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S'ANDAKANIA <J! /IJ<J7J: I f<; 

Before the memory fades: 
Some notes on the indigenous forests of the Philippines 

Peter S. Ashton 

Arnold Arhorctum. Harvard University. 

22 Divinity Avenue. Camhridgc. 

Massachusetts 0213X. U.S.A. 

Summary. The extent of forest cover of the Philippines is discussed. ·rhe different 

vegetation types and special plant communities. as well as their species associations. that 

used to exist or which arc still found are descrihcd. 

--------------------

Early this century. W.H. Brown !Brown & Matthews IYI-1-. Rrown IYIYl surmised that the 

Philippines was originally entirely covered with wet evergreen rain forests. dominated in 

the lowlands hy the emergent crowns of the diptcrocarp timher trees. Whether this was so 

or not we shall never know hccausc. even hy his time. the Philippines had hecome 

extensively deforested as is indicated in Whitford's (I 9 II) map. This map. though sketchy. 

makes telling comparison with Whitmore's of I 9X4 (Whitmore I 9X4h). Now less than one 

millinn hectares of primary rain forests of all types and at all altitudes remains (.laacku 

Poyry I 9X4 ). 

Deforestation was in the hcginning most extensive in the driest and most seasonal regions. 

and has long ohliterated all ahoriginal primary. semi-deciduous forest in these parts. if such 

had ever existed. Elements of such a flora do exist. though they are rather few and I will 

return to discuss this further. Deforestation has not heen most acute in drier climates 

hccause of the increased ha;:ard of fire only. The dry season also permits greater control of 

water for irrigation. and provides a reliahle season for harvesting grain. hoth fundamental 

for permanent agriculture and the sustainment nf dense rural populations such as have 

existed in northern-cast Lu;.on for hundreds. perhaps thousands. of years. 

Forest cover 

Suhscquently. deforestation has heen most intense in the evergreen forests. more recently in 
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Mindanao. Though Whitford ( 191 I ) had already estahl ished that 4(JC/r of the land area of the 
Philippines had been converted to grasslands and 17'/r to second-growth forests. !em ing 
IW!r for cultivation and. even then. a mere 3Yir under virgin forests of all kinds. Myers 
(I <JXO) still wrongly surmised that three-quarters of the land remained forested at the end of 
the second world war. Myers· review documented deforestation following the acceleration 
in forest exploitation and illegal settlement in the sixties (Anon. undated. Bureau of Forest 
Development 1977. Lachowski & Dietrich 197X. Lachowski era/. 197X. Roque 197X: all in 
Myers 19XO.) True. 57'/r of the country legal] y comprised '"forest lands .. in 1965. 8 y 1971. 
this had dropped to 44.24(/r. with an estimated 1720 kmc per annum of deforestation. In 
1976. 3X.2(1r was claimed to he forests of all types. including secondary scrub. hut this 
figure was disputed and a more conservative estimate of 27(/r or X 1.000 km' also suggested. 
More recent csti mates (DEN R 1990) place total forest cover in 1990 at 20(/r and primary 
forest variously at an alarming 2.7(/r or 4.Y/r having dropped from 37(/r in 1940. Less than 
one million hectares of inland old-growth forest remains. Some 3XO.OOO families of 
swidden agriculturalists (/wingineros) occupied 23.000 km' of forest lands in 1976. and hy 
1990 this area had increased to 66.000 krn' (DENR 19<J0). 

In 1923. Merrill ( 192.1) estimated the population of the islands to have been somewhat 
under ten million. The census of 19X3 indicated )2 million. and population increase 
continues at more than 2.Yir per annum. Under these circumstances. and the political 
instability which has existed in rural areas to greater or lesser extent since independence. 
the prospects of any extensive areas of natural vegetation surviving much beyond the end of 
this century arc not good. Overwhelmingly though. the endemic flora as well as fauna is 
confined to the now beleaguered residual tracts of natural vegetation. All the same. it is 
important to he aware that patches of primary forest still do exist in botanically little
explored areas of critical biogeographical interest including Basilan. parts of Palawan and 
the Batanes and Babuyanes islands ( Rabor 1977 ). Investigation of these still barely known 
tloras is of highest priority. 

In former times. under conditions of relative population stability. land unsuitable for 
irrigation was farmed by the swidden system known in the Philippines as kuingin. whereby 
hill rice is interplantcd with a \ariety of vegetables and other useful plants for one to about 
five years (longer in seasonal rcgrons ). then abandoned to return to woody regeneration for 
up to fifteen years. Planted areas were small and set in the forest matrix. so that species of 
the mature forest. which as a rule have poor seed dispersal or whose seeds are dispersed by 
animals which arc themselves confined to forest. can reinvade once a canopy is 
reestablished by pioneer species. This form of agriculture is still practised by the few 
remaining isolated forest communities of Lu,ton. Mindoro and elsewhere. hut has become 
insignificant under the pressure from dispossessed villagers and lowlanders. seeking out a 
living from the land without the constraints imposed hy inherited traditional values or the 
security of ownership. 

Soil deterioration. but most particularly burning mer large areas beyond the range of tree 



seed dispersal. leads to the increasing elimination of woody vegetation. The old-growth 
climax species are the first to go. Secondary. pioneer and successional species arc then 
eliminated hy cogon tlm;wmtu crlindri!'lt). the deep-rooting perennial grass 1\hich. once 
established. outcompetes all woody wgetation in regeneration immediately following fi rc. 
In the absence of fire for se\'Cral year.s in succession. woody vegetation does slowly return 
and can shade out the cogon. hut this rarely happens in the Philippines. The open grasslands 
with scattered trees. known as cogonulcs. have lil\ely been a feature of the seasonal parts of 
the Philippines. including north-central and west Lumn. western Mindoro. and Cehu tor 
centuries. The existence. in western Mindoro and western Luzon. of Pinus mcrkusii in these 
r·ogmwle.l. which is a species requiring hare soil for its successful establishment and a 
strong dry season for its cones to open and seed to he released. is testimony to the 
persistence. at least in small patches. of grasslands in these driest lowland areas over 
geological time periods. 

Now. cogonoles arc rapidly expanding in other regions and particularly in the Yisayan 
island group where. in the last tit'ty years. logging has been tollmved by illegal farming and 
then by rapid population growth. The woody vegetation which formerly rc1cgetatcd 
abandoned swiddens. known in Philippines as f)(tmng. does still abound in ti1L' derelict 
landscapes of the deforested wetter. eastern regions and occupies extensive patches in 
exploited forests whcrL' the residual stand has been severely damaged by logging operations. 
In practice. loggtng in the Philippines. at least until recent years. was followed by illegal 
settlement. though the Bureau of Forests has attempted a last stand (Weidel! & Banaag 
JLJX2J. Once the population builds up. ncn f)(I/Wig become eliminated. The future 
landscape of the Philippines will consist of irrigated rice fields. intensively cultivated 
multiple species orchards and vegctabk gardens and. overwhelmingly. the sterile 
rangelands which are the cogonules-unless imestment in reforestation is made. Of these 
anthropogenic types. home orchards and \egetabk lots arc concentrated on krtik upland 
soils where .!Iood communications provide inexpensive access to marl\cts. 

The secondary fhtmn~ vegetation of the Philippines differs little in structure or successional 
characteristics from that on similar soils and climates in other parts of the region. It is 
dominated by small trees. particularly in the Euphorbiaccac. Rubiaceac. Theaceac and 
Malvaceae. and b1 \ incs particularly in Rubiaceac and Apocynaceac. These species arc 
char;tcteri/ed by rapid and often continuous growth. short life cycles. light brittle wood. 
early flowering. high fccundit~ and production of abundant small seeds which arc 
predominately bird- ur \\inti-dispersed t SL'L' Whitford JLJ I I). Many arc thought to possess 
seed dormancy though lillk npnii11L'ntation has been carried out to test this. The dense 
mass of stems maKL'S this \Cgctation impenetrable \\ ithout a llli(('hetc in the early years 
following establishment. 

In the wettest regions. f}(IIWl~ \Cgetation tends to form a dense canopy of tightly pacl\ed 
leaves. under the dark shade of which little grows except for patches of gingers 



IZingiberaceae). which may e\tablish early in succession and temporarily exclude other 
woody competition. In regions atfected by drought or typhoons. \Vater stress and '' iml 
damage reduces the canopy derhity. and species with smaller leaves and open crowns han.' 
competitive advantage. In the north-west. dense bamboo thickets dominated by the species 
Schi:ostochmlll /wnuniJ)(IO may arrest tree succession !Whitford IY06. Merrill 1907. Anon. 
2.'1 September I Y44 ). 

At high altitudes a rich shrub flora. including genera in Rubiaceae such as Psr!1/(/frio. and 
in Acanthaceae such as S!mhi/oll!lw1. play an important part in forest succession. In the 
more seasonal. western and northern parts of Lu/on's mountain provinces. extensi\l' 
montane grasslands populated by temperate A.1/eJ: Ane111one. Violo and Senecio e.xist. The 
low endemism of this vegetation. and the persistence offorest relics up to the highest JWab. 
suggest that nearly all ol it is secondary. Its species have presumably existed in till' 
Philippines for a long time though. and may hme formerly occupied patches olnatural 
grassland on rocky summits. land slips and in forest pockets. 

The primary forest. notwithstanding its small residual ~1rea and uncertain futurL'. is the most 
important vegetation cover for the naturaJiq and biologist. It is several times more rich in 
plant species than secondary foresh and grasslands. Lndemi.sm ol both planh and animals 
is concentrated almost to exclusion in the primary lorests. There arL' no endemic plants 
which arc not. at least in part. associated '' ith the primary lorest. hn these reasons. the 
nature ol the primary lorcst habitat willnm\ he ebhor~tted in greater detail than its current 
area and prospects would otherwise ,iustily. 

The dry land primary vegetation of the Philippines has recci\ed remarkably il'\\ account\. 
fortunately though. it was \Uhject to classic early studies by Whitford (I <)06. 19 II) and by 
Brown & Matthews ( 1914). The loiJm,ing sumnwry re\il'\\ is based principally on an 
interpretation of their work. and on the excelknt account oleastern :V1indanall for-ests in 
Weide it & Hanaag's ( 19X2) hook: also in the light ol my tl\\ n cxpericnCL' in Philippim' 
forests and olmy studies of similar lmests in nearby BmnL'll 1 Ashton I t)64. I <)(lL). 19X2 and 
in prep.: Ashton & Hall 1992): and on Whitmore's I Jt)S4al general ~ICl'llllnt of the primary, 
vegetation of this regron. A useful sumrnary. based on earlier ac"·ounts. \\as also published 
towards the end of the second world war by till' .\I lied Cieographical Section. South-west 
Pacific Area I Anon. 2.'1 September 1944 l. 

Mixed Evergreen Dipterocarp Forest 

There is little doubt that mixed l'\crgreen diptl'rtlGtrp forest. of remarkably uniform species 
composition. wa.s the predominant ncn ilnot the sole aboriginal lowland forest type of the 
Philippines. In its typical Ctllllposition. it docs not occur ahme 400 Ill. though stands of 
good form can occasional!\ ocn1r tll t)OO m IL'.g .. w, att-Smith 19.'iS. for Ncgms ). Some 



dipterocarp species, including a few which arc confined to higher altitudes. occur up to 

1500 m. It may he significant that no truly montane dipterocarp species occur in the 

Philippines as they do in Borneo. where some are occasionally found as high as 1750 m 
(Ashton 19X2). 

The mature structure of Mixed Dipterocarp forest. the formal name for this lowland forest 

formation, shares certain characteristics throughout the region. It consists of three strata. 

These are determined by crown heights and their branching characteristics at maturity. and 
the reproductive characteristics of the tree species comprising them (Whitmore ILJS4. Yap 
ILJX2 ). 

The lowest stratum. or understorey. consists of saplings of species which reproduce in 

higher strata. in mixture with small trees which characteristically flower and fruit in the 

shade of the forest. Most saplings. and some of the understorey species are monopodia! with 

horizontal branches. resembling the familiar fir trees of temperate climates. A few have 

broad crowns. hut nearly all have a diffuse leaf canopy. Shrubs. that is woody plants which 

branch from ground level. are rare in the lowlands. Tree species in the understorey arc 

thought almost without exception to he insect-pollinated. unlike in the neotropics where 

hats and hummingbirds are important pollinators in the undcrstorcy. Flowering can he 

sparse and more-or-less continuous. or intense and intermittent. Most species hear few fruit. 

which arc mostly of medium si;e or large. In most. seeds are dispersed by vertebrates. A 
high proportion of understorey tree species (mer -~()t;; in Borneu: Ashton ll)6l)) arc 

dioecious (unisexual 1. 

The greatest number of tree species. hm\ C\ cr. uccupy the middle stratum. which often 

comprises the main canopy of the forest. These arc species which \viii only flower after their 

crowns have grown into direct sunlight. hut \\hose crowns do not emerge far above those of 

their neighbours. Among these. the cnl\\ns arc generally conical or dome-shaped. with 

many ascending branches. Leaves are more densely clustered than in the undcrstorcy. and 
arc predominately spirally arranged. bunched towards the twig endings. Flowering is 

generally seasonal. sometimes supraannual. Fruit production is frequently heavy. Relatively 

few species arc dioccious (Ashton ll)6l) I. 

A small group of -.pecics of the main canopy. particularly hut not exclusively in the 

monopodia! tree families Annonaccac and Myristicaceae are cauliflorous. These may flower 
while still in the understorey so that their characteristic-. arc truly intermediate between 

those of the two strata. Caulitlorv i-. a common reproductive strategy among true 

undcrstorcy species also. 

Crowning the forest is the emergent stratum. This comprises species whose mature crown 

base is at the level of or above the main forest canopy. The crowns arc broad. hemispherical 

or umbrella shaped with the leaves clustered towards the ends of the outermost twigs. The 



leaves of emergent tree arc. on average. smaller and more leathery than in other strata. 

flowering: is generally periodic. often supraannual. and intense. The fruit are predominately 

wind-dispersed. or gyrate on falling:. Almost all species possess bisexual flowers. 
Throughout the Philippines. dipterocarps comprise the vast majority of emergent trees. and 

a higher proportion of the emergent canopy in the lowland forests than has been recorded 

in other regions of the Par East. In the Philippine forests as a rule 0()!/r of emergent trees in 

undisturbed forest belong: to this family (sec e.g:. Wyall-Smith 105Xl. Their magnificent 

timbers. Philippine mahogany or /aui/11. and mka/. were the main export timbers during: the 

heyday of logging: as elsewhere in the region. 

Herbs arc uncommon in the mature phase of the lowland forest. occurring: in patches often 

dominated by one species. either where the leal' litter does not settle such as steep hanks or 

rock exposures. or in sunny habitats such as river hanks. They also occur as epiphytes. hut 

lowland forests of the Far East are not as densely ornamented with epiphytes as their 

equivalents in the New World where two important epiphyte families. Hmmcliaceae and 

Cactaccac occur which are absent in Asia. 

Variation in the Mixed Dipterocarp Forest 

Though the overall species composition of Philippine \1ixed Dipterocarp forest is 

remarkably uniform. except to a limited degree in the more seasonal areas. there is 

considerable regional and topographic variation in structure. and in the relative abundance 

of the species components. 

This variation appears to he correlated \\ith soil water relations. and with storm frequency 

which may influence forest dynamics as well. Whitford ( 1006) and Brown & Mallhews 

( 1014) described dipterocarp forests in Bataan and Laguna in west Lu1on. and also northern 

Ncg:ros. which scrcndipitously well exemplify the major structural variation which occurs 

in these forests throughout the islands. The forest classification adopted hy Weidel! & 
Banaag: for the Mindanao forest differs therefore only in detail. The descriptions of all these 

authors arc so closelv reminiscent of forests on a \arietv of sites in Borneo. where detailed . . 

soils and other habitat data have been recorded (Ashton 1064 and in prep .. Ashton & Hall 

1902) that reasonable understanding: of the various forest community types can he achieved. 

The grandest forest described hy Brown & Matthews were those of northern Ncg:ros. an 

ascasonal region with fertile arable soils deri\ed from basic volcanic material. The canopy 
was of exceptional stature and u1mmonly exceeded 6) rn. The emergent stratum formed a 

continuous phalanx of tall hullressed giants. crown to crown. a sight seldom seen in mixed 

tropical forest. In the gloom cast hy their lofty crowns. the main canopy was sparse (see 

Wyatt-Smith 105X ). while the understorey too was of lmv density. Though dipterocarp 

seedlings were apparently frequently abundant. few survived into saplings. This forest 
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description closely matches that of Mixed Dipterocarp forests on fertile well-drained lower 
slopes and hottomlands in northern Borneo. To stand in such a forest is an unforgettable 
experience. evoking the grandeur. serenity and mystery of a gothic cathedral. The -.,ound-., ol 
hirds echo through the cawrnous undcrstorey: the moist fertile soil emits a sweet odour of 
fcrrnentation recalling temperate hroadlcavcd woods in autumn. In the shades ol thL' 
understorey. punctuated hy shafts of sunlight which penetrate the occasional clerestories 
high ahovc. it can he so open that one can walk ahout almost unhindered. Early foresters. 
because of the concentration of the timber among the biggest trees and the paucity of the 
intermediate-si;ed regeneration. described such stands as .. ovcnnature ... In fact. the main 
canopy stratum is so poorly represented that these forests arc definitely t\vo-storied. with a 
prominent gap between the emergent crowns and those of the understorcy (sec Ashton & 
Hall ]l)l)2 fm a good illustration). Where a giant has been felled by a squall. the forest 
initially regenerates as a densL' stand of ;\lfili umnt;o and other large-leaved pioneers. along 
\\ ith established saplings of dtpterocarps many ol which respond by attaining growth rates 
comparable to the pioneers 1 Ashton & Hall JL)l)2 I. 

These foresh arL' remarkably unprmlul'li\e lor \ertebrat~' lite. ThL' dipterocarps. '' hich 
typically fruit supraannually in till' a'>L'ason~tl rL'giotl\ llf the htr l;ast. do not provide a 
staple: their resinous fruih ~tre eaten hy parakeL'h. alone among the birds. The low density 
of lmvcr strau hL'S]lL'ak ill\\ fruit produL·tion. though large strangling figs are prominent 
among the nm\ ns lll thL' lmL'st giatlts. It ts thL· <tsy nchmtHlus fruiting ol these figs which 
sustains the main. y car-n,und supply ollllllLI. ~llld thus dctnmincs thL' L·arrying capacity ol 
many olthc \c'rtehrate lrugt\llrL's t\kCirL'gor ]LJ211t 

In Kornco. such forests arL' ulllfincd Ill stlL's \\ hL'rL' soil \\atcr strL'ss probably nc\er occurs. 
Such habitats appear to PL'rmit sun i\al lll thl'SL' trees \\hich canc\entually outshade their 
competitors. They arc thllSL' \\ hich L'~tn gn1\\ tall. and \\hich can de\ clop dense. shady 
crowns. Keeping the densely packed lea\es UHll in the heat of the day necessitates high 
water los;,. The water rL'l]Uircd has to he dr~t\\ n to~~ great height. and must always bL' freely 
available to the roots in the soil. In the Philippines such lorests. known as !uuon type (Anon. 
25 September Jl)...J....J.. Paa & ( icrardo JL)f1(l 1 \\ erL' '' idcsprcad in lowland habitat:-- sheltered 
from the typhoon;, and dn ing coastal llnsiHlrL' brL'e/cs. But their habitat was at a premium 
for conversion to agriculture. 

In the plains and along ri\er \alleys a distinct form ol these forests. charactcri;ed by the 
presence of flilgucllilc. l>ifill'l"lli"UI"Jilll Htlidus and called .. !uuilll-flilgucllilc type .. (Anon 25 
September JL)...J....J. 1 occurred. :\ rc,, patche-., may remain in eastern Mindoro and Mindanao. 

The forest in \\L';.,tem Laguna described by Bnm n & Matthe\vs was in the foothills of Sierra 
Madre. Alsoexpencncing an aseasonal \\L't climate. this forest is nevertheless substantially 
shorter than tilL' l>illli/11 type forest. Further. though the stand density of emergent 
diptcrocarps is again l'\ccptionally high. prm iding an nen emergent canopy profile as in 



the 111111111 type. the main canopy and understore! here is dense also. with abundant 
dipterocarp regeneration of all si;es vvhich obscures any semblance of vertical stratification. 

I have seen such forests in the Sierra Madre ncar ReaL Quc;on: and in the Bicol Natiunal 
Park on the boundary of the Camarincs Provinces. also in eastern Luzon. The emergent 
canopy. in which tiuoung or lunguile. Shorcu f){)/npcmw is commonly the dominant 
species. dilfcrs strikingly from the /outt/1 type forest in that the crowns. and the branches 
within them. tend to he isolated from one another and the leafage diffuse. both allowing 
high sunlight penetration. :--Jg ( JLJ77l described \lmilar isolation of leaves deri\cd from 
separate branches and crowns. which he termed crown -.,hyness. in monoculturL's of 
!Jrro/}({/ctnoJJ.\ !llmnulicu in Peninsular Malay-.,ia. It appears to he caused hy shoot ahra-.,ion 
by wind movement. During a typhoon I witnessed in the forest in ReaL I was struck hy thL' 
minimal amount of damage. beyond stripping of lean's. which accompanied the -.,tonn. 
Wind speeds of such velocity arc local and rare in Borneo. where they Gill compktcl~ 

flatten hundreds of hectare\. I later also witnessed such destruction in both prim;try lmest 
ami in plantations of pioneers at Hislig Bay. castnn Mindanao. to the s()uth (lf regular 
typhoon paths. It would seem that in the forests oltilL' L'astnn ;md \\ind\\ard hill slopes ()I 
the Philippines. and particularly Lu;on \\here t~plwon ocL·ur at least annuall~. canop~ 

structure is substantially modified hy these frequent stmms. In UlnsClJUL'Ilcc. the emergent 
trees arc shorter. and their canopy more diffuse. 

The favourable light climate of the understorey ()I thcsL' \\ idcsprL'ad lorL'sls. \\ hosL' canopies 
arc apparently aiTcctcd hy typhoons. might nplalll '' h\ till' l'hilipp111L's \\ L're uniquL' in 
possessing extensive dipterocarp fmcst in whiL·h rcgL'IlL'ration ()f intLTillL'diall' SilL's is 
abundant. permitting management hy a select in' s\ sll'lll. 'J(l\\hL'rL' else in tilL' rcgi()n 1s this 
the case. 

In their most extreme manifestation. (111 till''' iml\\ ard L'()ast olthL' nmthcrn Sinra \LtdrL' as 
in the hclcagucrcd forests still sun i\ ing around Palanan. the frL'quenc~ ()I stnmg typhoons 
i"> such that the storms strip ofT twigs a-., \\ell ;1-., il'a\L's. lnthL' \L'ars f()ll()\\ ing. till' branches 
become swatllt'd in leafy cpicorm ic shoots. look 1ng <tlllll 1st I i kL' i nsulatL'd water pi J1l's 1 The 
trees thcmsches. L'\L'niy tall at about-WIll often L'\L'L'Cd 'i 111 g1rth. hut tapn. Till'~ sunivc 
the hurricanes like the masts of'' indJ<tllllllL'rs. W;tlk1ng bL'IlL'ath the open latticed canopy is 
like being in a Yictmian conser\atllr~. <tnd till' dcnsL' L'icgant fronds of wild bananas. aroids. 
Marantaceac. undcrst()rl'\ palms and trL'L' ferns (lUtL'lllllJ1L'tL' the tree rcgenerat1o11. which is 
sparse. 

At ReaL I noted along ruad L'llh that tilL' L'lllLTgcnt dipterocarps in this forest type possess 
stout sinker roots which descend from beneath till'lr hut tresses fm at least two meters. Often. 
there is strong \cgctational Ulntr<tst hL'l\\L'L'Il abutting "llld\\ard and leeward slopL's. with 
the leeward side supporting dcnsn. mo1stcr l(lrL'sls \\ ith lllllrL' hctcrogL'ncous canopy 
structure (sec Jacobs & \1cnd( l/<1 JLJhi'\ 1. 

l) 



Towards the upper altitudinal limits of !uuun type forest. at 400-950 111. a forest similar in 

stature and canopy structure to that just described. in which Shoreu po/rs;)('mlil is also 

freljucntly dominant. and Slwreo u!n10n. almon. more abundant than in the lowlands. but 

here also with abundant oaks and chestnuts (Fagaceae: Litlwcwpus. Co.\tono;1si.1) and oi I 

fruits (Eiaeocarpaccac: FJucocorpus) beloved of pigeons. occurs generally throughout the 

islands (Whitford 1906. Everett & Whitford 1906. Wyatt-Smith 195~). This is known as the 

tungui!c-oak type (Anon. 24 September 1944 ). or the lJ pper Hi II Di ptcrocarp forest 

(Weide It & Banaag 19~2 ). 

