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Introduction

'-r'"

C&ral reefs W1th1n the terrltarlal waters of Singapore sre all
of'the fr1ng1ng type.= JLand reclam&tlon and industrial. develcpment have
;affected almost all the. reefs ‘on the mainland shores and many on the
flfty-faur~aff-shore-1slands.. Figure 1 shows the locations of these
reefs ‘including those affected either direétlyfbyflandirecl&m&tibn'mr

indirectly by ‘industry.

Eeéearch efforts

g
-

Studles -on_coral reefs as well as on sp301flc groups of coral
reef specles ha?e heen and are stzll b51ng carrled out. malnly by the
=Zmolagy snd. Botany Departments of the Hatlanal Unxver51ty ﬂf Slngapore
=(knnwn as Uhlver51ty of Slngapﬂre prlor ta 1980) The Port of
Slngapore Anthorlty whlch is resp0n$1ble for the managemﬁnt'ef'the
cmuntry 8 terrltcrlal waters 1ncluﬂ1ng land reclamatlon projects does

.. not. conduct any research work on the caral reefs.".,i_-

v’-."-"'.-r ‘1-;1}..'{-“. -

Research investigations canducted*up to the preaent can'be
dlvlded into two categerles. The flrst 1ncludes studles on g -
selected SpEElEE cr a8 grﬂup of related specles nf reef organlsms-such
as, feeding mechanisms in corals. (Williams, 1976 Yeu, 19?6) |

.development and eculngy 1n Tabastrea.spp,ﬂ(Mall 1977) taxonamy of
" “the nudibranchs. (Chcu, 1968) ba@icgy of the fung11dae (Tan, 1970)

| .dlstrlbutlon and growth uf the: funglléae (Gah 1963) blﬂlﬂgy and
5“'Jecniogy of coral reef flshes (Tayf 1978) and a:- survey of the hard

':cﬂrals at Pulau Salu (Ten, 1981) L Huﬁ | -Tﬁgpgi e

r The second 1ncludes studles on ecaloglcal dlstrlbution and .
zunatlon patterns uf and envlrunmental effects nn - the reef as an
.ECQSHStem such as the dlstrlbutlen of crganlsmﬁ GH Tangong Territip

'(Pﬂﬂn, 1962) and the effects Gf l&nd reclamatlon on reef llfe (Ch&n,
'1979) |

Survays are. presently be1ng conducted to study the ecalogy of

the entlre reef community at Pulau Salu.



Survey methods

Most . of'the 1nvcstlgat1ans deal;ng W1th ‘ohéer” R faw spec1es

- dnvolved. ranﬁcm collection and: subacquant cxamlnatlcn 1n thc

- ‘labporatory.. .. The: 1nvaatlgat1cns of- Tay*(l978) ‘Chan “(1979) and “Féo

- ..§2981) -vhich. were-completely. fie¥d orientéd: 1nvclved the Use | cf““

NETI10US ecological survey methods .

The study-by Teo (1981) and other cn—gclng 1nvast1gat1cns :
1nd1ca$e the importance of scuba lelng 8s a tccl 1n ccral rcaf
research. B

- Tay:. (1978) studaad the dlatrlbutlcn ‘of coral reef fishes at

+A4Pulan Salu:by u51ng:the ‘common Antilleard fish trap as the main

< - sampling gaar 1aid 1n serics along scvcral tranaacta rannlng ‘from the

shcre to the:reef slope. Sampling was:conducted fcrtnlghtly'hctwacn

1000 hrs- aad.léﬂﬂ hrs (bctwcen rising and ebbing' tlaea) “Other -

~;qtra@plng technlqucs emplcyed were hook 'and line and syear-flahlng

Fish in the shalch'rcck pools at low tides were ecaught by ualng “hand
nets or pclacn.t Dlrect vlaual—ccunt obseryations taken while
ancrkelllng alcng 30 to 50 metre transects vere used. to;obtain:..
'qaantltatlvc 1nfcrmatlcn &about. the dlstrlbutlcn of the flsh Thci
- 'data ccllcctcd frcm.these varlcus methods vere. analysed to: gshow the
_;spaclflc dlstrlbutlcn and cccurrcnca cf'the flahcs 1n tha varlcus
jzcnea,'as WEll ag, tha qaantltatlvc dlatrlbutlcn and.relative, abundance
"fcr each spccles 1n each zcnc.& Spec1a$ dlver51ty data were obtained
by the transcct and.the speczaa/tlmc random count methods. .Quantltatzve
- reccrds of the numbar of 1nd1v1&uala per. flSh apacles were made.along
.30 metre tranavarae transects and 50 mctrc 1ataral tranaccts. All
flahea cbscrvcd w1th1n l matre cn clthcr aldc cf the transect llnc and
2 matraa abcva 1t were counted fcllcw1ng tha mathcd cf Jcnes and Chaae
3(1975) Tha measure cf apcclea dlvcr51ty w1th1n each zcne was 1;
Vcbtalned by the randam count method (Thcmacn and Schmldt 1977) U51ng
sncrkelllng equipment and an underwater watch, random ccunta cf fishes

