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.' 'ourteen environmental variables "ere monitored at seven 
. 

locations a10ng the leeward coast b.f Barbados on a veekly basis 

" over a one year period, 1981 to 1982. The physicochemical and 

biological data indicate that the environmenta1 gradient 

detected along the leeward coast of the is1and 18 'assoe ia ted 

"i th eutrophication of, the inshore vater masses. 

The response of scleractinian coral communities to var ious • . 
environmental conditions vas determined by eommunity' structure 

and funetion analyses. The structure of seleractinian coral 

communities vas studied along the environmental gradient vi th a 

quantitative sampling method (line transect) in terms of 

species composition, abundance, cover, trophic posi t ion, 

zonation and divers i ty patterns. Tl\e functional response of 

scleractinian corals to the various environmental conditions 

vas analysed through coral grovth r'ates and reproductive 

potential. • • 
Statistically discernible and biologically signif ic'ant 

cM fferences in coral grovth rates, reproductive petent ia1, 

communi ty structure, benthic a1ga1 cover, and Diadema 

antillarum Philippi densi t ies "ere recorded among the seven 

fringing reefs. High correlations beheen environmental 

variables and biotic pattêrns indicate that eutrophieation 

processe. vere directly and/or. indirectly affecting bath the 
• 

communi ty structure and function of the acleractinian cor~1 

as.emblage •• 
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Rêsumê 

\ 

Quatorze variables. du .,111eu furent contrl51êes hebdomadairement pendant 
un an ·(198}-82) asept endroits le long de la cGte sous le 'vent de la Barba.de. 
Les 'donnfes pltys1cochemeques et biologiques indiquent que 1e'gradient du~ milieu 
dêce1e'~le long de la cete sous le vent de l'fle est Issoc1êe a une eutro-

phfcat10n des masses d'eau cOtiêres. • 
" La/ ~ponse des cOllll1unauUs de coraux sclêractiniens a des conditions 

'd1vèrses "du milieu fut dêtermfnêe par des analyses de la structure et des 

fonctions d~ la comunautê. La structure des cOlll11Unautês de coraux sclêra­
ctin1en\ fut ~~ud1êe le long du grad~ent du milieu aveç un~ rnêthode d'êcha­
nt11100nage quanti tat1ve (lignes de transect) en fonction 4e..la compos1 t1 on 
spêc1f1que. de l'abondance. de la couverture, 'du niveau trophique. de 1 a 
zonation et des patrons de divers1tê. la rêponse de la fonction des coraùx 

scH!ract1n1ens ldes conditions de milieu var1êes fut analysêe par les taux 
de coralliens et la reproduction potentielle. 

. . 
Des diffêrences statfstiquellent dêcelables et· biologiquement significati-

ves des taux de croissance coralliens, de la reproduction potentielle, de la 
structure de la cOflll1Unautê. de la couverture dl'algues benthiques et des 

\dens1tês de D1adema antl1larum Phfltppf furent enreg1strêes panai les sept 
rêc1fs frangeants. Des 'corrêlations êlevees entre les variables du milieu et 

• 
les patrons biologiques indiquent que les mêcanismes d'eutrophication 

affectaient directement et/ou indirectement la structure ·e~ la fonction de la 
cOIIII1Unautê dl assenb 1 ages de coraux sel êracti ni ens • 
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'1. 

1.) ,t.t_ent 01 0r19Jn.~1t7' 

~) 
'r' 

This study presents the first comprehensive comparative ,. r 
field investigat ipn of the e~fects of eutrophication processes ... 

on the biological in~e9rity of 'a series of fri~gin9 reef 

comp~xes 1ying along the leeward coast of Barbados,' West 

Indies. The investigation is the first to incorporate, in a 

compar'ative framework, both the st~uctural and functional 

analyses at 

quantitat.i vely 

seleractinian 

envi ronmen tal 

the population and 
, 

discern di~ferenc'es 
, 

coral communities. 

conditions associaté'd 

communi ty levels to 

among a number of 

subjeeted to various .. 
vith anthropogen ic 

aet i vi ties. The structural analysis approach (Le. species 

composition, abundance, cover, trophic position and diversity) 
. ) 

provided useful information on the 'ultimate effect of 

eutrophication upon the scleractinian coral communities, while 
, 

the functional analysis approach (i.e. coral grovth and 

reproduction) sugge.ted possible causative relationships 

betveen coral communitl' structure and the various environmental 

condi tions. Bach manuscript represente an original 
• 

contribution to scienti f ic knovledge in terme of study design, 

analyses and conclusions. Collectively, the three manuscrips 
. 

p~ovide a comprehensive data base for future environmental 
•• 

moni toring studies in Barbad.08. 
t 
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2.) Hlatorlcal bactground of prevfo~.17 relevant vork, 

An extensive historical background can be found in the 
"\ 

(General Introduction, and in the Introduction and text of each 
~ 1 

1 

chapter. 
\' \ 

The candidate acknowledges the contribution of the co-author, 

Dr. Finn Sander, for his superv i sion, guidance and advice --. .--' and rendered during the study, hlS f inanc ial support his 

cri tical review of the three manuscripts. In accordance with 

of thè Section 7 Thesis GUicli'lines, the candida te dec lares that 
1 

the study design, fieldl and laboratory vork, data analyses and 

interpretation, and writing of the manuscripts. vas done by the 

candidate alone, as i s clearly ref lected in the candidate' s 

position as the senior authorJIThe firet person plural 'we' weB 
• 

used for l'1"blication purposes on1y. 

, 

ln accordance vith Section 7 of the Thesis Guidelines, 

thi s !(thesi. has. been prepared as a seriel of manuscripts 

suitable for lubmislion to refereed Icientific journals for 

publication. ror thia realon, each chapter contains iU o"ri 

, 
1 
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Abstract, Introduct ion, Ma terials and Methods, Results, 
\ \, 

Discussion and Conclusion; Li terature ti ted, and understandably 

contains c-ertain amount of repeti t ion. The present thesi 5 

format has been approved by the thesis committee and by the 

Cha i rman of the Dep'!rtment. 

The chapters in the present thesis have been wr i t ten~. in 

the format required for publication in the journal Marine c" 

Biology. The manuscript in Chapter l has been published in the 

journal Mari n~ Si 01 ogy 87(2)," 143-155 (1985), and deals wi th 

the effects of eutrophicat i on on the growth rates of a 

reef-building coral Hontast rea annulac i s. The manuscript 
• 

presented in Chapter II was accepted for publication in the 
-, 

journal Marine Biology on January 22, 1986., Chapter II deals 

vith the effects of eutrophication on.., the reproduction of a 
" reet-building coral Pori tes p'Orites. The manuscript presented 

in Chapter III vas accepted for'publication in the journ,al 

Marine Biology on January 14, 1986. Chapter III deals vith the 

rèsponse r of scleract inbn coral communi t ies r' to various 

envi ronmeJ}tal conditions associated vi th eutrophicati.on 
1 

processes. The connect ions between the three chapters are 

impl ic i t in
J 

the text. 

, . 

, 

... 



c 

-ix-

• 
'l'ABLI OP CON'l'Slft'S 

1 
( 

ABSTRACTo 0 0 ••• 00' •• . . . . . . . . . . . . · ..... . · ..... ' .. " 
RBSUME ••••••••••••••• î ••• . . . . . . . 
ACKNOWLBDGEMENTS. . . 
PREFACE. 0 • 0 •••• 0 ••• 

, . . . . . . 
GBNERAL 1 NTRODUCTI ON 0 0 ••• 

, LI TERATURE CITED ••••• . . . . . . 

· ..... . · .... · ..... . · ..... . · ..... 
· ..... . · ..... 

CHAPTBR 
Building 
Building 

r_ Effects' of Eutrophication 
Corals. Part 1. Growth Rate of 

Coral MontBstrl1!1 annulariso 

. .. . ..... . 
. ....... · ... 

on 
a 

Reef 
Reef 

! 
ABSTRACT ••••••••••••••••••••••••••••••••••••••••••• 
1 NTRODUCTI ON. • • • • • • • • • • • • • • • • • • • • • • • • • • ••••••••••• 
MATER l ALS AND METHODS ••••••••.•••••••••• 0 ••••••• 00 • 

. Environmental Assessment................ • .1 ••• 

Sampling and Deterrninat,ions ..... o. o •••• o~ •• 
Stat i stical Analyses ••••••••.••••••••••..•• 

Coral Oro"th ••••••• , ••••••••••••••••••••••••••• · .... SampI ing..-nd Measurements •• o •••••• 0 • 

Statistical Analyses •••••• o •••••••••••••••• 
RESOLTS •••••••••••••••••••••••••••••••••••••••••••• 

Bnvironmental Study •••••••••••••••••••••••••••• · .... "Physical Variables •••• o ••••• o ••••••• 
Chemical Var iables ••••••••••••••••.•••••••• 
Biological Variables ••••••••••••••••••••••• 

Cor al Oro_th ••••••••••••••••••••••••••••••••••• 
Bf fects of Bnvironmental Var iables on IGrovth ••• 

DISCUSSION AND CONCLUSIONS ••••••••• ~ .................. . 
ACKNOWLBOOBl4I!:.NTS ••••••••••••••••••••••••••••••••••••• 
LI TIRA TU'RE CI TBD. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

CHAPnIIt II. Bffects of Butrophiea tion 
Building Cora,ls. Part III. Reproduction of 

,..À3uildin9 Coral Pori tes pori tes (Pallas). 

on Reef 
the Rttef 

ABS~T ••••••••• : ~ ••••.••••••••••••••••••••••••••• 
l NTROuuC'1'10N. • • •••••• t ••••••••••••••••••••••••••••• 
MA'l'ERIALS AND MBTHODS •••••••••••••••••••••••••••••• 

Study Site ••••••••••••••...••••••.••••.••••••.• 
Bnv i ronmen tal Meaaurlmenta ••••••••••••••••••••••• 
Histologieal StuCli ••• : ••••••••••••••••••••••••••• 
Statistical Analyses ••••••••••••••••••••••••••• 

Environmental Data ••••••••••••••••••••••••••• 
Rep,:oduction ••••••••••••••••••••••• ~ •••••• , 

• 

Page 

ii 
i i i 
iv 
vi 

1 
8 

16 
17 
21 
21 
21 
25 
27 
27 
28 
30 
30 
3~ 
33 
36 
38 
U 
47 
66 
67 

74 
76 
81 
81 
83 
83 
86 
86 
87 



• 
.. 

l 
/ 

-x-

RESUL-TS •••••••••••••• Ii" ••••••••••••••••••••••••••• 
g'fiv i ronmental . Co"di t ions .•••••. !-' •••••••••••••• 

Reproductive Strategy •••••••••••••••.••••••• ,. 
Gametogenesis •••••••••••••••••••••••••• ~ ••••••• 

Ooqene&i s ................................. . 
Sperme togenesi 8 •••••••••••••••••••••••••••• 

Embryon ie J:)eve lopmen t •••..••••••• '.' •.•••••.•••• 
eproduct ive Seasonal i ty. • • • •••••••••••• ';..' .... 

product ive Act ivi ty •••.••••••••••••••••••••• 
erage Number of Polyps ..•••••..••••.••••.••• 

DISC SION AND CONCLUSIONS ••••••••••••••••••••••••• 
ACKN WLEOOE.ME.NTS.. • • • • • • • • ••••••••••••••••••••••••• 
L .. I TERA TURE CI TED. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

CHAP'l'SR III. Effects of 'lJEutrophication on Reef 
Building Corals. Part II. St'ructure of Scleractinian 
Coral Communities on the Fringing Reefs of Barbados, 
West Indies. 

ABSTRACT •••••••••••••••••• 
1 NTROOUCTI ON •••••••••••••• 
MATERI ALS AND METHOOS ••••• 

· ......... , .. · ........... . · ........... . . . . . . . . . . . . . . . . . . . . 
Sampl i ng ••••••••••••••••••••••••••••••••••••••• 
Envi ronmental Assessment •••••••..••• ' ••.•••••••• 
Data Processing and~Ana1yses •••• ' .•• ....... 

Data Proc8ssing ............................ . 
Data Analyses •••••••••••••••••••••••••••••• 

RESULTS •••••••••••••••••••••••••••••••••••••••••••• 
General Species Distributions •••.••••..••••••.• 

. . 

Bac k Reef Zone •••••• ~ ••••••••••••••••• Il •••••••• 

Faunal Comparisons ••••••••••••••••••• ~ ••••••• 
Commun i ty Descr iptors •••••••••••••••••••••• 
Diversity Indices •••••••••••••••••••••••••• 

Ree f Flat Zone ••••••••••••••••••••••••••••••• ' •• 
FaunaJ: Comparisons •• ~j. ••••••••••••••••••••• 
Commun i ty Descr iptors" ••••••••• " •••.•••••••••• 
Oiversity Iniiices •••••••••••••••••••••••••••• 

Spur and Groove ·Zone •••• ' •••• " •••••••••••••••••• 
~aunal Comparisons ••••••••••••••••••••••••••• 

o Commun i tl'; Deser iptors ••••••••••••••••••••.••• 
Diversity Indices ••••••••••••••••.•••••••..•• 

Within Reef Zonation ••••••••••••••••••••••••••••• 
Communi ty Descriptors •••••••••••••••••••••••• 
Diversity Indices •••••••••••••••••••••••••.•• 

Commun! ty and Bnvironmental l nteract ions ••••••••• 
DI SCUSSION AND CONCLUSIONS •••••••••••••••••.••••••••• 
ACKNOWLB.DGBMBN'J'S ..................................... .. 
LITERATURB CITZD ••••••••••••••••••••••••••••••••••••• 

CONCLUDING R!MARKS •• ................................. 

89 
89 
92 
96 
96 

100 
104 
108 
112 
128 
l30 .. 
142 
143 

153 
155 
158 
158 
165 
166 
166 
171 
175 
175 
187 
187 
189 
191 
191 

,">191 
194 
195 
198 
198 
199 
200 
202 
202 
202 
206 
218 
237 
238 

247 

':;lJ: 
. . 
" . 



i . 

\ 
\ 

-1-

General Intr04uct ion 

The present study vas ini t iated to ;.est the hypothesis 

that the eutrophicat ion 'of coastal wa ter masses along th~ west 

coast of Barbados exerts a measurable impact on the structure 

(i.e. species composition, abundance, coverage, diversityl of 
{(.. 

scleractinia~~zooxanthellate) coral communities, and directly 

or indirectly influences coral f unc t ion ( i te. growth, 

reproduction) at the individual and population levels of 

organization. The term impact is used to describe changes in 

the reef system resulting from environmental changes initiated, 
# 

magnified and/or accelerated by anthropogenic activities. The 

degradation of coral reef c~unities i5 becoming an increasing 

problem throughout the ~ibbean and Indo-Pacific regions. 

During the la st two decades" the inshore waters of many 

Caribbean countries have become increasingly exposed to Many 

environmental hazards directly and/or indirectly linked to 

urban, agricultural and indu5t~al develo6ment. It i5 widely 

recognized that coral reefs are among the Most biologically 

productive marine communities in the "orld I(Lewis, 1977), and 

as such, they constitute an important natural re,ource in many 

developing nations which is being increasingly exploited in 

commercial activities such as fisheries and tourisme 

Scleractinian (zooxanthellate) corals are the ecological 

dominants on Caribbean reefs, because they are the key group of 

organisms vhich partake in the constructional framevork of 

" . 
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reefs, thus prôv~ding and crea t in9 nev habitats and 

environmen~s for El great variety of reef orgElnisms (Bak, 1983). ,;1 
Studies on the' population explosion of Acanthaster p1an~i, in 

the Indo-West Pacific region, have clearly demonstrated that 

high and seiectl~' mortality of scleractinian corals, as a 

result of excessive predation by Acanthaster, can have a 

profound effect on the 

1966; Chesher, 1969, 

associated coral reef fauna (Barnes, 
~ 

1970; Dana et. al., 1972; Endean and 

Sta.b1um, 1973a, hl. To quote Johannes (1975), considering the 

central role of scleractinian corals to the integrity of the 

coral reef community as a whole, ft the environmental tolerance 

of the reef community as a vhole cannot exceed those of its 

corals." Indeed, the possible damaging effects of pollution 

andJ.-6ver-exploi tation upon the coral reef ecosystems have in 
/ 

~ftcent years increased the concern and research activities in 

./ the scientific community (ConneH, 1970; Johannes, 1970, 1971, ... 
1975; Straughan, 1970; Fishe1son, 1973; Jokie1 and Coles, 1974, 

19.77, Loya, 1975, 1976a, b; 'Dodge and Vaisnys, 1977; Bak, 1978; 

Dahl anel Lamberts, 1978; R0gers, . 1979; Loya and Rinkevich, 

1980; Sheppard, 1980; Dahl, 1981, Dollar and Grigg, 1981; 
~ 

Hudson, 1981; Walker and Ormond,. 1-982; Tilmant and Schmah1, 

1981, H~ward and Brown, 198'). In the present study the 
J 

Interogovernmental Oceanog~aphic Commission's (IOC) definition 

of marine pollution is adoptedr "Marine pollution is the 

introduction by man, direct1y or indirect~y, of substances or 

energy. in.to the marine envi ronment (including estuaries), 

reaulting in such deleterious effects aSI harm to living 

" ~ 

:l:~ ,< 
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resources; 'hazards to human health; hindrance to marine 

activities including fishing; ï'mpairing the quality for use of 

seawater and reduction ofi amenities" (Gerlach, 1981). 
"-

Johannes (1975) in his extensive reyiew on the effects of 
1 

marine pollutants on coral reefs sugges~ed that coral reefs are 

extremely sensitive to environmental perturbations 8ssociated 

with a wide spectrum of anthropogenic activities. This , 

assertion was further supported by Loya (1976a), who showed 

that coral reefs subjected to chronic pollution may not return 

to their former states after being subjected to severe natural 

environmental perturbations. Rogers et. al. (1982) have a1so 

emphalfized that vhile coral reefs may be adapted to natural 

catastrophes, such as hurricanes, they are highly susceptible 
• 

to -environmental perturbations associated vith 

discharge, oil pollution, and 

dredging activities. 

excessive sedimentation 
/ 

sew8ge 

from 

It is clear that scleractinian cora1s exhibit a wide range • 
of responses to temporal and spatltal heterogeneity of their 

enVirolments (Bak, 1983), and therefore, assessing changes due 

to anthropogenic activities neceasitates regular monitoring of 

,coral reefs and thei r physicochemical environments. Recent 

reviews-~n the effects of polLution upon coral reefs (Brown and 

Howard, 1985; Pastorok and Bilyard, 1985) have stressed the 

need for comprehensive, 10ng-term studies which should 

incorporate both the structural and_function~l responses of the 

coral communities to natural and anthropogenic perturbations. 

Recent suggestions that coral reefs are not as fragile as was 

_#----.... 
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previously believed (Dollar and Grigg, 1981f Brovn and Howard, 

1985) clearly accentuate the lack of d~~ and serious 

contradictions on this subject. 

that 

A significant number of 

sedimentation (LDya, 

studies have' clearly demonstrated 
• 

/ ' 1976b; Dodge ànd Vaisnys, 1977; 

Lasker, 1980; Rogers, 1983; Cortez and Risk, 1985), nutrient 

enrichment (Clutter, 1972; Banner, 1974; Kinsey and Domm, 1974; 

Laws and Redalje, 1979; Smith et. al., 1981; Walker and Ormond, 

1982), toxicity (McCloskeyand Chesher, 1971; Maragos, 1972; 

Maragos and Chave, 1973; Sorokin, 1973;-Johannes, 1975; Kinsey 

and DeVI •• 1 1979) and 011 pollution (Johann •• , 1975; LOfa, 

1975; Birkeland et. al., 1976; Rinkevich and Loya, 1977, 1979; 

see Loya an' Rintevich, 1980, for reviev), have direct and/or 

indirect eFlects on the integrity of coral" reef's. The degree of 

l " impact upon the coral reef communities is directly related to 

the intensity and frequency of the perturbations, hydrography 

of the impact area, community composition and constructional 

qualities of the affected communities (Bak, 1983). 

High suspended particulate matter concentrations and 

sedimentation associated vith dredging, filling, blasting and 

pêoastal development activities produce a variety of direct "and , 
indirect effects at the individual, population and community 

levels. Sedimentation and re)ated turbidity of the vater column 

depress coral grovth rates (Aller and Dodge, 1974; Dodge et. 

al., 1974; Dodge and Vaisnys, 1971; Hudson and RObbin, 1980), 

and alter the community structure of scleractinian corals 

(Loya, 1976b) through reduced light levels, physical 
i 
i 
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interference with feeding, respiration, and through expenditure 

of energy in cleaning activities (Roy and Smith, 1971; Maragos, 

1972; Dallmeyer ~t. al., 1982). 

The eutrophication of coastal marine waters is becoming a 

serioue problem in Many coasta1 areas (Cederwall aQd E1mgren, 
1 

1980; Larsson et. al., 1985; Rosenber9, 1985)~ Eutrophication 
\ 

is here def'~ed a" a gradual accumulation of nutrients and 

increased sedimentation leading to organic biomass accumulation 
\ 

by increased levels of prOduction (Rosenberg, 1985). Therefore, 

eutrophication as a resu1t of anthropogenic activities (i.e. 

cultural eutrophication) is simp1y an unnatural acceleration of 

eutrophication proc es (Laws, 1981). The problems associated 

processes vary vith the biology, chemistry 
, 

and hydrography of the affected coastal marine ecosystems. Most 

studies on the effects o~ eutrophic~tion PFocesses in tropical 
l 

coastal regions have been generally restricted to estuaries and 
" shallow embayments with restricted circulation (Goodbody, 1968, 

1970a,b; Wade, 1911, 1972a, b, 1976, Wade et. al., 1972; 

Banner, 1974; Smith, 1977; Smith et. al., 1981, Dollar, 1983). 

Perhaps the most comprehensive study on the effects of 
~ 

eutro,hication lB from Kaneohe Bay, Hawai i (Smith and Kam, 

1973; Maragos and Chave, 1973, Smith et. al., 1981), vhich 

incorporated both the structural and functional analyses in 

a'sSeSSi~9 

commun~y. 

that coral 
\ 

the impact of nutrient subsidy on the benthic 

The Kaneohe Bay study has provided some evidence 

reêfs damaged by anthropogenic activities may slow1y 

.r,cover to similar states upon the remova1 of stress (i.e. 
/' 

• a 
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sevage diversion). Recent1y Dollar (1983) emphasized the 

usefulness of integrating both the structural (i.e\ species 

compositi~, abundance, diversity, trophic position 
( 

biomess) 'and functional (i.e. co~unity metabolism, growth, 

reproduction) anelY8ts in determin.~ng ecosystem. or community 

response to environmental perturbations. The application of 

structural analysis in pollution related studies has provided 
\ 
much needed information of the general community response; 

hovever, the mechanisms through which the corals respond to 

environmental perturbations are still relatively unknovn. As 

vas clearly pointed out by Dollar (1983), structural analysis 

is Aimed at assessing the ~ltimate effect of pollution, while 

little understanding can be _ obtained of the causative 

relationships between community structure and the perturbation. 

Vezina (1975) provided the first detailed information on 

the effects of nutrient enrichment on phytoplankton 

associations' and water conditions along the west coast of 

Barbados. However, MOSt of the other detailed stuqies on the , 
effects of eutrophieation in Barbados vere restrieted to a 

shallow-water harbour located in the Middle of Bridgetown, the 

capital of the island (Partlo, 1975; Turnbull, 1979). 

The present comparative study vas designed to integrate 

the.~ructural and functional analysis, et the population and 
.. l ' 

co~unity levels~to determine the response of Icler.ctinian 

coral communities to varying degrees of eutrophieation along a 

weIl defined and eharaeterized environmental gradient. The 
• 

study presented here had three principal objectives; 1) To 
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define and characterize the physicochemical environment of the 

in'hore waters alon9 the leevard coast of 

analys~ the response of Bcleractinian cora 

arbados. 2) To 

communities alon9 

the leevard coast of Barbados to arying degrees of 

eutrophication through, a) coral grovth ra eSl b) reproduction; 

and c) community ,'structure ( Le. pecies composition, 

abundabce, cover, diversity). 3) To provide an extensive data 
::-" 

base to be used for future environmental monitoring studies in 
' . 

Barbad08. 
.. 

'. 

• J 
• 

" 

'. 
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Bffects of eutrophie.tion on reef-building eorall. Part 

1. Grovth rate of th. reef-building coral Hontastres 

annulari s. * 

o Tomas Tomascik , Finn Sander 

McGill University 
Institute of OCeanography 
3620 University St. 
Montreal, PQ.' 
H3A 282 
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Marine Biology 87(2), 143-155 (1985) 
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Ab.tract. 

.0
1 P'ourteen env1ronmenta variables were mon i tored • at seven 

7 
locations a10ng the veS1: coast of Barbados on a week1y basis 

over a one year period, 1981 to 1982. The J;lhysicochemical and 

bio109.ical data indicate that an environmental gradient exists 
, 

as a result of incr.eased eutrophication of coastal waters. 

Growth rates (linear extension) of MontBstrea annularis (Ellis 

and Solander), measured Along the environmental gradient, 

exhibi t high correlat ion vi th. a number of envi ronmental 

variables. Concentration of, suspended particulate matter is 

the best uni variate estimatot\. of M. annularis skeletal 

extension rates (r 2 • 0.79, P<O. 0001). The resul ts suggest that 

suspended particulate matter may be an energy source for reef 

corals, increasing grovth up to a certain maximum 

concentration. After this, reduction of growth mey occur due to 

smothering, reduced light levels and reduced zooxanthellae 

photosynthesis. 
• 

",."..---- . 
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INTRO-O-O""C-'1'ION 

One goal of coral réef ecologists it to predict ~ 
~ , 

effects of changing environme~tal conditions (natura1 or man 

induced) on the integr i ty of sc-leractinian coral commun i ties_ 

ln recent years skeletal extension rates, as determined by . 
X-ray radiography (Dodge and Thompson 1974, .Hudson et al_ 

1976), have been used by many workers as an index of coral 

growth in studies re1atin9 ...9rowt~ to a variety of environmental 

conditions (e.g. Aller and Dodge 1974; Dodge et al. 1974 ; 

Hudson 1981; Hudson et al. 1976). In the present study we 

define coral growth in terms of ske1etal extension rates, 

unless stated otherwise. It is nov well established ,that both 

temperature and 1ight intensity are key envi ronmental variables 
, 

tilirectly affecting coral 9rowth rates (Highsmith, 1919). These 

factors flave been used to expla in both geographical and 

between-habitat variability in Jgrowth rates (Coles et al. 

1976; Glynn 1977; G1adfelter et al _ 1978; Foster 1980). We 

know of no attempt to investigate, in a comparat ive framework, 

the effects of water characteristics alone on the 9rowth rates 

of Bcleractinian (zooxanthellate) corals. 

Along the west coast of the Caribb'ean island of Barbados . 
(1I'ig. 1) lie a series of fringing coral reefs previously, 

described by Lewis (1960), Macintyre (1968), Stearn et al. 