Whitford ( 1906) in his classic study of forest on the extinct volcanic cone of Mariveles. in 

the southern Zambales Mountains of Bataan in western Lu,on. described a strong 

correlation between forest structure. and also composition. and physiognomy there. The 

rain forests of this region typify those in areas with a strong dry season. where expected 

cvapotranspiratHm exceeds precipitation over five continuous months. Here. the tallest trees 

do not exceed 40 111. and occur as scattered emergent diptcrocarps or small groups. in a 

forest of lower a\ cragc canopy height. The tallest trees occur on allu\ ium in gullies and on 

the lower slopes. On the ridges the forest superficially resembles that at Real and Bicol. but 

is charactcristicall\ often dominated h\ a single diptemcarp species. opitong 

(/Ji;1tcmcwpus grundi!lom1 ). tun~;ui!e L\ltnrcu f!o/npcmw) or \\ hite louon ( Shoreo 

contortu). ,\filion~;. which OL'L'ltrs abundanti! ami on all topography in the seasonal west. is 

distinctly a ridgetop tree in the asc~tsonal parts ll! thL' Philippines. as it often is elsewhere in 

its wide range\\ hich ith.:ludc' pcnin,ular \I ala) sia and Indo-Burma. 

!J. gmndif!oms. likeS. l'o/n;lt'/'1/IU and\. 1 onrouu. ha' coriaceous leaves which arc horne 

diffusely in the LTO\\ n .. \s in the /un~;uilc f(lrL'sts on the eastern windward slopes. the 

Zamhales o;1i1ong fl1rest ha1e a densL' umlcrstorL') and diffuse main canopy. Here. 

intermediate-si;ed regeneration llf diptemL·arp' is lcs' abundant than in the main part of 

the typhoon belt. hut more '-,(l than in thL' great forests of northern Negros and eastern 

Mindanao. Apilong film crs annual!) 1 S~thado & \hun ]l))9 ). hut dipterocarp seedlings 

here sutler high mortalit\ in the lir't lc11 dry seasons following establishment. 

Reestablishment in gaps is particular!~ pmnL' to drought-induced mortality (Whitford 

1906). 

Forest with abundant Uflilong arc tnmcd litlltlll-itjlitong type (Anon. 24 September 1944) or 

ilflilong-louun association I Wiedel! & Banaag 19~2 ). The open canopy structure. and dense 

understorey with abundant dipterocarp regeneration. recall the serum ( Slwrcu curtisiil 

forests of peninsular \1alaysia which also manifest single-species dominance. They also 

occur in the most arid habitat in their lo\\land humid tropical region: high or coastal ridges 

helmv the cloud ha~e (Whitmore 19~4a). 

In the mostly seasonal climate ()f Palawan. where ,\/10reu trees have never been recorded 

and are apparently ahsL'llt !presumably fm historical reasons). species of !Ji;llemni!JIIIS, 
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particularly f)_ gmndifloms. dominate the canopy forming. what Weide It & Banaag. ( ll)~Q) 

call the (/flitong association. 

A further dry evergreen forest type is found widespread on low dry ridges in the less 

seasonal parts of the Philippines. especially where the hills come down to the coast. Hen: 

the dipterocarp forests arc generally short and with relatively even canopy. the trees slender 

and dense in all stories. These forests arc characterized hy ahundant diptcrocarp hardwoods 

in Hopeu (H. philiflpinensis). and S/wreu (S. guiso. S.j(i/cifi'mides. S. o\t\'lmo) and a wider 

than usual range of other species in the upper canopy stratum. They vary in composition. 

apparently according to suhtle variation in hahitat conditions. Collectively they are termed 

the mkal-!twclll type (Anon. 24 Scptcmhcr ll)44 ). Weide It & Banaag ( ll)X2) recognized 

separate Ofli/ong-ruku/ and mkui-Ho;wo associations in eastern Mindanao. 

Dry seasons throughout the Philippines vary greatly in duration from year to year. An 

extreme drought afflicted eastern Borneo and Mindanao. normally hoth ascasonal regions 

though hoth with low mean annual rainfall. less that 2300 mm in southeast Borneo. 

variously I 000-2000 mm in parts of eastern Mindanao. in I9X2. It\\ as noted in Borneo that 

mortality atlcctcd emergent trees disproportionately.\\ ith up to 3(Y;( mortal it) (Leighton & 

Wirawan llJX6) and that it affected some species mmc than others (Leighton & Wir~m an. 

personal ohservations l. Occasional extreme droughts. which affect some regions and some 

soils more than others. may he a principal cause of the uncn·n canopy structure of man) 

mixed rain forests. and the low stand density of cmcrgcnts. If frequent. these droughts may 

also limit species richness in the emergent stratum. 

Though neither Whitford nor Brown & Matthews dcscrihcd them. tall Mixed Dipterocarp 

forests with uneven canopy and scattered cmcrgcnts. such as arc the predominant type in 

Malaysia. Sumatra and Indonesian Borneo. also occur widely in the aseasonal wet lowlands 

of the Philippines south of the hurricane /.one. These arc the mixed /uuon type forests of 

Weidel! & Banaag. ( ll)X2 ). In the Philippines. soils of those regions generally have relatively 

high clay content and hasc status. hence a high water-retaining capacity. Nevertheless. mean 

annual rainfall is usually less than 200() 111111. and can he as lm\ as l))() 111m (except along 

the cast coast where it can reach )()0() mm: lowland rainfall in Kornco varies hctwccn 2)00 

mm and 4000 mm except in the southeast). The rainfall in the south or the Philippines is 

principally orographic. Nc\crthcless the evenly distrihuted rainfall suggests that these 

southern and southeastern rorcsts contain the richest tree flora in the islands. The 

complexity of the forest structure may prm ide additional opportunity ror speciali;ation into 

structural niches. 

Semi-deciduous Forest and Savanna 

On the dry coastal hills that fringe nortlmcstcrn Lu;on to the leeward of the mountains. 

and also near the east coast or Mindoro. there occur patche" of semi-deciduous forest. now 
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much mutilated. that i~ often dominated hy 111o/m·c. Vitex f){/1'\'iflom (Maun JlJ)X). The 
trees are unhuttressed. crooked. frequently branching lmv. and form an une\ell canopy 
rarely exceeding 30 111 tall. Associated species include Puhudio rhmn/){)idcu. Sindom Sllflll. 

Fuphoriu did\'lllil, Lugcntme111iu f1Hij(Jmzi.l, Pteronupus indicus, Kingiodcndron 

o/temifo/iulll, }(i0/111 cu/unlu.l, lntsiu hijugu. and Wu//uccodendmn cc/ehicullz ( Asiddao & 
Nastor Jl))X. Maun 1960). 

Of the species listed some. particularly nurm 1 /~ indicus). ipi/ (/. hijugu). and kulmllus 1 t: 
uilmzlu\) arc confined to moist valley site.\ in this terrain. Merritt & Whitford ( 1906) ami 
Merritt ( llJOX) described L'XtensiVL· floodplains in western Mindoro dominated by a 
magnificent stand of 1111/TI/. with T cu/unlil\, l>ifJ/emctllj!IIS \'lllidus, lntsiu hijugu, Pn/1/cliu 

Jlilln!lltl, A/.1/oniu scho/uri.1. Koou/cniodendmn f!innnlillll, Risclwjiu jm'tlllicu and other 
~pccies. widespread in the Far East on similar sites. subordinate. Remnants of a similar 
forest occur in ~e\cral parts ot Pabwan (flilleshog. undated J. Several of thc~e species arc 
also widespread ol\ mesic \alley sites in thL· Philippines. as scattered indi1iduals in the 
dipterocarp fore~!. oltel\ in late successional stands. 

In Palawan. patcllL·~ uf sL·mi-deciduuu~ lorL·st on ~teep \lopes occur ~till also. in which 
common emergents inclut.k Ptcmnlllh/11111 tinctoriu111, 11 tcm.l1)('1"11111111 di,·crli/rllilllll, 

H\'1111'1/0di( ·tron \p. cllld Lo m t:U f/orihundu 1 Hi I kshog. undated). 

Molt/\'!' forest. in a morL·-m-lc~s n1odifinl lunn. occurs un dry lee11ard ridges and spurs 
throu;.d10ut the island'. though rclrL·h i11 the L'ast. Jlo/urc i'->. lmwe\er. an important 
nm1ponent of late secondctr: '-UL'CL's'-IOil 111 sun1e ctseasunal region'>. 

The flora indicate'> UlllllL'CtJuns \\ ith sim1lctr lure'h to tilL' south and east in Sulawesi and 
New Guinea. and dUL' \\e'>l 111 Indochina 1 \loi't lkciduuus forests of Champion. 1936) 

where it is associatL·d \\ ith krtilc. nlesJL' 'ilL'' in '"niJar strongly seasonal climates. The Dry 
Dipterocarp forests of Indo-Burma ctnd thL'Ir ct~~ocictted flora (Champion 1936) arc 
complete I y unrepresented 111 tilL' Phi I i pp111L'~- prL·sumahl y because the i 11 ferti lc lateritic or 
sandy soi Is on which they uccur arL' unrcprL'sL'Iltcd too. 

The driest sites in \lc-..IL'rn \lindoro and \\estern Lu;on. being the most prone to dry-season 
fire. arc no longer fme-..tL'ti. Here. O]k'll grassland sa\ annas extend over large areas. The 
survi1 a! uf stand., of the lm1 ],tl\d sL·asonal tmplcal pine. Pinus lllcrkusii. suggests that fire 
has always heL'Il a llatural lactm thL·rL· aiiK'it much more local and less frequent than at 
present. This is hcL·ausL' pinL· sL'L'dllllg'-> only L'~tahlish on hare soil J"ree ol" competition. a 
condition which can on!~ hL· prm ided hy lire. or di-,turhance such as lands! ips. in the humid 
tropics. Though landslips arL· L'Onlnlon in the nwuntains where the other Philippine pine 
grows. they arc inl"requL·nt 111 the rollin!! lm1 land-.. ut the seasonal north-west. 
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Vegetation on limestone and ultrahasic rock 

Two rock types universally hear distinctive vegetation. These arc limestone. and ultrabasic 
volcanic rocks such as serpentine. Unfortunately. no account of the vegetation of either 
exists for the Philippines as a whole. Limestone is widespread in the islands. with major 
outcrops in Luzon. Samar and Mindanao. The vegetation. particularly where the rock is low 
and hard as in Quezon National Park. Luton and in the strongly seasonal regions such as 
the hundred islands area in north-cast Luton. reflects the free-draining. arid substrate. It is 
short. dense. and with an abundance of dcciduou-.. species. In seasonal regions it is 
apparently identical to mo!tn·e forest on other substrate-... hut in ascasonal it includes man~ 
species. particularly herbs. which arc characteristic of this type. In the wettest areas the ruck 
faces. particularly in partial shade. support a rich herbaceous l"lora of Clcsncriaccac. 
Begoniaccae and other fami I ics. On the softer. more recent I i mestoncs and in the wet 
ascasonal regions such as eastern Mindanao. the forL'\t\ on limestone diller littiL· in SfK'L"iL's 
composition from those on adjacent fertile soils derived from sedimentary or 1okanic 
rocks. and arc of the ;onalmixcd type. But they arc of shorter than average -..taturc. allll till' 
absence or sparsity of cmergcnts suggests proneness to periodic drought. 

Extensive areas of ultrabasic rock-.. arc found on Pala\\cll1 !Whitmore I 9:-\...J.a. Hilleshog 
undated) in the northern Zambalcs mountains and Di nag at Island ncar t hL' north-L'clst tip of 
Mindanao. and in the northern Sierra Madre. Many smaller areas arc dutted thruugh ti1L' 
islands. Here. the on! y accounts describe a short. n cn-canupicd 'cgctatiun inc I ud i ng gcnna 
such as Cusuorino which arc associated 1vith heath forest. charactcristiL· uf pudsol" in 
Borneo to the south-cast. There appear-.. to be high local cndemi-..m 1C ~idsdalc. pn-... 
comm.): the only known endemic genus is Xuntlzo.\II'IIIOII ( MyrtaceaL'l. It is on tlll'sc rocb 
that alnwciegu. ;\gutlzis filzilitlflinensis. a tropicalmuntanc cunilcr. in Pala\\an ocL·urs dll\\n 
to low altitude. This. too. suggests that the ultrabasic habitat is an infertile llllL' in" hich the 
soils arc freely draining and their .surface laycr.s. in likclihoml. acid. 

Mangrove Forest 

()f fowfand \egctation formatiun\. therL' remaill\ to mention the mangrove fme\ls. 
Philippine mangrmcs. though rich in plant specie-.. by world standards. contain IHl 
endemics. The thorough account gi\L'Il by Rnmn & Fi..,chcr I 19 I:-\ l indicate-.. their clo-..c 
floristic and structural similarity to thmL' of northnn Horneo. Owing to the absencL' of 
major rivers. few mangrmcs in tilL' Philippines ha\c c1er been cxten-..i1c. Those around 
Manila Bay in particular. and many elsewhere \\CrL' intensively managed for a lung time and 
have disappeared. Now. a-.. L'lsc\\ hl'!"L' in the region. the mangrmes ha\C been tragically 
overexploited. and whcrc\Cr possible drained for agricultural development or converted to 
shrimp farms. 
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Montane Forest 

The highest mountains of the Philippines. Mt. Apo and Mt. Pulog. are only 295...J- m and 
2929 m high. respectively. and only some ten others exceed 2000 m. Forest still grows in 
places to the highest peaks. and may he assumed to have once covered the mountains except 
on exposed rocks and in limited frost hollows (see Steenis 1972). Most of the major. and 
many minor. mountains arc volcanic cones. Noteworthy exceptions are the extensive 
Cordillera Central of north-central Luzon. and the Sierra Madre chain running down 
Lut.on 's northeast coast which re-emerges intermittently down the eastern side of those 
islands which ahut the Mindanao trench. 

Whitmore ( 19X4a) has summari;:cd the ;:on at ion of vegetation which occurs on Far Eastern 
tropical mountains. The vegetation is influenced hy topography. hy the elevation of the 
cloud hase during the day. and hy the occurrence of frost. The size. shape and degree of 
isolation of tropical mountains greatly influences the altitude of vegetational change. 
principally through their influence on the altitude of the cloud hase. and the extent and 
downward nHl\ement of frosted air at night. Regional climates may also have some 
influence. Extremes of this so-called mass elevation effect are to he found on Philippine 
mountains. 

A number of tra\clcrs' accounts. and accounts of particular plant groups on Philippine 
mountains. exist. One of the most thorough ecological descriptions is the early one hy 
Brown ( 1919!. This is hascd principally on a careful comparison of the vegetation of the 
extinct volcanos !\1akiling (\laquiling!. 1020111 and Banahao. 2.)0() 111 in Luzon. Koch (in 
Weidelt & Banaag JLJX21 has given a good account of floristic and structural ;:onation 
between XOO m and 200() m on mountains in eastern \1indanao. 

Philippine mountain ridges arc frequent!) \\ ind: during the day. on account of orographic 
air movements up the slopes or. in the north. the passing of the trade winds. This adds to 
water stress on ridges helm\ the cloud base. On large nHluntain massifs. heating of air above 
the land surface leads to ele\ at ion of the altitude at '' hich the dew point occurs. sometimes 
to as high as 2000 n1. Thus. the summit of the isolated Mt. \1akiling is almost always bathed 
in cloud during the hottc-.t part of the day. The same is the case for the higher Mt. Banahao. 
though there the cloud base on sunny days is seldom below 1500 m: hut in the Mountain 
Provinces of Luzon the clouds during the dry season may only penetrate the forest canopy 
on ridges above c. I XOO 111. lea\ ing rain shadm\ s in the interwning valleys. Thus. whereas 
the slopes of the Banahao cone arc clothed throughout with wet evergreen forest. and their 
climate is to some extent ameliorated by the shadow of the clouds which daily gather 
around its summit. the ridges and \alleys at middle elevation in the Mountain Provinces 
arc among the mo-.t arid habitats in the islands. more arid in fact than the valleys below. 
Nowadays. almost all C\ergrecn forest hetween XOO m and 2000 m in the mountain 
provinces has been destroyed by cultivation and ensuing fire. except along ridges exposed 
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to the moist north-east monsoon. It has been replaced by a fire-climax grassland dominated 
by the grasses Sacchrtmm SJWnfaneum and Miscunthu.\ sinensis. the bracken fern Pteridiun1 
aqui/inwn and the woody perennial composite Eupatorium adcnophorum (Wyatt-Smith 
195X ). But the most conspicuous feature of the landscape is the tree overstorey which 
consists of a pure stand of Pinus kcsim. here called the Benguet Pine (Jacalne & Lizardo. 

1958). This pine. like P mcrku.1ii at lower elevations requires a strong dry season for its 
cones to open so that its seeds can he released. These pines only successfully establish in 
hare soil. Originally Benguet pine. with its wind-horne seeds. was presumably a pioneer on 
the vast landslips which arc so characteristic of the long steep unstable slopes of the 
Mountain Provinces. hut now fire has allowed it to greatly extend its habitat. 

Elsewhere in the Philippine mountains. the diptcrocarp forests give way up the slopes. by 
way of tangui!c-oak type forests. to a shorter (to 30m tall) even-canopied evergreen forest 

dominated by members of the oak ( Castanopsis and Lithocarpus: Fagaceae) and laurel 
(Lauraceac) families though many main canopy species from lower elevations persist 
(Brown 1919). Sr:-.rgiun1 (Myrtaceac) also increases. This type can start on suitable sites as 
low as XOO m as on the windward slopes of the eastern coastal mountains of Mindanao. 
whose summits do not reach 2500 m (Koch in Wcidelt & Ranaag 19X2L and generally 

extend to c. 1500 111. Though single-species dominance rarely occurs in these forests. their 

tree species richness even in respect of the southern Philippine mountains is noticeably 
much poorer than in analogous forests in Borneo and continental Asia. These forests occur 
in cooler. usually cloudier. conditions than the dipterocarp forest. hut they arc only 
intermittently swathed in cloud during the day. Epiphytic ferns and orchids become more 
abundant. A notable feature is the abundance of shrubs in the understorcy. notably of 

Rubiaccac and Acanthaceae (Stmhilant!wsl. Shrubs in Urticaccae. notably Oreomidc 

trinervis. and Saumuia are common in gaps and gullies. Herbs. including ferns. Se/aginc!la 

and Elatostcma ( R uhiaceae) also form extensive ground cover. Monocotyledonous 
climbers. notably Frercinetia and aroids. are abundant where the forest is disturbed. On 
very steep spurs and ridges the elegant small tree Astmnia (Melastomataccael. with a broad 
diffuse crown like an undcrstorey maple. is a common and distinctive feature of Philippine 
forests at this altitude: tree ferns ( Cwt!wa) may also he abundant. 

Above 1500 111. especially towards the upper parts of she ltercd slopes and ridges. 

subtropical and tropical gymnosperms become important in the canopy. On the upper slopes 
and rim of Mt. Banahao. and elsewhere it is fascinating to sec the Asian yew. naus 
ll'a!/ichimw. forming a mixed canopy with the Australian Podocwpu.1 neriiji1/iu.1 and P 
imhricatus. Koch (in Weide it & Banaag 19X2 l mentions these Podocar;)[fs. plus P 
phi/ippinensis and also Phr//oc/{[(/11.\ /npofiln-1/us. a curious Australasian gymnosperm with 

fruit arising from leaf-like stems which occurs also in Borneo. from the wet mountains of 

eastern Mindanao. hut not Jinus. Koch also mention.~ Srmp!ocos ( Symplocaceae). Accr 
ni\'Cl/111 (Aceraceae) and I:.nge!!wrdia (.luglandaccacl. 



Ridges and upper slopes within the cloud base arc at once distinguished hy the characteristic 
lurm ol their vegetation, which is generally of low stature. with an open canopy in which 
small leathery leaves predominate. and in which the branches and trunks and often the 
ground are carpeted in cryptogamic epiphytes such as mosses and ferns. This type well 
merits its common name. mossy forest. The filmy ferns Triclwmoncs ancl Hrmcnophrllum 
become abundant. as do orchid species. UIJU'O I ichen festoons the canopy branches in 
seasonally dry localities. Mcdini//o ( Melastomataccae) and begonias are common ground 
plants. Astronio and the species associated with it lower down remain abundant. The trees 
Fun'(/ ( Theaccac ), E/ococwpu.1. We in nwnn io ( Cunon iaccac ), Drimrs ( Wi nteraccac ), 
C/cthm and, on the highest and most exposed ridges. members of Myrtaccac ( .\r;:\-,r.;ium. 
tcrJtmpcnnwn) are important. and shrubby rhododendrons and vacciniums arc common. In 
gaps, temperate herbaceous genera, notably Ru/){f.\ brambles, can he abundant. 

Plant ecologists ha\"l' come to describe this vegetation as Upper Montane forest (Whitmore 
19~4). This is. on balance. a better term than mossy forest because the tree species 
cornponcnt is not nccessari ly always accompanied hy the epiphytes. Physiognomically very 
similar forests. accompanied hy some at least ol" the tree species. can occur below the cloud 
base on skeletal soils along narrow dcl"iles. both in the Philippines and in Horneo. 
Physiognomical!;. the forest has much in comnwn with that on some ultrabasic rocks too. 
in Pal a wan for instance ( Hillcshog undated). The term Upper Montane l"orcst should 
therefore not be interpreted as meaning that the l"mcst is only found at the highest altitudes. 
It occurs at a very wide range of altitudes on exposed narrow ridges and peaks. I have even 
seen mossy Lppcr Montane l"mcst at only 4()() 111 on an isolated \olcanic cone, Susundalaga 
in Camarines Norte. Lu;on. not l"ar !"rom the cast coast and in the path of the wet north
easterly monso(lll. The isolated summit ol" \h. Makiling hears more densely mossy Upper 
Montane forest then do the more cxtensi\L' summits of Mt. Banahao, 2300 IlL and its 
associate peaks San Cristobal and Hanahao Luchan. Only on the very highest peaks of the 
Mountain Prm i nccs .. \ po and \ Ia! i ndang 111 \1 i ndanao. and Halcon in Mindoro does mossy 
Upper MontanL' l"orcst L'xtend O\ cr large areas ol" the slopes as well as ridges. 
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Two new species of Zingiber (Zingiberaceae) 
from Sabah, Borneo 

I. Theiladel & J. Mood2 

1 Department of Systematic Botany, 
Aarhus University, 
Nordlandsvej 68, 

DK-8240 Risskov, Denmark 

2Waimea Arboretum and Botanical Garden, 
59-864 Kam Highway, Haleiwa, 

Hawaii 96712, U.S.A. 

Summary. Zingiber eborinum and Z. flammeum are new species of ginger described from 
Tenom in Sabah. 

R.M. Smith (1988) was the first to review the Bornean members of the genus Zingiber. A 
key to 18 species of the genus was provided by her, which included three widely cultivated 
species not native to Borneo, and four incompletely known species. 

The species described here are very different from any of those previously described; 
Zingiber eborinum in having white bracts and Z. flammeum in its bright orange bracts. They 
were originally collected in the hills around the Tenom valley in Sabah and are hitherto 
known only from this locality. Both the species are cultivated in the Tenom Orchid Centre, 
from where very good flowering material was obtained for the present study. Hence all 
measurements in the descriptions are based on live material. 

Zingiber eborinum J. Mood & /. Theilade sp. nov. species Z. puberulo Ridley var. 
borneensi R.M. Smith et Z. acuminato var. borneensi Valeton affinis, a quibus differt foliis 
minoribus ovatis, scapo brevi procumbente, inflorescentia basali eburnea, labello 
aurantiaco minutissime media/iter bicarinato. Typus: J. Mood 432, Sabah, cultivated in the 
Tenom Orchid Centre (originally collected in 1989 from Paling Paling Hills near Tenom) 
(holotypus SAN, incl. alcohol-preserved material and slides). (Figs. 1 & 2) 

21 

.. 



