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INTROI)TJCl'ION

L i r n e s t o r e  i n  t h e  h u n r i d  t r o p i c s  i s  s u b l e c l  1 o  s e l e r e
\\,cathcring becruse olhigh l l i infrl l . humidit) '. and biologicirl
p roduc t iv i t )  (Cro \ \ ther .  l987 i l ) .  Of len .  th i \  rc \u l ts  in
spec tacu la r  rnorpho log ics :  b locks  o l  l i r les lone \ ! i th  s leep
cli l l l :  ancl ridtl letl $ ith cil\ es and \ inkholes ( Cfr)wther. I986).
ln MaLrysia. nLlnrcrous rrrorc or lcss isolrted krr\t oLrtcrops
of  th is  l ype  are  $ ' ide l l  sca t te red  ovc l  thc  l rndscape.  ln
Peninsular N'lala1'siit. about 5(X) such hil ls havc becn rccorcled
(Price. 200 I ). $ hilc thc East-MalaysinD stfles ,.rl Su.lwrk
ucl Sabah (\\ 'hich \lr ddlc thc nofih-wcstcrn onc third ol-
thc  i s l rnd  o l  Bornco)  l ro ld  r t  Ieas t  130 rnd  70 .  rcspcc t ive ly
(L i r l  &  K ie rv .  1997:  Sch i l thu izen & Ver r leu len .  unpub l ished
data: Wilfolcj. 196.1). Nllny ol lhe\e hil ls are singlc. isolatecl
l i Ines tone depos i ts  tha t  may u l l i rn i t le l l ' be  i le r i red  f rom
detaclrcd chunks ot irncient rccf. Although olher hil ls are
geologically interconnccled. l irrlr ing the expo\cd pa \ ol
contiouous undcrground lirneslone deposil\. lhe\'. t(x). rfc
usu i t l l )  sep l r - i l l e ( l  by  ovcr ly ing .  non-ca lc l reous  r l lu \ i  l
substrittes.

S incc  thc  la tc  l9 th  ceDtur ) r .  l \ la lays ian  l i rncs tonc  h i l l s  have
at t rac led  thc  in tc rcs t  o l  sna i l  co l lec lo rs .  t )e  \4o fg i ln  (1885)

\ \ ' ro le  l i l l  Iueed ie  s  (1961)  t rans l  l ion l .  ' t l ]ese  l i r r rDat ions
a lc  l c r r  l l rourab le  1o  lhe  de \e lopnrent  o f  n ro l luscs .  l i r r  I
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on l irncslonc arc not much highcr thun on ron l inr! ' \1()nc substftLlc. Onl) l$o or lhrcc spccic\ pcr \1ud) sitc
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f irund clclywhere u'here the l inrestone outcroppcd r great
quant i l )  o f  she l l s . '  And Tcn ison-W(x)ds  (1888) .  sa id  tha t
r h c  l i m e s l o n e  h i l l s  o n  t h e  N 4 r l a y  P e n i n s L r l a  ' a r e  a l l
distingr.rishcd bl an abundance of gener-a and spccic\ ()i land
slrells.. ' fhese observlt i(ms hitve given ri\e 1o tl le notion that
N, la lays ian  l imestoDe h i l l s .  a l though occupy ing  on ly  0 .37
ol the country s land surllce (Gobbett. 1965: Pricc. 2(X)l ).
p lay  a  r r l jo r .  ro le  in  suppot t ing  i t s  sna i l  abundance and
cliver.sit_v (Twccclic. l96l). Nlore erplicit l l ' .  Vermeulcn &
WhitleD ( 1999) estirnrtcd thrt a patclr of l irnestone hrbitrt
w i l l  \uppor t  1 \o  1 ( ]  f i \e  t i rDes  nrorc  spcc ics  th rn  s i rn i la r
patch of non-linrcstonc habital. and thitt the nurrbcr of shells
l i )und there  is  l0 - l (XX)  t imes as  h igh .