(l977), and Scoffin et al. (1980) • The _present study 
~Jl 

docwnents the eutrophication of inshore wate'r masses 81on9 the 

west coast of Barbados an,d investigates 'the effect of 
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rJgure 1. Map of Ba~ados, West Indies. Col1ect ion 
are designated by U. S,tation abbreviationsI 
nrighton; SG - Spring Gardens; PV - Fitts Village; 
Sandy Lane; BRI - Bellairs Research Institute; 
Greensleeves; SR< - Sandridge • 
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eutrophication on coral growth rates. .More specifically, i t 

compares, the relative power of several key environmental 

variables to discern changes statistically in the growth rates 

(skeletal extension rajtes) of Montastrea annularis (Ellis and 

Solander), a principal reef builder, among seven structurally 

similar fringing reel complexes which are uJ:'l~~r ditferent 

environmental conditions associated vith eutrophication of the 

inshore waters. 

Throughout the island, aevage ia usually dumped on land 
fi 

through dry toileta, spckvell systems and septic tanks. prior 

to the construction of the Bridgetown sewage ~reatment plant in 

1982, the city (population 95,000) was served by ten activated 

sludge sevage treatment plants. It has been estimated (Barbados 

Water Resources Study, 1978) that sevage flow on the west 

coast, including Bridgetown, is approximately 8.46 million 

liters per day, and 9' of this is discharged directly or 
.1 

indirec:tly into Carlisle Bay (Pig. 1). A dominant nearshore 

surface current vi th a mean recorded veloc i ty of 24 cm/sec . 
(Peck, 1978) cardes the effluents in a north-northvesterly 

direètion out of the baYe The coastal current regime north of 

the Carlisle Bay is Inot well documented. However, the effluents 
A ), 

carried by the near.hore current may .ignificantly contribute 

to the intensification of the eutrophieation gradient through 

higher nutrient loading at the soùthernmost stations BR and SG 
, ' 

(Fig. 1). 
, ' 
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lIA'l'IRIALS and MI'rHODS 

Sampling and determinations: Fourteen envi ronmental 

variables were monitored at seven stations located over the • 

fringing reefs (depth 4m) along the west co~st of the island 

(Fig. 1)., Sinee the water column is weIl mixed (Sander, 1981), 

'surface·"ter samples ,<lm) for nutrient analyses were collected 

from each station on a wee~ly baBis, weather permitting, (from 

September 1981 to September\1982) using a Van Dorn sampler (7( 

capacity). AIl stations were sampled on the same day between 

10:00 and 13:00 hours. To minimize possible effeets of diel 

cycles in nutrient concent~~tions, these seven stations were 
.' 

s~mpled in five different s.quences (Table 1). The samp~in9 

sequence on each sampli~9 d~~! was chosen randomly ,from a table 

of random numbers (SnedeeO~, 1956). Water samples (5() 

collected at each stat~oi were placed in St Nalgene 
" 

polyethylene bottles and tr-"sported, in a cooler, to the 

labor~tory. Pri'or to analysis, each water sample was filter-ed 
, 

through a Whatman Gl"/C glass ~:'fiber fi1ter (4.25cm in diameter; 

effective retention 1.2"mT-. ''f..a;ediate1y after filtration, eac:h 
" , . 

water sample was ana1ysed (~r reactive phosphate (PO.-P), 
" ., 

nitrate-nitrite nitrogen , {N0 2 + ..... NOJ-N), nitrite (NOz-N), and 

ammonia (NHJ-N)~ Samplès for chlorophyll a were treated 
~ fo 

according to the method outlin~,~by Striekland and Parsons 

,"j , 

. 
" 
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Table 1.. Sequence of .t.tion. sampled on e.ch a.apling day 
durlng the .tudy. Saaapling ••• initiattd frolQ the .tations 
indicated ln the fir.t coluan • 

IiiPllat Gqûina2:! • &\108. Ullplea 
HqUeDC. oa b UIIpliJll c1ar. 

1 .. 18 " IL 81 CIl n 
2 .. QI Dl IL " ICI Il 

1· DI IL " IG . .. . .. U , JIll! QI SI .. sel " IL 

1 JIll! GS Il IL ... " ICI Il 

. '" 

.. 

\ 
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a freezer et - oC for a maximum of fi ve 

dissolved oxyge were fixed on site and weeks. Samples for 

transported to the laboretory for ti tration with a 

corresponding sample for the biologieal oxygen ,demand (BOD). 

AlI spec~roPhotometric determinations were performed using a 

Gilford .speetrophotometer, -Model 240. Standard methods for 

nutrient ~nalYSiS, dissolved oxygen and chlorophyil a were used 

throughout the study <Strickland and Parsons 1972). 

Surface water (lm) temperatures and salinities were 

measured ln-situ using a YSI Model 33 S-C-T meter. At each 

$tation irradiance was measured lm above the sea surface and at 

a depth of 4m using a QSI-140 lntegrating Quantum Scalar 

. 1 rradiance meter. 

Total suspended particulate matter (SPM) was determined by 
c 

filtering le of sample through a pre-combusted, pre-washed and 

pre-weighed Whatman GF/C glass fiber filter (4.25cm in 

diameter; effective retention 1.2~m). Each filter was rinsed 

twice with Sml of distilled water to remove salts (Strickland 

and Parsons, 1972). The filter was dried to constant weight at 

100°C and, after weighing, combuated at 550°C for fifteen 

minutes to obtain volatile particulate matter (VPM) data 

(Turnbull, 1979). --
To'obtain a relative Measure of the total downward flux of 

sùspended particulate matter (or-sPM), in the vater column over 

the fringing reefa, sédiment trapa were placed at each station 
• 

in the apur and groove zone (depth Sm) one meter above the 

bottom. The traps conliated of a concrete baIe and aT-bar 
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-"'6 supporting two PVC tubes, P8inted vith an antifouling peint, 

vith a diameter of 3.8cm and a' height of 49cm. These 

dimensions gave a resultant aspect ramo (height :mouth 

diameter) of ~2.9. Previous studies on sediment trap collection 
" 

efficiency by Gatdner (1977) and Hargrave and Burns (1979) 

indicated that the most efficient traps had aspect ratios> 5. 

The PVC tubes vere clamped (vith an aid of SCUBA) to the T-bar 

and vere ;etrieved~ veather permitting, on a monthly basis over 
. 

a aampling period of 11 months. Traps vere aealed vith a 

rubber stopper on collection, carefully brought upright to the 

surface and transported to the laboratory. Each trap was 

alloved to stand for one hour after which the vater in the 

tubes vas decanted. The settled contents vere then transferred 

into glass bovls, the traps vere rinsed vith 200ml of distilled 

vater and the sediments vere alloved to settle. The water vas 

decanted and an additional 200ml of distilled vater was added 

into each glass" bovl and mixed vith the contents. After 

settlement the vater vas decanted. The rinsing procedure was 

repeated three times. The sediments vere placed in a drying 

oven and dried at 60°C to constant weight • 
., 

Approximately top 2cm of surface sediment was analysed for 

organic content. At each station ten sediment samples we~e 

collected from the spur and groove zone (3 to 4m) vith a smaii 
"'" 

plast~c scoop, placed into individual plastic bags 

(undervater), and transported to laboratory. The samples vere 

alloved to dt:y to constant veight at 60°C and weighed. AlI 

samples vere then combusted at 500·C for foufl"',hours and 

• 
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reveighed (Hiro.ta-- and Szy~r, 1975). 

Statistlcal analysesl To determine statistical differences in 

the various environmental variables among the stations, an SAS 

statistical package vas used in aIl data analyses (Ray, 19828; 

Ray,1982b). AlI linear model" statistics, such as the analysis 

of variance (ANOVA), make the assumption that the underlying 

population from which the sample data are dravn is a normal 

distribution. To test this assumption the Shapiro-Wilk,W, 

statistic and normal probability plot were computed for all 

environmental data sets using the Univariate procedure in the 

SÀS system. Examination of the normal probablity, plots and the 

W statistic indicated violations of the above .~ssumption. To 

determine an appropriate transformation, the method outlined by 

Box et al. 
"" 

1978) was used on all data sets. Accordingly, the 

data log(X+l) transformed. To test the >-success of the were 

transforma t ion, the Univariate procedure vas applied to the 
. 

etransformed data sets to test the normality assumption and Fmax 

test (Zar, 1984) vas perform~d to test the homogeneity of 

variance assumption. The results indicated violations of both 

assumptions, and therefore, tests for the additivity and 

independence assumptions vere not performed. Since the 

transformed data did not meet basic assumpt ions of parametric' 
; 

ANOVA, a nonparametric . ANOVA (NPARIWAY procedure; 

Kruskal-Wallis Chi-square approximation) was used to test the 

nUll*hypothesis, H.I there are no differences in variable (x) 

among stations, ag~in.~ an alternate Hl: there are differenees 
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in variabl~ (x) among stations. Where the nonparametric ANOVA 

rejected the null hypothesis a nonparametric Tukey-type 

multiple comparison test (Zar, 1984) vas used to determine 

between vhich of the stations significant differences occurred. 

,\ 
-1 , 

- ~ 
, 
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Sampling and measurements: Montastrea annularis colonies were 

collepted from each station in August, 1983. To reduce 

within-station variation in growth (Foster, 1980), the ten 

specimens of.H. annularis collected at each station were from 

within 10-15 m of the spur and groove zone at a depth of 5-7 m; 

and all coral specimens collected were of similar size and 

shape (round-lobate). 

The 'coral specimens were cut, with a diamond blade, along 

the maximum growtp axis parallel to the coral i tes to form 3-4 

mm thick slabs. The 
Il 

slabs were X-rayed us i ng a Minishot 2 

X-ra}' unit set at 30 mKv wi th exposure of. 15-25 seconds on a 
, 

Kodak type AR X-ray film. To measure the annual growth 

increments of the high and low density couplets, techniques 

described by Dodge (1980) were used on aIl negatives. Two 

specimens were rejected from the analyses because of error in 
" 

cutting. The recorded growth measuremen~s were in the form of 
- " annual 1 inear increments (cm / yr) measured over the entire 

1 i fe hi story of the coral spec imens. However, it shou1d be 

noted that the main thrust of this study is re1ating 

env,ironmenta1 condi t ions to extension rates during 1981 and 

1982. lt shou1d a1so be made c1ear, that measurement of 

skeleta1 extension rates is on1y one of the methods avai 1ab1e 

to 'measure ske1eta1 growth of scleractinian cora1s. Coral 

calciU,cation has received much' attent iol'i in recent years 

,(Goreau and Goreau, 1959, Barns and Taylor, 1978; Jokiel_and 
" 
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Coles, 1977; Coles and Jokiel, 1978; Fairbanks and Dodge, 

1979), but the exact relationship between annual skeletal 

extension rates and calcification (mass addition) is not as yet 

c1ear. Dodge and Brass
J

(1984) have shown that although annual 

extension rates and calcification rates of M. annularis were 

positively correlated, the correlations were not high. It was 

suggested that under certain environmental conditions (possibly 

pollution related) extension rates may remain unaffected (or 

possib1y promoted) whi1e calcification is depressed (Dodge and 

Brass, 1984). 

Statist~al analyses: The relationship between the mean and 
~. 

standar6 deviation (Box et al. 1978) implied logarithmic 

transformation of the coral growth data. Accordingly, the 

coral growth data wete log(X+1) transformed. The transformed 

data sets were tested for the assumption of normality and 

homogeneity of variance. Univariate ana1ysis on log 

transformed coral growth data showed no departur'es from the 

~ssumption of normality and the F max test (Zar, 1984) showed 

on1y slight heterogeneity of variance between tvo of the seven 
, 'î 

stations. Consequently, parametric single factor an~lysis of, 

var iance was performed, using the General Linear Mode1 

procedure, to test the nu1l hypothesis H.: there are no 

differences betveen the mean coral growth rates among stations, 

8gainst an alternate Hl' there are differences in the mean 

coral gro_th'rates am~ng stations. Where the ANOVA rejected the 

null hypothesis, the 'Tukey ~ultipi~'comparison test vas used to 

\ 
, :f~, .. 
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determine betveen which of the stations signi ficant differences 

Qccurred. A nested one-way analysis of variance was used to 

compare the amount of variation in coral growth rates among the 

stations to varia.tion of coral growth rates w i thin each 

station, To a8sess growth trends of corals for the past 15 

years, index values vere compuqted for each coral by di viding 

each linear ' increment by the mean growth rate of the entire 

coral. Index master chronolo9ies vere then computed by 

sequentially averaging by year the index series of each coral 

at each station to obtain information of life time growth 

trends within each station. 

" 

... 

/ 

.. 
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RBStJLTS 

Table 2 presents the average values of all envirOnm\ntal 

variables moni tored dur1ng the study. For ease \ of 

interpretation, the variables were subdivided into 

categories - physieal,. chemical and biologieal. 

Physical variables: Temperatures vere generally higher at the 

southern stations (Fig. 1; Table 2). Table 3 shoys the 

results of the nonparametrie Tukey-type multiple comparison 

test (at the 0.05 level) for between-station comparisons", 

Sta t ion SG had a higher average tempera ture than any other 
1 

station. However,' .differences in te~~ture among the 

remaining stations vere not statistically discernible. 

Total. suspended particulate matter (SPM) has been 

classified as a physical variable since it contributes to 
. 

reduction of available light. The southern stations had high 

SPM concentrations (Table 2 and 3). The SPM concentrations at 

stat ions BR and SG were greater than at the other stations. 

The SPM concentrations at stations FV and BRI were greater than 

those at SR, ..but were not discernibly different from those at 

SL and GS. The lowest light levels occurred at stations BR and 

SG. Among the northern stations, GS had statistic"ally higher 

., . 

light levels tzn station BRI, but there were ',,-
no statistical of 

di ferences betw n GS and SL or SR. 
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Table 2. Resulta of physicoehemieal and biol09ical sea v.ter analyses 
from the west coast of Barbados, West Indles. The variables are 
presented as mean yearly values vith standard deviations in parentheses; 
N indipates number of samples eollected at eaeh station. Station 
initi,ls are as shown in Pig. 1. 

varIaEhes Stat ions 

TEMPf!!RATURB (·C) 

SAl.INITY (t/ •• ) 

Dissolved OXYgen 
(mq/t) 

BOO (mg/t) 

PO.-P (p.q-at/t) 

NO,+NO, -N 
(14q-at/t) 

N0 2 -N <p.g-at/l) 

NH,-N (p.g-at/t) 

SPM (mg/t) 

VPM (lDg/ t) " 

Chlorophyll a 
(mg/m' ) 

DP-SPM 
(mg/cm'/day) 

, Organies 
in sediments 

, of surface 
illumination 

BR SG BRI GS SR 

28.08 2a.55 27.98 27.96 27.94 27.88 27.83 
(0.96) (LU) (0.96) (0.92) (0.96) (0.93) (0.96) 
33.32 32.22 33.37 33.68 33.43 33.28 33.24 
(1.27)' (1.76) (1.15) (1.00) (1.06) o..2t) Cl.21) 

6.7.0 . 6.U 
(0.67) (0.91) 
1.01 1.09 

( O. 54) ( a • 58 ) 
0.103 0.21<1 
(.041) (.~06) 

0.816 4.42t 
(.U6) <2.649) 
0.098 0.731 
(.033) (.568) 
0.976 2.695 

(.U9) (2.034) 
7.11 7.32 

(t.08) (2.B6) 
3.26 3.10 

(1.67) (1.26) 

7.03 
(0.6' ) 
1.00 

ta. 50) 
0.09<1 
(.06<1) 

0.790 
( .502) 
0.066 
(.030 ) 
0.896 
(. 506) 
6.25 

(3.92 ) 
2.71 

(1 •• 7) 

6.86 
(O. '6) 
0.79 

(O. <10) 
0.081 
(.036) 

0.5'6 
(.393) 
0.0'9 
( .021) 
0.685 
(.343) 
5.12 

(3.t6) 
1.94 

(1.15) 

6.78 
(O.U) 
0.83 

(0.t9 ) 
0.111 
,. 087) 

0.6t7 
( .391 ) 
O.ota 
(. 018) 
0.736 
(.41t) 
5.9t 

(3.U) 
2.49 

(1.43) 

6.79 
(0.61 ) 
0.77 

(0.54 ) 
0.060 
( • 030) 

0.452 
( .232) 
0.036 
( • 018 ) 
0.560 
( .349) 
5.21 

(3.29) 
2.00 

(0.97 ) 

1.0'0 0.895 0.876 0.582 0.799 0.5t6 
(.537) (.406) (.331) (.287) (.470) (.270) 

6.75' 
(0.77) 
0.71 

(o.U) 
0.06~ 
( .026 ) 

0.357 
( .2a) 
0.035 
( .021) 
0.542 
( .270) 
4.26 

(1. 98) 
1.85 

(1. 03 ) 

o.42b 
(.157) 

35.95 19.98 13.99 20.28 8.78 14.23 37.19 
(40.17) (17.12) 00.24) (29.56) (7.07) (17.61) (53.15) ... 

8.3 10.9 4.9 2.5 5.1 2.3 2.9 
(2.3) (4.0) (0.9) (0.3) (2.0) (0.6) -(1.0) 

27.10 28.82 "35.62 37.08 34.52 tO.45 37.52 
(10.38)(11.8') (8.78) (7.58) (7.33) (8.U) (7.84) 

.. ' 
~ ... 

N 

47 

46 

38 

31 

45 

44 

46 

46 

44 

43 

46 

22 

10 

28 
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Table 3. Nonpara •• tric 'l'ukey-type multiple comparison te.t (Zar, 
~98.) for lignifie.nt (P <0.05) difttrenee. blt •• 'n .tation m.ans 
lor te.ptraturt. ,percenta9' of lurtact illumination 0, IUlpended 
partieulatt at.ter t and total dovnvard flux of IUlpended 
partieulate matter ' •• 
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The yearly average total downward flux of suspended 

particulate matter (DP-SPM), an integrated measure of turbidity 

and/or bottom instability, was not correlated with the yearly 
.. 

average SPM concentrations. Table 3 indicates that DP-SPM was 

statistically lover at station ~RI than at stations BR, SG or 

FV, and that DF-SPM at station GS is lover than at stations BR 

and SG. Ouring the rainy season (October-December) and periods 

.of high svells (January-April) DF-SPM does not show Any 

particular gradient between the northern and southern stations 

(Table 4). However, DP-SPM in summer (May-September) shoved 

established gradient of decreasing 

direct ion. 

rates in a northerly 

Chemicsl variables: Table 5 presents the results of the 

nonparametr.ic Tukey-type multiple comparison test for 

between-station comparisons of the chemical variables. Station 

SG had statistically lower average salinity (32.3% than any 

other statiçn, but there vere no salinity differe~ces among the 

remaining sites. with the exception of station BRI, PO.-p :! • 
concentrations tended to be higher for southern than northern 

sites (Table 2). 'Statistically higher po. -P concentrations 

~ed at station SG then at any other station. Lowest PO.-p 

~ concentrations occurr,d at stations GS and SR with no 

discernible di fferences betveen them. There were no 

discernible differences in PO.-P concentrations among stations 

P'V, St and sin '. 
Trends in nitrogen concentrations (NOj+NOa-N, NOa-N and 

. ,~ 
'j 
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Table 4. Averdge total downward flux of suspended particu1ate 
matter (DP-SPM in mg/cm 3/day) during summer months 
(May-September), periods of high s~ells (January-April), and 
the" rainy season (October-December). First number: average 
DP-SPM rate; second number (in parentheses): standard 
deviation; third number: semple'size. Duration of the periods 
as described in the texte . 

Station. 

BR 

SG 

SL 

BRI 

GS 

SR 

• 

S~r 

9.86 
(5.16) 

10 

11.52 
(4.90) 

10 

7.61 
(4.39) 

10 

&.17 
(2.08 ) 

10 
~ 

5.50 
(4.60) 

10 

2.33 
(1.75) 

10 

2.&6 
(1.46) 
, 10 

s •• II. 

51.6.0 
(28.55 ) 

8 

20.06 
( 5.55) 

8 

16.12 
( 1.26) 

8 

21.26 
(10.70) 

8 

9.&2 
( 5.78) 

8 

19.35 
(6.0l) 

8 

1 ~5.18 )7823) 

Rainr S ••• on 

(\ 

70.01" 
(66.51 ) 

4 

10.91 
(32.64 ) 

4 

25.33 
(17.72) 

4 " 

58.79 \0. 
(47.24) 

4 

15.21 
(10.93) 

4 

33.60 
(30.61 ) 

4 

88.52 
(86.83) 

4 
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Tabl. 5. Nonpara •• tric Tuk.y-type .ultipl. co.parilon t.lt <Zar, 1984) 
for lignific.nt (P < 0.05) dUfer.nc.. bet".en station m •• n. for 
inorganic pholphate *, nitrate-nitrite nitrogtn 0, ni trit. " aJlllllonia • 
and .aUnity 1. 
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NH,-N) vere ~imilar to those in PO,-P. Concentrations vere 

highest at stations SG, BR and FV, and these vere stati~tically 

greater than the nitrogen concentrations at northern reefs 

( stations BRI, Sto, GS or SR). Intermediate nitrogen 

concèntrations occurred at the BRI and SL sites, and these vere 

statistically higher than the concentrations at, GS and SR. 

Station GS had a statistically higher NO,+NOa-N concentration 
t 

than SR. 

Biologieal variables: The data on the biological variables , 

(Table 2 and Table 6) clearly indicate a decrease in 

eutrophication from south 

A common indicator of 

(statio~ BR) to north 

eutroPh{cation is an 

'. 
(station SR). 

increase in 

.' phytoplankton biomass vith increasing nutrient concentrations. 

Highest chlorophyll a concentrations occurred at stations BR, 

SG, and FV, vi th a gradual ~ecrease in a north&t'(ydi rection. 

There vere no statistically discernible differences in 
" chlorophyll a concentrations'among the three southern stations, 

and these values vere higher than those at the northern 

stations. Lovest chlorophyll a concentrations occurred at 

station SR and vere lover than chlorophyll a c~ncentrations at 

any other station. VPM and BOD concentrations showed a similar 

trend vith concentrations decreasing in a northerly direction. 

Hovever, dissolved oxygen concentrations vere relatively 

constant along the vest coast vith slightly elevated 

concentrations at station FV that vere greater than oxygen 

concentrations at stations BR, SG and SL. 
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Table 6; Nonparam.tric Tutey-type multiple compari.on te.t (Zar, 1984) 
for tJgnificant (P < 0.05) difference. blt.een .tation mean. fQr 
di •• olved oxygen 0, qhlorophyll •• , volatil. partieulate matter ., and 
biologieal oaygen de .. nd * • 
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Coral grovth 

Table' presents the average growth rates of Montastrea 

annularis (for 1981 and 1982 separately and combined) for each 

of the seven reefs. Results from the ANOVA procedure indicate 

significant differences in mean coral growth rates among 

stations (F • 14.92, P < 0.0001). To evaluate specifie site 

differences, the Tukey multiple comparison test was used (Table 

8). Hlghest coral growth rates occurred at station SR (1.23 

cm/yr) and were greater (P < 0.05) than growt~ rates at any 

other station. M. annularis at stations SL and GS grew faster 

than at station BR and SG (P < 0.05). Growth rates at station 

BRI were statistically indistinguishable from those at stations 

BR, SG, FV, SL and GS. In summary, M. annularis tended to grow 

faster at the less polluted northern stations. 

To determine whether intrastation growth rates differed 

betveen 1981 and 1982, one-vay analysis of variance was 

performed. Results shoved that at stations' BRI and SL, the 

grovth rate of M. annularis in 1982 vere lower then those in 

1981 (P < 0.05). There vere no betveen-year differences at the 

other statlons. Note that grovth rate varied among corals 

within sites (Nested one-way analysis of variance; P<0.05). Of 

the total model variability, 42." can be asoribèd to 

among-site variability and 14.8' to vithin-site variàbility. 

This indicates that the proportion of growth rate v~riation • 
between stations was high, 'relative to 9r1 rate variation 

within sites •. 
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'* Table 7. tinear grovth infor .. tion for H. .nnulari. 
eolleet.d alon~ th. veat eoalt of the illand (lite. .ré 
arr.nged fro •• outh to narth) top to bottom). 

NUlllber ~tion M •• n 
of M •• n Growth Growth Rat •• 

Station '.ar Coral. rate (cil/ft) SD (cll/yr) 50 

IR 1982 la 0.61 0.12 0.61 0.11 
BR 19111 la 0.62 0.10 
SG 1982 la 0.63 0.21 0.58 0.18 
SG 1981 la 0.52 0.14 
FV 1982 Il 0.73 0.20 0.71 0.19 
FV 1981 8 0.75 0.19 
st. 1982 10 0.71 0.24 0.93 0.45 
st. 1911 la 1.OS 0.'1 
IRI 1982 la ~.69 0.15 00• 77 0.16 
BltI 15181 la 0.85 O.U 
GS 19112 la 0.86 0.16 0.94 0.22 
OS 1981 la 1.02 0.24 
SR 1912 la 1.21 0.28 1.23 0.33 
SR 1981 la LU 0.40 

AiiOVX sCo~rl.on of .. an IrOyth r.t .... on9 at.tlona. 

Humber 
of 

Cor.ll 

20 

20 

16 

20 

20 

20 

20 

Data 109 tran.tor ••• ".ed on .t.tion •• an growth rat ••• 
Hlt Th.re ara no dlffer.nc •• in th .... n grovth rat •• of coral, 

Joure. 

.. on9 the .tatlon •• 

Il 
. \ 

illl, AI , valu. ,. :> , 

Rôdei 6.0,80 6 l.dlU 14.92 b .oobl 
Errol' 8.7422 129 0.0678 
Totd 14.1102 135 

, • Il.92 "hare ~ .... , • '113 • '2.18 
Ther.fora, reject H., P < .0001 
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Tabl. 8. Tuk.y T •• t (Ray, lS82a}. ~lt. of th. diff.r.nc •• betveen 
station m.an grovth rat •• ov~ thl riod 1981 - 1982. This test 
control. th •• xperim.ntvi •• , ; pe 1, Irror rat •• 

IGdon. D 14 ft IL Dl 01 SR Ir--
IR 

IG .. 
" .. .. 
IL • • .. 
lU •• .. .1 ., 
O. • • .. •• .. ' 
a • • • * • • 

l' 
.. indicat •• no .lgnilleant 
< 0.05) dlffer.ncl. 

aIner.nel and • indic.tes signifieant (P 

( ..... 
( 

.. 
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To examine growth trends at each site, index mast~~ 

chronologies were plott~d for each station over a ten to 

sixteen year period (Fig. 2). Except for stations BRI and SL, 
J 

.there was a general trend of decreasing growth rates from 1972 

to 1982. To determine whether the growth trends among the 

stations were correlated, Kendall correlation coefficients were 

computed (Table 9). Strong correlations occurred between 

stations SL and BRI and among stations BR, SG, and GS~~ 

Bffects of environmental variable. on growth 

Table 10 presents simple linear regressions between the 

average coral growth rates and the environmental variables. 