Fig. 1. Zingiber eborinum. A. Leafy stem. B. Inflorescence. C. Flower subtended by the bract. D. 
Bract. E. Labellum. All from J. Mood 432 . 
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Fig. 2. Inflorescence of Zingiber 
eborinum (Photo: J. Mood). 

Leafy stem 0.75-1 m. Leaf sheaths pubescent towards petiole. Ligule bilobed, 7 mm long, 
papery, glabrous. Petiole 2 mm long, pubescent. Leaves ovate, 17- 23 x 6- 9.5 em, dark 
green, waxy with a thick texture, glabrous above, with fine silky hairs below, midrib 
towards base below finely hairy, margin densely pubescent with brownish hairs. Scape 
radical, subterranean, 5-6 em long. Scape sheaths pale reddish. Inflorescence erect or 
slightly decumbent, ovate, 7- 8 x 3- 3.5 em, whitish. Bracts obovate, 2.6-3 x 1.5- 2.5 em, 
glabrous, ivory-white, lower bracts with a very slight pink hue, edge brown, slightly ruffled. 
Bracteoles obovate, 1.5 x 1 em, whitish. Calyx pale orange, 2 em long, longer than 
bracteole. Corolla 5.2 em long, orange; dorsal lobe 2.3 x 0.8 em; lateral lobes 1.8 x 0.4 em. 
Labellum total length 5 em; mid-lobe oblong with two longitudinal keels along the lower 
midline, 1.8 x 1.2 em, light orange with a brighter orange streak in the centre; side-lobes 
elongate, 0.6 x 0.4 em. Anther 1 em long, bright orange. Anther appendage 0.7 em, pale 
orange. Fruit unknown. 

DISTRIBUTION. Endemic to Borneo. Known from the type specimen and again observed 
in the same area (Paling Paling Hills) in 1995. 

ECOLOGY. Secondary forest, flowering April- May or after heavy rain. 

Z. eborinum has some affinity with Z. puberulum Ridley var. borneense Smith and Z. 
acuminatum var. borneense Val. in the densely pubescent leaf edges and the basal 
inflorescence. Furthermore, the shape of the labellum in Z. eborinum is very similar to that 
of Z. puberulum var. borneense. However, Z. eborinum is easily distinguished from the 
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above-mentioned species by its smaller ovate leaves, the smaller globose inflorescences 
with ivory-white bracts and the orange labellum with two keels along the midline. It is the 
only species with white bracts described from Borneo (Fig. 2). 

Z. eborinum can be very floriferous in cultivation and good growing conditions appear to 
have some pronounced morphological effects, enhancing the size of the leaves and the size 
and number of inflorescences. 

Zingiber flammeum I. Theilade & J. Mood sp. nov. species Z. colorato N.E. Brown affinis 
a qua dif.fert ligulis longioribus, foliis infra minus pubescentibus, bracteis aurantiacis, 
floribus clare aurantiacis. Typus: J. Mood 178, Sabah, cultivated in the Tenom Orchid 
Centre, TOC 92 (originally from the Paling Paling Hills near Tenom) (holotypus SAN, incl. 
alcohol-preserved material and slides; isotypus AAU). (Figs. 3 & 4) 

Fig. 3. Habit of Zingiber flammeum 
(Photo: I. Theilade). 

.. 
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Fig. 4. Zingiber jlammeum. A. Leafy stem. B. Inflorescence. C. Flower subtended by the bract. D. 
Dorsal petal. E. Bract. F. Labellum. All from J. Mood 178. 



Leafy stem 45-75 em long. Leaf sheaths hairy. Ligule 1-1.5 em long. Petiole 2 mm long, 
pubescent. Leaves elliptic, 7-9 x 20-27 em, upper surface glabrous, lower surface with a 
few silky hairs. Inflorescence radical, decumbent. Scape 4-5 em long, dull red. Spike 
fusiform to elliptic, 8-10 x 2.5-3 em, apex pointed. Bracts obovate, 2 x 1.5 em, orange, 
turning dull orange as they mature, the basal bracts with a reddish colour. Bracteoles 
elliptic, 1.4 x 0. 7 em. Calyx 1.4 em long. Corolla 5.4 em long, orange; dorsal lobe 2.2 x 1 
em, lateral lobes 2.2 x 0.5 em, free almost to the base. Labellum 5 em long, bright orange; 
mid-lobe oblong, 1.5 x 0.8 em; side-lobes 0.5 x 0.4 em. Anther 1 em long, orange. Anther 
appendage 0.8 em long. Fruit unknown. 

DISTRIBUTION. Z. flammeum has only been collected in the Paling Paling Hills and it is 
probably endemic to this locality. 

ECOLOGY. Primary lowland forest in hilly areas, at around 300 m altitude. 

This species is closely related to Z. coloratum N.E. Brown but is distinct by its longer 
ligules, the less hairy lower surface of the leaves, the orange bracts and bright orange 
flowers. In cultivation, Z. flammeum is very floriferous and the plant seems to be more 
vigorous than when found in the wild. 
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Summary. Calanthe otuhanica is described from Mt. Kinabalu. It is known from only two 
populations growing on ultramafic substrate in one locality on the mountain and is probably 
endemic there. C. otuhanica is most closely related to C. kinabaluensis which is found at 
lower elevations on the mountain. 

Although Mount Kinabalu is geologically young, its flora is extremely rich, with at least 
711 orchid species documented by Wood, Beaman & Beaman (1993). Although the 
enumeration by Wood et al. was comprehensive, recent collections have resulted in the 
discovery of several new species, including Dendrobium lamrianum C.L. Chan, 
Dendrochilum pseudoscriptum T.J. Barkman & J.J. Wood, and Cymbidium kinabaluensis 
K.M. Wong & C.L. Chan. This is particularly surprising as these taxa have been found on 
the well-collected southern side of the mountain, not far from the main summit trail and the 
headquarters of Kinabalu Park. 

Approximately 13% of the orchid species on Mt. Kinabalu are thought to be endemic 
(Wood et. al. 1993). Many of these are restricted to ultramafic (serpentine) areas although 
this varies with elevation. A greater proportion of species are endemic on ultramafic areas 
at the higher elevations. Two examples are Coelogyne papillosa Rolfe and Dendrochilum 
grandiflorum (Ridl.) J.J. Sm. These areas have soils that are usually low in silica and high 
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Fig. 1. Calanthe otuhanica. a, habit. b, flower, front view. c, flower, longitudinal section. d, lip, 
spread out. e, lateral sepal. f, petal. g, dorsal sepal. h, anther cap. i , pollinia. All from Barkman TJB 
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in magnesium (Jacobson 1980). Associated with the rocks are high concentrations of 
minerals that are toxic to plants, such as cobalt, chromium, nickel, and manganese (Brooks 
1987). Species not tolerant of such soil conditions may be absent from ultramafic soils 
although they are abundant on other substrates at similar elevations. Although terrestrial 
orchids such as species of Calanthe may be endemic to the ultramafic sites on Kinabalu, 
epiphytes such as Renanthera bella J.J. Wood previously thought to be an ultramafic 
endemic are sometimes found on non-ultramafic sites as well (T.J. Barkman, pers. obs.). 

The genus Calanthe was first described by Robert Brown in 1821. At least 100 species have 
subsequently been described in this large genus which is distributed throughout the tropical, 
subtropical, and warm temperate regions of Africa, Asia and the Pacific islands. In addition, 
a single species. is found in tropical America. The genus is in need of a monographic 
treatment and the total number of species is hard to ascertain. However, recent floristic 
treatments from Malaysia (including Borneo), Thailand, and Java have reported a total of 
57 species. Some of these species, such as C. sylvatica (Thouars) Lindl., C. triplicata 
(Willemet) Ames and C. vestita Lindl. are widespread throughout these countries while 
many others e.g. Calanthe pubescens from Peninsular Malaysia, are putatively endemic. As 
was noted by Seidenfaden (1992) and Seidenfaden & Wood (1994 ), many endemic species 
are not well known, often represented only by poorly preserved type material, and their 
correct taxonomic status still requires clarification. 

Some 21 species of Calanthe are reported from Borneo (Wood & Cribb 1994) with 16 of 
these occuring on Mt. Kinabalu (Wood et. al. 1993). On Kinabalu Calanthe occurs at 
elevations ranging between 600 m and 2700 m, often on ultramafic substrates. Only two 
species, C. ovalifolia Ridl. and C. tenuis Ames & C. Schweinf. are endemic, although both 
are poorly known and have not been recollected since the type collection (Wood et. al. 
1993). The new species described below is referable to Calanthe subgenus Calanthe section 
Calanthe as the plants bear leaves when flowering and the floral bracts are persistent. It 
appears to be restricted to a single high-elevation ultramafic ridge on Kinabalu, with two 
populations in close proximity. The strongly contrasting white and glossy dark green 
flowers undoubtedly make it one of the most beautiful species of Calanthe on Kinabalu. 

Calanthe otuhanica C. L. Chan & T. J. Barkman sp. nov. C. kinabaluensi affinis, sed 
floribus maioribus albis neque aurantiacis, !obis lateralibus labelli marginibus erosis 
lobum medianum imbricantibus, callo complexo in lobo mediano labelli extenso, calcari 
brevi lato postice rotundato atque cavitate stigmatica in depressionem columnae recessa est 
distinguenda. Typus: Barkman TJB 27, Borneo, Sabah, Mt. Kinabalu, Kinabalu Lipson at 
c. 2550-2800 m, on well-drained, open steep ultramafic slopes. 15 July, 1994. (Holotypus 
SAN; isotypi K, SING, the Kinabalu Park Herbarium, Universiti Malaysia Sarawak 
Herbarium- herbarium and spirit material). (Figs. 1- 3) 

Terrestrial or lithophytic herb. Roots elongate, spreading, 2- 3 mm in diameter, finely hairy. 
Pseudobulbs 1.4- 1.6 em long, ovoid, with 3-4 nodes, concealed by sheathing leaf-bases. 
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Leaves 2.9-5.9 x 14.5-43 em, subcoriaceous, plicate, glabrous, suberect to arcuate, 
narrowly elliptic, acuminate; petiole slender at the base, 4.5-18.5 em long. Inflorescence 
terminal, erect, racemose, bearing 14-20 well-spaced flowers, 83.5-110 em long; peduncle 
up to 34- 57 em long, shortly pubescent; sterile bracts 3-4, 2.9-3.1 mm long; rachis shortly 
pubescent; floral bracts 11.5-18 mm long, narrowly oblong-linear, acuminate, persistent, 
dark green. Flowers showy; sepals dark glossy green, petals creamy-white; lip white with a 
lime green spur, strongly sweetly scented. Pedicel with ovary 2 em long, very finely 
pubescent. Dorsal sepal 7 x 15 mm, erect, elliptic, obtuse. Lateral sepals 7 x 15 mm, 
spreading, elliptic-ovate, acute. Petals 5 x 13 mm, elliptic, obtuse. Lip adnate to the column 
at the base, 3-lobed in the anterior part, 11 x 11 mm; side lobes 4.5 x 6.5 mm, spreading, 
linear-elliptic, erose, rounded at the apex; mid-lobe 10 x 7 mm, widening from the base, 
forming 2 rounded lobes with an erosulate margin; callus complex, with abundant warty 
ornamentation, basal; spur c. 9 mm long, pointing posteriorly, weakly pubescent, clavate, 
retuse. Column c. 6 mm long, footless, fleshy, shortly clavate; pollinia 8, clavate, mealy. 
Fruits 3.5 x 1.2 em, shiny green, ellipsoidal, cylindrical in cross section with three ribs, 
perianth persistant. 

OTHER SPECIMENS EXAMINED-BORNEO. SABAH: Mt. Kinabalu, Lipson area, 
2700-2900 m, 20 January 1995, Barkman TJB 60 (Kinabalu Park Herbarium, SAN). 

Fig. 2. Close-up of a single flower of Calanthe otuhanica. (Photo: C.L. Chan) 
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Fig. 3. Calanthe otuhanica growing in a steep landslide area at Kinabalu Lipson at 2600 m in 
Kinabalu Park. (Photo: T.J. Barkman) 
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The specific epithet is from the word otuhan, which means landslide in the language of the 
Dusun people who live on the lower slopes of Mt. Kinabalu and refers to the unique habitat 
in which the species is found growing. 

Discussion 

Calanthe otuhanica appears to be restricted to steep open areas on recent or older stabilized 
landslides on ultramalfic substrates. Plants grow between boulders and many are often 
somewhat crushed by newly displaced rocks. Other comparable sites with steep slopes and 
ultramafic substrate at lower elevations on Mt. Kinabalu do not support this species. It is 
possible that C. otuhanica may be found on nearby Mt. Tambuyukon, which has extensive 
ultramafic areas and reaches an altitude of 2600 m. Pholidota sigmatochilus J.J. Sm. (syn. 
Chelonistele kinabaluensis (Rolfe) de Vogel), which grows alongside C. otuhanica on 
Kinabalu Lipson, has recently been reported from there by the second author (T.J.B .). 

C. otuhanica grows in association with the orchids Coelogyne papillosa, C. rupicola, and 
Platanthera kinabaluensis Kraenzl. ex Rolfe; Nepenthes villosa Hook.f. (Nepenthaceae), 
the tree Dacrydium gibbsiae Stapf (Podocarpaceae) and Leptospermum recurvum Hook .f. 
(M yrtaceae). 

Few other species of Calanthe occur at comparable elevations on Mt. Kinabalu, although C. 
transiens J.J. Sm. may be found growing at the same site less than 7 m away. It seems 
possible that these species may be closely related, although C. transiens lacks the callus 
ornamentation found on the labellum, the side lobes do not overlap the mid-lobe and have 
entire margins, and the spur is long and narrow. The widespread C. triplicata, differs in a 
similar way to C. transiens, and also usually found below c. 1500 m. In spite of these 
differences, C. transiens and C. triplicata are similar to C. otuhanica in that the column has 
a concave, recessed stigma and the labellum is white. The closest relative of C. otuhanica 
from Mt. Kinabalu is C. kinabaluensis which has a similarly shaped labellum with lateral 
lobes twisted such that they are nearly perpendicular to the plane of the mid-lobe and 
overlap with it; the margins of the lobes are erose, and the callus is complex and extends 
onto the mid-lobe. In addition, the spur is short and broad and rounded posteriorly in C. 
kinabaluensis . However, that species is only known from elevations below 2100 m, its 
flowers are orange, smaller, and the stigma is exposed (unlike the recessed stigma in C. 
otuhanica). Simple comparisons may be made between C. otuhanica and species found 
throughout the Malesian region using illustrations or photographs published in the works of 
Comber (1990), Seidenfaden (1975, 1992), Seidenfaden & Wood (1992) and Wood et. al. 
(1993), Wood & Cribb (1994). None of the species reported from these areas has flowers 
resembling C. otuhanica and, furthermore, there is no similar habitat. 

Close relationships between high-elevation endemics on Kinabalu and more widespread 
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lower-elevation species, such as that proposed for C. otuhanica and C. kinabaluensis, have 
been reported for other taxa and may represent a common diversification pattern on the 
mountain. Lee & Lowry (1980) emphasized the close relationship between Leptospermum 
recurvum Hook.f. (Myrtaceae) and the more widespread L. flavescens Sm., and Laubenfels 
(1988) suggested Dacrycarpus kinabaluensis (Wasscher) de Laub. (Podocarpaceae) and D. 
imbricatus (Blume) de Laub. are related but distinct species. Recent unpublished research 
examining restriction site and DNA sequence variation has suggested a similar pattern of 
diversification for endemic taxa on Mt. Kinabalu in both Cyathea (Cyatheaceae) (D. 
Conant, pers. comm.) and Dendrochilum (Orchidaceae) (T.J. Barkman, unpub. data) . 

It seems surprising that a species with such conspicuous flowers has not been collected in 
an area extensivt;lY visited by botanists. One possible explanation may be that it only grows 
in relatively inaccessible sites. Similarly, we can expect that many new species remain to be 
discovered in the poorly collected areas of Mt. Kinabalu. 
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an unusual dioecious species from 

the high mountains of Sa bah (Borneo) 

C. Puffl, R. Buchnerl & J.B. Sugau2 

1 Institute of Botany, University of Vienna, 
Rennweg 14, A-1030 Vienna, Austria 

2Forest Research Centre, Sepilok, 
P.O. Box 1407, 90~15 Sandakan, 

Sabah, Malaysia 

Summary. The character states of Viburnum clemensae, a species endemic to Borneo and 
first known from the Mount Kinabalu area, were investigated. Of particular interest is the 
occurrence of dioecy (previously unrecorded for the genus and family) . The small flowers 
are characterized by a (sub)rotate corolla and valvate lobes in the bud. Male flowers have 
a much reduced sterile gynoecium but a well-developed ovary roof nectary; the 
tricarpellate female flowers produce filaments but anthers are entirely absent. The inferior 
ovary of the female has one well-developed locule with a solitary ovule on a placenta that 
is much enlarged below; two aborted additionallocules are discernible but neither aborted 
(vestigial) ovules nor vestigial archesporia were detected. The drupaceous fruits have 
deeply ruminate, solitary seeds with a characteristic longitudinal furrow on the abaxial 
side. A detailed account of the fruit and seed development and anatomy is included. The 
species has spheroidal, 3-colpate pollen with a reticulate exine. In the vegetative region, 
the presence of domatia on the lower leaf surface, of stipules and of stalked glands on the 
petioles are noteworthy. An evaluation of the data obtained suggests that Viburnum 
clemensae is a rather derived and unusual species whose generic position, nevertheless, is 
undisputed. 

During an expedition to Trus Madi, whose main aim was to study, collect and preserve 
Rubiaceae (C.P.), we discovered a population of male and female plants of a species which 
we initially identified as a member of the coffee family. The decussately arranged entire 
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Fig. 1. Viburnum clemensae. Branch with male inflorescences; note domatia on lower leaf surface 
(arrows). From Sugau et al. JBS 137 . 
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leaves with domatia, stipules, dioecy, panicle-like inflorescences, small sympetalous 
flowers with a rotate corolla and an inferior ovary, and drupes with a single ruminate seed 
were all in agreement with character states in that family. 

Under the assumption that it was perhaps an ill-known or new Rubiaceae, we carried out a 
detailed investigation and, moreover, sent leaf samples to Prof. B. Bremer (Univ. Uppsala, 
Sweden) for DNA analysis. The study revealed that some of the data obtained did not "fit" 
Rubiaceae, and the DNA data indicated that the plants in question must belong to Viburnum 
( Caprifoliaceae s.l.). 

A subsequent literature search and screening of the specimens in the SAN herbarium 
brought to light. that the collected plants are Viburnum clemensae Kern (Fig. 1), an ill
known species, for which dioecy had not been recorded. 

Material and Methods 

Detailed anatomical, morphological and palynological investigations (Fig. 2-9) are based 
on samples preserved in FPA and FAA of the collections Sugau et al. JBS 134 (SAN, WU) 
(female), JBS 137 (SAN) (male), and Puff 950308-1/2 (WU, preserved samples only; 
female and male). See "Specimens examined" for details. 

Methods used follow those given in Igersheim (1993). 

Observations 

Habit 
A treelet or small tree, c. 2- 11.5 m tall, with a bole c. 2.5- 5 em in diameter, and a wide, 
open crown (bole up to c. 10 m, and crown to 5 m in the largest individuals). Outer bark 
smooth or finely scaly, mottled, dark grey, brown or greenish-brown; inner bark brown to 
yellowish; wood yellowish pale brown, reddish-white or white. 

Leaves and stipules 
Leaves decussate and petiolate (petioles 10-25 mm long). Leaf blades oblong-lanceolate, 
60- 130 x 25- 55 mm, narrowed to the base and acute to acuminate at the apex, glabrous, 
with entire margins. Venation brochidodromous, the veins (mid-rib with 3- 5 pairs of 
primary lateral veins) prominently raised below. 

The lower leaf surface bears pit domatia in the axils between mid-rib and primary lateral 
veins, and sometimes also between primary and secondary lateral veins; they are not present 
in every vein axil, but randomly distributed (often only a few per leaf). Kern (1951) and 
Kern & Steenis (1951) erroneously described this as "underside glandular-pitted"; Brouwer 
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& Clifford (1990) correctly listed the species as having pit domatia and, moreover, 
mentioned the occurrence of (pit, pocket and hair tuft) domatia in another 10 Viburnum 
species. 

Fig. 2. Leaf anatomy, stomata and glandular hairs of Viburnum clemensae. A, Leaf blade section, 
note sclereids (arrows). B, view of lower leaf surface showing stomatal apparatus. C-D, glandular 
hairs on base of petiole (C) and pedicel (D). E , section of glandular hairs (from petiole). A, E, 
microtome sections; B- D , SE-micrographs. Scale bars: 0.1 mm (A; B; C; E); 10 f.lm (D). 
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Interpetiolar stipules, linear-lanceolate, c. 3.5 x 2 mm, are present. They, however, fall early 
and are usually only observable on the youngest parts of a shoot. 

Stalked glands (multicellular hairs with a uniseriate stalk and a pluricellular glandular head) 
were observed on petioles (and also on pedicels, Fig. 2C-E, and on calyx lobes, Fig. 4E). 
Glandular hairs of basically the same structure have been previously recorded for Viburnum 
species (cf. Solereder 1899). 

Leaf anatomy (Fig. 2A) 
Below the upper epidermis (with cells larger than those of the lower epidermis) is a single 
layer of elongated palisade cells. The large-celled spongy mesophyll is loose and comprised 
of relatively large cells; occasional sclereids are present (Fig. 2A: arrows). The leaves are 
hypostomatic; the stomatal apparatus (cf. Fig. 2B) is of an "unspecialized" kind, i.e. , the 
stomata are not surrounded by specially shaped and arranged companion cells but by 
irregular cells which are not different from the other epidermis cells (a general characteristic 
for the Caprifoliaceae, noted as early as 1899 by Solereder). 

Inflorescences 
The paniculate inflorescences are terminal, broadly to narrowly pyramidal in shape, and 
many- to several-flowered (Fig. 1). Inflorescences seem to exhibit a quite distinct sexual 
dimorphism. It appears to be the rule that male inflorescences are always more-flowered 
than in females . Whether there is also a marked difference in size could not be fully 
confirmed as inflorescences with open flowers were only available for males (80-11 0 mm 
long), whereas females either only had buds (inflorescences 10-22 mm long) or fruits at 
varying stages of maturity (much larger). Before and at anthesis, inflorescence axes 
(peduncles, pedicels) are filiform; in fruiting stage they not only elongate but also thicken 
somewhat. 

Flowers 
The flowers are unisexual (distributed on separate plants) and 5-merous (except for the 
tricarpellate gynoecium). 

Calyx 
The calyx is made up of 5 free, triangular lobes, c. 0.5-1 mm long. Calyx lobes of male 
flowers tend to be smaller than those of females (compare Fig. 3G and 4G). Both the calyx 
lobes (ab- and adaxial side and margins) and adjacent areas of the inferior ovary are beset 
with glandular hairs (Fig. 4E: arrows) which, however, are smaller than those on the 
vegetative parts of the plants. 

Corolla 
The yellowish-green, creamy to white corolla is (sub)rotate, i.e., characterized by the almost 
complete absence of a corolla tube (Fig. 3A-B, 4A) . The corolla lobes are 1.5-2 mm long. 
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The aestivation of the corolla lobes in bud is essentially valvate (Fig. 3G, 4G), although 
microtome sections reveal that, near the base, some of the lobes show a trend towards 
imbricate aestivation (very indistinct overlaps oflobe margins). This observation is of some 
importance as Viburnum is characterized as being imbricate in bud (Kern 1951), and the 
Caprifoliaceae as a whole as "usually imbricate" (Zomlefer 1994). It seems plausible that 
the shift to valvate aestivation is linked with the very small flower size in Viburnum 
clemensae. 

Androecium 
The anthers of male flowers are introrse, dorsi-medifixed, broadly oblong to roundish and 
c. 0.5-0.8 mm long. The pollen sacs of each theca are slightly unequal in size (the outer 
being somewhat Jarger; Fig. 3C). Anthers open by means of two longitudinal slits (one per 
theca; Fig. 3A-B). 

The filaments, to c. 1 mm long, are "hooked", i.e., differentiated into a long, lower portion 
and a short, round upper portion which is held at a right angle to the lower part (Fig. 3B, D, 
E). The lower filament portion is laterally compressed, so that it appears quite broad in the 
ventral and dorsal view of the stamens depicted in Fig. 3C-D. The filaments are inserted 
between the base of the corolla and the base of the disk (Fig. 3E). 

