n410mical charactersjand T. subulatum (2 adaptive
Reginato et al. 2009)(vi) thicker layer of mesophyll; 5natomical characters) (Table 3). Thisultindicaes that
thicker layer also supparthe leaves succulence which isp gypylaturrhad more adaptive ability to coastal habitats
important to provide water sypy for photosynthetic compared to other orchid species in Sempu Isl@ttier
process and leaves cells turgor especially in arigygies also showed that other orchids species have
environment (Hsiao 1973; Lack and Evans 20@dgfusala adaptive anatomical characters, such Bpidendrum

et al. 20T); (vii) presence of fibre bundles; fibre bu”dlessecundumgrowing in luminous eea had relatively thick
composed of cellulose, pectin and lignin whis important ¢ icle (Moreira et al(2013): Holcoglossumgrowing in

to prevent from water loss (Vincent, 2000; Richter et alpainine region of mountainous area possessed laterocytic

2011; Placet et al. 20L4{viii) presence of bundle sheath; 5,4 polarcytic stomata in their leaf epidermal layer

bundle sheath containif@EP carboxylase to catalyze theghoying structural adaptation to strong winds and ample
CQ; fixation in photosynthetic reactions under highetaiqg Fan et al2014).

temperatureondition for the efficacy of photosynthetic in
dry area (Lack and Evans 2001). _ Implication for conservation

Orch_idsl Ohf Sempu Islandl ha(:| vaaious adaptive “this gudy implied the importance of anatomical
anatomical characters to ecologically adapt to coasigl, acters in species identificatigkecording toAybeke et

habita’gs .With high irradiation_ that can induce _hig'hl. (2010) detailed anatomical characters are useful to
transpiration (Table )3 A. emarginatushad three adaptive support species identification. Taxononkinowledge and

anatomical characters including S”.“a”ef stomaiiag species identification are required in the conservation.
presence of bundle sheath surrounding vascular bundl%%lecting target species for conservation, identifying

and spiral thickenings in the mesophyll to reduce water 108,jangered species, inventory for biodiversity assessments,
from leaves.D. subulatumhad seven adaptive aoatical and monitoring, all depend on taxonomy and species

characters including smaller stomata, thicker cuticleyanrification (Schiteman and de Vogel 2003).

thicker leaf,the presence of hypodermis, thicker layer o Furthermore, orchids anatomical characters of Sempu
mesophyll,thepresen_ce pﬁbre bundles and bundle Sh_eathlsland explain ecological adaptation to the habitat with high
to redu<_:e leaf transp|rz_:1t|oﬁ|'. _subulgtun‘nad two adaptive - jiation in the coastal habitats. Relatively thick cuticle,
anatomical chaders including thicker cuticle and the g ier stomata larger epidermis, the presence of
presence of spiral_thi_ckenings in mesophyll to "“”"mtef hypodermis, many layers of mesophyll, the presence of
loss. T. acuminatissimurthad four adaptive anatomical fihre pyndies, spiral thickenings and bundle sheaths, in
characters including thicker cuticle, larger epidermal cellgnege orchids are anatomical structures that have key roles
the presence of bundie sheath surrongdiascular bundles 1, 54ant to coastal habitats with high intensity of sunlight.
and spiral thickenings in mesophyll to prevent frome Of four epiphytic orchids, D. subulatum can be

high rate of transpiration. considered as the most adaptive species to coastal habitat in
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Sempu Island based dhe larger number of anatomical  AIP Conference Proceedings 1862, 030118 (2017). DOLI

; ; kgl .epi ; ; 10.1063/1.4991222
adaptive characters it posses €piphytic orchids need Moreira ASFP, Filho JPdL, Isaias RMdS. 2013. Structural adaptations of

higher humidit.y for growth, four orchid specigs in $em two sympatric epiphytic orchids (Orchidaceae) to a cloudy forest
island are facing greater threats of global climate change environment in rocky outcrops of Soeist Brazil. Revista de

especially temperature rising. A more adaptive orchid Biologia Tropical 61 (3): 1053065

; ; R reira ASFP, Filho JPdL, Zotz G, Isaias RMdS. 2009. Anatomy and
species will be less threatened by extinction. On the oth¥P photosynthetic parameters of roots and leaves of two o

hand, A. emarginatus, T. subulatum, and T. orchids, Dichaea cogniauxianaShitr. and Epidendrum secundum
acuminatissimumwere potentially inflenced by even Jacq. Flora 204: 66611.

slight environmental alterationTherefore, these orchids Nurfadilah S, Yulia ND, Ariyanti EE. 2016. Morphology, anatomy, and

; ; ; ; mycorrhizal fungi colonization in roots of epiphytic orchids of Sempu
species need more attention in conservation than the more Isiand, East Java, Indonesia, Biodiversitas 17 (2):GR

adaptive species, for their future survival. Paiva EAS, Machado SR. 2005. Raif intermediary cells ifPeltodon
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