Two simple linear regression models are possible to relate the 

rate of coral growth and the environmental variables measured 

in this study. The first model considers only 1982 growth 

rates as the dependent variable (i.e., regression without 

replication) • However, since the eny,ironmental data were 

measured from September to December 1981 and from January to 

September 1982, it would be incorrect to state that the average 

environmental values 
1 

are representative of the average 

environmental conditions ouring 1982 only. The second model, 

applied in t~e present study, uses both 1981 and 1982 coral 

growth rates in the regression model (Table 10). Although, 

this approach tended to lower the ra of the model, it did not 

affect the biological significance of the regression, since it 
• 

takes into consideration the inherent variability of coral 
• 
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rigure 2. Montastrea annularis. Three year moving average 
of index master chronologies of M. annulsris at each study 
site. Station initials as designated in Figure 1. The 
numbers above the horizontal axis indicate the number of 
cprals used in the chronology at the specified year. 
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", Table 9. Itenclall correlation coeUicients betveen station index 
ma.ter chronologi •• over the period 1966 to 1982 (16 years). 
ror r > 0.60, P > 0.05. 

Station D Id ft IL iii GS SR .. 
sa 0.63 

ri 0.'1 0.33 

IL 0.37 0.13 0.26 

mu 0.06 0.2' 0.08 

GI 0."73 0.6' 0.22 0.29 0.11 

IR 0.'1 0.11 0.19 0.'0 O.U 0.09 

, , 

t • 
1 
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Table 10. Regre.,ion equation. for predicting corel growth rates 
(Y in cllllyr) from total aUlpendea particulat. matter 
conc.ntration (SPM in al9/(), volatil. particulate matter 
concentration (VPM in mg/O, chlorophyll , conc.ntration (CHLA in 
mg/alJ ), biological oxygen demand (101) in mg/O, percentag. Of 
total organic content in lecUmenU (ORG in ,), perc.ntage of 
audace illUlDination (IRA in '), inorganic phoaphatt 
concentration (P04 ln "g-at/(), __ onla concentration (MM3 in 
l'g-aVt), nitrate - nitrite nitrogen concentration (N03 in 
IIg-aVO, tealPtrature ('1'IM in ·C), .aUnity (SAL in -/ .. ), total 
dovnvard flux of .u.penc!ed particulate matter (Or-SPM ln 
mg/cDl'/day), and current velocity (COR in caV •• c), , 

SiDlple regre •• ion. 

1. log Y · - 0.638 log SPM + 0.760 
2. log Y · - 0.340 log VPM + 1. 670 
3. log Y · - 0.863 log CHU + 0.U2 'o. log y · - 1.368 log BOD + 0.6ll 
S. log Y · - 0.169 log ORG + 0.367 
6. tog t • 0.619 log lM - 0.701 
7. log t · - 1.940 log PO, + 0.335 
8. log t · - 0.3-16 log NB3 + 0.339 
9. log Y • - o .183 log N03 + 0.303 

10. log t · - 6.90 log TIN + 10.34 
11. log y • 3.76 log SAI. - 5.5 
12. log t · - 0.125 log cr-SN + 0.392 
13. log y • - 0.38 log COR +" 0.67 

a '-test. 

0.79 
0.79 
0.7S 
0.72 
0.63 
0.56 
0.51 
0:'8 
0.'1 
0.23 
0.16 
0.13 
0.06 

0.0001 
0.0001 
O. 0001 
0.0001 
0.0008 
0.002 
0.004 
0:006 
0.01 
0.100 
0.1636 
0.200 
0.200 

SB of 
slope 

0.096 
O. ()92 
0.U3 
0.245 
0.038 
0.159 
0.552 
0.096 
0.063 
3.290 
2.531 
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growth rates. We sU9gest that this second approach i5 more 

robust and biologically more sound then ,the former. 

\ Mean SPM and VPM concentrations were the strongest 

univariate estimators of growth rates, followed by chlorophyll 

a and BOO (see Table 10). Surprisingly, percentage of surface 

i l1umina t ion showed a weaker relationship wi th growth (r a • 

0.56, P < 0.002). Among the inorganic nutrients po. - P showed 

the strongest negative relationship vith growth (ra. '0.51, P < 

0.004), followed by NH~-N (ra. 0.48, P < 0.006) and N0 3 +NO a-N 

(ra. 0.41, P < 0.01), 

Multiple regressions are not presented, since the 

environmental data showed a high degree of multico1linearity. 

It would therefore be difficult (if not impossible) to assess 

the unique effects of individual environmental variables on the " • 
rate of coral growth. Large correlation coefficients point to 

strong l inear assoc iations, thus suggesting that certain 

environmental vari~bles mey be correlates of others with little 

or no causal effects themselves • 

", 
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DISCUSSION and CONCLUSIONS 

The growth rates of Hontastrea 

~letal extension ra~es, wer~ highly 

annularis, expressed as 

correlated vith a number 

of environmental variables. Hudson (1981) has indicated that 

growth rates of H. annularis in the Key Largo Marine Sanctuary 

were correlated vith three~vironmental factors; ,depth, 

distance from Shore and vater quality. Our sampling desig9 

minimized the effects of natural environmental factors, such as 

depth and distance from shore, in order to compare H. annularis 
. 

grovth rates vith respect to water characteristics only. 

Eight principal sources of pollution contribute direétly 

and/or indirectly to the intensification of the eutrophication 

processes in the inshore waters (Table 11). The primary point • 
sourC'e's ,of pollution on the west coast are in~ustt'ial effluents 

~, 

from an electric pover plant and a rum factory located between 

stations SG and BR (Fig.l). These two industrial plants may be 

directly responsible for the high nutrient concentrations 

measured in this area (Table 12). However, Lewis (in 

preparation) has recently d.monstrated that groundwater 

discharge <'able 12) must also be considered as an important 

source of nutrients in the coastal waters. He found high 

concentrations of both PO,-P and NO,+N0 2 -N in groundwater 

samples, indicating that pest agriculturel practi;~~s a,i urban 

i development have affected the groundvater charaçt~ristics. 
, J 

Nutrient enrichment caused by, for example, internal vaves have 
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Table 11. General sunnary of varioul pollution lourees 
on th. island of Barbado •• 

JôliûEloa ~a •• 
(ln4U1trlal .a.t •• ) Pollution par ... t.r. .,.t_ Affectee! 

Suger faetori •• BOO, suspended .olids, Groundvater 
eolour, nutri.nts, COD. 

Rum ref inary BOO, pH, nutri.ntl, W.st eOllt 
IUlpended solids,COD. inshore vaters 

Po"er plant Temperatur., .ali9ity, West coalt 
nutrient., BOo, ,inl-hort "aters 
IUlpended lolid. 

aeverag. indu.trie •. 
i ••• br."eri •• , 
bottling, dairy 

BOO, .u.pend.d .olids, . Groundwater 
colour, COD, pho.phates 

" 
Oil indu.try BOO, .u.pended SAtU..d., 

phenol., h.avy •• tall, 
alIIIIIonia, gre ••• 

Carlisle aay 

DoIIIelUe ".lt.1 BOO, .u.pendecS .olid., Ground"lt.r 
< •• "ag. etfluents) nutrient., blcteria, South and West 

viruI •• inlhore "at.rs 

Solld wa.t. di.polal 
. ' 

BO~, su.pend.d .olid., Ground"at.r 
nutri.nt., pelticide • 

Agriculture Nutri.ntl, herbicide., Ground"ater 
pestieid •• "Co •• t.l vat.n 

Source. Barbado. Wat.r Relourcel Study (1978) 

coast 
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Table 12. Iitimated nutrient loading capacity of 
varioui industrial and domestic eff1uen~s on the "est 
coalt of Barbadol, including Car1ille Bay. 

Pôll\ltloft 
.ourc •• 

Sewage effluentl * 
Power plant effluent 

Rum refinery 
effluent 

Groundwàter ** 
dilcharge 

TOTAL 

LôâllDg capac 1 tJ (IiVJ •• r) 

10.-' 10.+10.-. -, 

r 

9.1 x 101 5.8 x 10 J 

2.8 X 10' 6.7 ~, 10"" 
·t ' 

2.7 x 10' 2.2 x 10' 

3.0 x 10· 6.0 x 10. 

6.9 x 10' . 3.5 x 10' 

Source * Barbadol Water Resourcel Study (1978) 
** Lewil (in preparation) 

f 

' .... " 

~ 

,o. 

',' 

, ' 
";< 

i 
.' 
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been shown to enhance productivity of coastal waters (Sander 

and S~even, 1973; Sander, 1981), however, additional data are 

needed to determine their contribution to the eutrophication 

processes. 

The increase of nutrient and chlorophyll a concentration. 

at stations BR, SG and BRI during the last decade (Table 13) 

coincides with the construction of the power plant (directly 

affecting stations BR and SG), and a large touri st complex in 

the vici~y of station BRI. These data (Table 13) suggest that 

the eutrophication of the inshore water masses may be di rectly 

related to anthropogenic activities and not to natural 

processes. It is suggested that the proximate caUSe of the 

eutrophication gradient must necessarily be a combined function 

of circulation patterns (Emery, 1972), groundwater discharge 

(Lewis, in pre.paration) and differential inputs of domestic and 

industrial effluents. 

Mayor (1914) showed that th~ temperature tolerance of M. 

annulari s ranges between 14°C and 32°C. Seasonal temperature . 
fluctuations in Barbados are between 26.2°C and 29.5°C, thus 

ne~er exceeding kno"n lethal limits: The average temperature ~t 

station SG is slightly higher than at other stations. However, 

since the di fference is only. o. 7 oCt" it i s probably 

insign i f icant in af fecting coral gro"th rates to any measurable 

-clegree. The resulta of a linear regression analysis showed no 

. relationship bebeen 9rowth and temperature (r a-O.23, P > 

0.100). 

Amon9 the nutrient variable., PO.-p (rI • 0.51), NH 2 -N (rI 

\ 

\ 



1 
l t t 
1 
1 é ! 

! 
1 
! 
i 
1 , 

(" 

,,:, 

-51-
Table 13. Average nutrient' and, chlorophyll • concentrations at stations,: 
BR, SG and BRI during 1972-1g,7~ and 1981-1982. Flut number: averaqe ; 
concentrations, second numberCJn parentheses) 1 standard deviation; third : 
numbu, total numbtr of salllples upooled for calculetions. : 

n'A'ICU 1 1 

! .. SG Dl 

! 

1972* 1981 , 1972* 1981 , 1972* 1981 ,f 
to to change to to chang. to to c~anqe 

1973 1982 1973 1982 1973 1982 

PO.-p 
O.OU p.g-at/f 0.060 0.103 54 0.214 336 0.055 0.111 102 

(0.057) (0.061) (0.035) (0.106) (0.007) (0.087) 
96 '5 95 " 54 45 

NOs-N 
"g-at/f 0.781 0.818 5 0.771 4.424 474 0.402 0.647 61 

(1.564 ) (0.426) (0.761) (2.649) (0.095) (0.3911 
2. 4S 23 45 1S U 

ChI Ce) 
mg/Il' O.U7 1.040 151 0.396 0.895 126 0.273 0.799 193 

( 0.30') (0.537) ,(0.220) (0.406) (0.021) (0.470) 
92 " 91 47 52 46 0 

* source v.alna (1975) 

-,' 

\ 
l 
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, 

• 0.48) and (ra. 0.48) showed strong inverse 

relationships vith M. annularis gro,wth rates. Kinsey and 

Davies (1979) have indicated that elèvated nitrogen. 

concentrations (20 ~g-at/() probab1y did not have a significant 

effect on coral calcificatiop rates, b~t high PO.-p 

concentrations (2 ~g-at/() have been implic'ted in reduction of 

calcification through interference in the formation of calcium 

carbonate (Simkis, 1964). The on1y location, in the present 

study, where the PO. -P concentrat ions may be high enough to 

play ~a role in suppressing calcification rates, but not 

neeessari1y ske1etal extension rates (Dodge and Brass 1984), is 

station SG where PO.-p concentrations are 7 times higher (0.210 

~g-at/() than oceanic leve1s (0.03 ~g-at/(, Sander 1971). 

How~ver, even these concentrations are weIL below those used by 

Kinsey and Davies (1979). It is sU9gested that although both 

nitrogen and phosphate are negatively correlated with growth, 

th,y are surrogates of other environmental variables (i~e., 

c~lorophyll a, SPM and~~), having litt1e or no direct causal 

effeet on growth themselves. 

previous studiea (Aller and Dodge, 1974; Dodge et al., 

197', Dodge and Vaisnya, 1977; Hudson, 1981a) have implicated 

sedimentation and related turbidity of the water co1umn to 

reduced grovt~ rates in H.'annularis. It is generally accepted 

that turbidity lovers growth because light ia acattered by 

sediment particles in the water ~olumn, and henee illumination, 

a vital source of energy to the eoral's symbiotic attendant 

zooxanthellae ia redueéd (Dodge and Vaisnys, 1977). Moreover, 
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in environments with high sedimentation and turbidity, cleaning 

by corals will require energy expenditure which could otherwise 

be used for biologieal aetivities such as growth. 

If the DF-SPM was the main environmental factor affecting 

growth (skeletal extension rates) of M. annularjs, we wou Id 

expect growth rate to be a strong inverse fun~tion of DF-SPM; 

yet our data showed~o significant relationship between average 

yearly DF-SPM and growth rates (r 2 • 0.12, P > 0.200). This 

eould result either from the samplinq design used in the 

measurement of DF-SPM rates, or from strong seasonal variations 

in resuspension rates independent of station location. Since 
" 

the sediment traps were removed on a monthly basis, weather 

permitting, high resuspension rates of short duration would 

contribute to monthly DF-SPM values, but need not affect 

growth. 

High turbidity observed during the periods of heavy swells 

was probably a direct result of resuspended bottom sediments. 
,. 

It is important to note that DF-SPM measured was an index of 

bott~m instability over the collection period. Previous studies 

by Do~ge and Vaisnis (1977);- Bat (1978) and Sheppard (1980), 

suggested that corals may be more tolerent of short-term 

sediment loading than of chronic turbidity. Qualitative 

observations during the high swell periods indicated that the 

high turbidity lasted"for on1y tvo to three days. During the 

svell period (January-April), highest· DF-SPM rates occurred at 
'\ 

station SR, which represented the .aree of hi'ghest coral growth 

in the present study. Furthermore, during the rainy season, 
~' 
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sediment traps located at the northern stations collected 

comparable amounts of sediment when 'Compared to the southern 

stations (Tabl~ 4). l t is suggested that durinq the rainy 

season the sediment trap data reflect the intensi ty of rUQ,of f, 

i.e. terrigenous sediment inputs, and not resuspension per se. 

We cons.i,der land runoff, associated with heavy rains, to be an 

important seasortal environmental factor affecting the coral 

. commun i ty since i t not only contributes to increased turbidi ty 

through high sediment loading, but also significantly lowers 

the saI ini ty of the water column over the f r inging reefs. It 

is important to consider that even thouqh ve have measured high 
, ' 

DF-SPM rates during both the fiiwelf periods and rainy season, 

the disturbances are relatively short lived. Our data 

collected during the two seasons support the hypothesis that 

short-term sediment loading or high resuspension rates of short 

duration do not affect coral growth rates (skeletal extension) 

to the same extent as either low but persistant sediment 

loading or chronic turbidi ty. Indeed, if ve regress the growth 

rates (skeletal extension) of H.·: annularis against the average 

DF-SPM rates during the summer months (Table 4), a strong 

inverse relationship becomes apparent (r 2 -O.71, P<O.OOI). This 

stresses the importance of long term environll'lental mon i toring 

in field studies, and also suggests that high resuspension 

rates of sh,ort-duration may have only Hmi ted effect on the 

yaar ly 1 as opposed to seasonal, growth rates of H. annul ad s. 

The "ecrease of DP-SPM rates (mean and variance) indicates 

higher bottom sediment stability during the summer months and 

\ 
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ref l~cts localized weather conditions. The south-north 

gradient of decreasing DF-SPM rates, during the summer months, 

may be ascribed to higher production of a benthic 

deposi t-fe~ding communi ty, in the polluted southern stations, 

which i8 directly linked to i~creased nutrient loading from 

anthropogenic sources (Le. sewage, power plant effluent, rum 

factory ef fluent) • Higher benthic production and/or nutrient 

loading are reflected in higher organic content of bot tom 

sediments at the southern stat ions (Table 2). 1 t is suggested 

tha~reased 

macroinvertebrates, 

reworking of 

associated wi th 

bottom sediments by 

high loading of organic 

material into the benthic community, further intensi fies the 

instability of bottom sediments thus increasing resuspension 

rates in the southern stations. 

A clear dist inction must be ma intained between SPM and 

DF-SPM measured in the present study. SPM concentrations 

represent - an instantaneous measure of the concentration 
g 

of 

part icles suspended in the vater column. DF-SPM, on the other . 
hand, is a temporally integrated measure of the total downward 

flux of suspended particles in the vater column. Both SPM and 

DP'-SPM may be considered as measures of turbidity and/or bottom 
. 

,instablity. Note, that, it is ~heorFtically possible to measure 

low D1"-SPM rates even though the water column may have, high SPM 

concentrations. Sediment trapa measure roughly only the 

downvard movement of particles which may only be a small 

percentage of the total SPM in the water column. l t is 

suggested that SPM may be the more meaningful index of stress 
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on corals, since it reflects the total concentration of 

suspended particles in the water colu~n. 

It is suggested that SPM is the main environmental 

variable affecting the growth rates of M. annularis, not only 

because it is involved in smothering and in reduction of 

calcification through reduction of available light for 

zooxanthellae photosynthesis, (Vandermeulen and Muscat ine 

(1974) have demonstrated that decreased 'photosynthesis by 

zooxanthellae caused decrease in calcification of hermatypic 

corals), but also because it may have a positive effect as an 

energy source. For example, Lewis (1976) demonstrated that M. 

annularis can clear surrounding water of particulate matter, 

apparently to satisfy a need for an additional source of energy 

for growth. It has been estimated that the concentrations of 

organic matter necessary for corals to meet their daily 

maintainance requirements is approximately 0.29 mg/C. 

According to Sander (1971) the average concentration of SPM in 

the surface waters at station BRI was 1.11 mg/(, which 

represents 0.33 mg dry~ organic matter/< (Lewis, 1971). Our 

data show that the concentration of organic particulate matter 

has i"creased since 1970 to 2.49 mg/C, while the total 

suspended particulate matter has increased to 5.94 mg/Co 

The question is how have 
, 

growth rates of H. annularis. 

these increases a~ected the 

The answer will depe~ on the 

relative importance of autotrophy to heterotrophy in H. 

annularis, and there is, of course, no a priori reason for 

assuming thBt the relationship betveen coral growth and SPM 

----_.--
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should be 1 inear or even monotonie. , Foster ,(1980) suggested 

that the growth rates of M. aimulliris respond positively to 

light. There was a strong positive relationship (r 2 • 0.56, P < 
~ 

0.002) between growt,h rates of H. annularis and percentage of 

surface illumination in the present study (Table 10) . These 

results sU9gest that the species mey be predominantly 

autotrophie. However, Yonge ( 1963 ), von Hol t and von Hol t . 

(1968), Muscatine and Cernichiari (1969), and Goreau et al. 

(1971) SU9gested that zooxanthellae photosynthesis could only 

supply 1 imi ted amounts of energy for corals and that addi t i onal 

sources are needed to satisfy their basic daily requirements. 

If H. IInnulari S uses the organ ic f ract ion of $PM as food, 

then a pos i tive relationship should exi'st between SPM 

coneent rat ions and M. annularis growth rates over some range of 

the former. However, the present results (Fig. 3) show an 

inverse relationship (r J • 0.79, P < 0.0001) over the range of 

values measured. It is of interest to note that using the 1982 

average coral extension rates on1y in the regression model 

increases the r Z value of the regress10n equation (r 2 -O.99, 

P<O.OOOl). This would indicate that 99' of the variation in the 

coral extension rates is explained by the simple linear 

'" regressibn model based on the SPM concentrations. On the other 

hand, on1y 1\ of the variability in coral extenMon rates can 

be explained by othee factors such as chance and/or other 

var iables that have not been considered. 
",-" 

The results presentttd" 

in Figure 3 indicate that 79\ of the variation in coral 

extension rates is explained by the model, based on SPM 

1 

" 
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rJgure 3. Hontastrea annularis. Regression of H. 
annularis growttr rate (Growth in cm/yr) on total, suspended 
particulate matter concentration (SPM in mg/l). Stations 
are d.!lignated 8S followSl tI BR, 0 SG, ~PV, • St, 

.BRI, l!IGS and @SR. The broken l ines represent the upper 
and lower 95' confidence bands for the regre8~ion line. 

• -



. . 
( 

• 

1 

0.17 

0.71 

p , 

-59-

log Growth Rate = -0.64 log SPM + 0.76 

2 
R= 0.79 N=I4 

0.711 0.77, 0.10 O. as 0.81 0.18 

Log SPM (mg/l) 
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• concentrations, ~leaving 21% to chance or other important 
"-

variables that had not been considered in the model. Therefore, 

the ëquation p~ented in Figure 3 is considered to be a 

conservative (more robust) estimate of .coral extension rates 

based on SPM concentrations. 

To'assess the relatiQoship bètween coral growth and SPM 
~ 

concentrations more fully, we have measured M. annularis 

skeletal extension rates at stat ions BRI ( 1972-1973; 
'. 

1975-1976), BR (1972-1973} and FV (1968-1969), when SPM 

concentrations were monitored by Vezina (1975), Kidd (1978) and 

Sander (1971) respective1y (Table 14). Including the new data 

in the regression analysis (Fig. 4) indicates that the 

relationship between coral extension rates and SPM . 
~oncent rations i5 a second-order polynomial ( r~.O.41, P<O. 005). 

Even thoulgh the. regression is high1y significant the r Z ' 

indicates that only 41' of the coral extension rate v~riation 

is explained by the model based on SPM concentrations. 

However, it il suggested that the. low r Z ref lects the 

mathematical theory beh.ind the regrelsion mOdel" and not 

necelsarily the biological significance of the relatiQnship 

between SPM concentr4tions and coral extenlion rates. App1ying 

simple linear regression to these sa me data resulted in r 2 of 

0.15; indicating that the polynomial model is a better 

estimator of coral extension rates over the range of SaM 

concentration. documented in this Itudy. It is therefore· 

proposed that in environments characterized by clear vater, 

high light intenlity and 'lov SPM concentrations, autotrophy in 
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'l'ablt 1'. Av.rac;t Ikeletal .zt,nlion ra~e. of Mont .. tr •• 
.nnul"rj _ (CIV!'&,) vith c:orr .. ponding SPM concentrations (lIlg/0 
obtaln.d frOli Sand.r (1971), V •• lna (1975) and ltidèl (1978). 
,lrat nuraber. a".rag. value, •• cond nUllber (in par.nth .... ) 1 

standard dtvlation, thlrd nualber. nUilber of ... pl ... 

Station 1' .. 1' 

rv* 'iq' 1969 

rv ** 1972 

1973 

BR ** 1972 

1973 

BRI ** 1972 

1973 

IRI *** 1915 

1976 

loure •• * Sana.r (1'7!), 
** VIllna (1975), 

*** Itldd (1978), 

1""a.. eateftlioa 
l'ate. (GIVJ'l') 

0.87 
/ 

(0.30 ) 
6 

0.76 
(0.26 ) 

8 

0.87 
(0.28 ) 

8 

0.81 
(0.18) 

10 

0.80 
(0.27 ) 

10 

0.9' 
(0.27 ) 

7 

0.81 
(0.29) 

10 

0.93 
(0.28 ) 

10 

0.88 
10.30) 

10 

• 

... 
(Jll/t) 

1.30 
(1.06 ) 

8 

'.12 
(2.96) 

U 

3.90 
(3.71) 

.5 

0.88 
(0.77) 

51 

, 2.78 
(2.22) 

29 
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, 

ri gur. ,. Montast: Cff. annulaci s. Polynomial regress i on 'of 
H. annulac1s growth rate (Growth in cm/yr) on total 
suspended particulate matter (SPM in mg/l). The broken 
lines represent the Upper and lover 95' confidence bands for the regieSBion line. 
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:'11 Growth Rate .0.15 + 0.58I0Il SPM: 0.58 log S~ 
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M. annularis may he re1at-ive1y more important than heterotrophy 

as suggested by roster (1980). Hovever, vith increasing 

eutrophication the corals use the additiona1 organic fraction 

of SPM and skeletal exte~sion rates increase, even though 

slight reduction in calcification (i.e. mass deposition) may 

occur (Oodge and Brass, 1984). At sorne point, presumably 

characteristic of the particular coral species or local gene 

pool, optimal grow~h (skeletal extension) will be attained, 

after which reduction of growth occurs because the negative 

effeet of decreasing light intensity and physical smothering 

outweign the pOSitive effect of SPM as a food source. 
--' 

Coupled with reduced growth rates is also reduction of 

growth variability as indicated by Oodge et al. (1974). -This 

supports the viev that in natural environments (unaffected by 

anthropogenic activities) several facbors may be simultaneously 

âÎfecting coral grovth and consequently grovth rate variation 

may be high. Hôvever, in polluted environments fever factors 

may be having a statistically discernible and biologically 

significant effect on grovth, consequently,~~ro.th rates vary 

les.. lt remaina to be .een whether the observed differences ' 

in growth rates result from selective pressures acting on many ., 
generations, or vhether r.sistance (through reduced grovth) of 

M. annularis can be cau.ed by physiologieal aeclimatization to 

a gradual increase in SPM concentrations over a long time 

perio4. 