In female flowers, the androecium is comprised of 5 staminodes with entirely reduced 
anthers but well-developed filaments (Fig. 4A-C, E-F) whose insertion is the same as in 
male flowers (Fig. 4E). 

Gynoecium 
The non-functional tricarpellate gynoecium of male flowers has a small and reduced, 
turbinate inferior ovary (Fig. 3G; compare with 4A, G). Longitudinal sections reveal that it 
has a central hollow in which there is a homogenous, dark-staining rod-like tissue (Fig. 3F). 
The latter is most probably the rudiments of the placenta and/or the infertile remnants of an 
ovule. Three rudimentary stigma lobes are recognizable, although smaller and less distinct 
than in female flowers (Fig. 3A-B; compare with 4A). As compared to female flowers, the 
stylar area is very indistinct (compare Fig. 3B and 4A, and also longitudinal sections, Fig. 
3F and 4F); the large disk-nectary (= ovary roof nectary; see female flowers, below, for 
further details) gradually merges into the rudimentary style. 

Fig. 3. (opposite) Male flower and pollen of Viburnum clemensae. A-B, flowers as seen from above 
and in side view. C-D, stamen in ad- and abaxial view. E, longitudinal section of stamen showing 
introrse, dorsi-medifixed anther on hooked filament (from bud). F, longitudinal section of bud 
showing rudimentary gynoecium and large ovary roof nectary. G, male bud, note valvate 
aestivation of corolla lobes and small, rudimentary ovary (compare with Fig. 4G). H-J, pollen; H, 
polar view; I, equatorial view; J, mesocolpium, note intraluminar bacula. A-D, G-J, SE
micrographs; E-F, microtome sections. Scale bars: I mm (A=G; B; E=F); 0.1 mm (C=D); lOflm 
(H=I); l flm (J). 
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The aestivation of the corolla lobes in bud is essentially valvate (Fig. 3G, 4G), although 
microtome sections reveal that, near the base, some of the lobes show a trend towards 
imbricate aestivation (very indistinct overlaps of lobe margins). This observation is of some 
importance as Viburnum is characterized as being imbricate in bud (Kern 1951 ), and the 
Caprifoliaceae as a whole as "usually imbricate" (Zomlefer 1994 ). It seems plausible that 
the shift to valvate aestivation is linked with the very small flower size in Viburnum 
clemensae. 

Androecium 
The anthers of male flowers are introrse, dorsi-medifixed, broadly oblong to roundish and 
c. 0.5-0.8 mm long. The pollen sacs of each theca are slightly unequal in size (the outer 
being somewhat Jarger; Fig. 3C). Anthers open by means of two longitudinal slits (one per 
theca; Fig. 3A-B). 

The filaments, to c. 1 mm long, are "hooked", i.e., differentiated into a long, lower portion 
and a short, round upper portion which is held at a right angle to the lower part (Fig. 3B, D, 
E). The lower filament portion is laterally compr_essed, so that it appears quite broad in the 
ventral and dorsal view of the stamens depicted in Fig. 3C-D. The filaments are inserted 
between the base of the corolla and the base of the disk (Fig. 3E). 

In female flowers, the androecium is comprised of 5 staminodes with entirely reduced 
anthers but well-developed filaments (Fig. 4A-C, E-F) whose insertion is the same as in 
male flowers (Fig. 4E). 

Gynoecium 
The non-functional tricarpellate gynoecium of male flowers has a small and reduced, 
turbinate inferior ovary (Fig. 3G; compare with 4A, G). Longitudinal sections reveal that it 
has a central hollow in which there is a homogenous, dark-staining rod-like tissue (Fig. 3F). 
The latter is most probably the rudiments of the placenta and/or the infertile remnants of an 
ovule. Three rudimentary stigma lobes are recognizable, although smaller and less distinct 
than in female flowers (Fig. 3A-B; compare with 4A). As compared to female flowers , the 
stylar area is very indistinct (compare Fig. 3B and 4A, and also longitudinal sections, Fig. 
3F and 4F); the large disk-nectary (= ovary roof nectary; see female flowers, below, for 
further details) gradually merges into the rudimentary style. 

Fig. 3. (opposite) Male flower and pollen of Viburnum clemensae. A-B, flowers as seen from above 
and in side view. C- D, stamen in ad- and abaxial view. E, longitudinal section of stamen showing 
introrse, dorsi-medifixed anther on hooked filament (from bud). F, longitudinal section of bud 
showing rudimentary gynoecium and large ovary roof nectary. G, male bud, note valvate 
aestivation of corolla lobes and small, rudimentary ovary (compare with Fig. 40). H- J, pollen; H, 
polar view; I, equatorial view; J, mesocolpium, note intraluminar bacula. A- D, G- J, SE
micrographs; E-F, microtome sections. Scale bars : I mm (A=G; B ; E=F) ; 0.1 mm (C=D); lOJ-Im 
(H=l); 1 1-1m (J). 

41 



42 

.. 



Female flowers are characterized by an ovoidal inferior ovary, c. l.S-2 mm high (Fig. 4A, 
G) and a 3-lobed stigma which is quite clearly demarcated from the common style (Fig. 4A, 
C, F). The stigma lobes are beset with receptive papillae on the adaxial side (Fig. SA). The 
central hollow seen from above (Fig. 4C) indicates that the style is not completely fused 
(compare with sections, Fig. 4F, SB). 

A large, cone-like ovary roof nectary, indented in the region of the filaments, is present (Fig. 
4A-C, F and SC, the latter also showing the dark-staining nectar-producing tissue). Its 
surface has rather few, irregularly distributed, often somewhat sunken "nectar slits" 
(stomata-like openings) on its surface (Fig. 4C-D). Comparable disk nectaries with nectar 
slits have been observed in other Viburnum species ( cf. Wagenitz & Laing 1984, Erbar 
1994). 

The anatomy of the ovary corresponds well with that of other Viburnum species studied 
(Wilkinson 1948: 14 spp., from all but two sections recognized in the genus). The ovary is 
clearly tricarpellate, as revealed by the 3-lobed stigma and style (Fig. SA-B), and the clearly 
3-partite style outline and 3 vascular bundles in the centre of the ovary roof nectary (Fig. 
SC), but it has only a single well-developed locule with a solitary fertile ovule. 

Sections from a level higher than the insertion point of the solitary fertile ovule clearly show 
the initiation of three locules, the one containing the fertile ovule already being larger than 
the other two (Fig. SD). Lower down, the additional two gaps (aborted locules) gradually 
disappear. In none of the sectioned flowers were aborted (vestigial, sterile) ovules or 
vestigial archesporia detected in either these two locules or in the well-developed locule. As 
already noted by Wilkinson (1948), aborted ovules are not always present. One possibility 
is that Viburnum clemensae is such a derived species that they are no longer initiated. 

Characteristic for the ovary is the conspicuous placenta that becomes much enlarged 
particularly below the fertile ovule, in this region filling out most of the space of the locule 
(Fig. SG-H, 6A; note the small size of the ovule in relation to the placenta in the latter). 
Wilkinson (1948) found a comparable, enlarged placenta in Viburnum sieboldii (which is 
placed in the same section as Viburnum clemensae, namely sect. Thyrsosma; cf. Kern 19Sl). 

Fig. 4. (opposite) Female flower of Viburnum clemensae. A, flower in side view (corolla lobe in 
front removed) . B, staminode and portion of the disk (co, corolla; removed). C, stigma lobes , style, 
ovary roof nectary (arrows: nectar slits) and staminodes as seen from above (corolla removed; ca, 
calyx). D, stomata-like nectar slit on ovary roof nectary. E , longitudinal section of staminode, 
inserted between base of nectary (left) and base of corolla (right); note dark-stained glandular hairs 
(arrows) on the calyx. F, longitudinal section of stigma, style and ovary roof nectary. G, female 
bud, note valvate aestivation of corolla lobes and well-developed ovary (compare with Fig. 3G). 
A-D, G, SE-micrographs; E-F, microtome sections. Scale bars: 1 mm (A=G; F); 0.1 mm (B; C; 
E); I 0 f..Lm (D). 
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Fig. 5. Cross sections of the gynoecium of Viburnum clemensae. A-C, sections from above the 
ovary; A, stigma lobes; B, style; C, ovary roof nectary (note dark-stained nectar producing tissue 
in the peripheral regions and 3-parted vascular supply of style in the centre; also visible-from the 
centre outwards- staminodes, corolla, and free calyx lobes). D- H , ovary sections at different 
levels (as indicated in Fig. 6A); D, two aborted locules (arrows) and third, larger ("fertile") locule; 
E, placenta about to enter the locule, note that the vascular bundle (to supply the fertile ovule) is in 
an asymmetrical position (arrow); F, section through mid-ovule, showing embryo sac and vascular 
bundle; G, section through chalaza! region, note size increase of placenta and somewhat semi
circular slit (arrows); H, lower third of ovary, note semi-circular slit (arrows) between enlarged 
placenta and ovary wall; in F- H, note the I 0 peripheral vascular bundles and the bundle opposite 
the placenta (H) that starts splitting up at higher levels (G~F~E). A- H, microtome sections. Scale 
bars: 1 mm (A=B=C=F=G=H); 0.1 mm (D=E). 
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Fig. SE shows a cross section in the region where the placenta enters the well-developed 
locule. In the placenta, the vascular bundle that supplies the fertile ovule is seen in an off
centre position. This is so because of the peculiar orientation of the anatropous ovule in the 
locule: the ovule is in a tangential position in relation to the entire ovary (cf. Fig. 6C), i.e., 
its micropyle neither points to the centre of the ovary nor away from it but sideways 
(consequently the vascular supply of the ovule-extending up to its chalaza! region-is no 
longer exactly in the centre). This ovule orientation may be interpreted as being a remnant 
of the presumably "ancestral" situation in Viburnum (ovules sideways on each placenta, in 
two rows; cf. Wilkinson 1948: Fig. 11 ). Fig. SF, an ovary section through roughly the 
middle of the ovule, also documents the ovule orientation: below, the sectioned embryo sac 
is visible and above, the vascular bundle running up to the chalaza! region of the ovule. 

The available preserved material was insufficient for detailed embryological work; it 
therefore remains unknown whether the species has an "Allium-" or "Polygonum-type" of 
embryo sac (both recorded for the genus; cf. Erbar 1994). 

In her study of Viburnum ovaries, Wilkinson (1948) paid much attention to the 
vascularization of the ovary. The present investigation of Viburnum clemensae did not yield 
any significant differences to her findings: apart from the 10 bundles, in cross section 
forming a circle in the wall of the ovary (e.g., Fig. SF- H), there is a solitary "central" bundle 
(left of the placenta in Fig. SH) coming up from the base of the ovary. Higher up, this bundle 
splits into five (see Fig. SG, F, E in sequence); one enters the placenta to continue into the 
fertile ovule ("large fertile ventral bundle" sensu Wilkinson 1948), the other four could be 
interpreted as a pair of "sterile ventral bundles" and "abortive ovular traces" (sensu 
Wilkinson 1948). 

The presence of idioblasts filled with tannins or a tanniniferous substance (dark-stained 
areas in the depicted sections, e.g. Fig. 6A- B) is characteristic for all ovary tissues of 
Viburnum clemensae. The occurrence of tannin(-like) substances has already been 
mentioned by Wilkinson (1948) as being a common feature for the genus, but apparently 
they are not universally present (cf., for example, Erbar 1994: Fig. 37-38). 

Fruits and Seeds 
The fruits, crowned by the persistent calyx and the massive disk (Fig. 7 A- C), are one
seeded ovoidal drupes, 9- 12 x 6- 8 mm in size. They are yellowish-green to yellow and 
ellipsoidal at first (Fig. 7 A) and become orange-red to red and ovoidal at full maturity (Fig. 
7B). 

The solitary mature seed, c. 7 x S.S mm, fills up most of the interior of the fruit. It shows a 
distinct longitudinal furrow on the ventral (adaxial) side (Fig. 7D- F; see Seed Development 
and Anatomy, below, for explanations) and, moreover, strong ruminations ("folds") over its 
entire surface (Fig. 7G- H). 
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Fig. 6. Ovary, ovule and developing seed of Viburnum clemensae. A- B, longitudinal section of 
locule with ovule (B, detail of A); note enlarged placenta below ovule(* ) (white asterisks: tannin
filled idioblasts); triangles indicate the planes of the sections reproduced in Fig. 5D-G. C, ovary 
wall removed to show ovule position and enlarged placenta C*) below ovule. D- F, developing 
seeds (surrounding tissues removed); D, very young seed (arrow) (above partially hidden by the 
developing endocarp) with enlarged placenta below C* ); E, slightly older stage than D, note 
increased size of the developing seed in relation to the placenta C* ) and the beginning rumination; 
F, adaxial side of developing seed (removed from D), note asymmetrical shape due to unequal 
development of rumination. A- B, microtome sections; C- F, SE-micrographs. Scale bars: I mm (A; 
D); 0.1 mm (B; C=E; F). 
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Fruit anatomy 
The fruit wall is differentiated into an exocarp (fruit epidermis with a thick cuticle, Fig. 9B), 
a mesocarp of parenchymatic tissue and a several-layered sclerenchyma making up the 
endocarp (Fig. 9A). The mesocarp is rich in idioblasts filled with tannin (or a tannin-like 
substance) (Fig. S, 9A-B) and, moreover, has idioblasts filled with crystal druses (Fig. 9C). 

With regard to the endocarp, it is noteworthy that a preformed germination slit is present (as 
is known from other taxa with drupaceous fruits, e.g., numerous Rubiaceae: Robbrecht 
19S9), i.e., there is a distinct gap in the endocarp, located apically, in close proximity to the 
location of the embryo (Fig. SF- G). The presence of this slit undoubtedly makes it easier 
for the radicle of the embryo to emerge from the seed. 

Seed development and anatomy 
Soon after fertilization, the former ovule starts enlarging and changes shape (Fig. 6D, 
compare with 6C). Already at very early stages of development, the seed starts showing 
ruminations, particularly in the chalazal region; this causes a very young developing seed to 
appear rather asymmetrical (Fig. 6E- F). In the stage depicted in Fig. 6E, the developing 
seed is still much smaller than the placenta, but this changes drastically later on. 

During further development, the seed enlarges significantly and starts growing laterally 
around the placenta and eventually almost envelops it (Fig. SA-E). This causes the 
characteristic longitudinal furrow on the adaxial side of a mature seed (Fig. 7E). 

The exotesta of the seeds is one-layered, its cells do not show any secondary thickenings; 
at least in fully mature state, they are filled with tannins (Fig. 9D-F, compare with Fig. 9G). 
Below the exotesta, an endotesta layer is present; it is still distinct in immature seeds (Fig. 
90), but becomes quite crushed and is difficult to see in fully mature state (Fig. 9F). 

The irregular seed surface is caused by the deeply and irregularly folded horny endosperm 
(ruminate endosperm) (Fig. SA- E). The folds vary in extent and thickness (Fig. 9A), but 
there are always at least a few endosperm layers below the exo- (and endo-)testa (Fig. 9D). 

The kind of rumination encountered in Viburnum clemensae corresponds to Periasamy's 
(1962) "Spigelia-type", which occurs- apart from Caprifoliaceae (Viburnum foetens was 
investigated by the author)- in taxa of the Araliaceae, Loganiaceae s.l., Apocynaceae and 
Rubiaceae. It is characterized by "rumination preformed in the tissues of the seed coat" [as 
opposed to "unequal peripheral activity of the endosperm during later stages"] and an "only 
one layered mature seed coat". 

At least for Viburnum clemensae, Corner's (1976: SS) statement that the endosperm [of 
Viburnum] is "subruminate from folds of the endocarp" does not hold. As can be seen from 
the sections (e.g. Fig. SC- E, 9A), the endocarp is entirely smooth and "regular" and has 
nothing to do with the ruminations of the seed. 
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Fig. 7. Fruit and seed of Viburnum clemensae. A, young fruit. B, fully mature fruit. C, as B, but 
fruit wall removed to show abaxial side of seed. D, seed removed from C, view of adaxial side. E, 
as C; the arrow points to the area of the funicle. F, seed as seen from above. G, detail of seed 
surface, and H, longitudinal section of seed, both showing ruminations. A- D, LM; E- H, SE
micrographs. Scale bars: 1 mm (A=B=C=D; E=F=H; G). 
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Fig. 8. Cross and longitudinal sections of fruit and seed of Viburnum clemensae. A-B, cross 
sections of immature (A) and nearly mature (B) fruit; note ruminate seed growing laterally around 
the enlarged placenta (*) and crescent-shaped locule. C- E, longitudinal sections in the planes 
indicated in B. C, note bundle (arrows) running opposite the placenta (compare with B); D-E, 
lateral extensions of the seed (triangles) show up to the left of the placenta. F, detail of apical part 
of sectioned fruit; note oblique, "apical" position of the embryo in the ruminated seed (sd) and area 
of the funicle (arrow). G, detail of fruit wall showing "apical" preformed germination slit in the 
sclerenchymatic endocarp. A-G, microtome sections. Scale bars: l mm (A=G; B; C- E; F). 
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Fig. 9. Fruit wall and ruminated seed of Viburnum clemensae. A, portion of cross section of fruit 
and ruminated seed. B, outer portion of fruit wall: exocarp with cutinized outer epidermal walls, 
parenchymatic mesocarp with tannin-filled idioblasts. C, portion of the mesocarp showing 
idioblasts with crystal druses and tannins. D, ruminations ("folds") of the seed; dark coagulated 
contents seen in some of the exotesta cells are tannins. E, tangential section of a rumination "fold" 
showing dark-stained (tannin-filled) exotesta cells. F, cross section of tannin-filled exotesta cells, 
endotesta (arrow) and endosperm (below). G, cross section of portion of a seed from a not yet fully 
mature fruit; ruminations already present, but exotesta cells only partially filled with tannins 
(arrow: endotesta; seen above the seed: part of the endocarp, its cells not yet sclerenchymatic). 
A- C, E- G microtome sections (F, interference contrast); D, SE-micrograph. Scale bars: l mm (A); 
0.1 mm (B=C; D; E=F; G). 

50 



Presumably caused by the formation of the ruminations that starts in the chalaza! region (but 
later on spreading over the entire seed), the position of the embryo is no longer the same as 
that of the embryo sac in the ovule; it has been shifted to near the apex of the seed (and 
fruit), i.e., to a location nearly opposite the funicle, with the radicle pointing obliquely to it 
(Fig. 8F). The embryo is straight and small (c. 1.5 mm long), as is characteristic for the 
Caprifoliaceae (cf. Zomlefer 1994); radicle and cotyledons are of approximately the same 
length (Fig. 8F). 

Pollen (Fig. 3H-J) 
The pollen is spheroidal, small (20-22 11m in diameter) and 3-colpate. The exine is 
reticulate, with intraluminar bacula (lumina 0.25-0.5 11m in diameter). This agrees well with 
data for other Viburnum species ( cf. Bohnke-Gtitlein & Weberling 1981 ). 

Distribution and Ecology 
The species, previously thought to be endemic to the Mt. Kinabalu area in Ranau and 
Kundasang (cf. Kern 1951 and Kern & Steenis 1951), has also been recorded (Noorma Wati 
1996) as being found in the Kota Belud, Tambunan and Tawau areas in Sabah. We collected 
it on Trus Madi, the second highest peak in Borneo after Kinabalu. 

It grows on mountain slopes or ridges, both in primary and secondary forests and ts 
recorded from altitudes ranging from 1300 to 2000 m. 

SPECIMENS EXAMINED -Male flowering specimens: BORNEO. SABAH: Ranau, 
Upper Uniport Mile 38 114 (Sosopodon), Mujin SAN 36747 (SAN), mile 36 114 Ranau 
road, Badak SAN 32395 (SAN), Sosopodon, Jalan Lering, Lajangah SAN 33124 (SAN), 
Mt. Kinabalu, Mesilau River, Chew & Corner RSNB 4247 (SAN). Tambunan, Trus Madi 
range, logging road to Apin-Apin, Sugau et al. JBS 137 (SAN). - Female flowering 
specimens: BORNEO. SABAH: Tambunan, Trus Madi range, logging road to Apin-Apin, 
Sugau et al. JBS 134 (SAN, WU).- Fruiting specimens: BORNEO. SABAH: Ranau, 
Kundasang, N .P. Boundary, Sadau SAN 42473 (SAN), Sosopodon below Kinabalu, near 
Kundasang, Mikil SAN 46725 (SAN), above Kiau 11 Gurulau ridge near Kinabalu Nat. 
Park, Kanis & Kurpin SAN 53967 (SAN). Tambunan, Trus Madi FR., above Sg. 
Kidukoruk, Mikil SAN 31770 (SAN). 

Discussion 

Our initial field identification of the investigated species as a member of the Rubiaceae 
(based on the characters given in the introduction) was undoubtedly wrong, although not 
fully unrealistic: Baillon (1880), for example, had suggested to merge Caprifoliaceae into 
Rubiaceae and, in the past, several genera have been transferred from Rubiaceae to 
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Caprifoliaceae (and vice versa) (see Kern & Steenis 1951) because certain character states 
are shared by both families. 

Based on our present state of knowledge we can say with certainty that this presumed 
alliance cannot be upheld, and that the similar character states are the result of parallel 
evolution. The two families are not even in the same order. Nowadays, Rubiaceae are placed 
in the Gentianales, and Caprifoliaceae in the Dipsacales. As revealed by cladistic analyses 
(Donoghue 1983, Donoghue et al. 1992), the Caprifoliaceae are, however, polyphyletic. A 
position in the Dipsacales is only supported for 10 "core genera" (Lonicera , 
Symphoricarpus, etc.), whereas Viburnum and Sambucus belong elsewhere (Cornales?). An 
alliance to Adoxa (Adoxaceae) has been suggested and, based on cladistic studies, the cited 
authors su~gest a placement of the two genera in the Adoxaceae, although this is not fully 
and generally accepted (cf. Erbar 1994); we, therefore, chose to leave Viburnum clemensae 
in "Caprifoliaceae s.l. ". 

The character states found in Viburnum clemensae are largely in agreement with those given 
for Viburnum in Donoghue's (1983) cladistic analysis , although there are some 
disagreements. Many character states (especially floral , fruit and seed features) can, 
however, not be directly compared because his data matrix was too limited (only a total of 
13 characters covered). 

Particularly noteworthy is the dioecy encountered in the investigated species. It seems to be 
a feature unique to Viburnum clemensae; we have been unable to find any report of its 
occurrence in literature, either for the genus or for the Caprifoliaceae s.l. as a whole. The 
species has paniculate, rather than umbel-like inflorescences (according to Donoghue the 
latter characterize the genus). The ovary position of Viburnum is given as "3/4 inferior" by 
Donoghue and other authors (because aborted locules and ovules are often found above the 
level of calyx and corolla insertion so that the ovary is no longer fully inferior), but this is 
definitely not applicable to Viburnum clemensae. 

In summary, it seems that Viburnum clemensae is a rather unusual and aberrant species 
which, in appearance, is quite different from "typical" Viburnum species as they are found 
in Borneo. 
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Summary. Pulau Punyit supports only 20 species of terrestrial plants, a feature reflecting 
the island's small size and harsh environment. These include Gastonia serratifolia 
(Araliaceae), known in Brunei from this island only, and Melientha suavis subsp. suavis 
(Opiliaceae), a new subspecies record for Borneo. The herpetofauna is limited to one snake 
and one lizard. The littoral zone, in contrast, supports a wide variety of algae and 
invertebrates, many of which are arranged in distinct patterns of zonation. Pulau Punyit, as 
one of only two offshore islands, represents a substantial proportion of Brunei Darussalam's 
open coast and hard-substrate littoral biodiversity and, as such, should be protected. 

Pulau (=Island) Punyit is one of only two offshore islands in Brunei Darussalam (Agbayani 
et al. , 1992). It is located in the South China Sea (4°58'34" N; 114°50'45" E) (Fig. 1) and 
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Fig. 1. Location of Pulau Punyit. 
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is separated at low tide from the mainland at Tungku Punyit in the Brunei-Muara District 
by a 500-m rocky peninsula and a 100-m shallow channel. At high tide most of the 
peninsula is flooded. The island's 0.1 ha supralittoral area rises steeply to a flat cap about 
10m above the spring high-tide mark. In the intertidal, an extensive, gently sloping area of 
broken sand-stone of Tertiary origin (Potter et al. 1984) extends from the shoreward south
eastern tip along the south-western side of the island. The north-western and the north
eastern side of the island are formed from more intact tabular sandstone blocks from the 
same formation which dip steeply to the north-east. In the supralittoral zone, the sandstone 
is overlain by a shallow soil composed mainly of sand together with decomposing plant 
material and some animal faecal deposits. 