;preaent -in -each zone-within 30 mlnutas durlng'thc rising’ tlda'werc
made. e ey s L ETr rummeer P e pobpne sade

Studies by Chan (1979) and Teo (1981) made use of similar
methods to plot the reef profiles along transects. These were

obtained by stretching a string marked at one metre intcrvals taut
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bssssan 2. poles- at @ither ‘end sf‘ths ‘transect. A.splrlt lsvsl'was
usad-ts ensure: that‘ths strlng was in'a harlsontal p051tlsn._ Ths

- measured usang k-3 plumb llns. Ths tlms at whlsh ths measurements vere
tahsn'sas.nsteﬁ 56 that ths shart datum.ssulﬁ'bs dstsrmlnsd frsm
calculatlsns uslng-ths prsdlsted tldal lsvsls. Obssrvatlsns by Chan
(1979) ssrsirsstrlctsd ta a.maXImam dspth sf 3:ms%rss as sssrsalllng
gsar saly~sas useds Hs racsr&sd shs srganlsms Wlthln l.maffahan
slther slds sf ths transsct llns for ths rssf flat aaa'eagsn and o

T
Pol AN
e, im r

mstrss on slthsr slds for. the: sssf slape. coomo e fikme g &

Tss (1981) made use of scubg gsar and-sas abls ts extsﬁd ths
traassct studies down the sntlre reef slsps. The ssn%aéusus quadrat
msthsd.was shsssn fsr h1s stuﬁy as it was an sfflslsnt msans of
- acquiring data in the field when tlme is the llmlting factor (Maragss,_
197%). Quadrat sampling due to sfflslsncy 11m1tat10ns can only cover

smaller dimension of'the raef:shsn samparsd ts llne transect
~-technigges. . stsveri Ehe quaﬂrat msthsﬂ allsss fsr grouping of data
-fso that they san'bs analyssd at a varlsty sf sampllng dlmsnslsns.
Recsrdlng at. equally spasad pslnts'uslng quadrats along a transect
glvssja.serlss sf ssntlgusus frsquency rsssrds for sach sssc1ss. ;A
cne metre quadrat, sab—dlvldsd 1nts a grld af 100 squarss of squal
slze (sash sqpars belng lQ-cm? 1n arsa) was: used 1n sampllng along

one slde sf‘the transect l;na.ft;

. .The arsa csssrsd,hy the” dlffarsnt sysclss sf csrals ssrs 1
salsulatsd in ths fsllowlng Wayu_ﬁsf_r;" - SRR

'\.'I :

(a) for sorals Wthh hass a flat, hsrlzontal grssth fsrm.(sg..Mbntspara)

the araa is sstamatsd dlrsstly frsm ths quadrat o

i -‘r\- 'hi' L '.'1--_ -"F'_

(b) fsrrmas51ve forms wmth sncrustlng corallities on ths vertlsal
surfasss of bsulaers (sg. szZaastraa) ths hslght sf ths bauldsrs

’ sas recsrﬁsd as wsll so ‘that ths surfacs area csuld bs sstlmatsd

- ..I r! 'l-,J {

Vsrtlsal (ar transvsrss) transscts were 1mpsrtant 1s;sursaylag
thé dlstrabutlsn pastsrnhsf organlsms w1th 1ncrsa51ng dspth whals
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hsrlzsntalﬁ(a}ﬁlatsral)Itransscts were 1mpsrtant 1n survsylnghths
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A survey ef'the ecelegleal llterature eeneerned wlth eemmunlty
structures reveals en 1nterest1ng trend of deereeslng the sample size
requlred for ‘an enelyele ef a eemmunlty.. There has been some attempt

| to replece quadret eem@llng Wlth pletless sempllng'whleh essentlelly

'f’reduces quadret meesurements 1nte llneer recerdlngs ef dlstenees

-----

ameng rendem pelnts. The sempllng unlt cen be reduced te e pelnt

Pthus av01dlng the preblems ef sample 51ze er semole shepe.; Pletless

'eampllng'was feund to be efflelent end tlme—seV1ng by Loya (1975)

§ In 3 present study, the . pelnt*centered".pletless methe&“(qu&,
1978) is employed to etudy the dletrlbutlen of:- reletlvely sessile”
organlsms such as mﬂlluecs.q A llne transect 15 lald and marked at
regular 1ntervels whzeh ferm.the sampllng pelnﬁe, rFach eempllng