The eutrophieation gradient on the west coast is clearly a 

function of increased nutrient 10ading, blst reflected in an 
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increase of .~hytoplankton biomass, as indicated by high 
., 

chlorophy1l a concentrations and in high organic content~ in the 

,ediments. Chlorophyll a concentrations have increased 'by 318% 

since 1969, while SPM concentrations have increased by 555%_ 

This dramatic increase in eutrophication during the past 15 

years i~ clearly reflected in the growth rates of H. annularis, 

as shown by the index master chronologies (Fig_ 2). It 18 

suggested that the reduced growth rates of corals are a direct 

result of increased SPM concentrations brought about by the 

increased eutrophication processes; and that this is evident 

both temporally (1969 to 1982) and spatially along the present 

environmental gra~ient. 
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1 

Ab.t~ct 

~ 
'l'he' sexual reproduction of Porites parites (Pallas), a 

shallow water hermatypic c~ra1, was studied over a one year 

period on three fringiog reef comple~es 1ying a10ng an 

eutrophication gradient on--the west coast of Bap-bados, W. 1. 
/ 

The data suggest the t P. pori tes i s a gonochor ~-c spec ies w i th a" -- 'c, ~ 

brooding mode of reproduction; but a lov incidence (2.7~d of 

hermaphroditism was detécted in a p0l\.ulation sa~pled from a 
, 

reef subjected to' urban and industr~ pollution. Gonadal 

development 'occurs vi thin the mesenteri'es betveen the retractor 
fJ 

muscles and the mesenterial filaments. Gametogenesis occW's 

during nine to ten months of the year, vith the peak 

A • J .. J. 
repro~uct 1 ve 'ac 10 1 Vl tl' 

:.'~,;. 
'\. !-.... + ,~" 

winter (Novemb~~ to January). GametOgen~SiS ~rs ther~:,or'e" 

occurring predominantly in the fall "and 

, 100se1y synchronized between colonies; however, gonads 1:,.,.:--a11 

i' 

, 

stages of deve10pment were present within colonies throughout 

the reproductive season. The reproductive season of tvo P. 

pori tes populationtt sampled from" two polluted reefs began one 

to tvo months earlier then that of a ~. p,0cites population 

sampl'ed from a lees polluted reef. The aimultanfs presence of, 

ova and larvae" wi'th!n', ',. colony- between No~r and April 

,.Ugg .. t~ that larva~ bo re!.aaed repeatedly~;;g an 

extendad br.ading .a~~No correlation va. found betv.'n th. 

average number of gonads and polyp size. Hovever, the 9,onad 

index (average number of gonada baaed on the sum of male and 
"1;1 

female gonada) ahowad an inverse" relationship vith a number of 
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It is suggested that zooxanthellae in 

the maturing ova mer play an important role in the reproductive 

success of P. ,e0rltes. The reduction of zooxanthellae , 
photosynthesis through reduced light levels may significantly 

lower the energy available from photosynthates to the maturing 

--~ ------... ova and/or embryos, thus depressing larval development and 

"\ 

~ 

----' 

maturation. The 2:1 sex ratio observed in a P. pori tes 

population' sampled from a polluted reef may result from rapid 

asexual reproduction (fragmentation),' indicating that the mode 

of reproduction may be influenced by environmental conditions. 
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Introduction 

studies, on the reproductive biology of 

sc1eractinian corals have provided much needed information on 

their sexuality and mode of reproduction (see Fadlallah, 1983, 

for review; Harrison et al., 1983; Harrison et al., 1984; 

Szmant-Froelich, 1984; Harrison, 1985; Willis et al., 1985). 
,,' 

The available information from the Great Barrier Reet Province 

sU9gests that the majority of scleractinian coral specie~ in 

the Pacific region may be either hermaphroditic or gonochoric 

broadcasters (Kojis and Quinn, 1981a, b, 198~; Krupp, 1983; 

Harriott, 1983a; Harrison et al., 1983; Babco'ck, 1984); and 

many may 'undertake mess spàwning episodes (Harrison et al., 

1984; Willis et al., 1985). These data provide a strong case 

,against a previously he1d view that the majority of 

, sc1eractinian coral species are viviparous, i .e. ~hey brood ,. 

their larvae (Myman, 1940; Vaughan and Wells, 1948; Wells, 

1956, 196~; StimsoÎl, 19]6). In contrast to information on 

Pacific corals, availab1e data on the reproductive biology of 

Caribbean scleractinian corals are more scarce. K review of 
~-

previous ostudies of sexua1 reproduction of Caribbean reef 

corals (Wilson, 1888; Duerden, 1902, 1904; Vaughan, 1908, 1909, ... 
1910, 1914; Mavor, 1915; Moorsel, 1980, 1981, 1983; 

Szmant-Proelich, 1984; Wyers, 1984) revealed information on 11 ," 

of the 50 reef building coral 

However, the data show that 

1 

~Cies in Jamaica (WellS, 1913). 

1\ of the 11 coral spe,...9ies are 

11" 
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broodere vhile only seven are broadcasters. Furthermore, the 

mass sPawning phenomena of coral species observed on the Great 

Ba-rrier Reet Province (Willis et al., 1985) has not been 

observed in the Caribbean region. 

llecent "research gn sexual reproduction in scleractinian 

corals has been instrumental in reconsideration of a number of 

hypotheses which attempted to relat:e' " the mode of coral 

reproduction to habitat~timson, 1978), coral morphol~gy 

(RinkeYich and Loya, 1979a) and ecology (Loya, 1976a). Hoveyer, 

1 on1y a fev workers have, attempted to asseS$ the effects of 

anthropogenic activities on coral reproduction (Loya,' 1975, 

1976b; Loya and Rinkevich, 1979) or to provide comparative data 

on natural variability of coral fecundity (Kojis and Quinn, 

1984). Furthermore, most of the se studies have been restricted 

to the effects of oil pollution (Rinkevich and Loya, 1977; Loya 

and Rinkeyich, 1979; Rinkeyich and Loya, 1979c; Peters et al., 

1981) and J thermal stress (Jokiel and Guinthe,r, 1978) on the 
• l'f 

reproductive biology of .the cQrals. Given the high publicity 

of major oil spills, it is perhaps not surprising that 

eutrophication of coastal waters·has feceived less attention, 

eyen. though i t may in the long term pose a more serious threat 
... . 

to many inshore coral reet habitats. Tomascik and Sander 

(1985a) have sugge.ted that the eutrophicat ion gradient a1'ong 

the vest coast of Barbadol, West Indies, is a\~ rtsult of 

______ differe'ltl.al Inputl of d_sUc and, 11JIi1i.t~lal .fbuents, 

ground water di.charge (Lewis, 1985) an! coaltal circulation 

patterns (Emery, 1972). Butrophicat ion processes have been 
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~ 

implicated in the reduction of skeletal extension rates of a 

reef building coral Hontastrea annularis (Tomascik and Sander, 

1985a) • 

. Pori tes porites (Pallas) vas chosen for the study, since 

i t las been considered a dominant coral species on the leeward 
, 

coast of Barbados (Levi s, 1960; Stearn et al., 1977), and 
, 

because li ttle information i s avai lab1e on i ts reproductive 

bi010gy (Duerden, 1902; Goreau et al., 1981). P. pori tes has a 

videL.distribution in the Caribbean region and is found on 'many 

fringing coral reefa, where i t may be one of the most abundant 

species (Geister, 1977). ,Little iB known about the rep:oduct~ve 

biology af P. pori tes, other than that i t may be a gonocho~ic 

spec:ies (Duerden, 1902) and it releases larvae (Duetden, 1902; 

Goreau et al., 1981). Pori tes species often form large beds or 

mounds suggesting that asexual reproduction is common (Glynn, 

,1,973; Highsmith, 1982). 

This paper pres'ents ,.nev data on reproduction in P. 

pori tes, including histologieal observations of gonad 

structure, gonad and larval ~~bundance, and timing and cycle of 

gametogenesis. Three P. porit~B populations, from three 

fringing reefs (Pig. 1) lyin9 alon9 the eutrophicat ion gradient 

on the leevard coast of Barbado., 
~ 

effects of\ ~eut~oPhica~~:'on on the 

reproduction. :~! . ~-
;;\.f 

vere used to comparè the 

above aspects of sexual 

• 
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Plgura 1. ·Map of Barbados, West Indies. Collection sites 
are designated by O. Station abbreviationsl SG - spring 
G.rdens; BRI - Bellairs Research Institute; GS -
Greensleeves. 
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Materials and Methode 

t 

Pori tes pori tes (Pallas) was studied on three fringi ng 

reef complexes on the leeward (West) coast of Barbados, W.I • 
. 

,(Fig. 1). The three fringing reefs lie alQng an eutrophication 

gradient previously 

It was suggested 

described by Tomascik and Sander (1985a). 
1 

(Tomascik and Sander, '1985a) that the 

sou~h-to-north gradient of decreasing nutrient, suspended 
, 

particulate matter (SPM) and ch10rophyl~ a concentrations iS~ 

directly and/or indirectly related to the intensification and, 

acceleration of eutrophication processes resulting from urban, , 

\ agricultural and industrial development on the west coast of 

Barbados. 

The most southern reef (SG) is located in an area that has 

been subjected to chronic pollution over the last 15 years by a 
~ - . 

number of anthropogenic activities (1.'. harbour and flo~~ mill 

construction, rum distillery ~nd power plant effluents). At the 

present, the main source of pollutants is a nutrient enriched 

- ' , 

• 

thermal effluent from an electric power plant (Tomascik and /'-., 

Sander, 1985a) located adjacent to the fringing reef. 
. 

Furthermore, the SG reef~is also affected byan organic rich 

efflue~t from a r~ distillery outfall situated approximately 

900m west of the reef. 

The central ree~ (BRI) is located directly in front of the 

. ' 

/ 
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Bellairs Research Institute, 7km north of the SG reef. The 

surrounding land area has been extensively developed in the 

la st 15 years and is the major tourist center on the west 

coast. The primary pollutants affecting the BRI reef are 

related to domestic effluents and heavy freshwater runoff . . 
during the rainy season (AU~ust - November). The effects of 

~ 

freshwater runoff have beerl intensified in this area through 

man-made modifications of natural drainage streams into major 

storm drains, which empty directly onto most of the frin9ing 

reefs. 

The northern reef (GS) is situated 12 km north of the SG 

reef (Fig. 1), and is considered relatively unpolluted when 

• compared to the two southern reefs (Tomascik land Sander, 
~ 

198~a). The main source of pollutants i~ from freshwater runoff 

during the rainy season. However, qualitative analyses of 

aerial photographs indicated that the' surrounding land area is 
. ) 

more densely, _ covered by vegetat ion than at the two southern 

locations, suggesting that the effects of freshwater runoff may 

be less severe. 

The g~neral morphologieal and ecological characteristics 

of Barbados fringing reefs are described by Lewis (1960), 

Macintyre (1968), Stearn et al. (1977), Scoffin et al. 

(1978), Hah (1984U Hah and Stearn (in press) and Tomascik and 

Sander (19~5b). 
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BnvJronmental measurement. 

Fourteen environmental variables were monitored on'a 

week1y basis, on each study site, from September, 1981, te 

September, ~982. The envi ronmental variables measured during 

the study were dissolved oxygen (DO mg/l), biologieal oxygen 

demand (BOO mg/l), pereentage of surface illumination (PEN %), 

percentage ef organic matter in sediments (ORG %), suspended 

particulate matter (SPM mg/!) , volatile particulate ,matter (VPM 

mg/l), downward flux, of SPM (DF-SPM mg/cmz/day), chlorophyll a 

(Ch1a mg/m 3 ) , inorganic phosphate ~9"'at/t) , 

nitrate-nitrite lanitrogen (N0 3 ... NO z-N l'g-at/l), nitrite (NOa-N 

~g-at/l), ammonia (NH 3 -N ~g-at/l), temperature (OC)" and 

/ salini ty (0/ DO)' Note that both temperature and salini ty were 

moni tored on a monthly basls f rom September 1982 to pJune 1983 

at each study site. Details of sampling procedures, laboratory 

analyses and", stat i stiea1 trea,tment of the environmental data 

are given elsewhere (Tomascik and Sande'r, 1985a). 

Tissue, samples from P. porite~ were obtained on a 

semimonthly hasis from June, ~982, to June, 1983. Sampling 

involvecL breaking d- branch from each ~olony. Because of the 

relatively small. size of P. porites, it was not possible to 
li 

sequentially sample the same colony, and therefore, 10 , 

different colonies were sampled on each sampling day at ~ach ... ~ .. ... 

,," 
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study reef. To reduce possible within-reef variation in coral 

fecundity, all P. pori~s colonies collected were from the spui 

and groove zone a t a depth of 2 to 3m; a11 coral specimens were 

of similar size. The sampling regime was design to minimize 

possible effects of natural environmental gradients (i.e. depth 

or wave action), as well as possible effects of c:olony size on 

the onset of gametogenes i s and gona c:1 abundance 

(Szmant-Froelich, 1985). 

Ail coral specimens were fixed in 10%- formalin" for 24 

hours within a few minutes after collection. TO inGrease the 

,-rate of decalcification, ~ach branch of P. pori tes was split in 

'half with a chisel and decalcified in a solution of equal parts 
,-

of 50% formic acid and 20% sodium citrate (Pearse, 1968; 

Rinkevich a~d Loya, 1979a), which. was changed after six hours. 

After decalci fication, aIl coral tissue samplès were was~d in 

running tap water for six hours and preserved in Bouin's 

solution (Humason, 1972). 

For histological analyses, tissue samples <0.75 to 1.50 

cm 2 ) were taken from mid-branch <Rinkevich and 'Loya, 1979b). 
, 

AIl tissue samples were dehydrated in an ethanol seri~s 
) 

, (Humason, 1972), cleared in toluene and embedded in TissuePrep<t 

The prepared blocks were sectioned hori.zontally" (i .e. parapel 
< 

., to ~surface') at 10l'm t~rOUgh two _r~giOnS of ,the tissu_e 500l'nl 

a~rt. "\ It. ~ber of tlssue samples from eac~ reef had 
~ 

previously been \sectioned to locate tàe region of the polyp 

contain ing reproduc t i've material. Thus, two slides wi th .five 

to eight ser ia1 cross sections each 
. 

were prepared from each 

• V 
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tissue sample.· AlI-tissue sections vere stained with Harris 

hematoxyl in (progressive method; 40 sec. l and counterstained 

vith eosin (3 min.). For the quantitative analyses two cross 

sections (one from each slidel vere chosen randomly. Maximum 

egg diameters vere measured vi th a calibra ted ocular . 

micrometer. 

The relative size of coral polyps vas indirectly estimated 

by count ing the number of polyps in a 0.25 cm l square hole 

placed under the slide c.ontaining a tissue cross section from 

the tentacular region of the polyps. The relative size index 

thus obtained was expressed as the number*of pOlyps per 0.25 

cm 2 of tissue. l t has been demonstrated that the onset of 

gametogenesis i certain coral species is dependent on tqe 

number of polyps per colony, and the abundance of gametes seems 

to depend on colony size (Kojis and Quinn, 1984; 

Szmant-P'roelich, 1985). Therefore, the gonad and larval 

abundances per polyp vere transformed to abundance per 0.25 cm l 

of coral tissue, as sU9gested by Kojis a(ld Quinn (1984). A11 
J 

tissue sections vere examined under Il compound light 

microscope, and a system of three sequential developmental 

stage., for spermaries and oocytes, was used to quantify the . 
histologieal ,.c>bservations of gametogenesis. - - - Note that no 

attempt was made to monitor gamete release, larvd release or 

larval settlement (recrui talent). 
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Environmental data. Temperature and salinity data were 
• 

collected at each reef from September, 1981, to June, 1983. 

The tempèrature data lIere transfo~med (Ji+l; X ~> temperature 

in 'C) and tested for the basic assumptions of homogeneity of 

variance (Fmax test; Zar, 1984) and normali ty (Kolmogorov test; 
\ 

Ray, 19828). Sinee the null hypothesis of normality and 

homogeneity of variance vere aeeepted (P < 0.05) differences in 

average temperatures among the three reefs were tested by 

one-"'ay .\NOVA (Ray, 1982b). Spec i fic among reef di fferences 

were determined using the Tukey' 5 studentized range (HSp) test 

(et P < 0.05 level). Since a number of transformations were 

unsuccessful in normalizing the salini ty data, the di f ferences 

among the three reefs were determined by one-~ ANOVA based on 

normalized rank scores (Blom technique; Ray, 1982b). The 
") 

results of normality (Kolmogorov statistic) and homoq~neity of 

variance (Fmax) tests on ~he normalized rank scores indicated 

no violations of the above assomptions. Parametrie one-way 

AMOVA appl ied to normalized rank scores is equi valent to -the 

Kruskal- Wallis R-sample test, and the F-test generated by the 

parametr ic procedure on ranks i s often superior to the 

chi-squared approximation used by Rruskal-Wallis (Ray, 1982b). 

Spec ific differences were determined by the Tukey' 8 test. 

\ 
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Reproduction. prior to statist.ical analyses, a11 data sets 

~ere transformed 4(i+m ) and test~d for ,the basic assumptions 

of normality (Kolmogorov statistic; normal probability plots) 

and homogeneity of variance (Fmax test). With the exception of 

the data sets containing the 
-­. ~ 

polyp size index and larval 

abundance, the null hypot~eses of normality and homogeneity of 
~ t 

variance vere accepted (P < 0.05) for all transformed data. 

A tvo-way ANOVA, using the General Linear Model (GLM) 

procedure for unbalanced design (Ray, 1982b), was used to test 

three null hypotheses; 1) H.: There are no di fferences in the 

average gonad index among the three reefs; 2) H.: There is no 

temporal variability in the average gonad ~index; and 3) H,: 

There is no interaction of reef ~ocation and time of the year 

on gonad index. Sinee the aim of the tvo-vay ..AH~!{~ was to 

demonstrate possible effeçts of eutrophication on the 

reproductive potential of P. pori tes colonies in reproductive 

state, coral colonies vhich did not contain reproduct ive 

material vere excluded from this analysis. Hovever, the null 
. 

hypothesis that the relative freQuencies of colonieS in 

reproductive state are independent of location (i.e. reef) vas 

tested uling the 3 x 2 contingency table (Zar, 1984). Temporal 

variability in gonad index et each study reef was tested uling 

~parametric 

sampled in 

"ere used. 

one-vay ANOVA. In thi. analysis, al1 colonies 

each month (i.e. reproducing and non-reproducing) 
t 

Wh.re ANOVA indicated discernible differences, a 

multiple comparieon of means (at the P < 0.05 level) vas 

carried out using the Tukey's studentized range (HSD) test. A 

• 
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nonperametric ANOVA (Wileoxon 2-sample test; chi-square 

approximation) was performed to test the null hypothesis that 

there vere no differenees in the average number of larvae among 

the three reefa. In thia procedure samples not ·containing 

larvae were exeluded trom the an41yais. Ç,hi-square analysis 

vaa used to determine sex ratios among the coral colonies 

vithin each reef. To determine whether there were 

statistically discernible differenees in polyp Bize index among 

the three reefs, one-vay ANOVA vas performed on the normali%ed 

rank scores and specific among reef differences vere determined 

b~ the Tukey's test • 
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Tomascik and Sander (1985a) demonstrated statistically 

discernible diff~rences amorig the three~ reefs for a number of 

environmental variables. In general, statistically higher 
-nutrient concentrations (i.e. ,o.-p; NO,+NO,-N; NO,-N; NH~-N) 

were measured at the SG reêf than at the BRI or GS reefs. SPM 

concentrations, BOO levels and ORG' vere statistically higher, 

while PBH' vas statistically lover at the SG reef then et the 
'~ 

two northern reefs BRI and GS. The only statistically 

discernible differences between the BRI and GS reefs vere for 

PBH', vhich was higher at the GS reef, and chlorophyll a 

concentrations, vhich v~e; at the GS reef (Tomascik and 

Sander, 1985a). 

Statiltically higher temp4ratur •• (P<O.05) vere meesured 
, 

at the SG reet ( 1 • 28.56 t 1.11, N • 57) then at the BRI reef 

i · 2~.e9 t 0.93; N • 57) and the GS reef ( i · 27.82 t 0.91; 

N • 57). Temperature differences bat"een BRI and GS reefs vere 

not stati.tically di.cernible. High •• t te.paratures generally 

occurred in September - November and gradually declined until 
, 

Pebruary/Harch (Pig. 2). Salinitie. recorded at the SG reef ( ! 

• 32.26 9 1.67, N • 56) vere sta~i.tically lover (P < 0.05) 

then et the BRI reet (f. 33.'7 ~ l~ll, N. 5.) or at the GS 

reef ( 1 • 33.35 ~ 1.2.,~N • 
; , . , 
\1> 

56). Hov.ver, th.r, "er~- no 

, .. ; 
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Pigure 2. Yearly temperature ('C) 
BRI and SG collection sites from 
1983." • 

fluctuations at the GS, 
September 1981 to June 
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statistically discernible salinity differences between the BRI 
\ \ 

~S . reef,. Highest salinities occurred ~n \IJanuary and \ 

/ pro~res.ively declined until June/July (Fig. 3). Seasonal 

patterns of salinity and temperature fluctuations were more 

similar between the BRI and GS reefs than betveen these reefs 
<II 

and the SG reef (Fig. 2, 3). These salinity and tem~rature 

differences can he attributed to the effects of thermal , 
effluent released onto the back reef zone of the SG reef. 

~ ReproductI"e .tr.teg~ 

porites porites is gonochoric; i ..... e. each colony was either 

male or female. Hermaphroditism was detected in only ten 

colonies (2.7 \) ; and aIl of these vere from the SG reef. Nine 

of the hermaphrodi t ic colonies were predominantly male, "i th 

one te three ovaries, vhi le one colony wal predominantly female 

vith one testil, containing three spermaries. Both testes ahd 

• ovaries develop vithin the mesenteries betveen the retractor 

mUlcle and the melenterial filaments. Teltel ulually conlist of 

one to lix spermariel, each spermary is separated from the 

other. by a thin membrane probably of melogleal origine The 

ovaries usually contain one ovum at maturation, vhich is 

surrounded by a thick endodermel layer during early oogenesil. 

Of the 620 c~lonie. lampled throughout the year, 366 vere in 

reproductive stat .. , Le. contained lome reproductive material. 

The lex ratio of colonie. wa. III at the BRI and GS reefl, 

but 211 in ~aYour of mal •• at the SG reef (Table 1; XI-3.57, P 
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l'lIUre 3. tearly saUni ty ('/ .. ) fluctuatiQns et the GS, 
BRI and SG collection sites from September'1981 to June 
1983. 
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!'abll 1. Pori tes parites. Chi -square analysis testing the 
nul;l hypothests, H,I The s.a .. pled population of P. porites from 
tl'" three reefs has a 1:1 sex ratio. Obsefyed frequencies are 
l1sted, vi th the frequencies predicted by H. in pare'ntheses. 
M indicates nuaber of colonies. 

... f Mali 

SG 83 57 
(68.5) (68.5) 

BRI 55 64 
( 59 .5) (59.5) 

GS 50 60 
(55.0) (55.0) 

* Statistically significant 
Total of Xa 

Pooled 1 2 188 
(184.5) 

Heterogeneity x 2 

181 
(184.5) 

• 
137 

ll9 / 

llO 

369 

5.00* 

0.68 

0.91 

6.59 

0.1"3 

1 

l 

1 

3 

l 

6.46 2 
,O.025<P<O.05 . 

/ 

" 

-



1 

! ' 

l 

• '4' 

-96-

(Xl) < 0.05). ,The'probability that the samples collected at 

the three reefs came from more than one population is further 

supported by the results 01 the heterogene i ty chi-square 

analyds (Zar, 1984); (Table 1). 

Oogenesis. Oocyte development lias character i zed by theee 

developmental stages separable by histologieal characteristics 

and relative size of, the oocytes. The stages identified lIere, 

Stage 1: early stage of oocyte development; Stage II: oocytes 

undergoing vitellogenesis; and Stage III: mature ova. 

Stage 1 oocytes (Fig. 4a) vere found in the mesoglea of 

the mesenteries and vere distinguished by small size ( < 70"m) 

and' large nucl'" (4-16 ~m). Each immature ovary conta ined one 

oocyte; but in a fe" cases, tliO oocytes vere present (Fig. 4b). 

Since the mature ovaries contained one mature ovum, any 

addi t ion81 . oocytes present during the early developmenta1 

stages are presumably resorbed during maturation of the 

successful oocyte (Rinkevich and Loya, 1979a; Harriot, 1983a, 
.. 

b; Stoddart and Black, 1985). The slll411est oocytes, ovoid in 

shape.", were approx imatelj lOl'm in diameter and cons isted mostly 

of nuclei which contain·ed distinct nucleoli. Dudng this phase 

there was very littl! cytoplasm present. Subsequent changes of 

Stage 1 oocytes involved an increase of cytoplasm vhich was 

packed 'Ii th clear vacuolated granules. This stage i s 

characterized by an intense RNA synthesis (Giese and Pearse, 

~ 
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• 

Figure • a-t. Porites parites. Photomicrographs of 
histological tissue cross secti~ns showing structure of 
female gonads and the sequence of oogenesi s. (a) Stage l 
oocyte located in the mesenter ral endoderm; (b) Stage l -
two oocytes loc8ted in the same mesentery, not~ the absence 
of zooxanthellae in the mesenterial endoderm; (c-d) Stage 
II oocytes loc~ted in the mesenterial ~eso91ea. Mesenterial 
endoqerm contalns numerous zooxanthellae. Yolk granules are 
apparent, but not differentiated. (e-f) Stage III - mature 
ova heavily impregnated vith zooxanthellae. Note the dented 
struct ure Qf the nucleus and relat i ve posi t ion of the 
nucleolus. Yolk granules are clearly differentiated from 

'other ooplasmic material. Mature ova surrounded by thin 
e9g membrane. Scale ba,ra are in l'lII units. Abbreviations: 0 
- oocyte; Mf - mesenterial filament; Rm - retractor muséle: 
En - endoderm; Ms - mesogles; N - nucleus; Nu - nucleolus; 
Z - zooxanthellae 1 Y - yol k granules. 
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1974), vhich vas reflected in strongly basophilic cytoplasm 

that stained deep blue vith Harris hematoxylin. Note that the 

endoderm of the mesentery surrounding the Stage l oocytes did 

not contain zooxanthellae. There vere no observable . 
histological dltlerences in the structure of the Stage l 

oocytes among the three reefs. 

Stage II oocytes (Fig. 4c) undergo~g vi tellogenesi s vere 

differentiated from the earlier Stage l oocytes by an eosin 

positive cytoplasm, which conta ined numerous cytoplasmic 

granules. The nuciei cont inued to enlarge during the 

vitellogensis, untii they vere approximately 30 to 50~m in 

diameter. During this phase, the ovaries contained one oocyte 

only (70 - 280~m in diameter). The cytoplasm of the smallest 

Stage II oocytes (70 lOOp.lJl) contained mostly clear 

cytoplasmic granules, vith only a fev pink staining yolk 

granules present. Large-r' Stage II oocytes (100 - 280~) vere 

characterized by a large number of YOU) granules in the 

cytoplasm (Fig. 'dl. Hovever, the yolk g~anules at this stage 

of vitellogenesis vere not elearly delineated. Furthermore, the 

mesenterial endoderm surrounding the late STAGE II oocytes vas 
) 

impregnated vith numerous zooxenthellae (Fig.4d); but 

zooxantbellae vere not observed in the ooplasm. 
.J 

Stage III oocytes (Fig. 4e) vere considered mature ova 

vi th a diameter of 280/'901'ltl. The nucIei, approximately 30 to 

50~ in diameter, have migrated tovards the periphery of the 

ova and become characteristically dented at one side. The 

nueleoli vere present and vere usually loeated in the proximity 
, 

... 1 
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of the nuclear dent (Fig. 4f). The ooplasm contained distinct 

and deep staining ~olk granules. Mesenterial endoderm 

surrounding the smaller Stage III oocytes (280~~) vas heavi1y 

impregnated vith zooxanthellae; hovever, ~,I the oocytes 

matured, the endodermal layer became progressively thinner and 

the ~ooxanthellae migrated into the ooplasm of the mature ove 
..,.--

(Fig. 4f). Thus, in P. porites, impregnation of maturè ova by 

zooxanthellae 5eems to occur before fertilization. 

Sperutogene,J, 

, 
Three distinct stages of sperm development vere identified 

based on the histological characteristics of the spermatocytes 

and spe rma ri es • The earliest stages of P. pori tes 

spermatogenesis occurred in the svollen portion of mesenterial 

endoderm between the retractor muscles and the mesenterial 

filaments (Fig. Sa). Hovever, vith the technique used, it vas 

not possible to identify the cella, vhich may range from 
"-

interstitiel ge~m cells to secondary spermatocytes (Giese and 

Pearse, 197'; Miller, 1983). In the later phase of development 

(Stage 1) the spermatocytes vere a~gregated in clusters 

(spermaries), vhich vere aurrounded by me.ogleal 1ining (Fig. 