Agbayani et al. (1992), in their consideration of an island management strategy for Brunei 
Darussalam, recommended that Pulau Punyit should be afforded protection, because of its 
biodiversity and near-pristine nature. Both its marine and terrestrial biota were considered 
umque. 

In order to establish base-line data on the plant and animal communities within the littoral 
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Fig. 2. View seaward along the steeply sloping north-eastern shoreline of Pulau Punyit. -

Fig. 3. View from the south-western tip of Pulau Punyit looking shoreward. Note the extensive area 
of fractured sandstone rocks gently sloping south-westward and the small vegetated supralittoral 
knoll. 
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Fig. 4. Profi le of the littoral zone taken on the north-eastern side of Pulau Punyit showing the 
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and supralittoral zones of Pulau Punyit, a series of surveys was undertaken in 1991-92. 
Each visit was chosen to coincide with a low tide so as to allow littoral as well as 
supralittoral surveys to be undertaken simultaneously. Detailed sublittoral surveys have not 
as yet been completed as poor visibility in near-shore waters has hindered progress. 

Littoral Survey 

Transects taken in the littoral zone of Pulau Punyit indicate clear patterns of zonation of the 
plants and animals. The steeply inclined sandstone rock faces of the NE (Fig. 2) are exposed 
to more vigorous wave action than the more gently sloping, partially protected boulder 
shore of the SW (Fig. 3). 

Littoral Flora 
Considering the plants on the NE slope (Fig. 4) only lichens and encrusting algae, showing 
as dark (almost black) "paint" spots, occupy the harsh zone above mean high water spring 
(MHWS) and into the splash zone. Immediately below MHWS, moist pockets in the 
weathered rock surfaces allow some non-encrusting forms to establish. Short, tufted 
Gelidiella acerosa and Laurencia papillosa are common in rock depressions while 
Botryocladia pyriformis is associated with moist crevices. 

-~2m 
_ ~ --------- lim 

---------------- CHART DATUM ___ :::::::=-. Caulerpa spp. 

Udoteajavensis %cover => Ampltiroafragilissima 
60 f 40 

20 

0 
Lobophora variegata 

~====:::::::: _______ :=::::::- Dictyopteris spp. 

Padina sp. 

Sargas~;um sp. 

Gelidiella acermla 

Lauren cia papillosa 

Fig. 5. Profile of the littoral zone taken on the south-western side of Pulau Punyit showing the 
distribution of the dominant algae. 
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Close to mean sea level (MSL) a 50-cm broad band is dominated by Acanthophora 
muscoides. Other algae in this zone include Gelidiella acerosa, Laurencia papillosa, 
Hypnea boergesenii and Cladophora vagabunda, with occasional tufts of Chaetomorpha 
sp. and Grateloupia sp. Immediately below the "Acanthophora zone", tresses of Sargassum 
sp. and Gracilaria sp. form a dense band that extends to mean low water neap (MLWN). 
Within this zone the composition changes with depth from a Sargassum- to a Gracilaria
dominated community. Below MLWN a carpet of fine filamentous rhodophytes which 
include Wurdemannia miniata, Centroceras sp. and Herposiphonia sp. together with red 
Porolithon sp. "paints" cover the rock substrate. 

On the SW side of Pulau Puny it, the composition of the upper littoral flora (Fig. 5) is similar 
to that of . the NE, with only encrusting algae and lichens being able to tolerate severe 
desiccation and extremes of temperature. Small-stature Gelidiella acerosa and Laurencia 
increase in density to MSL where they merge with a broad band of phaeopytes. Sargassum 
sp. and Padina sp. dominate the upper reaches of this zone while Lobophora variegata, 
Dictyopteris delicatula , Dictyopteris membranacea, Dictyota bartayresiana and other 
Dictyota spp. are more abundant towards MLWN. The lower littoral is dominated by the 
calcareous rhodophyte Amphiroa fragilissima. Scattered lumps of bright green Caulerpa 
racemosa, C. microphysa, C. fergusonii, C. sertularioides and fine C. verticillata plants 
occur in this zone. The sides of boulders often bear clusters of crisp Anadyomene sp., 
delicate tufts of Bryopsis pennata, coarse- and fine-branched Grac:.ilaria spp. and tough 
filamentous fronds of Gelidiopsis sp. Paddle-shaped Udoteajavensis is present amongst the 
carpet of Amphiroa fragilissima close to chart datum (CD). Partially shaded on the sides of 
large rocks towards the more exposed SW tip of the island, brightly pigmented Peyssonnelia 
sp. and Cheilosporum sp. also occur close to CD. 

The environmental variable responsible for the different floral composition on the NE and 
SW slopes appears to be the intensity of wave action. Algae unable to withstand the 
shearing effects of heavy seas are found on the partially protected SW side of the island. 
These include a range of phaeophytes (Padina sp., Lobophora variegata, Dictyopteris spp. 
and Dictyota spp.), delicate chlorophytes (Anadyomene sp., Caulerpa spp. , Bryopsis 
pennata) and the rhodophytes, Amphiroa fragilissima. Gelidiella acerosa, Laurencia 
papillosa and Sargassum sp. are abundant on both slopes while Acanthophora muscoides 
and Gracilaria grow best in the strongly agitated waters of the NE slope. 

Littoral Fauna 
The littoral fauna of Pulau Punyit, like the flora, shows a distinct pattern of zonation. The 
profile shown in Fig. 6 is taken at the same gently sloping SW site as shown in Fig. 5. The 
following description applies generally to the relatively sheltered SW and E shoreline. 

In the supralittoral "splash zone", dense populations of Nodilittorina pyramidalis feed on 
encrusting algae and lichens. These small molluscs are able to withstand the extremes of 
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Fig. 6. Profile of the littoral zone taken on the south-western side of Pulau Punyit showing the 
distribution of the most abundant animals. 

temperature and severe desiccation at this site. Extending from MHWN to MSL two other 
herbivorous molluscs, Nerita undata and Planaxis sulcatus are common. Limpets have the 
highest vertical range which extends from near MHWN to MLWN. Chthalamus 
malayensis, the small star barnacle, occurs at very high density on sloping rock faces above 
MSL and at lower density down to MLWN. The giant Tetraclita squamosa barnacle is 
confined to the lower shore in moderate density in this SW profile (on the NE side of the 
island, especially at the seaward tip, this species extends its range right up to the splash 
zone). Another barnacle, Pollicipes mitella, a "goose" barnacle, although absent from the 
boulder profile of Fig. 6, is commonly found with its "neck" extending from fractures in the 
sandstone slabs especially on the NE-facing slopes from MHWN to MSL. The oyster, 
Saccostrea echinata, is present at low density from MHWN to MLWN. This mollusc is 
harvested as food by fishermen who occasionally land on the island. Littoraria scabra 
(periwinkle) and Acanthopleura gemmata (a species of chiton) grazes close to MSL. 
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Nassarius sp., a carnivorous whelk, is common from MSL to MLWN, where it preys on 
barnacles and other molluscs. Colonial zoanthids, anemones and compound ascidians are 
mostly confined to the lower shore although they can occasionally be found in moist 
crevices or rock depressions higher up. Crustacea, in addition to the barnacles mentioned 
above, include a wide range of prawns and crabs: the former are confined to the sublittoral 
or to intertidal rockpools while the latter can be found throughout the littoral zone and it 
also include free-ranging scavenger grapsid crabs (Grapsus spp. and Hemigrapsus spp.) and 
high densities of gregarious hermit crabs (Clibanarius spp.). On the shaded underside of 
rock overhangs in the lower littoral, colourful encrusting sponges and "miniature forests" of 
plant-like hydroids clothe the rock surfaces. The interior of the sandstone rock itself is not 
exempt from being colonized; the rock boring mollusc, Lithophaga sp. honeycombs the 
rock with its burrows. 

Close to chart datum (CD), in spite of the high turbidity of the near-shore water, three 
species of Favia and one species of Porites coral are able to survive. These corals are 
studded with the burrows of polychaete worms. Large gorgonian corals together with 
associated crinoids and molluscs are abundant below CD especially in the channel between 
the mainland and the island. In the tidal pools are a variety of small fish, such as gobie:;, 
blennies, pomacentrids and wrasses. 

A similar vertical pattern exists on the more exposed NW to NE shores. However, the 
diversity and abundance of the fauna here are relatively low and the zones are very 
contracted. This is due to a combination of factors such as the shorter horizontal distance of 
the shore, steeper slopes, more exposed boulder shoreline, the lack of tidal pools and a 
harsher environment. 

At night, a wide range of molluscs including cowries (Cypraea spp.) and cones such as the 
venomous Conus textile emerge to feed. Juveniles of the spiny lobster, Panulirus sp. and 
small octopus are commonly encountered, so too are a variety of echinoderms (such as sea 
cucumbers, sea urchins and brittle stars) and polychaete worms (especially nereids and 
polynoids). No systematic night survey has yet been conducted on Pulau Punyit but in our 
experience a rich nocturnal fauna exists. 

Terrestrial Flora 

A survey of the island shows that only 20 species of terrestrial plants exist on the island, 
including three species of ferns (Drynaria quercifolia, Asplenium nidus and Phymatosorus 
scolopendria; three monocots ( Cyperus javanicus, Digitaria sp. and the coconut Cocos 
nucifera); and 14 dicots (of which 10 were trees and four were climbers). 

The most common trees were Excoecaria agallocha (Euphorbiaceae, elsewhere common at 
the back of mangroves and along brackish waters in estuarine sites), Allophylus cobbe 
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(Sapindaceae, a common associate of sandy beach communities and rocky outcrops on the 
coast), and Diospyros maritima (Ebenaceae). These three species were represented by at 
least ten individuals each, including adult trees and juvenile stages. Excoecaria agallocha 
occurred only at the spring high tide level on exposed rocky outcrops. Allophylus cobbe was 
an understorey component and Diospyros maritima was represented by tall individuals 
which formed the main canopy of the forest. 

Two figs (Ficus delosyce and Ficus globosa; Moraceae) occurred on the island. Ficus 
deloysce was found only at the spring high tide mark, while the other species was 
represented by two large individuals at the summit of the island. Several well-grown 
individuals of Chionanthus ramiflorus (Oleaceae) were also observed under the canopy of 
the forest forme9 principally by Diospyros maritima and Ficus delosyce. 

Vitex pubescens (Verbenaceae; two individuals and several juveniles at the edge of the 
forest), Planchonella obovata (Sapotaceae; one sapling in the shade of the forest canopy, 
hardly 0.5 m high, found after a thorough search) and Macaranga tanarius (Euphorbiaceae; 
one sapling at the edge of the forest) constituted the species which were infrequent on the 
island but which elsewhere commonly occur in secondary or coastal vegetation. Of much 
interest was the existence on the island of a flowering adult specimen, suckering at the base 
of its trunk, of Gastonia serratifolia (Araliaceae ), with much the same growth habit as those 
of Arthrophyllum spp. (also Araliaceae), having spindly stems and ascending branches. 
Gastonia serratifolia is a new record for the Brunei flora, and elsewhere in west Borneo is 
known to occur in vegetation developing on rocky coastal outcrops, including islands. 

There were few epiphytes; these included one individual of the litter-trapping fern, 
Drynaria quercifolia (Polypodiaceae), and the typically epiphytic bird-nest fern, Asplenium 
nidus, which on the island was found on the forest floor. The only other fern species there, 
Phymatosorus scolopendria (Polypodiaceae), occurred on the forest floor in shade. The 
diversity of lianas was as low as that of the trees. There was a high-climbing, much ramified 
individual of the milkweed Hoya coronaria (Asplediaceae) on one large tree of Ficus 
delosyce, and several individuals of Melientha suavis subsp. suavis (Opiliaceae) at the forest 
edge (the subspecies suavis is a new record for Borneo). Derris malaccensis (Leguminosae) 
was found climbing or scrambling at the forest margin and over some rocky outcrops. 
Mikania scandens (Compositae), a naturalised weedy climber, was found as a small patch 
on the edge of the forest. 

Herbaceous plants, too, were few. The stoloniferous Digitaria fuscescens (Gramineae) 
occurred over one rocky outcrop, growing sparsely, and the sedge Cyperus javanicus 
(Cyperaceae) occurred in groups of several clumps in some open sites just above the spring
tide level, and on the west side of the island as a sizeable population which appears to have 
colonised either a treefall gap or a landslide. The only palm, the coconut, was represented 
by two juvenile, short-trunked individuals; it is doubtfully part of the spontaneous flora of 
this island and could have developed from fruits left at the island by people. 
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Herpetofauna 

The only lizard species that occurs on the island is the mangrove skink Emoia cf. 
atrocostata (Lesson, 1830). This belongs to a highly speciose genus whose members are 
mostly Indo-Australian in distribution, although most are restricted to New Guinea. The 
lizard is diurnal and utilizes rocks above the littoral region. On a trip to these rocks on 16 
May, 1992, a single egg, 13.3 mm x 9.4 mm in dimension, oval and flattened on the 
attachment surface was discovered, fixed to a slab of rock, in the shade. The egg was 
removed to the laboratory for incubation, but failed to hatch. 

The other reptile species recorded is the amphibious sea snake or yellow-lipped sea krait, 
Laticauda colubrina (Schneider, 1799), a relatively terrestrial hydrophiid which produces 
eggs, unlike most other sea snakes that produce Jive young. Two adult females (snout-vent 
lengths 129.5 and 114.2 em) were caught from the rocks on 16 May, 1992, between 1640 
and 1650 hours. These were found in association with rocks and vines in the deep shade, 
and were presumably resting. Although several sloughed skins of the same species were 
recovered from the rocks during the same visit, no young of the species could be found. 
Both snakes collected proved gravid on dissection, containing nine and five relatively large 
oviducal eggs that measured 44.6-57.2 (x = 50.6) x 24.6-31.1 (x = 26.7) mm and 58.5-92.2 
(x = 73.3) x 20.3-25.7 (x = 23.5) mm, respectively. The high parasite burden on these 
snakes is remarkable: at least 9 and 15 ticks of one or more indeterminate species were 
recovered from under the midbody and ventral scales of each snake respectively. The 
species is highly terrestrial, resting, courting, mating and ovipbsiting on rocky islands 
(Pernetta 1977, Stuebing 1988), and Pulau Punyit and Pelong Rocks may be the only 
terrestrial habitats for the species within Brunei. 

A further two pairs of these snakes were found on 19 October, 1992 on a Ficus tree, 4 m 
and 7 m above the substrate, in the shade. The arboreal habits of Laticauda colubrina from 
a locality in Sabah, eastern Borneo, have been documented by Stuebing et al. (1990). Two 
other solitary individuals, probably females, were encountered during the same visit. One 
of these was found sedentary, probably basking, on an exposed sandstone boulder under 
partial shade at around 1200 hrs. 

The snakes collected during the May trip were frozen in a deep freezer within a few hours 
of collection and examined five months later. The still attached ticks were found to be alive 
upon defrosting. To our knowledge, tolerance to extremely low temperature (approximately 
-15°C) for such a prolonged period has not been recorded for tropical arthropods. The body 
fluids of marine species have higher osmotic pressure compared to those of terrestrial or 
fresh-water species. As the freezing points of fluids with high osmotic pressure are lower 
than those with lower values, animals possessing high concentrations of solutes can better 
tolerate low temperatures (Schmidt-Nielsen 1975). 
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Conclusions 

Pulau Punyit has a diverse littoral flora and fauna. Contrasting aspect, slope and exposure 
at different sides of the island superimposed on the variably weathered and fractured texture 
of the sandstone, and the tidally determined subdivision of the shore, has ensured a wide 
variety of niches which are occupied by an impressive range of littoral plants and animals. 
Brunei Darussalam has only one other such offshore island and has only two natural rocky 
promontories along its entire mainland open coast. Hence, Pulau Punyit represents a 
substantial proportion of Brunei's hard-substrate littoral biodiversity and as such should be 
protected. The other offshore island is somewhat different from Pulau Punyit and the flora 
and fauna there could also be different. With the destruction of the hard shore on the 
mainland Pulau, Puyit could well represent the only area in Brunei Darussalam with the 
intertidal community described above. 

It is not surprising considering the very limited area of the supralittoral and the relatively 
harsh conditions associated with such an exposed habitat, that the terrestrial flora is poor. 
However, the island does not appear to have suffered from any woodcutting and the finding 
of Gastonia serratifolia, a species which has not been encountered in the much-disturbed 
beach forests of the Brunei mainland, and Melientha suavis subsp. suavis (a new record of 
the subspecies for Borneo), makes the island somewhat special in Brunei 's context. 

The terrestrial fauna, like the flora, is poorly represented. Only the herpetofauna are 
represented in this paper but there is evidence that both birds and bats, at least periodically, 
occupy the island. Further detailed surveys would no doubt add substantially to the lists of 
intertidal plants and animals. However, probably the richest area for further research would 
be the extensive, shallow, sublittoral. 
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Halophila decipiens (Hydrocharitaceae ), 
a new seagrass record for Sabah 

Japar Sidik Bujangl, Lamri Ali2, Muta Harah Zakarial, 
Muhamad Saini Suliansa2, Mansoruddin Aliasl, Josephine GumpiP, 
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43400 UPM Serdang, 
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P.O. Box 10626, 

88806 Kota Kinabalu, 
Sabah, Malaysia 

3faculty of Arts and Sciences, 
University College Terengganu, 

21030 Kuala Terengganu, 
Terengganu, Malaysia 

Summary. Halophila decipiens Ostenf., previously recorded in Malaysia only from the 
west coast of Peninsular Malaysia, is now known also from the north-east coast of Pulau 
Sulug in the Tunku Abdul Rahman Park, Sabah. The distribution, ecology and 
morphological characters of both vegetative and reproductive structures are discussed. The 
presence of this seagrass at Pulau Sulug increases the number of seagrass species known in 
Sabah waters to ten. The presence of four styles in female flowers of H. decipiens, recorded 
for the first time, appears not to be uncommon. 

Nine species of seagrasses in six genera are known on Sabah coasts: Enhalus acoroides 
(L.f.) Royle, Halophila ovalis (R. Br.) Hook. f., Halophila minor (Zoll.) Den Hartog, 
Halodule uninervis (Forssk.) Aschers., Halodule pinifolia (Miki) Den Hartog, Cymodocea 
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rotundata Ehrenb. & Hempr. ex Aschers., Cymodocea serrulata (R. Br.) Aschers. & 
Magnus, Thalassia hemprichii (Ehrenb.) Aschers. and Syringodium isoetifolium (Aschers.) 
Dandy. 

In Sabah waters, Halophila ovalis is a common seagrass whereas H. minor is considered 
rare (Ismail 1993). In Peninsular Malaysia, Halophila is represented by five species: H. 
beccarii Aschers., H. minor, H. ovalis, H. spinulosa (R. Br.) Aschers. and H. decipiens 
Ostenf. Of these, H. decipiens was only recently reported for Malaysia (Japar et al. 1995). 
However, male and female reproductive structures have not been described for the 
Malaysian material. 

During an exten_sive survey of seagrasses in waters around the Tunku Abdul Rahman Park 
in Sabah, a monospecific meadow of H. decipiens was found at Pulau Sulug, including 
flowering material with both male and female flowers. The occurrence of this species has 
not been noted in previous surveys in Sabah- (Ismail 1993). 

Sampling site and material studied 

Halophila decipiens specimens were collected in May 1996 at depths of 8 to 18 m, off the 
north-east coast of Pulau Sulug (S057'37.8"N l15°59'56"E), an island in the Tunku Abdul 
Rahman Park of Sabah. 

Material was processed for herbarium specimens as described by Menez et al. (1983) and 
some was preserved in 4% formalin in saline water for further examination. The collecting 
data is as follows: Specimen Catalogue No: 01-66: Seagrass Flora of Sabah. Halophila 
decipiens Ostenfeld, Pulau Sulug, Tunku Abdul Rahman Park, Sabah. 27 May 1996. All 
specimens are currently with the first author. 

Morphology of Halophila decipiens 

Plant monoecious, with creeping fragile narrow rhizome, 0.7- 0.9 mm thick; internodes 
10- 30 mm long, usually one unbranched root with numerous root hairs present below each 
erect shoot (Fig. 1a). Erect stem arising from each node short, up to 4.2 mm long, bearing 
a pair of leaves; the erect stem and the immediate rhizome enveloped by a pair of 

Fig. 1. (opposite) Halophila decipiens from Pulau Sulug. a, habit (B- leaf blade; P- petiole; 
R- rhizome; Rt- root;· S- scales). b, a pair of transparent scales (S) with short stiff hairs enveloping 
an erect stem (Es) and a rhizome (R). c, leaf blade (B) with finely serrated margin's, showing mid
vein (Mv), cross-veins (Cv) and intramarginal vein (lv). d, detail of leaf surface with short, stiff 
unicellular hairs (Uh). 
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transparent scales, 1.5-3.7 mm long, obovate, keeled with short stiff hairs on the margin and 
the outside (Fig. I b). Leaf blades pale green in colour, distinctly elliptic, obtuse at the apex, 
margin finely serrated, length 7.5- 16 mm, width 2.5-5.2 mm; mid-vein conspicuous, united 
apically with intramarginal veins (Fig. lc); cross-veins 5-10 pairs, sub-opposite to alternate, 
occasionally forked; both surfaces with dense, short, stiff unicellular hairs, almost evenly 
distributed (Fig. ld); petioles slender, 1-7.3 mm long. 

Inflorescence a pair of flowers, one male and one female, or both female, subtended by 2 
overlapping spathes; the spathes scarious, transparent, 1.8-3.7 mm long, with finely 
serrulate margins. Male flower (Fig. 2a): pedicel whitish, rather thick, up to 4.3 mm long; 
tepals 3, whitish, oblong-elliptic, convex, 0.7- 1 mm long; anthers three, fused, 0.5-0.8 mm 
long. Female fl~wer (Fig. 2a, b): sessile, ovary ovoid, 0.8-2.2 mm long; hypanthium 1-2.5 
mm long; styles 3-4, with glandular inner surfaces, of unequal length of 2.7-5.8 mm long. 
Fruits broadly ellipsoid, 0.9-2.3 mm long, 0.9-1.3 mm wide (Fig. 2c). Seeds 20-30, 
ellipsoid to spherical, 0.5-0.6 mm in diameter, bluntly beaked at both ends, testa reticulate 
(Fig. 2d). 

The description of Halophila decipiens provided here agrees with those given by Den 
Hartog (1970), De Oliveira et al. (1983), Robertson (1984), Parthasarathy et al. (1988) and 
Kuo et al. (1995). Halophila decipiens is monoecious, with male and female flowers borne 
in the same axil of the successive lateral erect stem of the same plants (Fig. 2a, b; Fig. 3a-d). 
This characteristic forms the main criterion for the identification of H. decipiens. The 
recently described H. capricorni Larkum (Larkum 1995) is also a monoecious plant and 
morphologically almost similar to H. decipiens but differs in having male and female 
flowers in different axils of the same plant. Halophila beccarii Aschers. and H. spinulosa 
(R. Br.) Aschers. are morphologically different in having more than two leaves and 
compound leaves, respectively, arising from each rhizome node, whereas H. ovalis and H. 
minor are dioecious with male and female flowers on different plants (Den Hartog 1970). 

The population H. decipiens from Pulau Sulug had male and female flowers at all stages 
of development: flower buds in their spathes, developing flowers emerging from the spathes 
and mature open flowers (Fig. 2a, b; Fig. 3a-d). The presence of three styles in female 
flowers (Fig. 3a, d) has been reported in all previous descriptions of H. decipiens (Den 
Hartog 1970, De Oliveira et a/.1983, Robertson 1984, Parthasarathy et a/.1988), including 
the recent published works by Kuo & Kirkman (1995) and Kuo et al. (1995). The 
occurrence of four styles in the female flowers (Fig. 3b, c) of H. decipiens has not been 

Fig. 2. (opposite) Flowers of Halophila decipiens at various stages of development. a, young male 
flower (M) and female flower (F) from one axil, subtended by spathes (Sp). b, mature male flower 
comprising pedicel (Pe), tepals (T) and anthers (not shown here), and female flower comprising an 
ovary (0), hypanthium (H) and styles (St). c, a fruit with persistent hypanthium (H) and seeds (Sd). 
d, seeds with reticulate testa (Ts). 
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Fig. 3. Halophila decipiens. a, male flower with pedicel (Pe) and tepals (T); female flower with an 
ovary (0), hypanthium (H) and 3 styles (St); scale bar 2 mm. b and c, female flowers with 4 styles 
(St) and male flowers with anthers (A); scale bar 2 mm and 1 mm, respectively. d, female flower 
(F) maturing earlier than male flower (M) (still in bud stage), subtended by spathes (Sp); scale bar 
2mm. 
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previously noted (J. Kuo, pers. comm. 1996), although in the population at Pulau Sulug this 
was not a rare event. Of the 66 plants examined, 13 (20%) had female flowers with four 
styles. 