'pelnt is eeneldered a cengre ef feur quadrante,l e;ithe area. ereund
- the pelnt 15 d1v1ded 1nte feur 90~degree querters.T The dlstenee from
0 the sempllng pelnt te the nearest 1nd1V1dual 1n each quedrent is .
! *measured.' The meen ef'the h ﬁlstences measured frem.eeeh sampllng
point has’ been ehewn emplrlcally (Cettem.et al. 1953) end theeretlcelly
:(MbrlSlt&, 195h) te be equal te the squere reet ef'the mean . aree per
1nd1v1duel | The totel den31ty 15 then ebtalned by d1v1d1ng ‘the mean
area. per 1nd1V1due1 1nto the unlt aree en the h351s of whlch den51ty
fls to he expreseed._ R |
ey Meesuremente of . various, hydrelegleal factors were-taken: in:
eonneetlen with these surveys,. These 1ne1udedvtempereture and -
.sellnlty, beth'meesured by a Beckman Electredelese Sallnameter, pH
meesureﬁ hy a Levibend Ce:mpareter3 end trenepereney meaeured by a.
Secchi disc. T
The eceleglcel 1nd1e1eslueed 1n these etudles-are shewﬁrin

Appendlx 1.

*:¥MEnegementf’ ¥

There 15 ne eutherlty in Slngepere“eherged wzth the eele
.résponsibility: eftmenaglng corél ‘Peefs in Slngapere. ‘The reef flats
of 'séme Gf the offshore: 1slends‘heve been reciaimed fer varleuS'uses
eg. those.of Pulau Hantii; "P. Ki&H and P, Sudeng were reclelmed fer
recreational purposes, those of €the Ayer Chawan group have'been T
‘reclaimed for a large petro-chemical complex, The development and

management of the coastal waters is undertaken by the Port of




Singapore Autherity. The quality of the coastal wvaters 1is eenstently
belng:menltered and. strict: laws: gevern the" dlscherge of ell end :
effluente 1nte thefmerlne envirvonment. The eelleetlen of reef
orgenlsms 1s not prehlblted : Sub51eteﬁee flshlng_eecurs ereund.the
reefs. but melnly by smell—tlme er Sports. fishermen using hook and line
end.entllleen treps.f Cellectlen ef reef erganlsms for ernementel .

purpesee'wes ‘done on” e'W1&er scale 1n the peet when eeme ef the

-”feeuthern lslands were 1nheb1ted Hewever, w:th the resettlement of

these peeple en the melnlend thle preblem,hes been reduced een31derebly
E_There ds also no - known- 1netenee'ef-eerels belng cellected en 8’

eemmerelel ecele fer use as eenstruetlenfmeterldle er~wh1teweeh.

-y
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APPEHDIX 1 | ECQLOGICAL_ mmczs USED_IN suemr STUDIES..OF SIHGAPGRE’S

- - )
- L -
-

The pereentege cover ef'the epeelee Wlth respeet te the tetal
aree of the treneeet*- | IR R

(h) eguengz | TJZe R -;f:;f.eﬁ, et

-u-Theenﬂmbersef‘qﬁadretsﬂiﬁfWhiehfthe35§ebies"iehﬁreSent.

'(e) Size-InﬁeX’”‘

__(_) S I fer 1nd1¥1duel Speeleg v ?ﬂmih e
. (Fﬂr cemperlsen of colony size.between.species)

S I.mthetel_eeyer of the species (for:the whole trenseet)

Eumber ef rts celenlee »

.
- et = toee -~ .

H P . - H
" - [

(ii) S.I. fer'individual quedrats ) .
(For cemperleen of colony size between quedrets)

ST e Percentage ‘ares coéver in Ghe °uedret
Number of colen1ee feund in 1t

[

- - - 1
- . .

The size 1ndex can then be expressed es ‘a gr&ph_ L o

(d).8 &GiestﬁiehneéeziEfﬁ R NG I LS

Thlebls tﬁe rumber ef_speeles per unlt eree._ Thls.lndex is
. eemputed for quedret s;zee ef.l m2, 5 mg and 10 m?. Species
"rlehnese is e:meeeure of dlverelty whlch tekes 1n£e account the
number of epe01es Wltheut een31der1ng the relative propoertion of
_eeeh speeles,+ Thle .parameter. is included .in: the Shannen—Weever

Iﬂd@)tc - L L o IR TE _ R

(e) Shenneneweever Inéex (Shannen & Weaver,_l9h9}

Thls 1ndex 1e cemputed uelng T¥+;ﬁgee?eg;g}
Bl = - zpl In P,

where.He is the dlver51ty 1ndex B
S "15 the number of speeles“fV

P,

5 is the prepertlen (pereent eever) of the 1th species

in a semple.