Sb). The number of spermaries varied, usually vith two to six 

spermaries per testes. The spermatocytes at this stage of 

development v~_ large, deep staining and evenly distributed . 
throughout the spermaries. The mesenterial endoderm Burrounding 

the teates did not contain zooxanthellae throughout the 

• 
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j 

rlgure 5 .-f. Pori tes pori tes. Photomicrograp~s of 
histologieal tissue cross sections shoving structure of 
male 90nads an~ the s.quence of spermatogenesis. (a) Stage 
1 - spermatocy es are located in the mesenterial endoderm, 
note the abs ce of zooxanthellae; (b) Stage 1 - early 
developmenta stage of three spermaries contained by a 
single mese erYl (c) Stage II - sit spermaries in a single 
mesentery, ote a~l spermaries are at the sa_e stage of 
development (d) Stage II - single spermary illustrating 
the presen of maturing spermatozoa in the central region~ 
vith spermatocytes located towards the periphery, and the 
hollow central cavity. (e) Stage III - two spermaries 
paeked vith mature .permatozoa, note the absence of 
mesogleal liningl (f) Stage III - mature spermatozoa being 
relealed from a mature spermary into the coelenteron, note 
the conical shape of mature sperms. Scale bars are in ~ 
units. AbbreviationsJ Mf- - mesenterial fila.ent; Rm) -
retractor muscie, ln endoderm, Ms mesog~eal Spr 
spermatocytes, S - mature spermatozoa. 
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sper .. togen •• is. 

In stage II (Pig.Sc), the spermatocytes were located in 

the periphery of the spermaries and resembled the spermatocytes 

of Stage 1. The central area of the spermaries was filled with , 
• much s .. ller spermatozoa (Pig. Sd) with a distinct, seemingly 

hollov spece in the center of the spermaries. JO stage III 

(Fig. 5e), the spermaries vere denselr packed with mature 

spermatozoa, and the mesogleal lining surrounding the mature 

testes was either much reduced or absent. The mature 

spermatozoa vere conieal in Shape and eontained a large 

triangular nucleus which wal located at the tip of the cone 

(p1'g. 5f) • 

. 
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Tbe earlielt embryos detected 

their staining properties. Hovever, 

outer layer of the embryos wal more 1 

clearly delineatèd from the inner yo 

in 

mature ova, the 

rough and not 

(Fig.6a). In 

.ubsequent stages of developme~, the embryos had a distinct 

outer layer of columnar epitheli~l ce1ls, impregnated vith 

nematoc:ysts (.1"ig. 6b), that resembled the ectodermel layer of 

mature larvae. It has been suggested that gastrulation in 

enidarian embryol takel place by multipo1ar d.lamination 

(~ampbell, 1974), hov.ver, this procesl is difficult to 

observ •• 1"1g. 6c indicates tvo possible eleavage planes of the 

inner yolky layer, vhich may represent early stages of 

mesenter ia1 dit ferent iat i·on. Subs.quent stages of development 

involve formation of oral pore and Itomodeum, vhich appears to 

form by ectodermel invagination (Fig. 6b) and the development 

of mesentaries (1"ig. 6d). A cross section through a nearly 

mature larva (Pig. 6e) indicatel weIl deve10ped ectoderme1, 

endodermel and me.ogl.a1 lay.r," al well a. th. presence of 

dev.loping •••• nteri.. that project into the coelenteron • 

• Zoo.anthella. vere abs.nt from the ectodermel layer. Ciliated 

larvae vere not ob.erved, indicating 

lub •• quent to the appearanee of larvae 

mesenteri... The larg •• t larv.. .ealuted 

rapid development 

vith.....11 developed 

in this study vere~·) , i: " ,) 

dla .. ter), vhile the amalleat e.orfol vete 

approlimately 500~, and thus very si_llar ln .ize to mature 
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rigure 6 .-f . . Porlte. porite.. Photomicrographs of 
~i8tological tissue cross sections shoving various stages 
01 larvel development. (a) Barly polt fertilization stage 
gastrula, note prelence of folk granules, zooxanthellà. and 
the irregular surface, (b) Differentiation of the 
ectodermel layer, note the ab.ence of zooxanthellae. 
Oevelopment of stomodeum indicated by invagination of 
ectodermel layer; (c) Larva viëb tvo poslible cleavage 
planes jn the central mess, (d) Me.enterial and stomodeum 
development indicated, note the distinct ectodermel layer 
of coluanar epithelial celll, (e) Larva near maturation 
shoving disti~ct ectodermel and endodermel layers and 
coalenteron, (f) Larva vith vell aeveloped mesenteries and 
coelenteton. Scala bars are in pm units. Abbreviations. !n 
- endoder., Be· - ectoder., Ms - me80glea, Me. - mesentery, 
Z ~ zooxanthell •• , St - sto.odeua, Cl - cleavage plane, Y -
yolk granule., C - coelenteron. 
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ova.'The presence of larvae in colonies containing aIl stages 

of oocyte dev.lopment i~dicates that larvae may develop and be 

released continuously during the peak reproductive period of 

November to Pebruary. 

It ls of interest to note that Stoddart (1983; 1984), 

using an electrophoretic technique, has demonstrated that 

production of larvae in Pocillopora aamicornis (Linnaeus) may 

occur through ,et unknovn asexual processes. Stoddart and 

Black (1985) furbher point out that in P. aamlcornis, the 

developmental pathvay leading to brood.d larvae remains 

equivocal, since a developmental link betveen the gametes ,and 

larvae hal not been demonstrated. In this study, the presence 

of large amounts of yolky material in the early embryonic 

stages of Pori tes pori tes strongly suggests a link between 

larval production and sexual reproduction. 

,) 
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The sequence of gametogenesis and larval appearanee at the 

three reefa vas eompared by plotting the average relative 

frequeneies of eaeh deve10pmental stage over eaeh month of the 

year (Fig. 7). This type of ëomparison is qualitative, in 

that, the average abundance of each stage at the three reefs is 

not apparent. None of the coral colonies col1ected from the 

three reefa at the end of June, 1982, contained reproductive 

material. Therefore, it vas surprising to find a high 

percentage of Stage 1 and II oocytes and spermaries in 

Ju1y/August, 1982, at the SG and BRI reefa (Fi9. 7). From Juiy 

to September the relative frequeney of Stage 1 oocytes and 

spermaries increased, vhile Stage II and III oocytes and 

spermaries decreased at both SG and BRI reefs. Gametogenesis 

et the northern unpolluted reef GS lagged one to tvo months 

behind that at the SG and BRI reefl. 

Oogenesi. at the GS reef waB initiated approximately one 

month before spermatogenesis. Colonies colleeted during August 

at the GS reef eontained predominantly Stage 1 oocytes, vith 

fev Stage II and III oocytes; hovever, none of the colonies 

collected contained teltel. Spermatogenesis at the GS reef vas 

most likely initiated in early September, since all male 

colonies collected in September contained only Stage 1 

spermaries (Fig.?). From November, 1982, to January, 1983, 

Stage III spermaries vere mOlt abundant, indicating that the 

<." 

/ 

~ 
l 
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~ 
/ 

Pigure 7. Porites porltes. Temporal changes in the 
relative frequencies of the three developmental . stages of 
spermatocytes and oocytes, percentage of colonies 
containing laryae, and 'the average number of larvae per 
O.25cm 1 of tissue at the three study reefl GS, BRI and SG. 
Bars for the average number of larvae indicate standard 
deviations. 
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release of spermatozoa most, likely occurred during these 

months. With the exception of SG r~ef, male colonies collected . 

betveen Febru~ry and March c~ntained mostly Stage 1 spermaries. 

At the SG reef, there vas a slight peak in the relative 

frequency of Stage III spermaries during April. 

On aIl reefs, as the Stage 1 and II oocyte frequencies 

decreased from September to May, Stage III oocyte frequencies 

gradually increased until April May. Depressing the 

production of nev primary oocytes during the late stages of the 

reproductive cycle, mey make more energy available for the 

maturing ova already present. 

In summary, gametogenesis appears to be loosely 

synchronized, vith matu!e ova and spermatozoa being present in 

most months, but the decrease in early developmental stages of 

oocytes and spermaries being accompanied by an increase in the 

relative frequencies of mature stages. 

Larvae, at the 

in October; but in 

SG and BRI reefs (Fig. 7), first appeared 

only a fev colonies an~ in lov numbers. ln 

contrast, larvae et the GS reef appeared in November, one month 

latee than at the BRI and SG reefs (Fig. 7). From November the 

average abundanae of larvae in the tissue cross sections 

gradually increased, and reached a peak during rebruary. 

l' 
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a.productJ •• • ctJ.Jt~ 

The most videly used quantitative method for estimating 

reproductive activity in marine benthic invertebrates is the 

gonad index (Giese and Pearse, 1974). In the present study 

gonad index is expressed as the average number of gonads pee 

O.25cm 2 of coral tissue (based on the sum of all male and 

fernele gonads). The gonad index was used to quantify the 

reproductive activity of P. pori tes, and to relate the 

reproductive activity of P. pori tes to environmental conditions 

(Table ê). The average gonad index increased from the SG ceef 

in a northerly direction towards the BRI and GS reefs by 12.5 % 

and 38.1' respectively. Spatial and temporal differences in 

the average gonad indices of P. pori tes were statistically 

discernible (tvo-way ANOVA; Table 3). Average gonad index at 

the GS ceef was statistically higher than at the SG ~nd BRI 

reefs (Tukey's studentized range test; Table 2 and 3). There 

vere no statistically discernible differences in the average 

gonad index betveen the SG and BRI reefs. lb~ average gonad , . 
index had a significant temporal variabiiity (P < 0.0001), 

suggesting strong aeasonal patterns. Furthermore, the strong 

interaction effect (Table 3) suggests, that the average gonad \ 

index during the reproductive cycle is strongly dependent on 

both the time of year and the location (~.e. reef). Since'all 

P. pori tes colonies .vere collected from similar ecological 

zones (spur and groove), similar depth 

similar size, the strong interaction 

ANOVA (Table 3) 

(2 - 3m) and.all vere of 
~. 

eff~,n ~~e two-vay 
\ 1 .., 

, 
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!'able 2. Porites porite5. The average gonad index of P. 
parites (sua of male and fe .. le gonads) at tbe t~ee study 
reefl and the y.arly means for temperature (Temp 'e), saUni ty 
(SaI '/ •• ), sUlpended particulate matter (SPM mg/I), 
chlorophyll a (Chla mg/m 3 ) and percentage of surface 
illumination (Pen \). Pirst numberl average values; second 
number (in parentheses),' standard deviation; third nunbers 

'sample size. 

... r Gonad 
Inde. 

SG 5.48 28.56 32.3 
(5.22) (1.11) (1.7) 
137 57 56 ' 

BRI 6.26 27.89 33.5 
(6.65) (0.94' (1.1 ) 
119 57 54 

GS 8.85 27.82 33.4 
(8.51) (0.91 ) (1.2) 
110 57 56 

------, ---___ --- 1) ,-

SPM 
(lIg/l) 

7.32 
(2.86 ) 

46 

5.94 . 
(3.41 ) 

44 

5.21 
(3.29) 

'4 

Chla 
(-va') 

0.895 
'(0.406) 

46 

0.799 
(o •• 70) 

46 

0.546 
(0.270) 

46 

Pen 
(\) 

28.82 
Cl1.84) 

28 

34.52 
(7.32 ) 

28 

40.45 
( 8.43 ) 

28 

i 
1 
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'!'abl. 3. Pori te. pori tes. Parametric tvo-vay ANOVA of the 
average gonad indices for P. porjtes at the SG, BRI and GS 
reef S over time. 

, /--' 

t', / 
/ 

1 

Sourc. Il 4f .. , .alue PR>r 

., 

Model 32.726 31 1.056 12.41 0.0001 

!rror 28.411 334 0.085 

Total 61.137 365 

, Reef 0.653 2 ,.1 0.327 3.84 0.02 

Time 26.539 10 2.65' 31.20 0.0001 

Reef X Time 5.53' 19 0.291 3.42 0.0001 

• 
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sU9gests that the observed differences in the average gonad 

indices were closely related to the environmental differences 

that exist among the three reefs (Tomascik and Sander'1198Sa). 

The probabili ty that the observed di f ferences in the averagê 

• gonad indices vere related to the environmental differences 

betveen the reefs vas further supported by the resul ts of the 3 
-

X 2 contingency table, using chi-square statistic (Zar, 1984), 

which rejected the null hypothesis that reproductive state of 
.. 

P. pori tes vas independ~_~t of QI location (Table 4). Hovever, it 

should be noted that the differences in the average gonad 

indices among the three P. pori tes populations mey be also 

related to local genetic variabi 1 i ty. 

Sinee the re1ease of larvae was not quantified or 

observed, the potentiel reproductive sucéess of P. parites may 

be approx imated by the average number of larvae in the tissue 

cross sect ions. The results 

demonstrated that the average 

sectiôn at the northern reef GS 

statistically higher (P < 0.0002) 

:± O.,; N • 54) and the BRI reef 

of the 

number of 

(i • 1.2 

than at 

(i • 0.4 

nonparametr ic ANOVA 

Larvee per tissue 

± 2.1; N • 
J 

60 ~ was 

the SG reef ~i • 0.1 

± 1.1; N ., 64; P < 

0.00'). There vere no statistically diseernible differenees 

betveen the SG and BRI reefs (P > 0.370). In summary, even 

though the reproductive season at the SG and BRI reefs is one 

to tvo months longer than et the GS raef, the potent ia1 

reproductive output (reflected br the average number of larvae 

per tissue BectiQA) -vas lover. Rowever, the narrow larval peak 

at the two southern reefs (BRI and SG) also Buggests a Budden 

" 

• 2Q2 
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'lUl •• ; Porlt •• porIt... A 3 X 2 contingencl' table for 
t •• ting the independence of the reproductive state of P. 
porit •• and location. Colonies in reproductive state conta in 
gonada. 

r.oc:ation .0. of coloni .. 
C ... f) vith gou4. 

SG 137 

.0. of coloni.. Total 

.i thout 90u48 

73 210 

BRI - 119 . 81 200· Ç7 
GS 110 100 210 

~ . 
;~;;ï----------366-----------------2;;-----------6;O---------- . 

, la • 7.20 
y • 2 
1 2 

•••• , 2 • \ 5. 99 

0.025 < P < 0.05 

--_.-,. 

1 

\ 
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larval release (Fig. 7). In contrast, the broader larval peak 

at the northern reef GS (Fig. 7) indicates longer larval 

release period, folloved by a sudden drop in April. 

Fi9. Ba clearly demonstra/es that P. porites colonies at 
/ 

the SG reef contain ,gonad. throughout the year, vith the 

exception of June. The percentage of colonies containing gonads 

increesed from July to December and remained high until May. 

, The sharp decline of colonies in a reproductive state in March 

was perhaps a result of sampling, since coral colonies 

colleeted in April eontained gonads in aIl stages of 

development. Reproductive activity af the SG reef showed a well 

defined seasonal cycle, vith peak reproductive activity (i.e. 

number of gonads per tissue section) occurring between October 

and January followed by a decline, even though the percentage 

of colonies with gonads remained high (Fig. 8a,b). The results 

of the one-vay ANOVA indicated significant temporal variability 

for the average gonad index at the 

resulte of Tutey's test indicatea no . 
ditferences in the average gonad ind 

of high'reproductive 

(Table 5). The 

discernible 

four months 

as vell as 

February and April, hoveNer, the average gonad indices betveen 

November and January vere statiltically dilcernible (at the 

P<O.05 level) from other monthl (Table 5). 

Seasonal variability in the average gonad index at the BRI 

reef was similar to the SG re~f. Fig. 9a indicates that 

colonies of P. pori te. at the BRI reef were reproductively 

active throughout the year, hovavar, the peak reproductive 
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rlgurl 8. Parites parites. ,Reproductive activity over a 
single breeding season for the population of P. porites 
collecl:ed at the SG reef. .) ahowing that c:ol'onies in 
reproductive state are present during 11 monthl of the 
year; b) showing that peak reproductive activity (expressed 
as the number ofl gonads pel' ~hsu. section) occurs betw.en 
November and January. • 
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tabl. Il. PorJt •• por1t ••• A On~-way ANOVA and Tukey' • 
• tudentiled range (HSD) teit for the average gonad index of P. 
por-it •• et the SG reef et different times of the year. Line. 
connecting dUfer.nt lIIonths indicate no statist ically 
dilcernible diUerences (et least et the P < 0.05 leve1). 

loure. 'I .. df .. r value Pa > r 

, 
Madel 13.858 10 1.386\ 12.53 0.0001 

Brror 19.799 179 0.111 

Total 33.657 189 

'''.7'. t •• ~, 
\ 

.. 
JtontIJ. 

Dec Jan Nov Apr Oct rab May Mar Sept Aug Ju1y ---------.... -----------_.-.--- -------------------------
-----------------------------

--

'. 

\ 
1 
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Figure 9. Porites pori tes. Reproductive activity over a 
single breeding lea80n for the population of P. porit-.,s 
collected at the BRI reef •• ) shoving that colonies in 
reproductive state are present during 11 months of the 
yeer; b) shoving that peak rèproductive activity (expressed 
as the number of gonada per ti esue sect ion) occurs between 
November and January. 
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peri~ vas more clearly defined (Fig. 9b) than at the SG reef. 

The average gonad index increased from July and peaked between 
.' ., 

November and January. The resul t s of the one-vay ANOVA 

indicated signi f icant seasonal var iabili ty (Table 6), while the 

resul ts of the Tukey' s test showed that the average gonad 

indices betveen November and January vere stat i stically 

discernible from other months (Table 6). 

The seasonal variability in the average gonad index at the 

GS reef, vith few exceptions, was similar to the tvo southern 

reefs SG and BRI. However, unlike at the two southern reefs, 

coral colonies in reproductive state vere first observed in 

August, and represented 5% of the sampled populatiQn (Fig. 10a) 
-----~ -' 

compared to 35% and 45' at the SG and BRI reefs respectively. 

The percentage of colonies in reproductive ,state increased to 

100' 

10a) • 

in December - January 
~ 

The average gonad 

and subsequently declined (Fig. 

index at the GS 

gradually f rom August to December (Fig. lOb). 
< 

the one-vay ANOVA indicated that the seasonal 

reef increased 

The results of 1 
variabili~ 

the average gonad index at the GS reef was sign i ficant (Table 

7). Reproductive activity between November and January was 

statistically discernible from the other months of the year 

(Fig. lOb; Table 7), vith the exception of March (Tukey's 

test) • 
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ftbl. 1. porHes pori tes. A one-vay ANOVA and Tukey's 
studentized range (HSD) test for the average gonad index of P. 
porHes at the BRI reef at different times of the year. Lines 
C!onnecting different months indicate no statistically 
discernible differences (at 1east et the P < 0.05 level). 

Sourc. SS df MS P value PR > r 

Model 25.010 10 2.500 34.73 0.0001 

Error 12.170 168 0.072 

Total 37.180 179 

TIÜ·I'· te.t. 

Jlonth. 
<\ 

Dec Jan Nov Peb Oct Sept May Aug Mar Apr Ju1y ----------._- ----_.-._--------------------- , ---------------------.. --------b 

» • c 

-
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Pigure 10. Porites porites. Reproductive activity over a 
single tv'eeding sesson for the populat ion of P. pori tes 
collecjlllf1l at the GS reef. .) showing that colonies' in 
repr~uctive state are present during 10 months of the 
year; b) showing that peak reproductive activi ty (expressed 
as the number of gonada per tissue section) occurs between 
November and January. 

,'. 
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'!'able 7. Porites porites. A one-vay' .\HOVA and Tukey' s -
studentized range (HSD) test for the average gonad index of P. 
porites at the GS reef at different times of the year. Lines 
connecting different months indicate no statistically 
discernible differences (at least at the P < 0.05 level), 

"\ 

Sourc. SS 4f r •• lue PR ", r 

~ 
Model 33.202 10 3.320 > 31.11 0.0001" , 

'~ 

19.105 179 0.107 
, 

Error 

Total 52.307 189 " 

Dec Nov Jan' Mar Oct 'eb Sept May Apr Aug July 
------------- ------------- -----------------------~- .. 

.. 

, 
>, , 
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~ 

The results of one-vay ANOVA (Table 8) based on the 

norma1ized rank scores (Ray, 1982b) indicated signifi~ant 

differences (P < 0.0001) for the ~verage number of polyps per 

0.25 cm 2 of tissue (i.e. polyp size index). The results of the 

Tukey's test showed that the polyp size index at the SG reef (lt 
• 19.27 ± 4.73; N· 210) vas statistically higher (P<.05) than 

-at the SRI (X. 17.12 ± 3.95; N • 200) and GS (1. 14.17 ± 

3.70; N • 210) reefs. Furthermore, the polyp size index at the 

BRI reef was statistically higher (P<0.05) than at the GS reef. 

Spearman rank correlation analysis between polyp size index and 

the average gonad index failed to demonstrate a statistical 

relationship (r • -0.01;' P > 0.81; N • 366), indicating that 
1 

the observed differences in the average gonad indices were not 

related to polyp size. 

) 
/ 
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!able 8. Porites pori tes. A one-vay ANOVA of the average 
polyp size index among the th~ee re.fa for P. pori te •• 

SOurce 

Model 

Error 

Total 

ss df 

122.283 2 

'90.936 617 

613.219 619 

,- . 
" 

... 
f. 

61.141 

0.796 

1 

, 

P .,.lue pa> p 

76.8' 0.0001 

\. 
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Diacu •• ion and Conclu.ion. 

Recent 'studies on the reproductive biology of Porites 

species in the Pacific have demonstrated tvo patterns of sexual 

reproduction. Pori tes lutea &dvards and Haime, P. lobata Dana, 

P. andrewsii Dana, and P. australiensis (Vaughan) spavn gametes 

and are gonochoric (Kojis and Quinn, 1981b; Harriott, 1983)~ 

vhile P. murrayensis Vaughan is a gonochoric brooder (Kojis and 

Quinn, 1981b). Thus, it has been suggested that gonochorism can 

be considered a general characteristic of the family poritidae 

(Kojis and Quinn, 1981b). 

Barlier accounts of the lite history of the genus Pori tes 

in the Caribbean indicated that tvo species, Pori tes astreoides 

Lamarck and P. clavaria Lamarck, brooded their embryos to 

larva1 stage {Vaughan, 1908, 1909, 1910}. FurthermoreJ Duerden 

(1902) indicated that P. clavaria (- P. pori tes; Roos, 1971; 

Cairns, 1981) may be a gonochorie species, since male and 
1 

femal. gonads vere not found in the same colony. Hovever, this 

did not" exc1u~ the possibi1ity that P. pori tes was a 

protandrous or protogynous hermaphrodite. Recently, it vas 

demonstrated that P. astreoides is a hermaphroditic brooder 
,~ 

/ (Szmant-Froelich, 1984). 

The present study provides strong evidence that in natural 

environments (i.e. unaffected by anthropogenic activities) P. 

pori tes is a gonochoric brooder (colonies are either male or 

female) at least during each breeding season. In polluted 

environments P. pori tes may revert to hermaphroditism through 

.. 



, 

i 
t 

• 

-131-

yet undetermineJr;rocesses. Since the sa me P. pori tes colonies 

vere not sampled sequentially throughout'the breeding season, 

the possibility that P. pori tes is either protendrous or 

protogynous hermaphrodite needs further investigation. Hovever, 

the data suggést that an earlier assumption that all Caribbean 

Porites species are hermaphrodites (Harrison, 1985) needs 

reevaluation. In view of the close morphological simjlarity of 

P. pori tes to P. divaricata Lesuer and P. furcata Lamarck 

(Roos, 1971; Cairns, 1981), it would be of interest to 

investigate vhether these formae are similer to P. pori tes in 

terms of sexuality and mode of reproduction. In this context, 

note that tvo forms of Agaricia agaricites (Linnaeus), namely 

forma purpurea (Lesueur) and forma humilis Verrill (nov 

considered separate species; Moorsel, 1983) , are both 

hermaphroditic brooders (Fad1al1ah, 1983). 

Note that the reproductive strategy of P. pori tes is more 

.imi1ar to its Pacific congener, P. murrayensis, than to its 

Caribbean congener, P. astreoires. Of equal interest is the 

similarity in timing of gametogenesis betveen P. pori tes a~d P. 

murrayensis. In both species gam.togenelis il initiated from 

July to S.ptember. Release of 1arvae vas not observed in this 

.tudy, hovever, Goreau et al. (1981) have indicated that 

larval release in P. pori tes at Jamaica occurred during late' 

November and subsequ.ntly declin.d. Hovever, the study in 

• Jamaica vas conducted under 1aboratory conditions. The vater 

temperature vas maintained at a constant 21'C vhich is vell 

ba10v the normal yearly range of 26.2-·C to 29.7 ·e (Ohlhorst, 
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1980). The resu1ts of the present study (~ig. 7) indicate 

that, in Barbados, larval release in P. pori tes most like1y 

occurl for five months of the year between November and April. 

Thus, the timing of larval release in P. pori tes is similar to 

P. murrayensis in the Pacific (Rojis and Quinn, 1981b). The 

available data on the breeding season of P. astreoides suggests 

that this sptcies is reproductive1y active most of the year 

(Szmant-Froelich, 1984). 

P. porites~and P. astreoides are common Caribbean species . 
found in-all reef habitats: back reef, reef flat and spur and 

groove zone (Tomascik and Sander, 1985b)". P. Bstreoides was 

the mOlt abundant lpecies in terms of the relative coral coyer 

at the two northern reefs BRI and GS, while at the SG reef the 

relative pereentage of coral cover, of the two Pori tes species 

was the same (Tomascik and Sander, 1985b). Higher abundance of 

P.' porites at the southern reef SG is pé~haps a result of 
t • 

higher rates of asexual reproduction meintained by higher rates 

of fragment~tion. Highsmith (1982) has indicated that 

reproduction by fragmentation in P. furaata, which i8 

morphologicall1 similar to P. pori tes, is an important mode of 

asexual reproduction responsible for reco1onization of holes in 

P. furcata beds. It has been shown that higher water column 

productivity (i.e. eutrophication) may enhance production of 

filter and deposit feeding invertebratea including borers 

(Highsmith, 1980, Highsmith et al., 1983). Thua, high boring 

intensity in P. porit •• colonies at the SG reef mey result in 

higher fragmentation rates of mature coloniel, and therefore, 

~ 
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result in highe~ abundance and coyer of this species at the SG 

reef than at the two northern reefs BRI and GS. Lewis (1974a) 

has demonstrated that the contagious dist~ibution of P. 

astr~oid~s vas a result of splitting of large colonies into 

clumps of smaller colonies, suggesting that this may be a type 

of asexual reproduction for this species. However, the 

environmental conditions at the SG reef are characterized by 

high vater column turbidity associated with high SPM, nutrient 

and chlorophyll a concentrations (Tomascik and Sander, 1985a). 

Thus, under the measured environmental conditions at the SG 

reef, P. pori tes, because of its branchingÎ morphology, may be 

less susceptible to high sediment!tion and/or SPM 

c,oncentrations than the encrusting hemispherical P. astreoides. 