I t  i s  u 'e l l  es tab l i shed tha t  land-sna i l s  ha le  l t igh  ca lc iunr
rcquircnrents lor the production r)f both their cggs rnd lheir
she l l s :  hcncc .  ca lc iunr  poot  \ub \ t ra le \  gcncr iL l l y  \L rppor t
leuer  ind iv idu l l s  and spcc ics  o l  l lnd  sna i l s  uhen contpared
to  ca lc iunr  r i ch  ones  (Gravc land c t  i t l . .  199-1) .  NeVer the less .
thcrc arc sevefal reasons u'hy the cll inrs of hi-gh lancl snail
abundance and divelsitv on l l lalalsian l inrcstone hil ls require
vcrif ication and quanli l lculion. First. lDrlacolo!:ici i l  lctivit ies
in  Ma l lys ia  havc  bccn r lmos l  exc lu \ i Ie ly  tes t r i c fcd  to
l in res tone.  an i l  knou ledgc  o f  thc  malaco laun i i  o l - t l l her
substratcs is l inritetl to ir 1e$ well visitcd sitcs. such as Nlounl
Kirabalu ([-aidlarv. 1937: Til l ier & Bouchet. 191]ll). Scconcl.
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se!er l l  sna i l  laxa .  lnos t  no tab l_" -  D ip lo rnmat in idae (see
Tweed ie .  19611.  a re  cons idered to  l i ve  on ly  on  l in rcsk)nc .
u'ith correspontlingly high rates of allopatric speciation. The
degrec of obligate calcicoly and thc modes ol specilt ion in
these groups rre curreotly Lrnder discussion (Schilthuizen &
Rutjes.200li Schilthuizen et al., I 999. 2002 ). and more exact
nreasurcmcnts ofthcir population structure are needed. Third.
the  perce i !ed  h igher  abundances  on  l imestone may be
ar t i t rc tua l l y  fa iscL l .  L imcs tone has  a  h igh  pH.  a t  wh ich
dissolution ol shells nl ) 'be retarded. Since most assessments
ol snail abundancc are based on nuntbers ol enrpt) sllells on
the fi)rcst f loor. thcsc miiy bc partly t lrc result ol longcl
persistence of shells rather than higher. ablrodance. Io this
paper. \\ 'c examine lancl-snail abunciancc and clive'rsity on
two l in res tooe h i l l s  in  Sabah.  N ' la la ls ian  Borneo.  and
c o n r p a r c  t h c s c  \ \ ' i t h  t h e  s u r r o u n c l i n g .  n o n - l i t n c s t o n e
en l  i ronment .

NIATIIRIAI,S AND \{ETHODS

We \e lec ted  two l in res tonc  h i l l s  in  Sabah.  sur roundcd bv
primary l ifcst on non calcareous subslrrte (Fic. l). Olher
c r i t e r i a  f o r  s c l c c t i o n  $ e r c  t h c i r  a c c c s s i b i l i t y  a n d  t h c
irrailabil i t l  ol identif ied relerence rrrterial. The first site
( l r e r c r l l c r  c a l l c d  ' D a n u D r ' J .  l o c r l e c l  l 1  . 1 " - 5 8 ' 2 6 . 0 "  N
I l7'.+ll i9.3 ' E and 100 m asl. is a small outcrop.l0 rn krn-e-
-.10 rn rr. ide. lnd l0 nr high on the leti bank ofthe Segarna
R i r e r ' .  i n  t h c  D a n u m  V l l l c y  C o n s c r r l t i o n  A f c a .
irpprorirnltell 'one knr dor"'nstreiim fronr the Dlnrrnr Vallev
Ficld CcDlrc. l l le I l i l l  is sLrrrouDdetlbl talldipterocarp lorest
on sancl- and nrudsftrne ol thc Kuamut fi)rmation (NIafsh.
1995) .  The ib res l  in  the  in rned ia te  v ic i r r i t y  o f  the  o l r tc rop
i\ soncwhrt clislurbecl because ol lreel l l \ and l lndslides.
The nra laco i luna (c i fc l  90  \pcc ics )  o l  thc  Danurn  Vr l l c l
Conscr ra l ion  A lca  is  *c l l  knoun (Sch i l thu izen & I lu t jes .
l { ) 0 1 :  S c h i l t h u i z c n  c t  a l . .  2 0 0 2 :  H .  A .  R u t j c s  &  N l .
Sch i l thu izen.  u rpLrb l i shed da t r ) .