This index has-the attribute of being influenced by both the
”nﬁﬁﬁefﬁdf.égecies present and how evenlj“ﬁf”ﬁﬁé?éﬁly the
individuals are dlstrlbuted amﬂng the constltuent specles Thls
information function is sample 51ze 1ndependent and.thus samples
of dlfferent 51zes can'be dlrectly cﬂmpared Thls index is
campute& for cﬂntlguous transects of flve and ten.

(f)-E#éﬁnegg'Iﬁdéx (Pielou, 1966) )

This 1ndex serves to measure the damlnance of one or-a fEW'spec1es
in a quadrat. | L

E.T. = Shannon-Weaver Diversity Index Hel
M&xzmum.Dlver51ty Index Hlmax

The maxxmum.value nf'the Shannon—Wéaver D1ver51ty Index 15 
calculate& using Hlmax In'S where S'is the’ numher ofispeaaes.
The diversity index as maX1mal when the propnrtlon of all the
SPECIES 1n a.sample 15 equal.; When one. or .a few syecles 15 much

more &bundant than the rest, the Evenness 1is low.

(g) Species Dlversltz;

Species dlver51ty or specles heterﬁgenelty, is-a characterlstlc

unique to the communlty level of‘blologlcal Grgénlsatlen. It

AT
e e - e -

measures the’ e@mmmnlty'ﬁtrﬁptﬁpe:ﬁ~*_m,ﬁﬂﬁ_fﬁﬁ_é§{

(i) Simpson's index (D)
This index measures the prababillty that: Af two 1nd1v1&u&ls

-

are takéﬁ*aih}ﬁnduﬁhffum & cemmnnlty,_the TWo ?i;iﬁﬁﬁ%qqg_

: . ..:---.- - .
A --* i *--i‘;a- e
LI 145

*to the s&mﬁ speﬂaasu ;}i J”*'ﬁ“ﬂ?“:fﬁ%;ﬁfflfu

R n1 (n-l- = l) : .' | .

R N o
. .n3 = number Gf*indivfduﬁIé'of-speéiéﬁ“i;"

N = total number of individuals in sample

E¢measure of dominance

- d . - "o -k
LI . . - A = mr - . wLoLer . IR S ra-
T Ty rr- :2 ,-._r o _','-.r' -l

A.largeaﬁmlmplles an aggregatlon qf 1nd1v1duals in only & |
. few:species.and a. &m&ll 7} denqtes a. more um.form dlsgm‘putmn
%#_af*zndzvldgals amﬁng”speelesh, Tﬂug a callectlan 0f speeles
o cwithobigh dlverﬁlty wzll hawe lﬁw damlmanceﬁf-. )

Diversity =

LY . gmov T
k. = ._‘_"'-q,_ :'-.1.414_

ey o e



The maximum possible diversity'can be calculated thus:

LA '. ’ H . - a Ei
SoOTod o s T s h emiAM s gt e e
S— i Joa "'..-i‘.._-"' 1&" _.1' _._'---‘.r:f._f o - B L T
D I[la}{ — .
N l ) ’ .
TS -

This occurs when N individuals are*distributed evenly among
fthe S spec1es.;ﬁf_iﬂk s P Roers LA ceaspate Goo el e iy

The correspondlng evenness (measure nearness of the diversity

1nﬂex to-the max1mum.d1ver51ty 1ndex) 1ndex 15'_ -

B/Dmax
(i) Shannon-Weaver diversity index

This index measures how evenly or unevenly the individuals

are distributed among the constituent species:

y_ 8 '
" He™ = Z_P log P,
* 1=1
where P =j§i-= proportion of total number of individusls

occurring in species 1i.
log = base 10, base e or base 2.

S = number of species

Pielou's Evenness Index can also be computed where

1
E.T. =.§C -
- H max

. where Hlmax lﬂg S

Thls alsc measures the nearness of the dlver51ty index to

the mexXimum dl?er51ty index as in the Slmpson s Index.

(k) Community Similgrity .-

There are two 1ndlces of cammunlty 51m11ar1ty. Thls enables the
comparlsan of specles cam9951t10n of 2 cammunltles. Both

coefficients of community (ce) are very similar.

(i) Jaccard's coefficient (1908)

8

¢C = (a+b+c)

number of species in communities 1 and 2 respectively.

"

where b+c

i

a = number of species in both communities.



—

(ii) Sorenson's index (1948) '; SR

_ 23 E

where b+c = number of species in commuriities 1 and 2 respectively.

ot eir o o= numberiof species in both communities.

However, these coefficients do not take into account the

relative abundance of the various species.
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