The apparent parity of these two coral species in terms of 

relative coverage, at the SG reef, could therefore result 
/' 

exclusively from better survivorship of P. pocYtes than P. 

lJstreoides. High asexual reproduction rates, through 

fragmentation, may be one explanation for the 2:1 (male to 

female) sex ratio at the SG reef. Rojis and Quinn (1981b) have 
1 

also suggested that higher local abundance o~e sex (females) 

mey be a result of high degree of asexual repr04uction in P. 

l utea and P. l obata. 

There is lome eviderice that the oogonia (Pig. 4a) and 

spermatogonia (P,ig. 5a) of P. porit~s originate from 

interstitial cells of the endodermel layer in the mesenteries, 

al wal suggested by a number of previous studies 

\sz~nt-proe1ich et"al., 1980; Rinkevich and Loya, 1979b). The 
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general features of P. pori tes gametogenesis are similar to 

those of other corals (Szmant-Froelich et al., 1980; Fadlallah 

and Pearse, 1982a). Both male and female gametes develop within 

the mesoglea of mesenteries. It has been suggested that small 

branching species are more likely to produce gametes in the 

coelenteron (attached to mesenteries br stalks) and brood 

larvae (Rinkevich and Loya, 1979a). The mode of reproduction of 

P. pori tes supports the latter part of the hypothesis, while 

contradicti~g the former. In general, sexuality (Harrison, 

1985) and gonada1 development (Marshall and Stephensos, 1933; 

Kojis and Quinn, 1981b) of the family Poritidae are relatively 

consistent and predictable, however, the mode of reproduction 

(broadcasting versus brooding)- is less consistent. 

Gametogenesis of P. pori tes, at the three reefs, was 

continuous through most of the year. With the exception of the .,. 

GS reef, gametogenesis was initiated in August and proceeded 

until April ,- May (Pig. 7). Both Qogenesis and 

spermatogenesis ve~e relatively synchronized, in the sense that 

mature ova and spermatozoa vere present throughout the" peak 

reproductive season. Hovever, colonies collected throughout 

the y8ar, vith fev exceptions (Fig. 7) contained all stages of 

oocyte and spermatocyte development. The high abundance of 

Stage II and III oocytes and spermaries in July and August, at 

the BRI and SG reefs, is surprising, since none of the colonies 

collected in June contained reproductive material. This may 

indi~te'raPid development of both oocytes and spermaries from 

Stage 1 to Stage II and III. In contrast, male colonies 

'l': \ ~t ... ~ 
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oocytes present in female colonies. Since colonies vith embryos 

vere not detected until October, the fate of the mature ova and 

spermatozoa observed in July and August i8 unknovn. The 

appearance of embryos at the GS reef vas more closely 

synchronized vith gonad development than at the BRI and SG 

reefs (Fig. 7 ). The presence of mature ova and spermatozoa from 

November to January suggest that fertilization (i.e. male 

spawning) may occur repeatedly during this periode Additional 

data are needed to determine whether there is a lunar 

periodicity in sperm release. Histologieal evidence indicates 

that mature spermatozoa vere released from spermaries into the 

coelenteron prior to spawning. In contrast, it has been shovn 
" 

that in some broadcasting species mature spermatozoa are 

released in clusters, which rise to the surface where they 

rupture releasing the spermatozoa (Kojis and Quinn, 1982). This 

mode of reproduction has not been observed in the Caribbean. 

The available data in the literature indicate that fev 

coral species release larvae containing zooxanthellae 

(Fadlallah, 1983) or larvae that become impregnated vith 

zooxanthellae shortly after release (Szmant-Froelich et al., 

1980; Krupp, 1983). Hayes and Goreau (1977a, b) have suggested 

that larvae of P. pori tes, upon release, feed on particulate 
\ 

matter. This was substantiated by evidence that larvae deprived .. 
of 'zooplankton, mucus and particulate matter died presumably. of 

starvation (Goreau et al., 1981). Therefore, it is of interest 
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to note that mature ova in P. pori tes contain zooxanthellae 

before fertilization occurs (Fig. 4c, d). This condition has 

been observed previously in the Pacifie Pori tes species only 

(Kojis and Quinn, 198Ib). The presence of zooxanthellae in 

mature ova of other Caribbean species has not been reported 

(Szmant-Froelich. 1984; Wyers. 1984). As with other 

cnidarians, scleractinian corals lack accessory or nutritive 

cells that accompany oocyte development in other organisms 

(Campbell, 1974). Thus, it has been suggesti that developing 

oocytes in some hydrozoan species are nouri ed et the expense 

of ectodermal or endodermal epithelial ce1ls (Campbell, 1974). 

Rinkevich and Loya (1979a) sU9gested that in Stylophora 

pistillata, suceessful oocytes may absorb nutrients not only 

from surrounding endodermal ce1ls, but also through 

phagocytosis on other oocytes. The extensive histological 

examination of the P. pori tes cross sections revealed only a 

few instances where more than one oocyte was present in a 

single ovary. Thus, resorption of other oocytes is most likely 

not an important source of Nourishment for the developing 

oocytes in P. pori tes. with subsequent maturation of the 

oocytes, the endodermel layer surrounding the female gonads 

becomes progressively thinner, indicating that resorption of 

endodermal epithelial cells may be ~n important source of 

nutriepts for the developing oocytes. Hovever, the presence of 

zooxanthel1ae in the late developmental stages of oocyte 

maturation indicates that the symbionts mey have an active 

nutritive role (i.e. transfer of photosynthate) during the 
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final maturation of the oocytes or early larval development. 

In this conneetion, Richmond (1981) demonstrated that 

translocation of photosynthate from zooxanthellae to larva 

oceurs in Pocillopora damicornis. 

Recent studies have clearly demonstrated that adverse 

environmental conditions (i.e. high sedimentation and/or 

turbidity) have a detrimental effect on coral grovth (Aller and 
~ 

Dodge, ~191tr~odge et al., 1974; Dodge and Vaisnys, 1977; 

Hudson, 1981; Rogers, 1983; Tomascik and Sander, 1985a), coral 

community structure (Loya, 1976c; Tomàscik and Sander, 1985b) 

aod coral survival (Marshall and Orr, 1931; Maragos, 1972). It 

is suggested that reduetion in reproductive activity at the tvo 

southern reefs may be attributed to turbidity associated vith 

eutrophieation processes. Turbidity may affect the reproductive 

biology of P. pori tes through re6ueed light levels, and hence a 

reduction of zooxanthellae photosynthesis, and/or high SPM 

concentrations, which will require additional energy 

expenditure for cleaoing at the expense of growth or 

reproduction. The extensive histological examination of P. 

pori tes failed ~o d~monstrate any observable cellular 

degeneration or atrophy in the tissue semples. 

The results of this study demonstrate that not only were 

there differences in gonad abundance, but that the potential 

larval output (expressed as the average number of ~arvae per 

0.25 cm J of coral , 
higher at the GS 

tissue) of P. pori tes was 

reef than at the BRI and 

statisticall~ 

SG reefs. To 

determine whether these differences were a result of lover 
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reproductive activity of female colonies (i.e. number of 

oocytes per 0.25 cm 2 of coral tissue) at the SG and BRI reefs 

than et the GS reef, one-vay ANOVA ,as performed on the data 

set containing gravid femele colonies only. The results shoved 

that the average oocyte abundance in female colonies, during 

the reproductive seasQn, vas not statistically discernible (P < 

0.107) among the three reefs. This suggests that eutrophication 

may affect either the final developmental stages of oocyte 

maturation or early embryogenesis. These results also provide 

indirect evidence that the zooxanthellae associated vith the 

mature ova may play a signifieant role in determining the 

suceess of reproduction in P. pori tes. Reduced light levels at 

the two southern reefs may significantly reduce the 

potosynthetic activity of the zooxanthellae, thus reducing 

) potential source of nourishment derived from photosynthates • 

. / 1 t is suggested that the observed dit ferenees in the se'8sonal 

pattern of larval abundance (Fig. 7), between the southern (SG 

and BRI) and northern (GS) P. porites populations, vere related 

to adverse environmental conditions, local genetie variability 

or combined function of both. Alternatively, adverse 
/ 

environmental conditions May directly affect suecess of 

fertilization through direct toxicity or redueed viability of 

mature ova and/or spermatozoa. Kojis and Quinn (1984) have 

suggested that high sedimentation and turbidity may aet 

synergistically to decrease the fecundity of Accopora palifeca 

~ on a fringing reef in Papua by lowering light levels and 

increasing expenditure of energy for cleening acti~ities. 

• 
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Clearly, more research is needed to determine the role of . 
zdoxanthellae in the oogenesis of P. pori tes. 

Seasonal fluctuations in both vater temperature and 

salinity (Fig. 2, 3) are relatively constant and predictable 

features of the inshore vater masses off Barbados (see also 

Sander, 1971, 1981; Vezina, 1975). It is widely recognized that 

environmental changes exert proximate exogenous control on 

reproduction of marine organisms (Giese and Pearse, 1974). 

Changes in sea vater temperatures have been shovn ta provide 

important clues or "zeitgebers" which may synchronize 

reproductive activities of many marine invertebrates vith 

subsequent favourable environmental conditions (Kinne, 1963, 

1964, 1970). Furthermore, Orton (1920) suggested that 

initiation of reproduction is triggered by a critical breeding 

temperature characteristic of each species and/or populations. 

A number of studies on the reproductive periodicities of 

tropical echinoids have demonstrated the general applicability 
4 

of Orton's Rule to tropical marine environments characterized 

by slight temperature fluctuations (Lewis, 1966; Pearse, 1968, 

1969, 1970).' Wlrether reproduction of P. porites in Barbados is 

triggered by a certain vater tempe rature (i.e: critical 

breeding temperature) needs further study through experimental 

manipulation. However, Harrison et al. (1984) have suggested 

that lover vater temperatures at Orpheus Island on the Great 

Barrier Reef probably accounted for slower maturation and later 

spawning of corals, than at sites with higher water 

temperatures. Water temperature and salinity fluctuations in 

.. 

• 
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Barbados may provide P. pori tes vith important clues about 

subsequent 

synchronize 

environmental conditions and may serve to 

their reproduct ion; however, stat i st ically 

discernible differences betveen the SG and BRI reefs in both 

vater temperature and sa1inity SUgg8st that 'the longer 

reproductive season at these reefs, than at the GS reef, is a 

response to eutrophication. The extended reproductive ~ason 

of P. porites at the two southern reefs may be a direct 

response to altered physiologica1 state induced by the 

eutrophication of the inshore water masses. Depressing gamete 

product ion may divert energ1 to other bas ic metabol ic 

functions, necessary for coral's survival, which under stress 

may require additiona1 energy expenditure. Thus, depressing 

gamete production and extending the breeding season under 

unfavourable environmental conditions may be considered either 

as a response to minimize the probability of exctinction, or to 

maximize the probabil i ty of reproductive success ( i . e. 

successful release of larvae). 

The reproductive activity of P. pori tes, on all reefs, was 

highest during November through January. Note that August to 

November is considered as a rainy season, in Barbados, 

characterized by high rainfall and cloud cover. The release of 

larvae at the end of the rainy season (late November) may, 

~herefore, be of significance, since it a110vs for development 

of settled larvae under favourable environmenta1 conditions, 

characterized by lov turbidity and high irradiance. Whether 

food availability plays a signific.nt role in the timing of 
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reproduction and release of larvae in P. pori tes is still 

undetermined, even though this study establ ished no apparent 

correlation between chlorophyll a concentrations ( i. e. 
phytoplankton biomass) and timing of larvel maturation. 

, . 
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Ab.tract 

Seven fringing reef complexes vere chosen along the 

leevard coast (West) of Barbados, to study the effects of 

eutrophication processes upon the scleractinian coral 

assemblages. The structure of scleractinian coral communities 

was studied along an eutrophication gradient with a 

quantitative sampling method (line transect) in terms of 

species composition, zonation and diversity patterns. On the 

basis of the se data the fringing reefs were divided into 3 

ecologica1 zones: back reef, reef fIat, and spur and groove. 

Statistical1y discernible and bio10gically significant 

differences in scleractinian community structure, benthic a1gal 

cover and Diadema antillarum Phi1ippi densities were recorded 

among the seven fringing reefs. High correlations betveen 

environmental variables and biotic patterns indicate that the 

effects of eutrophication processes (nutrient enrichment, 
1 

~ 
sedimentation, turbidity, toxicity and bacterial activity) vere 

directly and/or indirectly affecting the community structure of 

scleractinian coral assemblages. In general, species diversity 

was most sensitive in delineating among-reef, and among-zone, 

differences vhich vere attributed ta intensification of 

eutrophication processes. Pori tes astreoides Lamarck, P. 

porites (Pallas), Siderastree radians (Pallas), and Agaricia 

agaricites (Linnaeus) vere the most abundant coral species in 

the polluted southern reefs. Coral species, previously 
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characteri zed as well adapted to high turbidi ty and 

sedimentation (Le. Montast rea CBvernosa Linnaeus), were 

either absent or present in lov numbers. This study suggests 
~ 

that eutrophication processes appear to adversely affect coral 

species that vere previously reported to be vell adapted to 

high turbidi ty and sedimentation rates related to natural 

processes, or anthropogenic activities in relatively unpolluted "': 

environments that imitate natural perturbat ions. 1 t is 

suggested that sediment rejection abilities combined with 

feeding and reproductive strategies are the primary biologieal 

proceses of scleractinian cotaIs through which eutrophication 

processes directly and/or indirectly affect the structure of 

coral communities. 

t-
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l nt roc!uc t Ion 

Accelerat ion and intensification of eutrophicat ion 

processes through anthropogenic activities cause major shifts 

in the physicochemical and biological environment of coral reef 

ecosystems. Eutrophication, considered here as a stress, is a 

combined funct ion of nutrient enr ichment, increased 

sedimentation and the introduction of toxins related directly 

and/or indirectly to human activities. The definition of 

'stress' has generated much di scussion (Odum et al., 1979; 

Ivanovici ,nd Wiebe, 1981; Franz, 1981; Pickering, 1981; 

Stebbing, 1981). Rosen (1982), considering sc1eractinian 

corals, stated that stress is difficult to define in absolute 

terms and 'suggested that stress may be taken to Mean conditions 

that restrict 9rowth and reproduction. For the purpose of this 

study Rosen's broader view of str~ss as a gradient betveen 

ideal conditions and the ul t hlate Umi ts of survival will be 

adopted (see also Brovn and/Howard, 1985). Inherent in aIl 

definitions of stress is the basic concept that stress acting 

on a system viII place that system at a disadvantage by 

exerting an energy cost, and interfering vith the normal 

function of the system. 

The distribution of scleractinian corals is determined by 

the net effect of many interrelated environmental factors that 

may be additive and/or synergistic in their action. 

Cummula t ive ef fects t~f 
\ 

long term exposure to adverse 
1 
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environmental conditions can be 

communitiJs because of their 

studied in scleractinian coral 

sedentary nature. Moreover, the 

immobility of scleractinian corals and other sessile organism. 

"JGUlY dlake them more susceptible to environmental stress, in that 

they are unable to avoid local environmental perturbations. 

While a number of studies have demonstrated that coral 

communities are susc~ptible to environmental perturbations 

resulting from anthropogenic activities (P'ishelson, 1973; 

JOkiel and Coles, 1974; Loya, 1975, 1976a,b; Dodge ~nd Vaisnys, 

1977; Bak, 1978; Walker and Ormond, 1982), others have failed 

)to demonstrate serious damage (Sheppard, 1980; Dollar and 

Gri99, 1981; Brown and Holey, 1982). Hovever, as was pointed 

out by Pastorok and Bi1yard (1985), most pollution-related 

studies on coral reef ecosystems, specifieally effects of 

sewage pollution, are short-term and limited in seope. Given 

these inadequate and conflicting reports, the concept that 

coral reefs,are fragile ecosystems, and therefore, sensitive to 

environmental perturbations (Johannes, 1975; Loya, 1976b; 

Rogers et al., 1983; Pastorok and Bilyard, 1985), needs 

reevaluation (Dollar and Grig9, 1981). 

The initial response of corals to pollution is at the 

levei of the individual, either througb behavioural (Lasker, 

1980; Dallmeyer et al., 1982; Rogers, 1983) or physiologieal 

responses (Dallmeyer et al., 1982; Krupp, 1984; Glynn et al., 

1985). Beyond this, changes in the comaunity may occur through 
.t 

\ 

replacement of certain species or high.r taxa. A us.fui first 

approach towards a ••• s.ing the s.nsitivity of corals to an 

'. 
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~jenvironmenta1 perturbation, such as eutrophication, can . - ..... 

therefore Dé achieved by studying the distribution of coral 

.popu1ation~ lying along a spatial eutrophication gradient. The 

degree of eutrophieation varies spatially a10ng the fringing 

reefs of Barbados as a consequence of a number of interacting 

factors related to the hydrographie characteri stics of the west '. 

coast (Murray et al., 1977), and mOlt likely to the nature and 

quantity of domestie and industrial effluents entering the 

coastal waters (Tomascik and ~ander, 1985; Lewis, 1985). 

The purpose of the present paper i8 (1) to provide a 

quantitative comparison of coral community structure on the 

fringing coral reefs along the west coast of Barbado! (for 

earlier descriptions of coral communities see Lewis (1960): 

Macintyre (1968), Ott (1975a,b), Ott and Auclair (1977); Stearn 

et al. 
1 • 

(1977); Scoffln et al. (1980); and Hah (19B'», (2) to 

quantitatively determine whether there ls distinct within-reef 

zonation in coral distribution, (3) to determine whether 

differences exist in coral community structure along the 
. 

eutrophication gradient (Bee Tomaaeik and Sander, 1985), and 

(,) to relate the characteristicB of the coral communities to 

the environ.ental conditions along the gradient. 

.. 



1 
1 
\ 

'; 

/ 
.~ l 

1 

» Q 

-1'58-

Naterial. and Method. 

Saçl1ng 

Sampling methods in quantitative studies of scleractinian 

coral communities are divided into tvo main categories; the 

quadrat method (Goldber9, 1973; Maragos, 1974; Ott and Auclair, 

1977), and the plotless method (Loya and Slobodkin, 1971; Loya, 

1972, 1975, 1976a,b, 1978; Done, 1977) • The li tenture 

indicates that there i5 a general lack of standardization in 

the sampling methodology, even though this prob1em has been 

addressed in a number of publications (Stoddart, 1972; Maragos, ... 
1974; Loya, 1978). However, recent comparative studies on th~ 

relative effi~iencies of the quadrat and plotless methods 

suggest that the relults obtained by both methods are similar 

(Bouchon, 1981; Dodge et al., 19è2). The choice of method 

employed in Any study is dictated primarily br local factors 

and objectives of the study. In the present study 'le have, 

adopted the line transect method of Loya and Slobodkin (1971) 

and Lfya (1978) inasmuch as 
,:"'-

efficient in previoul pollution 

1976a) • 

thi. method wes shown to be 

related studies (Loya, 1975, 
• 

Bach study reef was divided by three reference tranaects 

(running perpendicular. to the depth contour) into south, 

central and north sampling unit. (Pig. 1). The location of the 

~.fe~ence tran.ects va. ba.ed on general reef morpho1ogy 

t 

" 
~ 

i 
. 
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1 

(Ji 

rlVUr. 1. Hep of Barbados, west~ 'ndies, indieating 
locations of study reefs and their ma~f morpho1ogieal and 
eeo109iea1 features. Bach fringing reef vas diVidedj' to 3 
sampllng unit" (H) north refereneè transect, (C) e tral 
referene. trans.ct, (S) south reference trans.e. Reef 
abbreviations, BR ~\Brighton, SG - Spring Gardens; FV­
Pitt. Village; SL - Sandy Laae, IRI - Bellairs R earch 
Institute, GS - Greenaleeve.; SR - Sandridge. R.ef ~on.s as 
indicated in the 1egend. 
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.. 
determined from aerial. photographs. Sampling vas conducted 

along each of the reference transects, from beach edge to the 

seaward edge of the reef, by running 20m line transects 

(perpendicular to the reference transect) vith fixed intervals 

of 5 or lOm, depending on the size of the reef. The line 

transect consisted of a fine chain (l.Scm links) marked at lm 

, intervals. The sample size (i.e. the length of the line 

transect) for each reef vas determined in a preliminary 

sampling study by randomly placing 10 line transects parallel 

to shore over the reef. rrom the data obtained, species-number 

versus transect-length curves vere constructed (Loya, 1972; 

Dodge et al., 1982) indicating that a 20m transect line was an 

appropriate sampling unit (rig. 2). 

During the study, àny coral species intersected by the 

chain vas recorded and the intersected length in plan view was 

measured to the nearest cm. A coral côlony was defined as any 

colony growing independently of its neighbour (Loya,' 1972, 

1978) • In cases where a single colony vas divided into 

separate units by recent partial mortality of the colony 

(Hughes and Jackson, 1980) the leparate unitl vere considered 

al the same individual, and only the live tilsue was measured 

and pooled for further analyses (Loya, 1978, Dodge et al., 

1982) • In the fev cases where two or more colonies vere 

groving one above the other, only the intersected length of the 

largest colony vas used for live coverage calculations, while 

the species and lengtha of the underlying colonies were 

recorded for coral speci •• diversity (Loya, 1978). 

... 
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rivure 2. Average cumulative number of scleractinian 
species a8 a function of meter number along a line 
transect. Reef abbreviations as in Fig. 1. 

( 
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Three hydrozoans, Millepora alcicornis Linnaeus, M. 

squarrosa Lamarck, M. complanata Lamarck, and a colonial 

zoanthid Palythoa mamillosa (Ellis and Solander) were included 

in the study, since they vere considered to be an important 

component of the fringing reef community (Levis, 1960; Stearn 

and Riding, 1973; Stearn et al., 1977). The line transect 

technique was also used for the assessment of benthic algal 

coyer. Benthic algae vere divided into tvo main groups: 1) 

coralline enctusting algae, and 2) fleshy a1gae consisting of 

both frondose macroalgae and filamentous algae. Alga1 coyer vas 

recorded along each transect as percentage coverage per meter. 

Algae vere not identified to lower taxa; hovever, aIl dominant 

forms vere noted for qualitative comparisons. 

In addition to the above substrate components, 

quantitative data vere obtained on the population densities of 

the sea urchin Diad~ma antillarum P~ilippi along each 

transect by a modified transect method (Havkins, 1979). 

1ine 

A one 

meter pl~stic rod, marked at midpoint, vas held perpendicular 

to the line transect a fev cms above the substrate. The rod vas 

moved along the line and aIl urchins found beneath the rod were 

recorded. The population density vas expressed as the number 

of individuals per mZ of reef surface. A total of 513 line 

transects vere measured during the study. 
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anvJron..ntal ........ nt 

The environmental variables measured during the study vere 

sea temperature (tC), salinity (S'/.,), dissolved oxygen 

(mg/l), biological oxygen demand (BOD mg/l), pereentage o~ 

surface illumination (PEN \), pereentage of organic matter in 

sediments (ORG \), suspended particulate matter (SPH mg/l), 

downward flux of SPH (DF-SPM mg/emz/d), chlorophyll a (Chl a 

mg/m'), inorganic phosphate (PO.-P ~g-at/l), nitrate-nitrite 

nitrogen (NO,.N0 2 -N ~g-8t/l), nitrite (N0 2 -N ~g-at/l), and 

ammonia (NH,-N ~g-at/l). Discussion of the environmental data 

and full details of sampling procedure, laboratory analyses and 

statistical treatmént are given elsewhere (Tomascik and Sander, 

1985). 
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Data Proc ••• 1ng .nd Analp ••• 

Data processing 

To describe and compare the sc1eractinian coral community 

structure among the seven fringing reefs a number of 

information indices were obtained from each transect line. The 

three basic desc r lptors of community structure on which a11 

further analyses are based wer~: 1) spec ies number pero 

transect, 2) number of coral colonies per transect and 3 ) live 
-

coral coverage per transect. From the raw data four simple 

information indices were calculated directly: 1 

1) Percent coral cover (PCC%), where 

Total 1 ength of coral tissue / Transect 
PCC, • ---------------------------------------- X 100 

'Transect 1ength 

2) Relative coral coverage (RCC %), where 

Total length of species A / Transect 
RCC 1 • -------------------------------------- X 100 

Total length of a11 species / Transect 

RCC 'represents the relative dominance of individual species 

vith respect to total coral coverage; 

3) Relative abundance of coral species (RAS '), where 

Total number of colonies of species A / Transect 
RAS • • ------------------------------------------------ X 100 

Total number of coral colonies / Transect 
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RAS 'represents the dominance of individuals of a particular 
-~ 

species vith respect to total number of individuals pr~sent'; 

4) Transect size index (TSI), vhere J 
Percentage coral cover / Transect 

TSI • -----------------------------------
Total number of colonies / Transect 

For the purpose of comparative ana1ysis and to avoid 

possible 10ss of information (Loya, 1972), the coral community 

structure was characterized by three types of diversity 

measures: nurnber of spec ies and individuals; 2 ) 

information-theory based diversity indices; and 3) Simpson's 

index of concentration. The simplest measure of species 

diversity is the species number S (Poole, 1974). In this 

study, 5 is expressed as the aver~ge number of species per 
~ 

transect (SP). Margalef (1958) proposed an alternative measure 

of diversity to incorporate both S and N, the total number of 

individuals in aIl the species where: 

d • (5 -1 ) log N Equ. l 
le 

However, both Sand d indices ignore the distribution of 

individùals among the species. 

The diversity indices obtained from the information theory 

are a function of both the number of species present and the 

evenness vith which the individuals are distributed among the 

species (Hurlbert, 1971).. The Shannon function (Shannon and 

Weaver, 1949) 
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H' • -E pi log pi Equ. 2 
j 

is the most frequently used diversity index in coral reef 

studi~s (Loya,1972, 1975,11976a,b; Porter,1972a,b; Dana, 

1979, Bouchon, 1981; Bull, 1982; Dodge et al., 1982; Cortes and 

Risk, 1985). Shannon-Wiener's index was calcu1ated ~sing both 

coral abundance data (H'n) and cor.al coverageodata (H'c). For 

'H'n, pi-ni/N is the proportion of the total number of colonies 

(N) ~elonging to the ith species ( ni and for H'c, pi-ci/C, 

where C is the total coral coverage and ci is the coverage of 

the ith species (Loya, 1972; Dodge et al., 1982). 
, 

An alternative ~easure of diversity is Brillouin's (1962) 

function defined asr 

H· (l/N) log (NI/nll,nz! ••• n~!) Equ. 3 

where N is the total number of individuals in the sample and 

n1,nZ, ••• ns are the numbe~s of individuals of the constituent 

species (Pielou, 1977). Bril1ouin's H was computed from coral 

abundance data only. 
o 

lt is important to note that Brillouin's 
( 

index (Equ. 3) and not Shannon's index" (Equ. 2) gives the 

actue} diversity of a fully censused ~llection of organisms 

(pielou, 1966a,b, 1977). In this study, each tr~ct line can 

be considered as a fully-censused collection, and, therefore, H 

of Equ. 3 gives the exact diversity of the sample. Brillouin's 

index wes therefore consider'd to be the most appropriate 

~easurè of diversity for the present study. 