Thc  scconc l  s i t c  (hcrea f tc r  ca l l cc l  Tab in  ) .  loca tcd  r t
5 ' lE . -19 'N I IS '11 . - l9  l l  | l rd  l (X)  rn  i i s l  (o rersu fed  r t  the
sunrnr i t  o f thc  h i l l ) .  i s  a  l in rcs tonc  oLr tcnrp . l (XX)  m long.71X)

m rvide. and l(X) m high on the right bank ofthe Tabin River.
in  the  

' l -ab in  
Wi ld l i fe  Reserve .  lpprox imate ly  l0  kn l

ups t redm f rom Kampung I=V i l lagc l  T idong.  l ' h is  h i l l  i s
surroundecl by sandstone of the Sebrhrt f i)rmation (Yin.

l9 lJ5) .  wh ich .  upon mic rosco l ) i c  inspec t i0n  o f  b roken
surfaces. did not rcveal any shell or coral l iagmenls. Ihe
lbrest in this area is tall dipterocarp tbrest. which is. howevcr.
meder r te ly  d is tu rbcd  b) ,  rcccn t  t in lbcr  ex t r rc l ion . ' l ' he
nalacolauna (65 recorded species) has been surveyecl earlicr
(Sch i l thu izen & Vcrmeu lcn .  200f ) .

A t  Danum.  the  launa uas  sanp led  in  l2  p lo ts .  two o f  wh ich
were on l imcstone (thc Iimcst(mc hil l  \ las not largc enough
10 i i cconn lodate  n lo re  than two p lo ts ) .  lnd  l0  on  non-
linrcsk)nc substratc. In Tabin. l l  plots were stmpled. six ol ' l
l imeslone, ancl f ive on sandstone. The sanrpling procedlrre
u as as dcscribcd carlier { Schilthuizen & Rutjes. 2(X) l. birsed
on methods developed by de Wintcr & Gittenbcrgcr. l99lJ).
Brie[1y. plots of 20 x 20 rn were serrched tbr both dead and
living land snails f i)r two person-hours (in Tabin. but not in
Danun. l i l ing lncl dead snails rvere preservcd scprrltcly).
Five l itrcs of topsoil and l ittef \\, erc also collecled. coarselt
sievecl. ancl enriched b)'f lotation (which renroves all heavl
par t i c lcs .  bu t  p rescrves  enpt ) '  \ l l e l l s ) .  M ic rosna i ls  $ere
extrrcted by \earching the dried ancl l incly sicrecl sanrples
runder a clissection nricroscope. At each plot. circa 100 ml of
soil \\ 'cre taken i 'rom directlt underncath the k)psoil. l 'hese
soil sanrples were used tir mersuremcnt ol pll (according

to Andcrson & Inllr lm. 1996) and calciunr clrbonatc conlcnl
1u\ing the protocol of Richrrrls. 195-l). Due (r a laboratory
e[or. ho\\ 'e\er. the \arrple\ tbr [) nLln plots l l  l2 wele
insLr l l i c i cn t  to  do  bo th  pH and ca lc iun t  c l rbona le  ana lvs is .
so onlv the firrnrer'\!as nrea\ured fi)f thcsc i ivc sarnplcs. All
specinrerrr uere it lentif ied k) specie\ level. except in the ca\e
of.jurcnilcs from ccftain gcncfa. For screral ol the nricrosnail
genera. the r\ i l i lrble ta\onornl' is unresolr ecl. in rvhich clse
it u'as impossiblc to assign a spccies nlmc. lnstciici. $'c used
numbers  in  the  i i ) rn l  ' l genus  nanre l  sp-BO-## .  uh ich
corrcspond 1() the nunl[]ering sr-slern used bl one ol ur
(J.J.V. ). to indicrte und \ ouchcr not iclcnti l ied snailtaxa l lorn
B o r o e o .  A l l  s p e c i n r c n s  h a r c  b c c n  d c p o s i t e d  i n  t h e
' 'Borncens is "  co l l cc l ioD o l  lhe  Ins t i tu tc  l i r r " l iop ica l  B io log l

Danum a

i
l 2

T

i l r c  i n ( l i ! l r l c ( l  $ r ( h  h f i c l  h : r l c h i n ! .  T h c  d o t t c d  I i n c  i n  D l n u n r  f c n f c \ c n l \  r  l r - l i l .
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and ConseNlti(n. [Jnivcrsit i Malaysia Sabah. with addil ional
v o u c h c r .  s p e c i n e n s  i n  t h e  p r i \ a l e  c o l l e c t i o n  o f  J .  J .
Vermeu len. Singapore.