Flowering biology 

Some Halophila decipiens inflorescences exhibit protogyny. Enclosed by the spathes, the 
female flower develops to maturity while the male flower is still in bud condition (Fig. 3d). 
This has also been observed by Den Hartog (1970) and Parthasarathy et al. (1988). We have 
also observed the occurrence of mature male and female flowers together in the same 
inflorescence ang at successive shoots on the same plant, which suggests that both self
pollination and cross-pollination may occur in H. decipiens. 

Although at Pulau Sulug abundant flowering and fruiting occurred in May, it was not known 
over how long this continued. However, from observations made by Kuo & Kirkman (1995) 
and Kuo et al. (1995), flowering and fruiting occurs over 1- 2 months at a time, at intervals 
of some 3-4 months. 

Distribution and ecology 

Halophila decipiens is widely distributed in the tropical parts of the Indian and Pacific 
Oceans, and in the Caribbean (Den Hartog 1957, 1970). The Atlantic distribution of this 
species includes areas in the Canary Islands (Gil-Rodriguez et al. 1982), the Gulf of Mexico 
and various places along the coast of Brazil (Den Hartog 1972, De Oliveira et al. 1983). 
Recently its known distribution has been extended to Okinawa, Japan (Kuo et al. 1995) and 
South-western Australia (Kuo & Kirkman 1995). In south-east Asia, this species has been 
reported in Thailand, Indonesia (Den Hartog 1970) and in the Philippines (Menez et al. 
1983, Fortes 1990). In Malaysia, this species has only recently been reported to occur at 
Teluk Kemang in the state of Negeri Sembilan in Peninsular Malaysia (Japar et al. 1995). 

At Pulau Sulug in Sabah, H. decipiens was found on a gentle slope of soft silty coralline 
sand at depths between 8 m to 18m. It grew as scattered pure patches of 15m in diameter. 
The green macroalgae Caulerpa manorensis Niz. was also found growing among patches 
of this seagrass. This species has also been reported growing with other seagrasses, H. 
spinulosa and H. minor or as pure patches, at depths between 11 m to 23 m, on soft mud 
with fine sands and silty sediments in the southern Philippines (Menez & Calumpong 
1985). At Okinawa Island, it forms sparse, pure stands or grows adjacent to H. ovalis at 
depths between 15m to 18m on flat sandy coralline sediment (Kuo et al. 1995) and as pure 
localized stands on clayey sand at depths between 19 m and 23 m (Gil-Rodriguez et al. 
1982). However, in Tuticorin, Southern India, this species grows with the macroalgae 
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Caulerpa scalpelliformis R. Br. and Viva reticulata Forssk. on muddy coral sand at a 
shallow depth of 2 m (Parthasarathy et al. 1988). At Teluk Kemang in Peninsular Malaysia, 
H. decipiens grows in small patches on sandy-muddy substratum at a depth of only 1.5 m 
to 2 m (Japar et al. 1995) in association with other seagrasses, H. ovalis and Halodule 
uninervis. In general, this seagrass is reported to occur from near shore water surface to a 
depth of 85 m, depending on the clarity of water (Den Hartog 1970). 
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A provisional check-list of pteridophytes 
from the Danum Valley, Sabah 

B.S. Parris 

Fern Research Foundation, 
21 James Kemp Place, Kerikeri, 

Bay of Islands, New Zealand 

Summary. 157 taxa of pteridophytes are reported from the Danum Valley, Sabah. The new 
combinations Colysis campyloneuroides (Baker) Parris and Neocheiropteris sarawakensis 
(Baker) Parris (Polypodiaceae) are proposed. 

The following checklist is based on collections made in the Danum Valley by British 
botanists in 1985 and 1986, material seen in SAN by me in 1985 and sight records made by 
me in November-December 1985. All collections are represented in SAN and nearly all are 
in K as well; numerous duplicates have been distributed to other herbaria. The taxonomic 
arrangement follows the list of families that the Royal Botanic Gardens, Kew, the Royal 
Botanic Garden, Edinburgh and the Natural History Museum, London, have agreed to 
recognise. An alphabetical sequence is used, first of the fern allies, then the ferns, for 
families, genera and species. The decisions as to what genera should be recognised follows 
essentially that recognised at Kew and used in Parris eta!. (1992). Author abbreviations 
follow Brummitt & Powell (1992). 

This list makes no claim whatsoever to being complete, but is presented in the hope that 
others will be encouraged to fill in its gaps. An asterisk (*) indicates taxa not found on 
Mount Kinabalu. 

List of pteridophyte records 

FERN ALLIES 

Lycopodiaceae 
*Huperzia nummulariifolia (Blume) T.C.Chambers, Jermy & Crabbe (syn. Lycopodium 
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nummulariifolium Blume); Parris seen 1985 
H. phlegmaria (L.) Rothm. (syn. Lycopodium phlegmaria L.); Argent 108229, Edwards 

2079 
,H. squarrosa (G.Forst.) Trevis. (syn. Lycopodium squarrosum G.Forst.); Parris seen 1985 
Lycopodiella cernua (L.) Pic.Serm. (syn. Lycopodium cernuum L.); Blewett 16 

Selaginellaceae 
* Selaginella boschai Hieron.; Parris 25/85 
S. brevipes A.Braun; Edwards 1982, Parris 11023 
*S. cupressina (Willd.) Spring; Edwards 2078 
S. delicatula (Desv.) Alston; Edwards 2076 
S. involvens (Sw.) Spring; Edwards 2045 
*S. aff. alutacia (Willd.) Spring; Edwards 2025 
*S. aff. involvens (Sw.) Spring; Edwards 2027 
*S. sp. (=Elmer 21303); Edwards 2000 
*S. sp.; Edwards 2084 

FERNS 

Adiantaceae 
Pityrogramma calomelanos (L.) Link; Argent 107665, Parris 10701 
Syngramma alismifolia (C.Presl) J.Sm.; Argent 109299, Parris 10704 
*S. coriacea (Copel.) Holttum; Parris 10708 
Taenitis blechnoides (Willd.) Sw.; Parris 10754 

Aspleniaceae 
Asplenium borneense Hook.; Edwards 2103 
A. klossii C.Chr.; Edwards 2096, Parris 10693 
A. macrophyllum Sw.; Parris 10756 
A. nidus L. var. nidus; Parris 10699 
*A. nitidum Sw.; Edwards 1997, Parris 10700 
A. paradoxum Blume; Parris 10707 
A. pellucidum Lam.; Edwards 1994, 2008, 2019, 2030, 2053, Parris 10771 
A. phyllitidis D.Don subsp. malesicum Holttum; Parris 10676, 10722 
*A. salignum Blume; Edwards 2128, Parris 10765 
*A. scandens J.Sm. ex Mett.; Parris 10769, Pearce 4 
A. thunbergii Kunze; Parris 10694 
A. unilaterale Lam. ; Parris 10691 
A. vittaeforme Cav.; Edwards 2009 A, Stone SAN 85290 

Blechnaceae 
Blechnum orientale L. ; Edwards 2088 
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Stenochlaena palustris (Burm.f.) Bedd.; Parris 10768 

Cyatheaceae 
*Cyathea borneensis Copel.; Edwards 2095, Parris 10715, Stone SAN 85131 

Davalliaceae 
*Davallia divaricata Blume; Parris seen 1985 
D. lobbiana T.Moore; Edwards 2012, 2046, Parris 10732 
D. solida (G.Forst.) Sw.; Parris 10767 
Davallodes borneensis (Hook.) Copel.; Parris 10743 
*Humata pectinata (Sm.) Desv.; Parris seen 1985 
H. repens (L.f.) :Qiels; Edwards 1991, Parris 10685 
*Scyphularia simplicifolia Copel.; Parris 10728 

Dennstaedtiaceae 
Histiopteris incisa (Thunb.) J.Sm.; Parris seen 1985 
Lindsaea obtusa J.Sm.; Edwards 2033, Parris 10_744 
Microlepia speluncae (L.) T.Moore var. villosissima C.Chr.; Argent 107664, Edwards 2032, 

Parris 10675 
Odontosoria retusa (Cav.) J.Sm. (syn. Sphenomeris retusa (Cav.) Maxon; Parris 10770 

Dryopteridaceae 
Ctenitis aciculata (Baker) Ching; Parris 10761 
Heterogonium sagenioides (Mett.) Holttum; Parris 10773 
*H. stenosemioides (Baker) C.Chr.; Edwards 2035, Parris 10690, 10762, 10763 
Pleocnemia irregularis (C.Presl) Holttum; Edwards 2133, Parris 10682 
P. olivacea (Copel.) Holttum; Parris 10753 
*Tectaria aurita (Sw.) S.Chandra; Argent 108384, Parris 10736 
*T. barberi (Hook.) Copel.; Edwards s. n., Parris 10760 
T. beccariana (Ces.) C.Chr.; Edwards 2055, Parris 10752 
T. pleiosora (Alderw.) C.Chr.; Edwards 2043 

Gleicheniaceae 
Dicranopteris curranii Copel.; Edwards 2151 
D. linearis (Burrn.f.) Underw. ; Parris seen 1985 
Sticherus truncatus (Willd.) Nakai; Parris seen 1985 

Grammitidaceae 
Prosaptia alata (Blume) H.Christ; Cockburn SAN 84959, Edwards 2132 

Hymenophyllaceae 
Cephalomanes javanicum (Blume) Bosch (syn. Trichomanes javanicum Blume); Parris 
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*C. singaporeanum Bosch (syn. Trichomanes singaporeanum (Bosch) Alderw.; Parris 
10705, 10745 

Crepidomanes bipunctatum (Poir.) Copel. (syn. Trichomanes bipunctatum Poir.); Edwards 
2020, Pearce 5 

C. christii (Copel.) Copel.(syn. Trichomanes christii Copel.); Edwards 2016, 2041, Parris 
10688, 10724, Pearce 1 

*C. sarawakense K.Iwatsuki (syn. Trichomanes sarawakense (K.Iwatsuki) Croxall; 
Edwards 2022, Parris 10740, 10751, 10772 

Gonocormus minutus (Blume) Bosch (syn. Trichomanes minutum Blume); Parris 10712 
Mecodium polyanthos (Sw.) Copel. (syn. Hymenophyllum polyanthos (Sw.) Sw.); Parris 

10714, 10776, Pearce 2 B 
Meringiuq1 denticulatum (Sw.) Copel. (syn. Hymenophyllum denticulatum Sw.); Parris 

10713 
M. ho1ochi1um (Bosch) Copel. (syn. Hymenophyllum ho1ochilum (Bosch) C.Chr.); 

Edwards 1998, Parris 10723, 10775, Pearce 2 A 
*Microgonium mindorense (H.Christ) Copel. (syn. Trichomanes mindorense H. Christ); 

Edwards 2118, Parris 10681 
M. sublimbatum (Miill.Berol.) Bosch (syn. Trichomanes sub1imbatum Miill.Berol.); 

Edwards 2106, Parris 10695 
Nesopteris grandis (Copel.) Copel. (syn. Trichomanes grande Copel.); Parris 10719 
Reediella humi1is (G.Forst.) Pic.Serm. (syn. Trichomanes humile G.Forst.); Parris 10766 

Lomariopsidaceae 
*Bo1bitis heteroclita (C.Presl) Ching; Argent 108382, Parris 10748 
Elaphoglossum sp.; Parris seen 1985 
Lomagramma sinuata C.Chr.; Parris 10758 
*Lomariopsis 1ineata (C.Pres1) Ho1ttum; Parris 11028 
*Teratophyllum acu1eatum (Blume) Mett. ex Kuhn var. acu1eatum; Edwards 2115, Parris 

10689 
*T. rotundifoliatum (Bonap.) Holttum; Parris 10727 

Marattiaceae 
Angiopteris evecta (G.Forst.) Hoffm.; Stone et al. SAN 85170 
Christensenia aescu1ifo1ia (Blume) Maxon; Parris 11024, Stone SAN 85284 

Nephrolepidaceae 
Nephrolepis auriculata (L.) Trimen (syn. N. biserrata (Sw.) Schott) agg.; Parris seen 1985 
N. falcata (Cav.) C.Chr.; Edwards 2007 A 
*N. persicifolia H.Christ; Edwards 2006 B, Stone et al. SAN 85296 
*N. pilosula A1derw.; Edwards 2006 A 
*N. sp.; Edwards 2006 B 
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Oleandraceae 
*Oleandra neriiformis Cav.; Cockburn SAN 84924 
0. oblanceolata Copel.; Edwards 1988 [B] 
*0. sp. (=Matthew 928); Edwards 1998 A 

Ophioglossaceae 
Ophioglossum reticulatum L.; Argent 107663 

Polypodiaceae 
Aglaomorpha speciosa (Blume) Roos (syn. Photinopteris speciosa (Blume) C.Presl); Parris seen 

1985 
*Belvisia callifQlia (H.Christ) C.Chr.; Edwards 1984, 2119, Parris 10730 
Colysis campyloneuroides (Baker) Parris comb. nov.: Polypodium campyloneuroides 

Baker, Journal of the Linnean Society (London) 20: 229 (1883); Parris 10746 
*C. fluviatilis (Lauterb.) Ching; Parris 10692 
C. macrophylla (Blume) C.Presl; Parris 10735 
C. pedunculata (Hook. & Grev.) Ching; Parris 10706 
*C. pteropus (Blume) Bosman (syn. Microsorum pteropus (Blume) Copel.); Parris seen 

1985 
*Drynaria rigidula (Sw.) Bedd.; Edwards 2059 
D. sparsisora (Desv.) T.Moore; Edwards 2040, Parris 10698 
*Goniophlebium mehipitense (C.Chr.) Parris; Parris 11026 
G. percussum (Cav.) W.H.Wagner & Grether; Parris 11027 
*Holcosorus bisulcatus (Hook.) Copel.; Parris 11025 
*Lecanopteris crustacea Co pel.; Parris 10777 
Lemmaphyllum accedens (Blume) Donk; Edwards 2113, Parris 10718 
*Loxogramme avenia (Blume) C.Presl; Edwards 2009, 2069, Parris 10733 
L. ensifrons Alderw.; Parris 10734 
*Microsorum linguiforme (Mett.) Copel.; Edwards 1999 
M. punctatum (L.) Copel.; Parris seen 1985 
Neocheiropteris sarawakensis (Baker) Parris comb. nov.: Polypodium sarawakense Baker, 

Journal of the Linnean Society (London) 22: 228 (1886); (syn. Microsorum 
sarawakense (Baker) Holttum); Parris seen 1985 

Paragramma longifolia (Blume) T.Moore; Argent 108312, Edwards 2049 A, Parris 10717 
Phymatosorus commutatus (Blume) Pic. Serm. (syn. Microsorum commutatum (Blume) 

Copel.); Parris 10747 
P. nigrescens (Blume) Pic. Serm. (syn. Microsorum nigrescens (Blume) Copel.); Parris 

10739 
P. scolopendria (Burm.f.) Pic.Serm. (syn. Microsorum scolopendria (Burm.f.) Copel.); 

Edwards s.n. 
Platycerium coronarium (K.D. Koenig ex O.F. Miill.) Desv. ; Parris 10673 
*P. ridleyi H. Christ; Parris 10774 
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*Pyrrosia angustata (Sw.) Ching; Parris 10726 
P. christii (Giesenh.) Ching; Edwards 2082, Parris 10741 
P. lanceolata (L.) Farw.; Edwards 2011, 2052, Parris 10687 
*P. nummulariifolia (Sw.) Ching; Edwards 2017, Parris 10686 
P. platyphylla Hovenkamp; Edwards 2068, Parris 10742 
Selliguea heterocarpa (Blume) Blume; Parris 10710 
Thylacopteris papillosa (Blume) Kunze; Parris 10679 

Pteridaceae 
Pteris excelsa Gaudich.; Edwards 2036 B 
*P. furcans Baker; Parris 10702 
*P. ligulata. Gaudich.; Edwards 2026, Parris 10696 
*P. oppositipinna Fee (syn. P. asperula J.Sm. ex Hook.); Edwards 2036 A, Parris 10725 
P. tripartita Sw.; Argent 108267, Parris 10674 
P. vittata L.; Edwards 2049, Parris 10703 

Schizaeaceae 
Lygodium circinnatum (Burm.f.) Sw.; Edwards 2031, Parris 10755 

Thelypteridaceae 
Amphineuron immersum (Blume) Holttum; Edwards 1989, Parris 10683 
*A. terminans (Hook.) Holttum; Edwards 2122 
*Chingia sambasensis Holttum; Edwards 2120 
*C. aff. pricei Holttum; Edwards 2054 
Christella hispidula (Decne.) Holttum; Parris 10677, 10697 
C. subpubescens (Blume) Holttum; Edwards 2023, Parris 10738 
*Mesophlebion trichopodum (C.Chr.) Holttum; Edwards 1996, Parris 10678 
*Pneumatopteris sp.; Parris 11645 (K only) 
*Pronephrium asperum (C.Presl) Holttum; Parris 11641 
P. hosei (Baker) Holttum; Argent 108383, Edwards 2024, Parris 10737, 10749 
P. nitidum Holttum; Edwards 2093, Parris 11642 
Sphaerostephanos heterocarpus (Blume) Holttum; Parris 10716 
S. perglanduliferus (Alderw.) Holttum; Parris 10759 
S. unitus (L.) Holttum var. mucronatus (H.Christ) Holttum; Parris 11643 

Vittariaceae 
* Antrophyum brookei Hook.; Edwards 2021, Parris 10750 
A. callifolium Blume; Argent 108298, 108366, Edwards 1995, Parris 10680, 10731, 11019, 

11020 
A. parvulum Blume; Parris 10757 
A. sessilifolium (Cav.) A.Spreng.; Edwards 2010, Parris 11021, 11022 
*Monogramma dareicarpa Hook. ; Parris 10711 
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Vittaria ensiformis Sw.; Edwards 1990 A, 2116, Parris 10684 
*V. hirta Fee; Parris 10709 
*V. longicoma H.Christ; Parris 10729 
*V. pachystemma H.Christ?; Edwards 1990 C 
*V. scolopendrina (Bory) Thwaites; Parris 10778 
V. zosterifolia Will d.; Edwards 2048, 2131, Parris 10779 

Woodsiaceae 
Diplazium allantoideum M.G.Price (syn. D. silvaticum auct. non (Bory) Sw.); Edwards 

2034, Parris 10764 
D. cordifolium Blume var. cordifolium; Edwards 2042 B, Pearce 3 
*D. esculentu~ (Retz.) Sw.; Edwards 2029 
D. porphyrorachis (Baker) Diels; Parris seen 1985 
*D. riparium Holttum; Edwards 2042 A 
D. xiphophyllum (Baker) C.Chr.; Parris 10720 

Discussion 

In general the lowland mixed dipterocarp forest of the Danum Valley appears to be poor in 
ferns at ground level, but many species are epiphytes high up in the crowns of trees. 
Although the banks of the Sungei (= River) Segama are disappointingly poor in 
pteridophytes the smaller streams, especially Sungei Palum Tambun, are extremely rich, 
particularly in rheophytic taxa. A feature of the area is the low number of individual plants 
of many species, which may be correlated with the large number of species present and 
which appears to be a characteristic of the Bornean fern flora, in contrast with areas which 
have a lower species diversity and higher numbers of individuals for each species. 

Table 1 shows the numbers of taxa in lowland forest in the Danum Valley and on Mount 
Kinabalu, together with the numbers of taxa restricted to each locality, shared between both 
and total of both. 

Table 1. Numbers of pteridophyte taxa in lowland forest in Danum Valley and Mount 
Kinabalu. 

Danum Valley 
Mount Kinabalu 

Total taxa in both 
Taxa common to both 

No. of taxa 

157 
97 

208 
47 
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Restricted to locality 

61 
50 



The Danum Valley, with 157 taxa, contains a more diverse pteridophyte flora than that presently 
known in the same vegetation type on Mount Kinabalu, where 97 taxa have been recorded 
(Parris 1997). However, 49 taxa known from the Danum Valley, but not in the lowland forest on 
Mount Kinabalu, have been collected on Mount Kinabalu in the higher altitude hill forest, lower 
montane forest (and rarely upper montane forest) vegetation types and these may well be found 
at lower altitudes there. 

Of the 61 taxa known from the Danum Valley, but not from Mount Kinabalu, two groups in 
particular stand out. Selaginellaceae are well represented in the Danum Valley but have not 
yet been collected in lowland forest on Mount Kinabalu. The rheophytic pteridophyte flora 
of the Danum Valley is considerably larger than that on Mount Kinabalu, perhaps because 
similar ha~itats on the latter have not yet been examined. Antrophyum brookei, Bolbitis 
heteroclita, Colysis campyloneuroides, C. Jluviatilis, C. pteropus, Diplazium esculentum, 
Lomariopsis lineata and Tectaria aurita are amongst the facultative and obligate rheophytes 
known from the Danum Valley which might be expected on Mount Kinabalu. 

Fifty taxa are known from lowland forest on Mount Kinabalu, but have not yet been found 
in the Danum Valley. Of these, the common and widespread species such as Aglaomorpha 
heraclea (Kunze) Capel., Christella parasitica (L.) H.Lev., Davallia denticulata (Burm.f.) 
Mett. ex Kuhn, Diplazium dilatatum Blume, Drynaria quercifolia (L.) J.Sm., Lygodium 
microphyllum (Cav.) R.Br., Nephrolepis hirsutula (G.Forst.) C.Presl, Pneumatopteris 
truncata (Pair.) Holttum, Pteris ensiformis Burm.f., Pyrrosia piloselloides (L.) M.G.Price, 
Selenodesmium obscurum (Blume) Capel. and Vittaria elongata Sw. can reasonably be 
expected in the Danum Valley. 
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SANDAKANIA 9 (1997): 87-88 

New pteridophyte records for Mount Kinabalu 

B.S. Parris 

Fern Research Foundation, 
21 James Kemp Place, Kerikeri, 

Bay of Islands, New Zealand 

Summary. Three pteridophyte species are added to the flora of Mount Kinabalu. 

Parris et al. (1992) have documented the 620 taxa of pteridophytes known from Mount 
Kinabalu, Sabah. Through the kindness of Alan Smith, University of California at Berkeley 
(UC) and Alison Paul, Natural History Museum, London (BM) I have been able to examine 
additional pteridophyte specimens from Mount Kinabalu that have included the following 
three new records. 

FERN ALLIES 

Selaginellaceae 

1. Selaginella brachyblepharis Alderw. 
Specimens examined: Dallas to Tenompok, Clemens 28151 (BM); Tenompok, 1500 m, 
Clemens 29434 (UC). 
2. Selaginella longirostris Alderw. 
Specimens examined: Dallas, 900 m, Clemens 26029 (BM), Clemens 27429 (UC). 

FERNS 

Ophioglossaceae 

1. Ophioglossum nudicaule L.f. 
Specimen examined: Marai Parai, 22-23.11.1915, Clemens 10923 (UC). 
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SANDAKANIA 9 (/997): 89-102 

The ecology and phytogeography of Mount Kinabalu pteridophytes 

B.S. Parris 

Fern Research Foundation, 
21 James Kemp Place, Kerikeri, 

Bay of Islands, New Zealand 

Summary. The ecology, phytogeography and taxonomy of the 623 pteridophyte taxa of 
Mount Kinabalu are discussed in relation to each other. 

Mount Kinabalu in Sabah is, at 4101 m, the highest mountain in Southeast Asia between the 
Himalayas and New Guinea. It encompasses an area of approximately 700 km2 and has one 
of the richest floras in the world, with c. 4000 species of vascular plants (Beaman & 
Beaman 1990). Beaman & Beaman (1990) discuss some of the factors responsible for such 
high species diversity. 