, 
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To assess the homogeneity of the scleractinian coral 

community Pielou's (1966b) evenness index was computed in 

conjunction vith H'n as 

J'n • H'n (observed) / Hmax Equ. 4 

• and H'c as 

J' c • H' c~""observed) / Hmax 

In both eqn's 4 and S\HmaX-109 S, lihere S 

Equ. 5 

is the total number 

of species encountered in the sample. The evenness indices thus 

express the observed diversi ty as a proport i'on or the max imum 

possible diversity. Hovever, sinee 5 i s typically an 

underestimate of the number of speeies in the population the 

sample evenness, J'n and J'C, are overestimates of the 

population evenness. l 
An unbiased estimate of domin~nce in a fully censused 

community 1s Simpson's (1949) measure of 'concen~ation' 1 ~ 

(Pielou, 1977) vhich vas calculated from coral abJhdance data 

(l. 'n) as: 

Eni (ni -1) 
l.'n • --------- Bqu. 6 

N (1(-1) 

where ni is the number of individuals of the ith speoies" and N 

is the total number of individuels of a11 species in the 

sample. ~ vas also computed frOID coral coverage data (J. 'c) as 

r ci (ci -1) 

l.'C • ----------- Equ. 7 
C (C-l) 

where d is the coverage of the i tlJ. species and C is the total 

coral c:overage. ,The coral community will exhibit high 

dominance if tvo indi viduals, dravn at 'andom and vithout 

- 1 
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individuals, belon~to the same species (Pielou, 1977). 

replacement from an S-species community containing N 

\ 

• 

\ 
Or 
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AlI transects along each of the reference transects, 

vithin each reef, vere subjected to Ward's ag9lomerative, 

hierarchical classification analysis using the SAS C1uster 

procedure (Ray,1982a). The characters used in the 

classification ana1ysis were 1og(x+O.OS) transformed average 

~cies abundance and coverage values of al1 species present" 

(Loya, 1972). The classification analysis vas used to group all 

transects into relatively homogeneous groups that' can be 

interpreted as specifie reef zones as previQusly described by 

Lewis (1960) , and SUarn et al. (1977). Sine. the basis for 

the classification analysis is to group transects' which shov 

high similarity vith each other, it vas possible that transects 

surveyed in different reef zones vould cluster together. In all 
'\ 

such cases the tra~cts vere placed into specifie zones 

(groups) based on distance from shore criteria. To help 

identify specifie reef groupings the classification analysis 

vas also performed on the Reef x Species matrix using the 

transformed average abundance values. 

prior to the 

for violation 

hOlDogenei ty of 

To test the 

statistic and 

statistical analysis aIl rav 

of the ,basic assump~ions 

v_riance i~n al~ linear 

assumption ~/~o~mality the 

normal probab[~ity plot vere 

data ~e tested 

of nor li ty and 

model s ~ t ~ ;ti~;:---
Shapiro-Wilk, W,~ 

computed for all 

ecological data sets using the Univariate procedure in the SAS 

system CRay, 1982b)1 the Pmax test (Zar, 198') vas used to test ~ 

l' 

~ \ 

r 
-- ....- ~-""~ - - --~-- ... --
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the homogeneity of variance assumption. AccoÎ'dingly, 

appropriate transformations vere applied to aIl data sets, as 

suggested by Box et, al. (1978), The sueeess of each 

transformation vas tested, and the final transformations used 

i.,.) a11 data analyses are presente'd in Table 1. 
"-", 

"' ' .... A single factor one-vay ana1ysis of variance (ANOVA) vas 
" 

carried out on all ecological data sets to test two null 

hypotheses: 1) H, there are no differences in the coral 

community structure among the seven fringing reefs within 

similar reef zones, and 2) H,: there are no differences in 

coral community structure among reef zones within each reef . 

• Where ANOVA indicated signifieant differences, a multiple 

eomparison of means (et P-O.OS level), for each of 

ecological indices was 
1 

carried out using the 

studentized range (HSD) test procedure (Ray, 1982a), 
/ 

Tukey's test is preferable to the more freguently 

Student-Nevman-Keuls (SNK) multiple range test (Dodge ~t al., 

1982, Russ, ",1984a,b), since 
{ . it controIs the 

. ~ 
maXlmum 

experimentvise error rate under any complete or partial null 

hypothesis (Ray, 1982a). It should be streBsed that the higher 
" 'pover' of the SNK test (it, tends to conclode more significant 

differenc~s ,than does the Tukey's test) is because of its 

higher Type 1 error rate, i.e. 
1 

e false rejection of the null 

hypothesis (Zar, 1984). ,.. 
To ~iwess the relationship between the coral community 

structure and the environ.ental condition., eaeh fringing reef, 

ratber than each reet' zone, was con.laered as a sample. 

J. ) l 
.1 _ -----

> 

1 
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Table 1. variance stabilizing transformations for number of 
speciel and coloniel, percent coral coverage (PCC '), Simpson's 
index ot concentrationl ~'n and ~'c, Pielours evenness indexl 
J'n and J'c and den,itiel of Diadema antillarum. Note 1 
variance stabilizinq transformations .ere not nece.sery for 
Shannon-~iener'. Indices, Brillouln's index and Hargalet's 
index. SQRT. Iquare roo~. 

Bcological variablel 

Number of speciel 

Number of colonies 

Percent coral coverage (PCC ,) 

Simplon's indices (~'n and ~'c) 

Pielou's indices (J'n and Jic) 

Diadema antillarum density 

... ' 

• 

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

; 

\ 

Transformation 

SQRT(X+l) 

SQRT(SQRT(X+l» 

log(X+l r 
SQRT ( SQRT (1+ 3/8 ) 

ARCSIN(SQRT(X) ) 

SQRT(I+l) 

... 

t 

. , 
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Relating the environmental data to specifie reef zones would 
! , 

have been inappropriate, since the environmental variables were 

sampled randomly over the reef throughout the study (Tomascik 

and Sander, 1985). 

Spearman's rank correlation analysis was used to determine 

whetner there were signifidant relationships between the 

"arious en'vironmental variables and community descriptors. To 

simp1ify the 

envi ronmenta1 

interpretation of~elationShiPs 

variables ~nd the community 

between the 

descriptors, 

principal component ana1ysis (PCA) procedure (Ray, 1982a) was 

used to transform the original sets of variables into smaller 

set of linear combinations that account for most of the 

variance of the original data sets. The principal components 

(PC), for both community descriptors ,and environmental 

variables, vere computed from correlation matrices to remove 
(, 

differences due to both the 'mean and dispersion of the 
1 

v~riables. Thus,' th~ transformation makes the var iab1es 
• 

directly comparable (Oilon and Goldstein, 1984). The aim of 

the PCA was to delineate independent associations among the 

sets of environmental and community variables. To draw some 

inference about the general ... relationship betveen the 

environmental conditions and coral community structure, simple 

linear regression analysis was used to test the relationship 

bet"een the PC scores of the environmental and communitY',jdaka 
'1 

~ AlI sta~tical analYles "ere done at Mc~l Univer&it~ 

uling the SAS statistical package (Rly , 1982a, b) . . , 

, 
" '1 

\ 
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"au1t. 

Table 2 illustrates the overall distribution and relative 

coverage of scleractirtian corals among the seven fringing reefs 

along the vest coast of Barbados. A total of 24 scleractinian 
.. 

species belonging to 16 genera wlre rlcorded on the reefs, as 

well as three species of the hermatypic hydrocoral HiHepora 

.~ 

and a single" species of the colonial zoanthid Palythoa. Only \ 
\ 

species vere 
.~ 

found common to aU the fringing reefs, ) 

these belonging to the genere Pori teSt Siderastrea, Agaricia, 

Hontastrea, Diploria and Hillepora. Three species of the genus 

Hycetophyllia and Stephanocoenia michelinii Milne Edvards and 

Haime, wlre found only on the northern reef GS. Of the eight 

common coral species the most abundant wlre Pori tes astreoides, 

P. porites, Agaricia agarici tes, Hillepora squarrosa, H. 

complanata, and Hontastrea annularis (Ellis and Solander) which 

was more abundant at the four northern reefs St, BRI, GS, and 

SR (Fig. 1), than on the three southern reefs BR, SG and FV. 

Table 2 indicates that there was a general increase in the 

absolute number of species recorded from the southern reef BR , 
(9 spec ies) tG. the most northern reef SR (22 species). 

Fig. 3 is a dend"rogram glnerated from .the Jard'g 
1 

classification \analysis using the Reef x Species data "trix 
" 

4 based on the average abundance values of species on each reef. 

The first split in this dendrogram places the three southe n 

_J_ -------
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'able 2. Diltrlbutlon and th. a •• ra,. r.lativ. ~ov.ra,. (RCC' per 
tran •• ct) of .cl*.ractlnian coral., NUl.por, .pp., and P,lytho, 
... Jllo.. ..on9 th. • ••• n frin9!n, r •• f cO.fl.... Ilony th. v •• t 
coa.t of aerbado., ... t lndi... ••• abbr.viat on. a. in r 9. l ... , 
.,.1 •• a .. " IL Dl QI •• 
No. of tran.leU n-S7 n-" "-,. "-" n-S8 n-8l n-57 

.orJt •• ÇIOrH .. l'.l .U.I lO.3 1.1 J.9 8.8 7.1 

.ori t.. a.t r.oide. 14.5 JJ.Z 31.1 ".0 11.3 18.1 26.7 

.Jd.r •• tr .. radJ.n. 11.3 I.J J'.4 5.5 1.1 1.9 8.5 
Af1dcia a,.rh:Jt •• 11.0 12.5 2.5 7.5 15.1 J.J 5.0 
N llef'Or. Ml"arro .. J.7 2.J J.I 4.2 1.6 J.8 8.3 
NUlef'Ora co.,.l,"ata O., 5.0 JO .1 ll.J l.9 H.5 l.6 
Jfqnt •• tr .. alllluJ.rJ. lJ.4 5.0 J.5 5.0 1.1 9.J 6.6 

• DJploria cl J .,6 .. l.3 0.7 5.5 9.5 4.J 1.4 6.6 
• Jderut r.a .Jd.r.. . 5.' 5.' 7.7 lL4 6.5 11.0 
DJploda .trJgo .. 2.J J.5 1.1 lJ.6 2.' 3.1 
'a.,J. tray_ l.l 2.1 0.4 0.5 2.J l.I 
DJploda ablrJlltlt1!oraJ. 0.2 O., 0.1 l.O 1.7 
"-dr.ci. dec.cti. 0.2 0.3 0.1 l.0 ~~ '-'- ~lIt •• tr.. C'.lrIlO .. J.2 l.3 l.2 Jo7 
r.'lIto.,d. cucuJlata l.6 O •• 0.2 0.1 
HJllepora a1cJcornJ. O.J l.6 0.5 O.J 

A ~ "-drecJ •• Jr"JJ~. 1.J 6.5 l.0 1.1 '~ 
-~ NNnddlla ... nd,. t •• 0.5 ",0.1 0.7 1.7 

DJchoeOlnJa ,cr:,.J O.J O.J 0.6 0.5 
.allthoa .... 1 J OM J.' 1.1 l.1 l.8 
Co1popbl1lJa Il ten. O.J 0.4 0.5 
Acr;::r. ,.l .. e. l.. 0.2 
It' lIocoenie .Jcb.JJJIIJ 0.1 
Ntc.topblllJ •• 1icJa. 0.0' 
~.topblllJa dellaana 0.04 
~.t~IJJJ. "1"0. 0.0' 
1'0~1 J •• JllUO .. 0.04 
DendrOflra c~JJndru. l.3 

Total no. of '1*=1 •• , 11 13 21 20 28 22 

• 
.. , 
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ri9Ure 3. Dendrogram >shovi.ng classification of 7 fringing 
reefs along the west coast of Barbados based on average 
species abundances of scleractinian corals. Abundances vere 
10g(X+O.05) transformed before comparing reefs using the 
Ward's agg10merative hierarchical clustering algorithm 
(Ray, 1982a). Tvo main groups ( • and b ) are distinguished 
at an arbi trary simi1arH:y level of Ra.o. 5 (where Ra. i8 the 
sum of squares betveen a11' .clusters divided by the 1 

corrected total SUDl of squares). Reef abbreviations as in 
Fig. 1. /' , 

.J 



-178-

~ 
0 · 

0.1 

0.2 
. 

" 

C\I 0.3 
=c a b 

~ 0.4 
" 

· \ 
"a < 

Il .... 0.5 · 
;... . .. . -.. 0~6 • , .... -S 0,.7 - · . 

III 
, 

0.8 
. .. 

0.9 
1 1 · 

Reefs 

t 

le 
, 



) 

l 

-179-

reefs (BR, SG, and FV' in a group distinct from the second 

group containing the four northern reefs (SL, BRI, GS and SR), 
.. 

suggesting that the coral community structure can be related to 

the eutrophication gradient present a10ng the west coast of the 

Island (Tomascik and Sander, 1985). 

Three different reef zones were found on all the fringing 

reefs in this study, generally supporting the zonation pattern 

previously described by Lewis (1960) and Stearn et al., (1977). 

Since the three zones are subdivisions of the coral community 

they can be def ined on the basis of a number of ecological 

characteristics presented in Table 3 and 4. The dendrograms 

presented in Fig. 4 illustratè the subdivision of the line 

transects (samples) along each of the reference transects into 

three reef zones at the northern reef SR. The reef zones thus 

defined vere back reef, reef flat, and spur and groove. 

Average relat ive coral coverage values by each spec ies for. each 
, 

of, the reef zones def ined are presented in Table 5,6 and 7, the 

characterist ics Ç)f- the three zones will nov be examined 

further. 

\ 

) .. / 

-
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Tabla J. A.ara,. dept" (al, n~r 01 coral 'peel.a .nd of colonl ... 
pel'canta,. u •• I:o"era,. (PCC \1. tr.na.ct ala. Inde. Inll. cI.n.ltl .. 
ot tll. • •• urchln D1"'_ .ntJll.rlll. , c:over.te ot .lIMtrata b, 
c:al~ar,oll' .1p. "CALI .na n •• ", Ilr.. ct rit, 1 calclI1.ted (01' e.ch 
l'Hf Ion, a' a.v.n trlnlln, r •• f c:oep .Ilaa don, tM ... t c:oaU of 
.. rbedo •• rlr.' nuabtl' 1 •• '1'." "alue., second n\aber tin par.nt" .... ) 1 
.t.ncltrd ... ,.,Ion, tUrcS n.abefl total nu.ber of tran.KU u.ecI ln th • 
• nal,81 •• lon.al A· bec:1l r .. t ••• rtlt Ua'. C· .p&'" and 91'00". Illon •• 

• • • r 

• 

1 
o • • 

A 

• 
c 

• 
c 

1.OJ 
10.351 

2J 
1 •• ' 

10.77) 
20 

J.12 
ID.",I 

U 

1." 
10.1'1 

11 
I.J' 

(0.771 
31 

'.10 
11.U) 

35 

1.JI 
(1.07) 

21 1." (1.27) 
lO 
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. Il.531 

as 
a ••• 

10.73) 
16 
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(1.511 
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23 
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23 
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19 
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20 
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"abl... ""erl'I ,~I .. di".ultr Indic .. calculaletS fo~ .. cil ra.f 
lon •• t .. ".n frln91n9 rHt c:o.ple... alon9 thl ".u co .. t of larMtSo,. 
H'n .nd N'c. lfWOIOIf - -1I11III', i,.. of div.nitr 11q. 21, J'n and J'c. 
PJatOO', ·.".M ... • ind .. 11q. '.5J, H. "ILLOIlIII·. Ind .. of dh.ult:r 
11q. )), d. IIUGAL&P'. dl"araitr lnd .. (Iq. 111 l'n Ind l'CI IU.,IOIr·, 
• ... lUr. of cOlu:.ntratlon"· 11q.', 7). ,Irlt nu-ber •• "lra91 .. lue, 
_011' n~r Un par.nth .... '. 'tandard dl"latlon, thlrtS n~fI tot.1 
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(' 

.. 
rigure t. Reef SR. Dendrograaui show ing e lassi f ication of 
line transects Along each reference transeet (south, 
central, north) basld on average speeies abundanee and live' 
coverage of ,cleractinian corals. Abundanee and coverage 
data were lO~I+O.05) transformed before cOlllparing line 
transects usi~ the Ward's agglomerative hierarchical 
clustering algorlthm CRay, 1982a). Each reference transect 
spli ts into 3 main groups (baek reef, reef flat and 'spur 
and groove zone) at an arbitrary similarity level of RZ-O.4-
(wbere RI is the SUDI of squares between a11. clusters 
divided by the corrected total SUD! of squares). 
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Table 5. Scleractinian corall, hydrozoanl and toanthids found on the 
Back Reel lone. Averag_ relative coral coverage (t) by species (first 
number) 1 .tandard deviation in parenthe .... 

BI sa ri IL 01 sa 
NO. of tran .. et. 

-------------------------------~------------------------------~---------

por"t'tu pori. nrs 

~ Pori te. aser.oide. 

Agaricia agariei te. 

Dlploria clivosa 

Dlploria .trigo.a 

'avi. [ragua 

Mont •• tr.a annulari. 

Acropora ~l .. ta 

, Millepora .quarro .. 

Millepora co.planat. 

Millepora a1cicornJ. 

palythoa ... J110 .. 

tI5.3 
(6.5) 
11.2 
(5.2) 
68.2 
(9.3) 

1.2 
(0.9l 
4.2 

('.2) 

48.9 15.7 
(20.6) (5.8) 

32.7 
(8.6 ) 

44.442.6 
(23.0) (11.2) 

0.8 
(O.OOll 

0.1 
(0.1 ) 
40.9 

(10.7) 
25.1 
(9.5) 

0.5 31.8 
(0.5) (10.7) 

6.7 1 .f 
(6.7), (0.8) 

0.2 
(0.2) 
6.1 (,.,) 

l..~ 
(1.1 ) 

1.1 
(1.1) 

10.0 
(6.8) 
22.1 
(6.9) 
3.7 

(2.0) 
6.7 

(6.7) 
8.6 

( 5.5) 
7.0 

(5.6) 
35.5 

(10.0) 

0.7 
(0.7) 

2.9 
(2.9) 

0.5 
(0.5) 
2.2 

(2.2l 

13.7 
( 3.3 ) 
41.6 
(6.9) 

7.3 
( , .5) 

1.2 
( 0.6) 
13.7 
(6.0) 

6.8 
<t.5) 

4.5 
(2.6) 

11 .4 
(3.0 ) 
36.1 
(9.6) 
22.7 
(9.0) 

18.1 
(6.2) 
1.1 

(1.1 ) 
0.2 

(0.2) 
0.3 

(0.3) 

0.9 7.9 
(0.7) (4.6l 
13.4 1.5 
(5.2) \(1.3) 

--.1-

~ -------------------------------------------------------------------

• -------- -------- '--

f 
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Tabh 6. Scleractini .. coral., hydrozoan. and zoanthid. found on the 
Reet ,l.t zope. A~.rage relative coral coverage (\) by species ( fust 

C 
nuaber) , .tandard d.viat\on in par.nth ••••• 

~ ... , 
. .. 10 " IL Dl GI IR 

No. of tran •• ct. n-19 n-30 n-24 n-28 n-19 n-27 n-19 

Specl •• " i'" 
'--~. 

---------------------------------.--------------------------------------
Pori te. porit .. 11.5 23.0 8.2 J.6 1.1 6.7 11-.5 

( 3.7) (5.9) (2.5) ( 1.0) (O. S) (1.1) (2.4) 
Po~ite ••• tr.oide. '5.7 5' .0 49.6 40.1 34.8 3J .0 33.0 

(8.2) (6.2) ('.9) (3.8) (5.6) (6.1) , .. S) 

Sider •• tre. radja"a 1.6 2.' 1.1 0.3 0.5 0.1 3.9 
(1.1 ) (1., ) (1.1 ) (0.2) (0.5) (O.l) (2.0 ) 

Sideraatrea aidere. 16.9 3.2 9.9 5.6 3.3 
(7.3) (1.3 ) (1.7) (3.3 ) (J. 3) 

Agariel. ~Cjt •• 8.5 12.8 4.8 9.1 17 .3 .5.2 10.6 
(2.5) (5.5) (1. J) (1. 6) (3.8) (1.0 ) (1.8 ) 

Lepto.eri. ullae. 1.6 0.4 
(O.,) (0.3 ) 

Di pl ori. e1lvo •• 1.6 1.3 6.5 7.3 , .0 6.' 
(1.2) (1.3) (2.9) (1.0) (1.8 ) (2.9) 

DJpJ.,..i. atrigo .. 1.1 2.8 J.' J.6 1.9 l.4 
(1.1 ) (1. 9), (2.') (2.5) (1.0 ) (1.0) 

Diplorla labyr1thitor.tt 0.3 
(0.3) 

'.via ln, ... 1.1 '.8 0.9 0.9 1.7 3.8 
(0.61 (1.5) (0.3) (o., ) (0.3) -n.1 ) 

lIonta.tne a"nuleri. 9.5 . J.' J.' '.1 3.3 4.1 
(5.5) (2.9) (1.1) (2.3) (2.1 ) (2.3) 

. : lIonta.tre. caverno .. L' 0.1 0.1 O., 
: (1.,) (0.1) (0.2) (0.1) 

Acropar. ~l .. ta 0.3 0.3 
t~.3 ) (0.3) 

Madraci. dac.ctla 0.1 O., 
(0.1) (0.6) 

MadrecJa .1rabJlf. 0.5 
(0.5) 

1.0~~llJa .Jnuo .. l.0 
(0.8 ) 

IIUl_pore co.pbnete 2.6 O., 11.2 19.1 2.9 29.6 0.7 
(2.6) (0.9) ('.2) (3.') (1.6) (4.' ) (0.5) 

lIill.pore equarro .. 0.6 2.1 '.4 '.0 11.' J.1 15.0 
(0.6) (1.0) (2.0' 0.2) ( .. ,) (0.5) (3.6) 

NJllwpor •• lclcornt. 0.1 l.. 
(0.1) (0.7) 

•• lltho. ... Jllo .. • .2 3.6 3.J 5.J 
O.,) (2.0) (0.8) (2.'> 

l 
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Tabl. 7. Scl.ractinlan co~., hrdrozoans and zoanthid. found on the 
Spur.ttd Gro(w •• one. Ave ge r. at i v. coral eov.uge (,) by .peCl.' 
(fir.t nuabe1), standard d iation in Plr.nth ••••• 

f: ... , 
• • - .. " IL. DI QI .. 

110. of tran •• ct. n-22 n-3., n-25 n-24 n-24 n-38 n-24 

lpeel •• 
------------------------------------------------------------------------
porÙ .. porI t •• 23.5 40.3 8.2 1.' 2.4 9.1 1.7 

(6.2 ) (5.8) ( 3.2) (0.8 ) (0.6) ( 1.9) (0.5) 
PorJte ••• treoJd •• 16.9 19.6 20.2 21.4 10.1 18.4 11.1 

(2.4) " .1) (5.7) (3.0) (1. 7) (2.7) (2.3) 
Slderutr •• dd.r.a l.J 15.8 17.5 15.6 10.2 2J.7 

(1. 3) (6.7) ('.3) ('.2) (2.3) (t .0) 
Siderutr.a radian. 0.1 lL2 0.8 J.9 

(0.1) (5.6) ( 0.8) ( 1.5) 

/ Agarieia agarIeIt •• 21.1 11.0 1.5 10.1 19.1 3.0 J.4 
(3.7) (t.O ) (0.6) (1. 71 (3.6) (0.5) (0.6) 

Lepto •• ri. euçullata . 1.' 0.1 0.5 0.2 
1 (O., ) (0.3) (D.2) (0.1 ) 

DlpJorla cH 1/0" 13 .J 0.1 0.2 
(6.01 (0.2) ( 0.2) 

DipJorJa .trIgo .. J.2 6.9 2.J 2.9 3.9 5.7 
(1.5) (2.9) Il.5) (1. 5) ( 1.0) (1.7) 

DlpJoria labl rin thliorei. 0.3 1.4 0.2 2.1 1.0 
(0.3) (2.' ) (0.2) (0.7) (1.7) 

'a"Ja Ira9" 0.2 0.1 0.6 0.5 0.2 
(0.6) (0.11 (0.3) (0.2) (0.2) 

Montastr .. annularJ. 27.' 10.0 1.0 9.7 16.0 17.9 12.3 
Ct.') <t.3) (1.0 ) (2.1) (5.1) (2.9) (t.0) 

Monta.tr .. e.".rno .. 7.' J.' 2.9 3.1 15.9 
(4.6) (2.0) (1. 7l (0.9) (3.3) 

MadraeJ. dac.etl. ,0.7 O., 0.5 1.1 0.4 
(0.7) (O.,) (0.3) (0.5) (0.3) 

Madrael •• irabl11. J.l 15.3 2.2 2.1 

)- Il.0 ) 16.3) (0.6) 10.8) 
ColllOplJrll~a n~. __ /" 0.3 0.9 1.1 

(0.3) (O.,) (0.6) 
"'ndrJn. ... ndrJt •• 1.2 0.2 1.6 •• 1 

(0.7) (0.1) (0.5) (1.,) 
DrcJtocHltia .t~ •• i O., 0.6 1.. 1.3 

(0.1) (0.6) (0.4) (0.6) 
lMndr09rr& e1lJndrus 2.7 

(1.') . 
Ste"'nocoenJ. eJebelJnJJ O., 

(0.2) 
Acr~ra ~l .. ta O.Z 

(0.2) . 
~.t0F6rl1Ja .1Je .. 0.1 

(0.1) 
-.,e.t0F6rU la dan.ana 0.1 

(0.1) 
-.,eet0F6rU la teroll 0.2 

(0.1) ., 
1~1111a ,inuo .. 0.1 , 

\ (0.1) 
NU 1 epore .; .. rro .. '.5 1.0 2.' 1.' 6. , 5. , 1.1 

.(2.2' (1.1) n.o, CO.,) (1.5) Cl.0) (0.7) 
.JUepora e-.z.nata J.1 11.5 '.2 2.J 10.9 2.4 

(3.1) Ct.O) Cl.') Cl.l) (2.6) (0.91 
NU1.pore eleicornJ. O.Z 2.5 1.1 0.1 

CO.2) ( 0.11 (0.4) (0.1) 
.alrtbo. ... Jllo .. 1.1 O.J 0.1 

CO.7) ( O.l) (0.1) , , , 

\ 
( - j) 
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'aunal cOIIparl.,on. The back reef zones, vi th an average 

depth of 0.5 to l.tm, are characterized by high densities of 

fl.shy Ilgae covering a substrate primarily composed of movable 
- . 

sand and dead coral rubble (Table 3). At the BR reef Thallasia 

testudjnum Koenig and Sims was a dominant macrophyte in a 

nirrow zone 20m vide at the shore side of the back reef. The 

seavard edge of the back reef was dominatecl by Dictyota sp., 

Padina .p. and Caulerpa spp. In contrast, the shore side of 

the back reef at SG reef vas dominated by Ulve fa.cieta Delile 

which undervent seasonal blooms (personal observation). Other 

speciea present in high nUDIbe~s vere Padina sp., ~nd Caulerpa 

.pp. lt should be pointed out that the back reef of the SG 

reef ia directly affected by heated, effluent from a pover plant 

located next to the reef (Tomascik and Sander, 1985). 