To comparc total spccies richness (.S)belwec'n l irttestone and
Don liore\tone plots. *e pertirrrncd 50 randomisations on the
Tabin dala (the nurnber of l inrestone plots in Danum rvls
too lor,) from thc t$'o plot tvpes. and calculalcd,S using the
Michae lis Menten eslirnator MMRuns (Raaijmakers. 1987)
in the pro-eram Estimiitcs6.0bI (Ci)l$'cll. 20(X)). For large
sanrples with ferv singletons. as in the Tabin drtr. this is an
rppropr ix te  es t i tna tor  (S i i ssenbach & F ied le r .  1999) .  To
acconrmodate  the  uncvenncss  in  land-sna i l  d is l r ibu t ion
(Sch i l lhu izen e t  r l . .  2002) .  the  pa tch iness  pr rameter  A  *as
arbitrari ly sct to 0.5. Statistical rests \\, ere carried oul either
by hancl or \\ ' i th the SPSS tbr Winclovs sotiware packrge
( r 'e ls ion  7 .5 . l .  SPSS.  1996 ) .

'I i) 
esti lnate the rate ol breakdorvn of enrpty shells on the

firrcst f loor, rvc compared the numbers of l ive and dead
individuals tirr thc fbllo*ing spccics: Lr,lrtopona pelIucitlunt
((;fatcloup). Ltptopont stricatrtrn (Pfeiffer). Lcltopo kt
rlrrlrrlrirr ( N4etcllte ) . l.eptttportu jL* eniles. .lttltottitt jucunda

lSmi th ) .  Japor r i r r  . juven i les .  L iun lc t ia . r r r iadcr i . r  (Cox) .
L ian fu t id  sp-BO-01.  ( 'oncup le t tu  i r l ,q r1 . /1 / /  ( l sse l ) .  and
Ph i lu lu r tk t  l r r | r r r ra  (A ld r ich) .  A l l  these spcc ies  are  t rec-
c l *e l le ls  (Sch i l thu izen & Vermer r len .  unpub l ished da ta l .  so
the i r  p ropor t ions  o l  dcad ind iv ic lua ls  shou ld  on ly  be
in l lucncec l  by  the  ra te  o I  b re lkc lown o f  enrp ty  she l l s .
assuming sirri lu pattcrn\ of mortality in both habitl ls. (ln
ground clrvellers. this is not neccssarily thc casc. as thcy nral'
a lso  su l le r  I ron l  the  low pH uh i le  s t i l l  a l i ve . l

RESULTS

In  Danum.  a lka l inc  pH r i r lues  r " 'e re  lo l lnd  lo r  thc  t \ \ ' o
l i rnes lone p lo ts  {7 .3  anc l  l J . l ) .  ln  Tab in .  the  s ix  l i rnes lone
p lo ts  had  n  i r \e r rse  pH o f  7 . .1  ( r rngc  7 .1 -7 .7 ) .  Non-
l ime\ tonc  so i l  uas  ur i l t l l y  ac id ic :  the  arerage f i r r  l0  non-
l i rnes lonc  p l rxs  in  Danunr  uas  pH 5 . -1  ( range -1 .0  7 . .+ ) .  r r rd
l i r r  I i r c  non l i r les lone p lo t \  in  Tab in  uar  6 . : l  ( rangc  5 .9 -
6 .9  ) .