Parris et al. ( 1992) have documented the 620 pteridophyte taxa of Mount Kinabalu and give 
a brief introduction to their diversity and ecology. The New World species Vittaria lineata 
(L.) Sm., recorded by Christensen & Holttum (1934) and included by Parris et al. (1992), 
is omitted here, Selaginella ciliaris (Retz.) Spring is added on the basis of Holttum SFN 
25370 (SING) cited by Wong (1983) and another three species have been added by Parris 
(1997b), bringing the total number of taxa known from the mountain to 623. Parris et al. 
( 1992) point out that the collections on which the records of taxa are based were made over 
a period of more than a century and that it is unrealistic to expect that all taxa recorded are 
still there. Examination of collection data shows that 123 taxa (20% of the total) have not 
been gathered on Mount Kinabalu for more than 60 years. The reasons for this seem varied. 
Much of the low altitude forest outside the boundaries of Kinabalu Park, but included by 
Parris et al. (1992) within the area of Mount Kinabalu, has been destroyed and some taxa 
may have been casualties of forest clearance. The route up the south side of the mountain 
taken by botanists before the 1950's passed through Kiau and Lubang up to Kemburongoh, 
thence to Paka-paka Cave and up to the summit (Jenkins 1978); since the road to Ranau was 
opened all subsequent access to the mountain was from the Park Headquarters site fairly 
near Tenompok, joining the old route near Kemburongoh. Thus taxa not collected recently 
may still survive in the same sites, but are now well off the beaten track. Joseph and Mary 
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Clemens collected in some areas which have not been re-visited by botanists and similarly 
the taxa they gathered may well remain in these localities. Many pteridophyte taxa (139 or 
22%) are known from one collection or one locality and of these 35 (or 6%) have not been 
collected for more than 60 years. Nine taxa endemic to Mount Kinabalu are known from 
only one collection and three of these were collected over 60 years ago. 

Parris et al. (1992) note that the greatest number of species, 309 (to which another two can 
be added; Parris 1997b ), has been collected at about 1500 m alt. in the lower montane forest. 
Data from Parris (in press) illustrate species diversity in six 0.5 hectare quadrats in the lower 
facies of lower montane forest on Mount Kinabalu between c. 1450 m and 1600 m, three of 
which were surveyed during December 1985 (Bukit Burong/Bukit Tupai, Liwagu River, 
Kiau Vie'Y 1) and three of which were surveyed during May 1988 (Kiau View 2, 
Mempening, Silau-silau). Bukit Burong/Bukit Tupai, in ridge crest and ridge slope forest, 
had 72 taxa; Liwagu River, in valley forest, had 77 taxa; Kiau View, in ridge crest forest, 
had 93 taxa in Kiau View 1 and 84 taxa in Kiau View 2; Mempening, in ridge crest forest, 
had 73 taxa; Silau-silau, in valley forest, had 78 taxa. A total of 130 taxa was observed in 
these six quadrats. Two 0.5 hectare quadrats surveyed during August 1986 by Parris (in 
press) in lower montane forest between 1400 m and 1550 min the Cameron Highlands, 
Peninsular Malaysia, have less pteridophyte diversity; Gunung Beremban, in ridge crest, 
ridge slope and valley forest, had 62 taxa, while Gunung Jasar, in ridge crest forest, had 55 
taxa, with a total of 81 between the two quadrats. A 0.5 hectare quadrat surveyed during 
August 1987 by Parris (in press) in disturbed lower montane valley forest between 850 m 
and 1000 m along Wae Waule above Kanikeh, Manusela National Park, Seram, Moluccas, 
Indonesia, is richer than any of the Mount Kinabalu quadrats however, with a total of 96 
taxa. Three 0.5 hectare quadrats surveyed during December 1985 in mixed dipterocarp 
forest in the Danum Valley, Ulu Segama, Sabah between 150m and 200m alt. (Parris in 
press), are of interest in that this forest type is relatively little-known on Mount Kinabalu 
and similar densities of taxa may apply to it. All three sites are near the Danum Valley 
Research Centre. The West Trail is on low broad ridges and valleys and Sungei Palum 
Tam bun is in valley forest. The west half of West Trail had 50 taxa, while the east half of 
West trail had 54, with a total of 71 taxa for one hectare from the combined adjacent West 
Trail quadrats; Sungei Palum Tambun had 50 taxa. A total of 92 taxa were recorded for the 
three quadrats and another 65 are known elsewhere in the Danum (Parris 1997a). In 
contrast, only 97 taxa have been collected in this habitat on Mount Kinabalu. 

The ecology of Mount Kinabalu pteridophytes is reviewed here in relation to taxonomy and 
phytogeography. The older collections made on Mount Kinabalu have rather sparse 
ecological data or lack them entirely. Sometimes the altitudes on the Clemens collections 
have been taken "with a grain of salt". Sometimes they have been ignored, for instance 
when the altitude given is 1200-3400 m, or when they are so improbably high they take a 
taxon into a vegetation zone from which it has never been recorded throughout its range. 
Where there are no ecological data for Mt Kinabalu collections they have been added from 
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material of that taxon gathered elsewhere in Sabah, or in the absence of Sabah material, 
from Sarawak. 

The vegetation of the mountain can be divided into six altitudinally based zones. At the 
lowest levels on the mountain some mixed dipterocarp forest still remains (c. 200-700 m 
alt.). Above this is an upper zone (c. 700-1200 m) that grades into lower montane forest at 
its upper limits, for simplicity called "hill forest". It is useful to divide the lower montane 
forest into two zones, the lower facies (c. 1200-2100 m) which is dominated by oaks 
(Lithocarpus and Quercus), particularly on the ridges, and the upper facies (c. 2100-2600 
m), where podocarps are more dominant. The upper montane forest (c. 2600-3500 m) 
contains podocarps, Leptospermum recurvum and Rhododendron species. Above the tree 
line is a scrub c.ommunity dominated by Leptospermum recurvum, Coprosma hookeri, 
Vaccinium stapfianum, Rhododendron buxifolium and R. ericoides, interspersed with herb 
communities (Cockburn 1978). The altitudes given for the limits of the vegetation zones are 
approximate and relate mainly to the southern side of the mountain. The mixed dipterocarp 
and hill forests occur largely on Crocker Formation and Trus Madi Formation sedimentary 
rocks, with lower montane lower facies forest mainly on Crocker Formation and Trus Madi 
Formation sedimentary rocks together with Pinosuk Gravels; the lower levels of upper 
montane forest on the south side of the mountain are on ultramafics while the upper levels 
of the upper montane forest and the communities above the tree line are on adamellite 
(Jacobsen 1978). On other parts of the mountain extensive ultramafic intrusions occur at 
lower altitudes, particularly to the north-west in the Kilembun River and Penataran River 
region, and to the south-east in the Bambangan River and Mesilau River areas. The forest 
on ultramafic rocks is small-crowned and usually dominated by Dacrydium gibbsiae and 
Leptospermum recurvum. 

Ecology and taxonomy 

Thirty families of pteridophytes have been recorded from Mount Kinabalu. Table 1 
summarises the number of taxa in each of the families and indicates the number of taxa in 
each of the six vegetation zones on the mountain, including those restricted to each 
vegetation zone. The largest families are Grammitidaceae, with 77 taxa, followed by 
Polypodiaceae (61 taxa), Hymenophyllaceae (56 taxa) and Thelypteridaceae (55 taxa). 

Every fern family is best represented in the lower facies of the lower montane forest, but in 
the fern allies Selaginellaceae are more numerous in hill forest than in lower montane forest 
and Lycopodiaceae are more abundant in the upper facies of the lower montane forest. Only 
five families, Aspleniaceae, Dryopteridaceae, Hymenophyllaceae, Polypodiaceae and 
Woodsiaceae, occur throughout the six vegetation zones. 

In many families which extend through several vegetation zones there is an altitudinal 
replacement of genera, usually with some degree of overlap. Exceptions are the 
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Table 1. Numbers of families in vegetation zones on Mount Kinabalu. 
-- -- ----

No. MDF HF LMFlf LMFuf UMF Scrub 
------

Fern Allies 
Equisetaceae 
Lycopodiaceae 14 10 11 5 
Psilotaceae I 
Selaginellaceae 17 12 9 
Ferns 
Adiantaceae II 2 7 5 1 
Aspleniaceae 38 11 15 23 3 4 2 
Blechnaceae 13 1 2 6 7 1 
Cheiropleuriaceae I I 
Cyatheaceae 22 2 3 18 6 4 
Davalliaceae 13 3 6 9 
Dennstaedtiaceae 47 2 18 37 10 3 
Dicksoniaceae 4 2 3 
Dipteridaceae 2 1 1 2 
Dryopteridaceae 47 10 17 25 8 8 4 
Gleicheniaceae 18 3 4 13 9 5 
Grammi tidaceae 77 5 58 34 34 7 
Hymenophyllaceae 56 8 16 41 27 14 
Lomariopsidaceae 14 5 9 3 2 
Marattiaceae 7 2 5 
Matoniaceae 1 
Nephrolepidaceae 6 2 4 4 
Oleandraceae 4 4 
Ophioglossaceae 7 3 5 
Plagiogyriaceae 4 1 2 3 3 
Polypodiaceae 61 25 30 43 10 5 
Pteridaceae 17 4 7 11 3 
Schizaeaceae 6 2 2 3 1 
Thelypteridaceae 55 11 22 42 9 
Vittariaceae 16 2 9 12 2 
Woodsiaceae 43 5 15 31 9 4 

Total 623 97 211 433 159 96 21 
Restricted 35 64 206 20 29 

Abbreviations: No. = number of taxa; MDF is mixed dipterocarp forest; HF is hill forest; LMF If is 
lower montane forest lower facies ; LMF uf is lower montane forest upper facies; UMF is upper 
montane forest; Scrub is scrub and other communities above the tree line. 
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monogeneric families Equisetaceae, Psilotaceae, Selaginellaceae, Aspleniaceae, 
Cheiropleuriaceae, Cyatheaceae, Dipteridaceae, Matoniaceae, Nephrolepidaceae, 
Plagiogyriaceae and Pteridaceae. In Lycopodiaceae, for example, the largely epiphytic 
Huperzia (apart from the austral terrestrial or lithophytic H. australiana (Herter) Holub) 
occurs in hill and lower montane forest, mainly in the lower facies but sometimes reaching 
the lower levels of the upper facies, the terrestrial Lycopodiella is restricted to the lower 
facies of the lower montane forest, while the terrestrial Lycopodium grows mainly in the 
upper facies of the lower montane forest and in upper montane forest. In Blechnaceae the 
climber Stenochlaena palustris (Burm.f.) Bedd. is restricted to mixed dipterocarp forest and 
the twelve species of Blechnum are found in the five higher altitude vegetation zones. In 
Dicksoniaceae Cystodium sorbifolium (Sm.) J.Sm. occurs in mixed dipterocarp forest, 
while Cibotium . arachnoideum (C.Chr.) Holttum and Calochlaena javanica (Blume) 
M.D.Turner & R.A.White are found in hill and lower montane lower facies forest and 
Dicksonia mollis Holttum is known from both the lower and upper facies of lower montane 
forest. In Dryopteridaceae Cyclopeltis crenata (Fee) C.Chr. is known only from mixed 
dipterocarp forest, the two species of Heterogonium are known only from mixed dipterocarp 
and hill forest, Pteridrys microthecia (Fee) C.Chr. & Ching has been found only in hill 
forest, the 11 species of Tectaria occur in mixed dipterocarp forest, hill forest and the lower 
parts of the lower montane forest lower facies, the four species of Ctenitis are restricted to 
hill forest and the lower parts of the lower montane forest lower facies, Nothoperanema is 
known only from the uppermost part of the lower montane forest upper facies and 
Stenolepia tristis (Blume) Alderw. occurs in upper montane forest and scrub above the tree 
line. In Hymenophyllaceae Hymenophyllum peltatum (Poir.) Desv. is found only in upper 
montane forest, Nesopteris grandis (Copel.) Copel. has only been collected in hill forest and 
Microgonium is restricted to mixed dipterocarp forest. In Lomariopsidaceae Elaphoglossum 
is a genus of lower and upper montane forest while the other genera, Bolbitis, 
Lomagramma, Lomariopsis and Teratophyllum, are essentially taxa of mixed dipterocarp 
and hill forest or only reach the lower levels of the lower facies lower montane forest. In 
Ophioglossaceae Helminthostachys zeylanica (L.) Hook. is a plant of mixed dipterocarp and 
hill forest while Botrychium daucifolium Wall. ex Hook. & Grev. occurs in lower montane 
forest. Several genera of Polypodiaceae occur in mixed dipterocarp to hill forest and may 
reach only the lower levels of the lower montane lower facies forest; they are Aglaomorpha, 
Drynaria, Lecanopteris, Paragramma, Platycerium, Pyrrosia and Thylacopteris. 
Polypodiopteris is the only genus of Polypodiaceae restricted to lower montane forest, 
where it is found in both lower and upper facies. Only three genera in the family extend to 
upper montane forest; they are Belvisia, Loxogramme and Selliguea. In Schizaeaceae 
Lygodium is restricted to mixed dipterocarp forest while Schizaea occurs in hill, lower 
montane and upper montane forest. In Thelypteridaceae Amphineuron and Christella are 
genera of mixed dipterocarp and hill forest which just reach the lower levels of lower 
montane lower facies forest, while Coryphopteris occurs in lower montane forest (but not 
the lowest levels of the lower facies) and upper montane forest. Metathelypteris has 
a similar distribution to Coryphopteris, but does not reach upper montane forest. 
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On Mount Kinabalu there are complex patterns of species separation within genera by 
geographical isolation, altitudinal replacement and habitat preference for ridge crest, ridge 
slope or valley forest within vegetation zones, while for epiphytes altitudinal zonation on 
hosts together with preferences for trunk or branch substrates provides an extra dimension. 
Unfortunately space precludes a discussion of this fascinating topic. 

Mixed Dipterocarp Forest 

The mixed dipterocarp forest of Mount Kinabalu, with 97 taxa, is not depauperate in 
pteridophytes, rather it is under-collected, for two reasons; most botanists seem to prefer 
spending time at higher levels on the mountain than in a habitat which may be perceived as 
very similar to that found elsewhere and thus unlikely to harbour unique plants, and because 
it is now rather difficult to reach this habitat except at Poring Hot Springs on the eastern side 
of the mountain. The Danum Valley in eastern Sabah contains a rich lowland pteridophyte 
flora of 157 taxa (Parris 1997a), including some interesting rheophytes such as Antrophyum 
brookei Hook. (Vittariaceae) and Co lysis fluviatilis (Lauterb.) Ching (Polypodiaceae) which 
should be searched for along the lowland rivers of Mount Kinabalu. The absence of 
Selaginellaceae in this habitat on Mount Kinabalu is surprising, considering that nine taxa 
are known from the Danum Valley. Sixty-one taxa are known from the Danum Valley, but 
are absent from Mount Kinabalu. Many of these, e.g. , Diplazium esculentum (Retz.) Sw. 
(Woodsiaceae), Microgonium mindorense (H.Christ) Copel. (Hymenophyllaceae) and 
Microsorum linguiforme (Mett.) Copel. (Polypodiaceae), are widespread throughout 
Malesia, while others, such as Crepidomanes sarawakense K.Iwatsuki (Hymenophyllaceae) 
and Scyphularia simplicifolia Copel. (Davalliaceae), are endemic to Borneo. Any or all of 
the 61 could turn up on Mount Kinabalu and boost the meagre total of 97 taxa in a 
potentially fern-rich habitat. 

One species, Paragramma longifolia (Blume) T.Moore (Polypodiaceae), is known only 
from ultramafic substrates in mixed dipterocarp forest on Mount Kinabalu, although it is a 
widespread epiphyte in alluvial, mixed dipterocarp and hill forest elsewhere on various 
substrates. 

The epiphytes of mixed dipterocarp forest are mainly members of Aspleniaceae and 
Polypodiaceae, some of which reach large dimensions. Asplenium macrophyllum Sw., A. 
nidus L. var. curtisorum (C.Chr.) Holttum, Aglaomorpha drynarioides (Hook.) Roos and A. 
heraclea (Kunze) Copel. are characteristic. The twiners Lygodium circinnatum (Burm.f.) 
Sw. and L. microphyllum (Cav.) R.Br. (Schizaeaceae) are restricted to this habitat. The 
climber Lomagramma sinuata C.Chr. (Lomariopsidaceae) is found here, but is not confined 
to mixed dipterocarp forest. 
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Hill forest 

Hill forest supports 211 taxa, many of which extend upwards from mixed dipterocarp forest, 
but a number of them are also found in lower montane forest. Sixty-four taxa are restricted 
to this zone. Hill forest, particularly on ridge crests, may be enveloped in cloud at times and 
is a more regularly moist habitat than mixed dipterocarp forest in general. All but three of 
the pteridophyte families occur here and all of them have more taxa in hill than in mixed 
dipterocarp forest. 

A number of taxa, Adiantum opacum Capel. (Adiantaceae), Schizaea dichotoma (L.) J.Sm. 
(Schizaeaceae), Tapeinidium acuminatum K.U.Kramer (Dennstaedtiaceae) and Tectaria 
trichotoma (Fee) Tagawa (Dryopteridaceae) are restricted to ultramafic substrates in hill 
forest on Mount Kinabalu, while Huperzia phlegmaria is found only on such substrates but 
in both hill and lower montane forests . Pteris rangiferina C.Presl ex Miq. (Pteridaceae) is 
largely restricted to ultramafics in hill and lower montane lower facies forests. Of these six 
taxa A. opacum appears to be a true serpentinophile and T. trichotoma (syn. T. balabacensis 
(H.Christ) M.G.Price) is a probable serpentinophile (Price 1987). No ecological data exist 
for Tapeinidium acuminatum apart from the Mount Kinabalu collection (Kramer 1971 ), but 
the three other species are known from non-ultramafic substrates elsewhere. 

Many of the large epiphytes in Aspleniaceae and Polypodiaceae which are typical of mixed 
dipterocarp forest are also found in hill forest. Hymenophyllaceae, however, are more 
important as epiphytes in the latter than in the former zone. Climbers are more numerous 
than in mixed dipterocarp forest; they are Lindsaea repens (Bory) Thwaites var. sessilis 
(Copel.) K.U.Kramer (Dennstaedtiaceae) and Lomagramma brooksii Capel., L. sinuata, 
Lomariopsis spectabilis (Kunze) Mett. and Teratophyllum clemensiae Holttum 
(Dennstaedtiaceae). 

Lower montane forest, lower facies 

The lower facies of the lower montane forest, with 433 taxa, is the richest pteridophyte 
habitat on Mount Kinabalu. In addition to the 206 taxa restricted to this vegetation type a 
number of species considered more typical of mixed dipterocarp and hill forest reach their 
upper limits in the sheltered valleys of rivers and streams such as Liwagu River and Silau
silau stream, e.g., Asplenium thunbergii Kunze (Aspleniaceae), Nephrolepis hirsutula 
(G.Forst.) C.Presl (Nephrolepidaceae), Colysis macrophylla (Blume) C.Presl 
(Polypodiaceae) and Christella hispidula (Decne.) Holttum (Thelypteridaceae). 

Two taxa, Cyathea glabra (Blume) Copel. (Cyatheaceae) and Lindsaea jamesonioides 
Baker (Dennstaedtiaceae), are restricted to ultramafic habitats in lower montane forest on 
Mount Kinabalu. Oleandra tricholepis Kunze (Oleandraceae) is largely confined to 
ultramafics in lower montane forest while Pteris rangiferina occurs mainly on ultramafics 
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in hill and lower montane lower facies forest. Cyathea stipitipinnula Holttum 
(Cyatheaceae), Tapeinidium biserratum (Blume) Alderw. (Dennstaedtiaceae), Ctenitis 
atrorubens Holttum (Dryopteridaceae) and Sphaerostephanos lithophyllus (Copel.) 
Holttum (Thelypteridaceae) are known only from ultramafic substrates in lower facies 
lower montane forest. Huperzia phlegmaria, mentioned above, is confined to ultramafic 
substrates in hill and lower montane forest. Grammitis sp. 3 (Grammitidaceae) is an 
epiphyte restricted to ultramafic substrates in lower montane and upper montane forest. 
Schizaea fistulosa Labill. (Schizaeaceae) is likewise restricted to ultramafic substrates in 
lower montane and upper montane forest. Cyathea longipes Copel. (Cyatheaceae) occurs 
mainly on ultramafics in this vegetation zone. Cyathea stipitipinnula, Lindsaea 
jamesonioides and Sphaerostephanos lithophyllus appear to be true serpentinophiles 
endemic to Mount Kinabalu, Grammitis sp. 3 is an epiphyte in ultramafic forest 
communities and Ctenitis atrorubens may be a serpentinophile (Price 1987), while 
Huperzia phlegmaria, Cyathea glabra, Schizaea fistulas a and Tapeinidium his erratum are 
found on other substrates elsewhere. 

Some of the large epiphytic members of Aspleniaceae and Polypodiaceae occur in the lower 
facies of the lower montane forest, such as Asplenium cymbifolium H. Christ, A. nidus var. 
nidus, Aglaomorpha brooksii Copel. and Drynaria sparsisora (Desv.) T.Moore, but smaller 
epiphytes, in the families Grammitidaceae and Hymenophyllaceae, are far more numerous 
in this vegetation zone than at lower altitudes. The climbers Lindsaea carvifolia 
K.U.Kramer, L. oblanceolata Alderw., L. repens var. pectinata (Blume) Mett. ex Kuhn, L. 
repens var. pseudohemiptera Alderw. and L. repens var. sessilis (Dennstaedtiaceae) and 
Lomagramma brooksii and Teratophyllum clemensiae (Lomariopsidaceae) are found here. 

Lower montane forest, upper facies 

The upper facies of the lower montane forest has 159 taxa, fewer than hill forest. Many of 
the taxa occur in the lower facies of the lower montane forest and/or the upper montane 
forest and only 20 (13 %) are restricted to this vegetation zone. Eight families found in 
vegetation zones at lower altitudes including the lower facies of lower montane forest do not 
reach the upper facies . 

In the upper facies of the lower montane forest Blechnum sp. 1 (Blechnaceae), Cyathea 
discophora Holttum (Cyatheaceae) and Sphaerostephanos lobangensis (C.Chr.) Holttum 
(Thelypteridaceae) are apparently true serpentinophiles which are restricted to ultramafics 
and are endemic to Mount Kinabalu. 

Large epiphytes and climbers characteristic of the lower vegetation zones are absent from 
the upper facies of lower montane forest . Two families, Grammitidaceae and 
Hymenophyllaceae, provide most of the epiphytes in this vegetation zone and the two above 
it. 
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Upper montane forest 

Compared with the upper facies of the lower montane forest, the upper montane forest has 
fewer taxa (96) with a higher proportion (29 taxa, i.e., 30%) restricted to it. Four families 
which occur up to and including the upper facies of lower montane forest do not reach the 
upper montane forest. Most families have fewer taxa in this vegetation zone than in the 
upper facies of the lower montane forest, apart from Aspleniaceae, which has one more, and 
Grammitidaceae, which has the same number. 

Two taxa, Cyathea havilandii Baker (Cyatheaceae) and Xiphopteris nudicarpa 
(P.M.Zamora & Co) Parris (Grammitidaceae) are found only on ultramafic substrates in 
upper montane forest. Grammitis sp. 3 is epiphytic on ultramafic substrates in lower 
montane and upper montane forest and Schizaea fistulosa occurs on ultramafic substrates in 
lower montane and upper montane forest. Both were discussed previously under lower 
montane forest. Cyathea havilandii appears to be a true serpentinophile and is endemic to 
Mount Kinabalu. Xiphopteris nudicarpa may also be a serpentinophile. It is known 
elsewhere only from southern Palawan, Philippines, where there are ultramafic deposits . 

Scrub above tree line 

The 21 taxa found above the tree line do not include any restricted to this habitat. Rather 
they are species of upper montane forest such as Grammitis clemensiae (Capel.) Parris 
(Grammitidaceae) and Athyrium clemensiae Capel. (Woodsiaceae) or are wide ranging at 
lower altitudes, sometimes reaching the lower facies of the lower montane forest, e.g., 
Asplenium elmeri H. Christ (Aspleniaceae) and Plagiogyria clemensiae Capel. 
(Plagiogyriaceae). Ultramafic substrates do not occur in this vegetation zone. 

Ecology and phytogeography 

The pteridophyte flora of Mount Kinabalu can be divided into 13 distribution patterns, 
which are the same as those delimited by Parris (1993) with the removal of Regional 
endemics and the addition of Borneo endemics, Sabah endemics and Mount Kinabalu 
endemics. 