Thc  c iubonate  con len l  o l  so i l  s i l r ) rp le \  $ r \  a l \o  n ruch  h igher
oo lirne\tonc. i is c\pcctcd. ln f)lnun). citrbonil le conteot for
p lo l  I  ( l i n1e \ tone)  $ ls  l -1 .5 ' . r r .  whcrca \  the  ra lucs  I i r I  pk r ts
2  7  (n { rn - l i rnes tone)  a \c r lged f .6 ' i  ( fanse O.5 l l  7 . ) ' ,11 . l t ] ,
Iab in .  the  s ix  l in res tonc  p lo ts  had ln  rvc ra : rc  c r rbona le
c( rn tcn t  o l .  l5 . t ) t i  ( r i inge  l -1 .6 ' l  l t l . l l . r r ) .  $herers  in  thc  f i vc
non l i rnes lonc  p lo ts  i t  na :  on ly  l . l l i l  ( r i inge  0 .5 ( ; i  5 .5 ' l  ) .

Sumpl ing  i r t  D i iDurD I ' ie lded be t rveen th rcc  rnd  i -1 -5
spec in rens  ( l i vc  \n l i l s  and cmpt t  \he l l s )  per  p l ( )1 .  In  to t r l .
( r31  spcc iDrers  *ere  found.  reprcs .n t ing  37  spec ics  ( \ee

/\ppcodi\ ). Onc spccies. '1r' l ir irr brtt iqiru Vernreulen. hacl
nol prc\ iou\lv been iirund in thc Danum Vallcr Conserlation
Arca  (sec  Sch i l t l tL r i zen  & Rut jes .  f (X) l ) .  In  Tab in .  numbers
of specinrcn: pcr plot f i ir lrrcd lhrrtt -11 to -111. f i)f r totrl ol
1 .1 ( r2  spec i rners  hc long ing  to  -15  spec ics  ( \cc  Append ix ) .

l H f  R c t t L f . \  B L I L l  7 l N  Q l  Z t t r t 2 n l ; 1  2 1 1 1 ' 1 1

Of these species, orrly one (Ditrotop.ris sp-BO-01) had not
been recorded at this locxlity befirrc (sce Schilthuizen &
Vermeulen. in press).

A t  Tab in  187 o f  the  spec in rens  were  co l lec tcd  a l i ve .
although this proportion varies greatly among species. For
exanrplc, of .172 spccimcns ol Oltistltostornu l issoltleuron
Venneulen, 211 (52c/t ) were collected alive. whereas only
tour oi l l  I Hetnilt lecta tlensu (Aclams & Reeve) \\,ere ali\e.
1'he pooled Tabin data for dead versus Iive specimens ofthc
cight trec-dwell ing species (see Nlalerials and Methods), re
.134 dead out ol a total of .172 inclir. iduals on l imestone

\91.99i ) and 282 dead out oi a total of 3 | 3 individuals on
non-limestone (90.1'Z ). 

' fhe difference between these ratios
is not statistically significant (Xr-test).

Relative abundance was highcr at the l imestone localit ies.
ln labin this djfference wrs stutisticrl ly significant (P =

0 . (X)9 :  Mann-Whi tne) '  U  tes l ) .  the  average number  o f
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spec imcns per  p lo t  be ing  219 l !99)  aga ins t  9E (171) .  In
Dlnum, the mean diflercnce was larger, u'ith 213 (1187)

fbr thc two limestone plots i lgainst 2l {12:l) fbr the non-
limestone plots. but oDl) marginally significant (P = 0.06:
Mann Whitney U test). Fies. 2 and 3 show that  bundance
incrcases with pH iRr of a fittcd cxponential trendline = 0.57;
P < 0.005 ) and with carbonate contcnt (Rr = 0.65: P < 0.005)
of the soil. No correlation was lbund between rbundance in
the  non- l imcs tone p lo ts  and d is tance t rom the  neares t
l inestone (drta not shown).

Total number of species per plot was significantly higher on
linrestone. In Tabin the average number of spccics per plot
was 27.2 (12.3) on Iimestonc. and 16.2 (t3..1) on sudstonc

iP = 0.(X);1: N4ann-Whitne! U test). In Ditnunr. these nulnbers
rvcre  20 .0  (11 . '1 )  and 6 .5  (11 .0) .  respec t ive ly  (P  =  0 .03 :
l\ ' lann-Whitney U test). Howevcr. thcse differences are
largely thc rcsult of the larger number of individuals lbund
on linrestone. rs sr.rggcstecl u'hen diversity i\ plotted lgainst

Tabin

200 400 600

Number of specimens

abundance (Figs.'1 and 5). Randonrisations in Estinratcs
showed that the projected actual species richness according
1(] the Michaelis-Mcnten estimator \{erc similar: .18.6 for the
linrcstone, and.12.9 firr the non limestone.

DISCUSSION

Our  resu l ts  conf i rn r  ear l ie r  cJa ins  regard ing  Iand-sna i l
abundancc on l imestone (see Introduction). l he abundancc
c l f  s p e c i m e n s  o n  t h c  T a b i n  l i n e s t o n c  o u t c r o p  w a s
approximately twice rs high as on the sunounding sandstone
substrate. TIrc dif lelence in Drnum *as l0 lblt l. although
the vaiance among thc two li l l lestone plots was high. and
statistical sigDificance was not rcached.

Thc cherrical analyses of soils indicxled that abundilnccs
correlatc positively with pH and calciurn cat bonale conteot
(F igs .2 .3 ) . I - imestonc .  wh ich  is  ch ie f l y  composcd o t  ca lc ium
carbonate, i lcts as a butler against acidity, so high crlciunr
carbonate content is usually accompanied by high pH: the
two lactors are not chemically independent. Nevertheless.
they probably represent separate abiotic propcnics relevaDl
to  land sna i l s .  F i rs t .  she l l s  a re  la rge ly  mrde o f  ca lc iun l
carbonate. and although a horn-likc conchiolin Iayer (thc
'perio\tracum') is olten present. this protccti!c layer is tt l ien
erotleil at the top-whorls (Meg1ilsch. 1972) or not prcscnt r1
a l l  (Kcmpe rman & Gi t tenberger .  l9 l l l3 ) .  Thus .  mor t r l i t y
resulting fronl shell brcakdorvn is l ikel-r '- to be higher under
ac id ic  cond i l ions .  Second.  ca lc ium carbonate  a la i lab i l i t y  i s
a l inrit ing factor 1br land snailpopulrtions. as it is required
lbr shell gro*th and cgg production: a positive corrclation
bctween soilcalciurn carbonltc contcnt and snail rbundaoce.
t h o u g h  p o s s i b l y  n o t  u n i v e r s a l  ( B a r k e r .  p e r s o n a l
counrun ic l t ion) .  has  bcen repor tec l  f requent ly  (c -g . .

Crrvcland ct al.. 199.11. This is expectcd to bc true c\'en l i lr
snail species that arc not in direcl con(act rvith the soil. such
as hcrbi\orou\ trce dwellers. as calciuru uptake by \ 'egetatioll
i : rnuch higher on krrsl lhan on non calcarcoLrs substrates
(Cro\\ 'ther. l9ll7a. b).

However. thc possibil i ty rernains that shell rbunditnccs on
the  fo res l  f loor  do  no t  ac tua l l y  rc l lec l  sna i l  popu la t ion
dcnsitics. but are retlective 0f the ratc ol shell bleakdorvn
on the soil. With thc mi)dly alkll ine conditions on Iinrcstonc.
it Dra,"- be expected thrt cnrpt) \hclls persisl longer there.

-e iv ing  r i se  1 ( )  e roneous es t imr t ions  o f  sna i l  abund i tnce .
Horvever .  th is  poss ib i l i t y  rn ry  be  exc lL rded bccrusc  thc
analysis oI our clata on l iving vcrsus dcacl specimens suggests
that empty shclls dissolve al eqLral rrtes on both substrate
types. I his is possiblv bccausc shells on the lbre\t f loor rre
Llissolved n)ore by rain\\ater (which is cquall) acidic iD both
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F ig .  5 .  D i ve rs i t v  i r s r i n \ l  r hu l rdxncc  l i n  Danum.  *  i t h  l oga r i t h rn i c
t f enc l l i nc  l i t t ed .

ol tcrrain) than as a resLrlt  of di.ect contirct u i th thetypes
so i l .