The distribution patterns are: 1, Old World and New World; 2, Old World (South-east Asia 
and often the Pacific Islands, extending either to mainland Africa or to Madagascar and the 
Mascarene Islands off the east coast of Africa); 3, South-east Asia-Malesia-Pacific (Malesia 
together with South-east Asia from Sri Lanka to China and the Pacific at least to Australia 
or the Solomon Islands, sometimes to New Zealand, the Hawaiian Islands or Marquesas 
Islands); 4, Malesia-Pacific (as 3 without South-east Asia); 5, South-east Asia-Malesia (as 
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Table 2. Numbers of taxa 1ll each vegetation zone on Mount Kinabalu arranged 1ll 

distribution patterns. 

Phytogeographical element No. MDF HF LMF LMF UMF Scrub 

1 Old World & New World 14 2 5 10 4 4 
2 Old World 34 13 17 22 7 3 
3 SE Asia-Malesia- Pacific 90 25 48 61 22 7 
4 Malesia-Pacific 37 7 13 25 12 7 
5 SE Asia-Malesia 85 17 32 63 19 7 
6 Malesia-wide 109 8 23 75 35 30 9 
7 SE Asia-West Malesia 48 11 16 31 8 6 2 
8 West Malesia 67 6 19 48 11 5 
9 Austral 3 2 3 2 
10 Borneo endemics 72 5 31 55 13 6 
11 Sabah endemics 14 2 2 10 4 2 
12 Mount Kinabalu endemics 49 3 33 22 16 5 
13 Adventives 

Total 623 97 211 433 159 96 21 

Abbreviations: as in Table 1. 

3 without the Pacific); 6, Malesia-wide (or at least across Zollinger's Line, which includes 
the Lesser Sunda Islands with West Malesia, rather than Wallace's Line which splits the 
Lesser Sunda Islands between Bali and Lombok) ; 7, South-east Asia-West Malesia (not 
across Zollinger's Line) ; 8, West Malesia; 9, Austral (New Guinea, Australia and New 
Zealand affinities) ; 10, Borneo endemics; 11 , Sabah endemics; 12, Mount Kinabalu 
endemics; 13, adventives. 

Table 2 gives the number of taxa in each distribution pattern in each vegetation zone and 
shows several interesting features . As might be expected from the great preponderance of 
taxa in the lower facies of the lower montane forest, most taxa of each element are found 
there. The Mount Kinabalu endemic taxa are well represented in upper montane forest and 
their importance in this zone is only exceeded by the Malesia-wide pattern. Holttum (1978) 
notes that in general the ferns up to 3000 feet (c. 900 m alt. , hill forest) are also found in 
Peninsular Malaysia and Sumatra, with many also in the Philippines. A total of 308 taxa 
occur in the mixed dipterocarp and hill forests up to approximately 1200 m on Mount 
Kinabalu, of which 86% have the distribution mentioned by Holttum or are more wide
ranging (i.e., have distribution patterns of types 1 to 9). Holttum (1978) says that above 
3000 feet a considerable proportion of the species have more restricted distributions, many 
being confined to Borneo, but this is not borne out by Table 2 where it can be seen that 
relatively wide-ranging taxa (of distribution patterns 1 to 9) occur in all vegetation zones up 
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Table 3. Families of Mount Kinabalu pteridophytes arranged in distribution patterns. 

Phytogeographical elements 

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 

Fern allies 
Equisetacea 1 1 
Lycopodiaceae 14 3 2 2 3 2 
Psilotaceae 
Selaginellaceae 17 4 9 
Ferns 
Adiantaceae 11 4 1 2 1 
Aspleniaceae 38 7 3 4 5 7 4 2 2 3 
Blechnaceae 13 4 2 2 
Cheirop1euriaceae 1 
Cyatheaceae 22 3 2 6 4 6 
Davalliaceae 13 2 3 1 1 2 4 
Dennstaedtiaceae 47 2 6 5 10 5 5 10 1 2 
Dicksoniaceae 4 3 
Dipteridaceae 2 
Dryopteridaceae 47 2 7 2 6 11 6 4 2 3 4 
Gleicheniaceae 18 3 1 2 6 2 1 2 
Grammitidaceae 77 8 6 12 21 2 6 10 12 
Hymenophyllaceae 56 5 10 4 9 15 3 6 2 
Lomariopsidaceae 14 2 3 5 1 
Marattiaceae 7 2 3 
Matoniaceae 1 
Nephrolepidaceae 6 2 2 
01eandraceae 4 
Ophioglossaceae 7 2 2 
Plagiogyriaceae 4 1 2 
Polypodiaceae 61 4 9 3 9 6 8 8 10 3 
Pteridaceae 17 2 4 2 2 2 2 
Schizaeaceae 6 2 2 I 
Thelypteridaceae 55 2 5 3 5 10 4 6 11 8 
Vittariaceae 16 2 6 2 2 2 
Woodsiaceae 43 3 6 5 2 9 9 7 

Total 623 14 34 90 37 85 109 48 67 3 72 14 49 

Phytogeographical elements: 1, Old World & New World; 2, Old World; 3, SE Asia-Malesia- Pacific; 
4, Malesia-Pacific; 5, SE Asia-Malesia; 6, Malesia-wide; 7, SE Asia-West Malesia; 8, West Malesia; 9, 
Austral ; 10, Borneo endemics; 11, Sabah endemics; 12, Mount Kinabalu endemics; 13, adventives. 
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to and including upper montane forest and scrub. Taxa of distribution patterns 1-9 constitute 
77% of lower montane forest lower facies taxa, 75% of lower montane upper facies and 
upper montane forest taxa and 71% of scrub taxa. The most important distribution pattern 
in lower montane forest, both lower and upper facies, upper montane forest and scrub is 
Malesia-wide. As Holttum (1978) points out, a few of the high altitude ferns have relatives 
in north temperate regions. These are the species of Athyrium, a genus not well represented 
in the tropics, although several species are known from elsewhere in Malesia. 

Phytogeography and taxonomy 

Table 3 shows the families of pteridophytes on Mount Kinabalu arranged in 
phytogeographical distribution patterns. No one distribution pattern includes all families 
and no family is represented in all distribution patterns. Grammitidaceae are the most 
numerous in the largest number of patterns, Malesia- Pacific, South-east Asia- Malesia, 
Malesia-wide, Borneo endemic and Mount Kinabalu endemics, as might be expected from 
the largest family on Mount Kinabalu. It is pleasing to note that the one adventive species, 
Pityrogramma calomelanos (L.) Link (Adiantaceae) is only found in disturbed areas and is 
very unlikely to have any ecological impact on Mount Kinabalu. 
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SANDAKANIA 9 (1997): !03-IIJ 

A provisional check-list of pteridophytes 
from the Crocker Range National Park, Sabah 

B.S. Parris 

Fern Research Foundation, 
21 James Kemp Place, Kerikeri, 

Bay of Islands, New Zealand 

Summary. 174 taxa of pteridophytes are reported from the Crocker Range National Park, 
Sabah. The new combination Selliguea taeniata var. borneensis (H.Christ) Parris 
(Polypodiaceae) is proposed. 

The following checklist is largely based on collections and sight records made by the author 
in 1988, with additional records from material in the herbarium of the Royal Botanic 
Gardens, Kew (K), mainly collections made by Beaman or Shim (from SAN), and literature 
records cited by Price (1987) and Tagawa (1975, 1975, 1976). Parris specimens cited are 
held in the herbaria at Kew (K) and Sandakan (SAN). Only one collection is cited for each 
record, but for several species more than one collection is known. The taxonomic 
arrangement follows the list of families that the Royal Botanic Gardens, Kew, the Royal 
Botanic Gar~en, Edinburgh, and the Natural History Museum, London, have agreed to 
recognise. An alphabetical sequence is used, first of the fern allies, then the ferns, for 
families, genera, species and infra-specific taxa. The decisions as to what genera should be 
recognised follows essentially that recognised at Kew and used in Parris et al. (1992). 
Author abbreviations follow Brummitt & Powell (1992). 

This list makes no claim whatsoever to being complete, but is presented in the hope that 
others will be encouraged to fill in its gaps. An asterisk (*) indicates taxa not found on 
Mount Kinabalu. 

List of pteridophyte records 

FERN ALLIES 
Lycopodiaceae 
*Huperzia horizontalis (Nessel) Holub (syn. Lycopodium aellenii (Herter) Tagawa); Parris 

11333 
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H. phlegmaria (L.) Roth (syn. L. phlegmaria L.); Kokawa & Hotta 1979, n. v. (Tagawa 1974) 
H. serrata (Thunb. ex Murray) Trevis. (syn. Lycopodium serratum Thunb. ex Murray); 

Kokawa & Hotta 1689, n.v. (Tagawa 1974) 
Lycopodiella cernua (L.) Pic.Serm. (syn. Lycopodium cernuum L.); Parris 11325 
Lycopodium casuarinoides Spring; Parris seen 1988 
L. clavatum L.; Parris 11292 

Selaginellaceae 
*Selaginella boschai Hieron. ; Parris 11396 
S. brevipes A.Braun; Parris 11341 
*S. brooksii Hieron.; Parris 11349 
S. ingens Alston; Parris 11420 
S. intermedia (Blume) Spring; Parris 11309 
*S. lobbii Veitch; Gibbs 2891 
*S. longiaristata Hieron.; Parris 11385 
S. ornata (Hook. & Grev.) Spring; Parris 11288 
S. rugulosa Ces.; Parris 11329 
*S. aff. lobbii; Parris 11391 

FERNS 

Adiantaceae 
Pityrogramma calomelanos (L.) Link; Parris 11323 
Taenitis blechnoides (Willd.) Sw.; Parris 11384 

Aspleniaceae 
Asplenium cymbifolium H.Christ; Parris seen 1988 
A. lobulatum Mett. ex Kuhn; Parris seen 1988 
A. nidus L. ; Kokawa & Hotta 1915, n.v. (Tagawa 1976) 
A. nigrescens Blume; Kokawa & Hotta 2001, n. v. (Tagawa 1976) 
A. normale D.Don; Parris seen 1988 
A. pachychlamys C.Chr.; Kokawa & Hotta 1705, n. v. (Tagawa 1976) 
A. pellucidum Lam.; Parris 11413 
A. phyllitidis D.Don subsp. malesicum Holttum; Kokawa & Hotta 2190, n.v. (Tagawa 1976) 
A. tenerum G.Forst.; Parris 11360 
A. thunbergii Kunze (syn. A. decorum Kunze); Kokawa & Hotta 2023, n.v. (Tagawa 1976) 
A. unilaterale Lam.; Kokawa & H otta 1806, n. v. (Tagawa 197 6) 
A. vulcanicum Blume (incl. A. salignum); Parris 11415 

Blechnaceae 
Blechnum finlaysonianum Hook. & Grev.; Parris seen 1988 
B. orientale L.; Parris seen 1988 
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(B. procerum non (G.Forst.) Sw., = B. vestitum or B. sp. 1 or 2 of Mount Kinabalu?) 
Kokawa & Hotta 2031, n.v. (Tagawa 1976) 

B. vestitum (Blume) Kuhn; Parris seen 1988 
Stenochlaena palustris (Burm.f.) Bedd.; Parris seen 1988 

Cheiropleuriaceae 
Cheiropleuria bicuspis (Blume) C.Presl; Parris 11285 

Cyatheaceae 
Cyathea contaminans (Wall. ex Hook.) Copel.; Parris seen 1988 
*C. aff. hymenodes Mett.; Kokawa & Hotta 1976, n.v. (Tagawa 1974) 
C. ramispina (Hook.) Copel.; Parris 11374 

Davalliaceae 
Araiostegia hymenophylloides (Blume) Copel.; Parris seen 1988, Kokawa & Hotta 1611 

n. v. (Tagawa 1975) 
Davallia embolostegia Cope I.; Parris 11287 
Humata subvestita (C.Chr.) Parris; Parris 11283 

Dennstaedtiaceae 
Dennstaedtia scabra (Wall. ex Hook.) T.Moore var. tenuisecta C.Chr.; Parris 11315 
Histiopteris incisa (Thunb.) J.Sm.; Parris seen 1988, Kokawa & Hotta 2009 n.v. (Tagawa 

1974) 
H. stipulacea (Hook.) Copel.; Parris seen 1988, Kokawa & Hotta 1679 n.v. (Tagawa 1974) 
Hypolepis brooksiae Alderw.; Parris seen 1988 
H. tenuifolia (non (G.Forst.) Bernh., perhaps H. bamleriana Rosenst.); Kokawa & Botta 

2008, n.v. (Tagawa 1974) 
Lindsaea borneensis Hook.; Parris 11407 
L. crispa Baker; Parris 11363 
L. cultrata (Willd.) Sw.; Parris 11395 
*L. ensifolia Sw. subsp. ensifolia; Parris 11412 
L. integra Holttum; Parris 11654 
*L. javanensis Blume; Parris 11378 
L. oblanceolata Alderw.; Parris 11290 
L. parallelogramma Alderw.; Parris 11382 
L. repens (Bory) Thwaites var. sessilis (Copel.) K.U.Kramer; Parris seen 1988 
L. rigida J.Sm.; Parris 11299 
Microlepia hookeriana (Wall. ex Hook.) C.Presl; Parris 11356 
M. speluncae (L.) T.Moore var. villosissima C.Chr.; Parris 11418 
Odontosoria chinensis (L.) J.Sm. var. chinensis; Parris 11293 
Pteridium esculentum (G.Forst.) Cockayne; Parris seen 1988 
Tapeinidium luzonicum (Hook.) K.U.Kramer var. luzonicum; Parris 11340 
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Dicksoniaceae 
Dicksonia mpllis Holttum; Kokawa & Hotta 1914, n.v. (Tagawa 1974) 

Dipteridaceae 
Dipteris conjugata Reinw.; Parris seen 1988 

Dryopteridaceae 
Acrophorus nodosus C.Presl; Parris seen 1988, Beaman 8028 n. v. (Price 1987) 
Arachniodes puncticulata (Alderw.) Ching; Parris 11379 
A. tripinnata (Goldm.) Sledge; Parris 11414 
Pleocnemia hemiteliiformis (Racib.) Holttum; Parris seen 1988 
Tectaria angulata (Willd.) C.Chr.; Parris 11399 
T. decurrens (C.Presl) Capel.; Parris seen 1988 
*T. inopinata Holttum; Parris 11386 
T. pleiosora (Alderw.) C.Chr.; Parris 11416 

Gleicheniaceae 
Dicranopteris clemensiae Holttum; Beaman 8020 n. v. (Price 1987) 
D. curranii Capel.; Parris 11322 
D. linearis (Burm.f.) Underw. var. montana (Holttum) Holttum; Parris seen 1988 
D. linearis (Burm.f.) Underw. var. subspeciosa Holttum 
Diplopterygium longissimum (Blume) Nakai; Parris seen 1988 
Gleichenia dicarpa R.Br.; Parris 11298 
Sticherus hirtus (Blume) Ching var. paleaceus (Baker) Parris; Parris seen 1988 
S. truncatus (Willd.) Nakai var. truncatus ; Parris seen 1988 

Grammitidaceae 
Acrosorus friderici-et-pauli (H.Christ) Capel. (syn. A. triangularis Capel.); Parris 11295 
Calymmodon cucullatus (Nees & Blume) C.Presl; Parris 11300 
C. gracilis (Fee) Capel. ; Parris 11301 
C. hygroscopicus Capel.; Parris 11652 
Ctenopteris brevivenosa (Alderw.) Holttum; Parris 11304 
C. curtisii (Baker) Capel. ; Parris 11289 
Grammitis reinwardtioides Capel. ; Parris 11306 
Prosaptia barathrophylla (Baker) M.G.Price; Parris 11656 
P. contigua (G.Forst.) C.Presl; Parris seen 1988 
Scleroglossum debile (Kuhn) Alderw.; Parris 11302 
S. minus (Fee) C.Chr. agg. (narrow form) ; Parris 11296 
S. pusillum (Blume) Alderw. ; Parris 11345 
Xiphopteris musgraviana (Baker) Parris; Parris 11303 

Hymenophyllaceae 
Cephalomanes javanicum (Blume) Bosch; Parris 11390 
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Crepidomanes bipunctatum (Poir.) Copel.; Parris 11367 
Gonocormus minutus (Blume) Bosch; Parris 11335 
Macroglena meifolia (Bory ex Willd.) Copel.; Parris 11312 
Mecodium emarginatum (Sw.) Copel.; Parris 11313 
M. productum (Kunze) Copel.; Parris 11357 
Meringium acanthoides (Bosch) Copel.; Parris 11305 
M. blandum (Racib.) Copel.; Parris 11337 
M. cardunculus (C.Chr.) Copel.; Parris 11286 
M. holochilum (Bosch) Copel.; Parris 11336 
M. hosei (Copel.) Copel.; Parris 11339 
M. lobbii (T.Moore) Copel.; Parris 11297 
M. microchilum (Baker) Parris; Parris 11310 
M. pachydermicum (Ces.) Copel.; Parris 11319 
Pleuromanes album (Blume) Parris; Parris 11326 
Selenodesmium obscurum (Blume) Copel.; Parris 11294 
Sphaerocionium pilosissimum (C.Chr.) Copel.; Parris 11311 
Vandenboschia maxima (Blume) Copel.; Parris 11370 

Lomariopsidaceae 
Elaphoglossum stenolepis P.R.Bell ex Holttum; Parris 11332 
Teratophyllum clemensiae Holttum; Parris seen 1988 

Marattiaceae 
Angiopteris brooksii Copel.; Kokawa & Hotta 1700, n.v. (Tagawa 1974) 
A. evecta (G.Forst.) Hoffm.; Tiong & Dewol SAN 89060 
A. ferox Copel.; Kokawa & Hotta 1982, n.v. (Tagawa 1974) 

N ephrolepidaceae 
Nephrolepis hirsutula (G.Forst.) C.Presl; Parris 11324 

Oleandraceae 
Oleandra oblanceolata Co pel.; Parris 11331 
0. pistillaris (Sw.) C.Chr.; Kokawa & Hotta 1620, n. v. (Tagawa 1975) 

Plagiogyriaceae 
Plagiogyria adnata (Blume) Bedd.; Parris 11291 
P. clemensiae Copel.; Shim SAN 81813 

Polypodiaceae 
Aglaomorpha brooksii Copel.; Parris seen 1988 
Belvisia spicata (L.f.) Mirbel; Beaman 7920 
Colysis acuminata Holttum; Parris 11406 
Drynaria sp.; Parris seen 1988 
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Lecanopteris pumila Blume; Parris seen 1988 
Loxogramme ensifrons Alderw.; Beaman 7921 
Microsorum congregatifolium (Alderw.) Holttum; Beaman 8820 
M. heterocarpum (Blume) Ching; Parris 13371 
Neocheiropteris sarawakensis (Baker) Parris; Beaman 7936, n. v. (Price 1987) 
Phymatosorus nigrescens (Blume) Pic.Serm. (syn. Microsorum nigrescens (Blume) 

Copel.); Parris 11417 
Polypodiopteris brachypodia (Copel.) C.F.Reed; Parris 11281 
Selliguea albidopaleata (Copel.) Parris; Parris seen 1988 
S. enervis (Cav.) Ching; Parris seen 1988 
S. heterocarpa (Blume) Blume; Parris 11372 
S. stenopteris (Baker) Parris (syn. Crypsinus stenopteris (Baker) Parris); Parris 11282 
*Selliguea taeniata var. borneensis (H.Christ) Parris, comb. nov.: Polypodium 

griffithianum var. borneense H.Christ, Ann. Jard. Bot. Buit. 20: 122 (1906) (syn. 
Phymatopteris taeniata (Sw.) Pic.Serm. var. borneensis (H.Christ) Parris); Parris 
11284 

S. triloba (Routt.) M.G.Price; Parris seen 1988 

Pteridaceae 
*Pteris dalhousiae Hook.; Parris 11410 
P. digitata (Baker) C.Chr.; Parris 11380 
P. longipes D.Don (syn. P. kinabaluensis C.Chr.); Kokawa & Hotta 1927, n.v. (Tagawa 

1976) 

Schizaeaceae 
Lygodium circinnatum (Burm.f.) Sw.; Parris seen 1988 
L. microphyllum (Cav.) R.Br.; Parris seen 1988 
Schizaea dichotoma (L.) Sm.; Parris 11348 

Thelypteridaceae 
Amphineuron immersum (Blume) Holttum; Parris 11419 
Chingia clavipilosa Holttum var. clavipilosa; Parris 11316 
Christella arida (D.Don) Holttum ; Parris seen 1988 
C. hispidula (Decne) Holttum; Parris seen 1988 
Coryphopteris gymnopoda (Baker) Holttum var. gymnopoda; Parris 11307 
C. obtusata (Alderw.) Holttum; Parris 11328 
Mesophlebion dulitense Holttum; Parris 11400 
*M. trichopodum (C.Chr.) Holttum; Parris 11387 
Metathelypteris dayii (Baker) Holttum; Parris 11317 
Parathelypteris beddomei (Baker) Ching; Parris seen 1988 
Pronephrium cuspidatum (Blume) Holttum; Parris 11397 
P. firmulum (Baker) Holttum; Parris 11389 
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P. nitidum (Holttum) Holttum; Parris 11411 
P. peltatum (Alderw.) Holttum var. persetiferum Holttum; Parris 11376 
Sphaerostephanos baramensis (C.Chr.) Holttum; Parris 11351 
S. inconspicuus (Capel.) Holttum; Parris 11318 
S. unitus (L.) Holttum var. mucronatus (H.Christ) Holttum; Parris seen 1988 

Vittariaceae 
Vittaria angustifolia Blume; Parris 11320 
V. elongata Sw.; Parris 11405 
V. ensiformis Sw.; Parris 11409 
*V. longicoma H.Christ; Parris 11352 

Woodsiaceae 
Diplazium cordifolium Blume var. cordifolium; Parris 11375 
D. cordifolium var. pariens (Capel.) C.Chr.; Parris 11344 
*D. hottae Tagawa; Parris 11408 
D. latisquamatum Holttum; Parris 11314 
*D. malaccense C.Presl; Parris 11327 
D. poiense C.Chr.; Parris 11362 
D. porphyrorachis (Baker) Diels; Parris 11343 
*D. tomentosum Blume; Parris 11373 
*D. sp. 1; Parris 11359 
*D. sp. 2; Parris 11392 

Discussion 

Three sites were examined in the Crocker Range National Park; the lower slopes of Gunung 
Alab in the north, the Kimanis to Keningau road area in the centre and above Kallang 
waterfall in the south. The range of altitude covered by the sites is from 400 m to 1800 m 
and the vegetation types include dipterocarp forest, primary lower montane oak forest, 
secondary lower montane forest, Leptospermum-Dacrydium-Phyllocladus-Rhododendron 
forest and Leptospermum flavescens forest. 

The sparse pteridophyte flora of 174 taxa documented here for the Crocker Range is in stark 
contrast with the richness of neighbouring Mount Kinabalu, with 623 taxa (Parris 1997, 
Parris et al. 1992). Within the altitude range of the Crocker Range on Mount Kinabalu 523 
taxa are known. 155 (89%) taxa are found on both the Crocker Range and Mount Kinabalu. 
Most of the 19 species known from the Crocker Range, but not from Mount Kinabalu, occur 
elsewhere in Borneo or have a wider distribution within Malesia and sometimes beyond it 
(Huperzia horizontalis, Selaginella boschai, S. brooksii, S. lobbii, S. longiaristata, Lindsaea 
ens·ifolia subsp. ensifolia, L. javanensis, Tectaria inopinata, Selliguea taeniata var. 
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borneensis, Pteris dalhousiae, Mesophlebion trichopodum, Vittaria longicoma, Diplazium 
hottae, D. malaccense, D. tomentosum) . These are likely to be found on Mount Kinabalu. 
A few undescribed species (Selaginella aff. lobbii, Diplazium sp. 1, D. sp. 2) may be 
endemic to the Crocker Range. These will be described in a later paper. 

Many species amongst the 368 taxa found on Mt Kinabalu within the altitude range of the 
Crocker Range but not yet known from the latter may well occur there. They include taxa 
which are either restricted to Sabah or found in other parts of Borneo and sometimes also 
elsewhere in Malesia and further afield. Perhaps the Crocker Range should be further 
explored beyond the three routes used by most botanists to boost the total number of 
pteridophytes known there. 
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