Given that snail population densil ies l le higher on l inres(rnc.
i t  i s  no t  surpr is ing  tha t  d ivc rs i t i cs  a rc  h igher  t l ' re re .  too .
Divclsit ies rise. {s expected logarith rnically. rvith incrc sing
number of collcctcd spccimens ( Figs. .1. 5 ). As the l imcstrtne
plols ha\ e the highest nunrbcrs ol specinrens. species richness

f
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there is highest. too. However. thc fact that l imestone and

non-limeskrne plots fbllorl thc same trend. suggests that

actual diversit ies in both types of terrain are not dissinilar'

Our Michaclis Mentcn randomisations fbr Tabin predict total

dive|sit ies of.19 species lbr the l imestoDe. antl 43 species

for thc non limestone.

VisLrrl inspection of the l ists of species shows iDdeed that

a few species are restricted to l imestone, $'hereas the reverse

is not the case. ln Tabin, the most obviotrs candidate tirr

obligate calcicoly is OPisthosttrtto l issrtpleuntn. which was

a major component of the fauna in plots on l imestone. bLlt

u ,as  absent  f r ( )m non- l in les tone p lo ts .  Other  poss ib le

l i n l e s t o n c - r e s t r i c t c d  s p e c i c s  i n  T a b i n  a r e  G e i ) r i l J 4

bcngrrelcnsl.r Smith, [)iJrlonn1 | i l1tt gorirt, 'r lott3r'ttsir Smith'

and Diuphera u i/bzli (Dancc). These species *cre fairl l

comnron in most (but not all) l imcstone plots. but l lwilys

absent l lon non-limestone plots. Although the sanle was truc

lo r  Churo l tu  sp  BO-01.  th is  spec ies  is  no t  an  ob l iga te

calcicole as it is regularly fbund on non limestone substrates

elsewhcre (e.g.. Schilthuizcn et al..2002). At Danum' t\41)

spcc ies  may be  ob l iSa te  ca lc ico les :  P lanruphe l in i t t rs

(God$in-Austen) |]] i td l) iuJthera uiffbrrl i. Both t 'cre found

in lairly largc nunbcrs in l imestone plots but not in thc non

lirnesture plots. and they have ncvcr been firuncl in any o1

the  o thcr  sna i l  surveys  on  non l imestone so i l  in  Danum
(Sch i l thu izcn& Rut jes .  2001.  Sch i l thu izeneta l .  2002) .  Ihe

taxonorric afl l l iations and biogeographic pi,tttcrns ofthe l ive

above mentioned trxit are in tgreement with their possible

obligatc calcicoly. With thc exception ol Pluttraplte Iinitus.

they belong to groups that tend to show high degrees of

endcmisnr. with specics restrictcd to single l imest()ne hil ls

or clusters of I imestone hil ls. Most notable among thesc is

the  sLrb ! :c r lus  P lec tos ton tu  o f  the  d ip lo rnrna t in id  genus

Opis thos to i  a  (here  represcn led  by  t l le  spcc ies  ( )

l issopk,uroi1. which torms a dolninant component of the

limeslone malacofauna in Borneo. $'hcrcils Dot I slngle

ind i l idua l  has  cver  been recorded arvay  f rom l imestone
(Schilthuizcn.200f). ln the case ofthe streptaxid Dla2lt.rrr.

the  abundance o t  o ther  sn  i l s  may bc  the  fac to r  tha t

t le te rmines  th is  n lo l lusc ivore ' \  p rc le rence f i ) r  l imestone,

father thirn the lvailabil i ty of calcrunr.

In conclusion. this stud)' sho\\,s that I inestone habitats in

Bornco clo indced support highcr l lnd snail densitics than

those on  o ther  subs t ra te  types .  I Io*ever '  d i \e rs i t i cs  on

l imestone are  s in t i la r  to  those in  non l i lnes tone fo res t .

although a snrall number of spccics (perhaps 1\!o or three

species pcr l inest(nle locality) rnay be obligate calcicolcs

Nevcrtheless. l imestonc hil ls may be considered important

reservoirs for rcgionul malacofauna. 
' lhey support l lrge

populations of the spccies of larld \nails that are natl\ 'e to a

particLrllr rrca. plur a ti 'w aLldit ionll l imcstone endcnlc\.
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APPENDIX
l,and-snails recorded in the l l plofs in Tabin and the 12 plots in Danum.

T . . t  I  L b I  T . l .  I  T r b . r  T - t  )  T r t  o  T J b  
-  

T h 0  l r "  T , c  , '  T h l  l  ' r , l  \ l i '

Hldrlxrnidar
0rrr rsrr  larrsalr r r r r  Snrth
Crar i ra qaar i r r r t r r ror i r  Smith
0rlli,irr rrrrri/l Snrith
Hdicinidae
lr1/r, rid ,krr/t,ai {1s\clI
Crclophoridae
Pr, i , r r r  r , r  t ladr f r r i  t ( iod$rn Au\1.n1

Pn rrdr l.)r r.,ft iirl)irlri lNlLliirlli' r
a l r i l r l r t rna, i r  1( ;od$ In Aunenl
Pk R \ \ | t \/q)^t hot)otLr )t)\
Jdlr/rrr tll r,irld rSmrlh)

1..tr,lx\nd frlirl( lll/,r 1(;r,rtrl(iuf )
Lrlrr4rirrilurr atrur tPlirflett
lqrr)lirnir l1rl,rtr, 1N'lrlcrlti)

(  r , r r r r r r , f r l |  \ rBO 0l
(  l i r r ( r \ ,  r , . i / \  l rd, IAldr i rh)

.lA1,rfri./irtrfr \o \'lirl.r\
Drnl , r?, i \ .p B0 0l
I)iplommatinidac
Drl l r rDrdlr , r , I r l r ( r rdr  1\on V$lcn. l
Dilirnfl ,rri,Lr !l],lr lrr!f ,aiJ Snrrlh
Dtl.n)t ,tt tu wrf V.nntule 
0/,r 1lir, \ r,r,11 li\ n,traurn Vo m.ul.n
. . {  r  i r r r i r  r tdrotrar l r r r r  Venreulcn
lri,rlrl 1rlr(iifu Venncul."Ir
l r r r rar  l f t  r iyrr r r  Vermeulrn
Vertiginidae
P^r/,f?d/rlr f,,rrlrr iBc yrn r
Subulinidae
lrDrrllr^i\ rirlrriu li (Policr & lt ichrudl
/1r , r r /h\ i \  ( r , r ,  i / i \  rHut t t inr
Streptarid!r
Drultxrr n i//i,,r/r (Denrcr

Charopidae
Cir,rrprr sp BO {)l
t irrlrl,rr sp BO 0l
Indodontidae
P/lllrrldrtd tr/rixr,r iAldnch)
Iuconulidac
| l , r r l .1r , r  \ rd, l { r \  r ( i ) \  r

lrrlri.trrr 9 B0 0l
{-r,r1!ttf , rd,/r(r//ir&r I l\'rl )
Helicarionidae

(;a,r ,1, ,  / l r \  i " r r r r r f ,n/ \  lS rh l
( ; r r , i ) r ' l r r r , r , ( r r l ,a i \  1 Snr i th)
Ariophanlidae
Hdnrt t ( / , r  i l . , i , /  lAdrm\ A Rcr\ur

0r i r r l r1d nrr(  i l r r i  1 Sn) i th l
' l / , ( ,?r1( t , r . r  .p 1 lO 0l
,l/ri rl,r'rtrir,r sp B0 {).1
J/dl rrr rlro,rrr iur,r 11\.cl)
'I 

rochomorphidae
l?/(,/Lr rrd.dfi,r 1 Pl.illc 
l iJ . , r , r  / ; r ( { | l t r  1 lcdrk )

, . ,1 i , r  / , ,1, r ) ( f r  {Adl i rs  & Rcc\ f )
Canraenidae
lntrrrr,,rn vrirt,,/r \i BocrrgLrI
7/r r rJr  / )Jr , i r {  r  1C0d*in , ' \u\ lcn)
(  i r l i r i r i  l l , l , rb i l r i f , r \ i \  Koh.1r
lbl,rl specimtns
'lotrl 
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Sch i l thu izen e t  a l - :  Land-sna i ls  on  l ines tone in  Bonte t r

DiIr  I  DiLn I  Dln I  Dr-rn. l  Dm.5 Di in.6 Drn I  Drr .E DiLr .9 Drn l0 D,rn l l  D!  L l  T(r l l l \
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