By comparilon, the back reef zones of the four northern 

reefa (SL, BRI, GS and SR) vere generally dominated by 

f ilamentous algae wi th 1 di stinct ab.ence of large macrophytes. "-

Some of the filamentous algae identified include Cladophoropsis 

lIJelDbranacea (C. Agardh) Borgesen, Cladophora .p., Bryopsis .p., 
a~d Ch •• tomorpha .edia (C. Agardh) Kutzing. Hawkins and Lewis 

(1982) identi fi.d Lyngbb .p. and O.ci latoda .p. in the back 

reef al forming a thin veneer or turf on or within the ahallov 

surface layer. of th ••• di •• nt •• Thi.' .tudy coneentrated 

mainly on the more visible algel specia.. Another 

charBcteristic of th.}baCk. r •• f zon •• vere lov dan.itia. of the 

i , 
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se. urc:hin Diade.a antillarun (Table 3) during both day and 

night. 

Ten coral .pecies vere found on the back reef zones of the 

fringing reef. (Table 5). In addition, Palythoa lDamillosa waB 

recorded- on the Beaward edge of the back reef et thet BRI reef 

representing 2.2' of the total coral 

Tab~ndicates that northern 

spedes recor1d vhen compared tç 

coverage. 

reefs had higher number of 

The 1 the southtlrn reefs. 

dominant species in terms of relative coral coverage on the 

three southern reefl (BR, SG, and FV) vere Pori tes pori tu~ 

Siderastre. radi.ns and Pori tes astreoidesi even though the 

latter vas absent from the SG reef. TheBe three coral spec ies 

represent more than 90 , of the total coral coverage. Agarici. 

agaricites and Diploria clivos, (Ellis and Solander) vere minor 

component., and vere absent trom the SG reef. The back reef 

zone at the SG reef contained only three species; note that 

~avia trag/JIIJ (e:sper) VaB rare (Table 5) • These resul ta 

indicate that Pori te. pori tes and Siderastre. radians can best 

tolerate the heated pover plant effluent vhich impacts on the 

50 reef. 

In COllparilon, the dOllinant coral sptcies on the four 

northern reefl were Pori te. pori te., P. astreoide., Sidera,trea 

radians and Di pl oria cli vo.a. Note tbat Diploria strigosa 

(Dana) wa. th. dOllinant .peci •• in ter •• of coral cover at the 

BRI re.f (Table 5). Millepora ccwplanaea va. an 

COllpO~ent on the •• award edg. of the back reef zone 
, 

at the S 

impor

1
t 

reef conltituting 13.' , of the total coral coverage. NORt of 

• 

\ 
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the other .pecies contributed Dlore than 10' to the total 

coverage values. 

1 
Community descriptors. The average val~s of the SimPle\ 

ecol0!9=al indices were slightly higher at th~ northern reefs 

when compared to the southern reefs (Table 3). There vere no 

statistically discernible differences in the average depth 

recorded in the back reef zone!# of the seven fringing reefs, 

,indicating that differences in the commun i ty 

vere independent of depth, and depth related 

factors. The results oJne-way multivariate , 

.. 
character i st i c s 

environmental 

ANOVA indicated 

sign if ieant di tferences for aIl cOllllllun i ty descr iptors among the 

back reef zones. Table 8 presents the resul ts of Tukey' s 

mul t iple compari son test (at the 0.05 level) for among ree f 

comparilons. Reef SG had the lowest average number of speeies 

when compared to other reeh; but, diUerences in the species 

number among the remaining reefs were not statistiea1ly 

discernible. Trends in the average number of colonies 

(abundance) and pereentage coral coverage were similar to those 

of average spee ies abundance. Value. were stat i stieally lover 

at the SG reef than at the other reefs. Highest transect size 

index (TSI) values occurred at BRI reef and these were 

statistically discernible from TSI values at the other reefs. 

TSI value •• ere statistically indilcernible among the remaining 

r~fs. Statildcally lower densitie. of the .ea urchin Diadema 

antillaru. occurred at the two louthern reefl BR and SG when 

compared to PV an~ GS reefl. Note that the percentage of 

.. 

, -, 

• 

• 
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, 
" 

tabl. •• ~.J'. .tude"tlaed ran,. UISD) t.n ''''t lt.2a) for 
Il,,,Uleant (P<O.OI) dlUeranc •• beu .. n atatiOII .ana for If"'r 01 
~or.l at»d.. ('1, ..... r 01 ~oJOftl,. (0), ltere."ta,. coul ,,0 •• r'9' 
,~) Cal, ~r.lt~t .b, lad •• CftI) ,.), and Dell.Je, fl;'.-) 01 D1N'" 
."tlll,ru. ,.). ~tal tbla ta.t eOlltro1. tb. !Jpe 1 a_perl.nt_i •• ,rror 
nta. 

IIIclk .... .... • • " .. • a 

• • 
• , ,. 
" • • 0 • • .. 
aI • • • • • " 
• • '0' • • 
• '0' • 

... , 'let 

• 
• • 

" • .' 
A 90' • '0' • '0' 

• • '0' • .0. 

• 90' • 'Oa • '0' • .0. • 
• 90' • 90. • '0' • 90 • ...... ~ ... ... , • • " .. • • 
• 
• 
" 0 • 0 • • 
A ::l 9 a • • 0 ••• - 90a • '0." 0 . -. • '0' .0 a • .0. • • 90 

• '0' • • • •• '0' • .0 

~ 

.' " 

.. 

• 



l'. 
l, l· 

l , 
f 

JI .. , 
" { 

, 

l 

-191-
. ),>~ \ 

su~strate cover by .e~~ruatlng ~àlcareous algae vas lov at t~e~' 

tvo louth.rn reefs (Table 3). Higher urchin densities vere 

.II recordeci at the other reefa than at BR and SG; but -statistical 

differences wefe not discêrnible (Tablè 8). 

... 

Djv~rsjty indic~B. Table 4 SUDUll8riz~S the average . 
diversity values for the different diversity indices used. 

Mul t i variate one-vay ANOVA revealed that signi f ieant .. 

differences occurred for H'n, H'c, H and d. The results of the 

Tukey's test (at 0.05 level) shoved that diversity values vere 

statistically lover et the SG reef than at GS and SR reefs ----
(Table 9). There ver~ no statisticelly discernib1e differences 

in species diversity emong the other reefs. Neitber Pielou's 
. 

evenness indices nor SimpBon'~ index of concentratictn shoved 
! 

statistically discernible differences among the back reef zones 

of the study reeh. 

• The reef fIat zone defined in this 

study combines part of the nef crest and the coalesced spur 

zone previously described by Levis (1960), Stearn et .1., 

(1977) and Lewis (1984). The reef fIat ex tends from the seavard 

edge of t~~ back reef zone seavards tovardl the spur and groove 

zone. The vidth of the,reef fIat vari •• among the study reefs 

from fO to 100. <'ig. 1), with an average depth ranging from 
f"!' 
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1.6 to 2.7m (Table 3). The inahore portion of the reef fIat is 

emerged in places at spring tides. The substrat~ ~s composed 

mainly of compacted coral rock with irregular surfaces. At the 

three southern reefs (BR, SG and FV) the substrate was covered 

by tfoth encrust ing corall i ne algae (predomi nantly Porol i thon 

• sp. and N~ogoniolithon sp.) and macrophytes; the most visible 

being Cladophora sp., Bryothamnion sp., Laurencia sp., and 

Acanthophoca spicifera .., (Vahl) Borgesen. The macrophytes 

covered approximatly 20 to 40 % of the hard substrate. By 

comparison, the dead coral substrate at the four northern reefs 

(SL, BRI , GS and SR) was covered predominantly by encrusting 

coralline algae (i.e. Porolithon sp. and Neogoniolithon sp.) 

The coralline algae covered approximatly 70 to 80 , of the hard 

substrate, whereas filamentous algae covered only 1.4 to 10.3 , . .,. 
of the substrate (Table 3). The average dens i t ies of Diadema 

antillarum increase in a south to north direction (Table 3). 

Sixteen spec ies of sclera.-ctinian corals were recorded on c.:, 
the reef flat zones of the seven fringing reefs. Only four 

scleract in hn species were common to all reef flats. The 

dominant species on the reef flats was Pori tes ast ceoides 

making up between 33 to 54' of the live coral coverage (Table 

6) • .-' S1derllstrea radians represented a rel.atively smàll 

component of the coral coverage, whereas Agaricia IIgaricites 

conatituted between 4.8 to 17.3' of live coral cover, and 

porite. pori te. between 1.1 and 23.0 ,. Montastrea annulllris, 

conaidered to be a dominant reef builder in Barbados (Lewis, 
tJ 

1960; Macintyre, 1968, St.arn et al., 1977) ~s absent only 
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from the ,SG reef flat. The colonies of M. annularis were small 

round and lobate, 

edge. Montast rea 

and lvere mainly restricted to the seaward 

c~osa was "Present on four reef flats 

(Table 6), but in relatively lov numbers. Palythoa mamillosa 

vas absent from the th,ee southern reef flats, but represented 
. \ 

~twttén 3 ~o 5 , of the coral coverage at the 

ree-;s (Tabl~ 6). Both Levis (l960) and Stearn 

four northern 

et al . (1977) 

regarded PalythoIJ as a c:haracteristic spec:ies of this zone, and 

Lew i s (1960) named the Dipl ori a - Palythoa zone based on the 

high abundance of Diploria cl i vose and Palythoa mami1l osa. The 

low abundance and coverage of both species in this study 

suggests that major changes have occurred vi thin the coral 

community. Millepora complanata and H. squarrosa vere present 

on a11 reef 'flats; wi th H. complanata forming a noteworthy 

teature at the seaward edge of SL and GS reef flats, and to a 

!esser extent at the FV reef flet. In general, the northern 

reef flats have a higher species complement vhen compared to 

the three southern reef s. ) 

Communi ty descriptors. The differenc:es among the seven 

reef flats are evident in the simple community descriptors used 

in the study (Table 3). The results of multivariate one-way 

ANOVA indicated significant differences in all community 

descriptors (Table 3). No statistically discernible differences 

were found (P > 0.05) for the TSI index among the seven reefs. 

The reaults of Tukey's multiple comparison test (Table 8) 

indic:ated that the average number of species, number of 
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colonies, percentage coral coverage and D. antillarum densities 

aIl exhibited similar trends among, the seven reefs. Tables 3 

and 8 indicate that average values of the above descriptors 

were statistically higher at the four northern reefs (SL, BRI, 

GS and SR) than at the three southern reefs (BR, SG and FV); 

with lowest valueS occurring at the SG reef flat and BR reef 

flat. The only statistically discernible difference ,between 

the BR and SG reef flats was in the lover coral coveuge values 

(Table 3) of the SG ceef fIat. The average values of the 

commun ity descriptors (Table 3) et the BRI reef flat vere not 

statistically discernible from the average values at BR and FV 

reef flats. However, the density of D. ~ntill~rum at the BRI .. 
nef fIat vas statistically higher than at the two southern 

reefs. 

Di versi ty 

diversityof 

reef BR to 

indices. Table 4 cle~ly indicates that the 

the coral community incr~--froDl the southern 

the northern reef SR. The results of the 

mult i variate one-vay ANOVA ind icated signi f icant di fferences 

for aIl di ve rsi ty indices. Tukey' s mult iple compari son test 

(Table 9) indicates that values of the four diversity indices 

H'n, H'c, H and d vere statistically lower at SG ['eef than at 

the northern reefs, but vere not statistically discernible from 

the diversity values st BR reef. Of the four northern reefs, 

BRI had the lowest H' n and H values and these vere 

statist ically discernible frODl the H' n and H values calculated 

for the GS and SR reeh. Mar'Jalef' 8 di versi ty index d showed 

. 
\ 

j 
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lovest values at SG and BR reefs, vhich vere statistieally 

indiscernible from each other. Hovever, the d values at the SG 

uef vere statistically discernible from the other reefs. Note 

that the average d values at the BRI reef vere statistieally 

indiscernible.from the BR reet. Table 9 clearly indicates that 

Brillouin' s diversity index H showed a higher degree of 

differentiation among the reef flats when compared to the other 
c.. 

diversity indices. The results of the multivariate one-way 

ANOVA have also indicated signifieant differences for J'n and 

.l 'c. Statistieally lover J'n values oecurred at thr SG reef 

flat (Table 10), whieh was dominated by Pori tes pori tes, P. 

astreoides ·and Agaricia agaricites. Highest domi nance values, 

k'e,' ver'e observed at the two southern reefs (BR and SG), and 

these vere statistically discernib1e from ).'e values measured 

et the four northern reefs (Table 10). Lovest ).' c values 

oecurred at SR reef and these vere statistically discernible 

from the other three northern reefs. The relatively lover 

dominance values at the four northern ree'fs result from the 

inereased species number and reduced dominance of Pori tes 

astreoides. 

.J 

î 
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tabla 10. '1'uktl'" nudlntl .. d rang. (MIDI test (Ita" 1982a) for 
.iqnificant (peU.OS) differlncl. blt ... n .tatlo~ .. an. foc Si.plon'. 
Jnd.. of conc.ncr.cJon, .. ·n (YI and .. 'c (0) 1 and Pj.lou'. .v.nn, .. 
ind •• , J'n (e) IncS J'c (a), for furtber .aplanation ••• "Mlterial. and 
MltbQd,- 'ection. Mo diaclrnibll dillerlnel. war. ob.ervld foc th, .bov, 
indic .. at thl lacll ••• f aona. Nota. thil te.t controll thl Type l 
t.ptri"nt •••• error rit.. • 
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'aunal com~ri50n. The spur and '9roov~ zone previously 

described by Levis (1960) and Stearn et al., (1977) is 

considered the most actively grovin9 part of the frin9ing reef 

complex. The spur and 9roove configurations, generally runnin9 

perpendieular to shore, vary in size from reef to reef. Stearn 

et al., (1977) reported that the spurs at the seaward edge of 

the frinqin9 r«~efs vere dominated by Pori tes pori tes. The main 

characterist ie of the spur and groove zones at the three 

southern reefs (BR, SG and FV), in the present study, was the 

high percent cover of substrate by f leshy algae. The spur and 

groove zone at the SG and BR reefs i5 bein9 eroded, and in the 

case of the former, has almost collapsed. Similar erosion i5 

oceurring at the FV reef vhere the 9rooves are bei~illed 
• 

vith sand. The fleshy a1gae eovering the col1apsed spurs at the 

BR reef vere dominated by Acanthophora sp., Dictyota sp., 

Bryopsis sp., and Cladophora Spa This zone, at the SG and 't'V 

reefa, vas heavily covered by filamentous algee; hovever, 

caleareous 81gae eontributed more to the substrate cover at the 

SG reef (Table 3). 

In contrast to the southern reefs, the spur and groove 

zones of the four northern reefs vere almost devoid of fleshy 

a19ae. 5 olle fi lamentous algae (endoli thic algae; Havkins and 

LevÎl, 1982) vere present on dead coral fragments and on the 

expo •• d .keletal framevork ot dead coral heads. The dominant 

encrulttpg coralline algee vere Porol1thon sp., Goniolithon 

l 

f , 

l 
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sp., and Neogoni 01 i thon sp. 

Tventy three scleractinian species vere recorded on the 

spur and groove . zones of the seven fringing reefs. Of these, 

only Pori tes porites, P. astreoides, Agaricia agaricite. and 

Hontastrea annularis vere common to all the reefs. Table 7 

presents the average relat ive coverage of each spec ies. In 

terms of abundance'and percent coral coverage, the dominant 

species at the BR and SG reefs were Pori tes pori tes, P. 

astreoides and Montastrea annularis (Table 7). The abundance of 

~orites porites was greatly reduced on the rv reef and on the 

'four northern reefs. The dominant species on the rv reef vere 

P. Bstreoides and Siderastrea siderea (Ellis and Solander); and 

\ on the northern reefs, P. astreoides, Agaricia agaricites, H. 

S. siderea (Table 7). The high dominance of 

mirabilis (Ouchassaing and Michelotti) (15.3' of 

coral co~r) at the BRI reef is attributed to a large stand 

located et the southern seavard edge of the reef. 

The colonial zoanthid Palythoa mamillosa vas present on 

the three northern reefs (BRI, GS and SR); hovever, it vas 

restricted to ~the inshore edge of the zone. Millepora 

squarrosa vas common to all the reefl, vhile H. complanata vas 

absent from the BR reef, and H. alc1cornis vas mainly 

restricted to the four northern reefs. 

Community descriptor •• There wal a general increase in 

the average number of species, coral colonie., percent coral 

cov~, TSI inde. and D. antill.rua denaîtie. in a northerly 
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direction fro. the southern reef BR (Table 3). The increase in 

speci •• number is primari~y due to Iarger coral speciel vhich 

are absent troll the three southetn reef a (Table 7). 

Multivar~te one-vay ANOVA indieated signifieant differencea 

among the apur and groove zones for aIl community deacriptors. 

The results of the ~ukey'. multiple comparison test shoved that 

the average number of speeies, number of colonies, percent 

coral cover and sea urchin densities vere statiltically lover 

at the three southern reefs when compar,ô to the four northern 

reefs (Table 8). However, the average number of colonies at 

the southern reet SG vas Itati.tically indiscernible from that 

at the St and SR reefs. The high value of the TSI index at the 

rv reef is attributed to the presence of large s. slder •• 

colonies. 

Diveraity indIc ••• The reluIts of ANOVA also indicated 

signifieant differenee. for the diveraity indice. pre.ented in 

Table t. The values of all diversity indices ( H'n, H'c, H and 

dl, including the evenness indices J'n and J'c, increased in a 

northerly direction from the southern reef BR. The diversity of 

the coral community was statistically higher at the northern 

reefs (when compar.d ta the southern reefs and BRI reet) as vas 

indicated by the Tutey's te.t (Table 9). The averlge species •• 
diversity at B1\t reet was Itatistically lov.r than et the St, 

GS and SR re.ta, but va. atati.tically indiseernible from the 

BR r.ef. Th. north.rly incr.ase in speci.s diversity is 

a.saciat.d with an incr.... in evenn •• s and core.ponding 
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d.cr •••• in do.in.nc. (T.bl •• ). High eor.l do.inane., ~'n and 

l'c, ••• charlet.ri.tic of the three .outhern reef., where only 

few lpeei.. eontribute to the abundanee .nd coverage valu ••• 

Higher do.inance and lov.r .v.nnes. v.lu.. .t the thr.e 

louth.rn reefl vere It.tiltically 

north.rn re.f, (Tabl. 10) • 

• 

• 

rnible fro. thos. of the 
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Co.aunl ty a •• cdptor •• The results of one-vay ANOVA for 

vith~n reef differenee. among the three zones indicated 

signifieant differenees for all community deseriptors. The 

specifie differences among the three zones, for each reef, vere 

tested by the Tukey's test (Table Il and 12). Average number of .., 
speeies increased from the back reef zone seavards vith highest 

numbers in the spur and groove zone. On all reefs the average 

number of speeies, number of colonies and live coral coverage 

vere .tatistieal1y lover on the back reef zones than on the 

reef fIat and spur and groove zones. At the northern reefs, 

vith the exception of the SL reef; average number of species 

vas statistica11y higher on the spur and groove zone than on 
t 

the reef flat zone (Table Il). By eomparison, there vere no 

stati.tieally discernible differenees in average number of 

speeie. betveen the reef fIat and the spur and groove zone et 

t~e three southern reef. (Table Il). Highest densities of D. 

antl11arum vere reeorded on the reef fIat and the spur and 

groove zon., and these vere statistieally diseernible from 

densities on the baek reef zone (Table Il). Coverage of 

substrat. br ealeareous algae va. statistically higher on the 

r •• f fIat and the spur and groove zone then 0' the back reef, 

vhil. the cov.rage by fleshy alg •• vas .tatistically higher on 

th. back reef (Table Il). 

DI ver.l t y Indice.. Th. relultl pr ••• nted in Table 12 

\ 

~ 

1 
\ 
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Tabl. 11. !Uk.f·' .tud.ntiaed rang. (NID) tt.t (Rlr,1912a) for 
.i,nifie.nt (' < 0.05) diff.r.nc •• a80n, th. rtte aon •• for AV' rage 
n~r of .peel •• , coral colonl •• , perctnt coral COy. ra,. (PCC 'J, 
d.n.itla. of th ••• a urcbin Dlad~.ntJll.ru., d.pth,' eovera,. of 
.ub.trat. br caleartoUI .lge. (, CAL) and fl .. br al,a. (l'IL). ZOnt'l A 
- back r •• f, 1 - r •• f flat and C. .pur and ,roov. aont. Nott. thi. 
t •• t control. th. Type 1 t.peri .. ntvl ••• rror ratt. 

MO. of 
airs .peel •• 

MO. of 
coloni .. 

PCC , 110. of 
urchin. 

Depth , 
CAL 

, 
ru. 

, 

1. C,I>A ~I·>A C,I>A C,.>A C>I>A C,I>A A~ 

50 C,I>A C>'>A C>'>A C>.>A C>I>A C,I>A A,I>C 

" I>A '>C .>A I>A,C C>I>A I>A,C A>I,C 

SL C,I>A C,'>A C,.>A C,.>A C>I>A C,a>A A>a,C 

III C>'>A C>.>A C>I>A C,.>A C>I>A C,I>A A>I,C 

GI C>.>A C,.>A C,I>A C,.>A C>.>A I>C>A .\>I,C 

s. C>'>A C,.>A C>I>A C,.>A C>I>A I>C,A A>I,C 

• 

-
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Tabl. 12. Tuk.,'. .tud.ntiae4 ran9. (HID) t •• t (Ra" 19'2a) for 
.19nifieant (1<0.05) dlfftr.nc .. a.on9 r.tf Ion •• for Sh.nnon-Ni.n.r'. 
dJY.r,1t~ 1nd •• , H'n and H'C, 'rfllouJn'. dlv.r.ftl Jnd •• , H, ~r9.l.['. 
dJY.t,1t~ ind •• ,'d, PJ.lou', .v.nn ••• ind... J'n and ~'CI and Sj~.on'. 
ind •• of eonc.ntr.tJon, ~'n and ~'c, Ion ••• A - back r •• f, 1 - r •• f flat 
and e. 8PUr and groo •• Ion., Nott. thia t •• t controls th. Type 1 
.zperi .. ntvi ••• rror rat •• 

R •• f. 

III 

sa 

rv 
St. 

III 

GI 

SR 

Div.r.it, Indic •• 

H'n Htc H 

C,I>A C~I>A C,I>A 

C,I>A C,I>A C,I>A 

C,I>A C,I>A I>C,A 

C>I>A C>I>A C>I>A 

C,I>A C,'>A C,'>A 

C>I>A C,I>A Ct'>A 
'/ 

C>'>A C, '>A C>'>A 

.. 

d J'n 

C,'>A C,I>A 

C, .>A A-I-e 

C,I>A C,I>A 

C>I>A C,I>" 

C,I>A I>C 

C>I>A A-I-e 

C>I>A C>A 

~'c t,'n .. 'e: 

A-I-e A>I,e A>I 

A-I-e ~ A>I,C 

A-I-e C>A A>I, C 

A,C>. A-I-C A>'>C 

A-I-e A,.>e A>I,C 

J 

.. 
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demonltrate that species diversity wal statistically lower on 

the back reef when compared to reef fIat or spur and gtoove 

zones. With the ezception of the BRI reef, the zonation 

pattern at the northern reefs was weIl defined. The average 

values for the H'n at the GS and SR reef flats were 

statistically discernible from H'n values on the spur and 

groove zones (Table 12). In comparison, the reef fIat and the 

spur and groove zones were similar in term! of H'c. In 

general, there was a progressive increase in coral diversity 

trom the back reef to the spur and groove zone, however, the 

zonation was less pronounced at the three southern reefs. 

Pielou's evenness indices showed an increase towards~he spur 

and groove zone (Table 4). Note that with the exception of the 

GS reef there were no statistically discernible differences 

among the thre~ zones in J'c. By compar i son, J'n was more 
t 

sensi t ive (Table 12) in delineating within reef differences, 

suggesting that coral colonies are more evenly distributed 

among the species on the reef flat and the spur and groove zone 

than on the back reef. The dominance of few species on the 

back reef is also reflected in higher ktn and k'C values (Table 

.). Lowelt dominance values generally occ4rrea on the spur and 

groove zone, however, few ezceptions occurred (Table 12). In 

summary the data indicate that the scleractinian coral 

community is more diverse on the spur and groove zone than on 

the reet- flat, and more diverse on the nef flat than the back 

reet. 
.. 

/ 
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, 
Table 13 presents Spearman 's rank: correlation 

coefficients betveen the various environmental variables and 

community descriptors. The results indicate that the structure 

of the seleractinian coral community is highly correlated vith 

environmental conditions a10ng the vest coast of the is1and. In 

a previous study (Tomascik and Sander, 1985), i t was 

demons}rated that, dissolved oxygen, temperature and sa lini ty 

differences among the seven f ringing reefs vere not 

biologically significant, and, therefore, are not included in 

the present ana1ysis. Depth and downward flux of suspended 

particulate matter (DF-SPM) .showed no correlation with any of 

the community deseriptors (Table 13). It is interesting to note 

that both average number of colonies (COL) and Pielou's 

evenness index J'c failed to correlate vith the environmental 

conditions, but since Most environmental variables and 

community descriptors vere strongly correlated it was not 

possible to clearly demonstrate which envir~mental factor or a 

combinat ion of factors had the Most signif~ant effect on the 

structure of the coral community. 

Table 14 presents the results of principal companent 

analyais (PCA) for Il environmental variables measured during 

the study. The firat three principal companents (PC) account 

for a total of 92.9 t of the variance in the data, the first 

compenent accounting for 68.5 t of the variance, the second for 

an additional 14.3 , and the third for the remaining 10.1 t. 

1 , 
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Table 13. IPla~ .. n co~r.lation coeffici.nt. bet ••• n th. environ •• ntai 
vlrilble. (IPM, .u.Plftded partieulat ... tt.f, CHla. chloroph,ll l, PEN, 
, of .urfac. lllu.inatlon, 010. , ot organie cont.nt in •• dl .. ntl; 
Dr-IPN. do.n.ard flua of IPM, Depth, 100. blolotlcil o.rgen d ... nd; 
PO,-" inorganle pholpbat., MO •• MO,-M, nitrlt.-nitrit. nltroq.n, NO~-NI 
nitrite nitrotln, III.-N, a..onla), Ind IC01~lC.l d •• criptol'l (SP: 
• pee 1.. nuaher, COL, n\IaMr of coloni •• , PC l , PI~c.ntag. corll 
co •• ra,., Til. tran.ect Il •• ind •• , CAL. , lub.trat. cov.~ br calcl~'ou, 

\ al"., rIt. 'Iueltett. co •• ~ br fl •• hr a1ga./ M'n and H'c, Shannon-
Vl.n.r'. div.rllcr ind •• , H. Iril ouin'. dlv.r.ltr lnd •• , d, Margllef's 
iv.nitr ind •• , J'ft and J'CI ,i.lou' •••• nn ••• lnd •• , ~'n and /o.·C: 

5 lon'I ind •• of conc.ntr.tlon). ror r>0.7', P>0.05, n.7 . 

- CIlla .. - ....... ....... ...... - fil ... ....... ID ..... ..... 
• ..... ".n '.n .... ... ., -l,. .. ... .. .. .... ..... '0 ,. '0 tA .. ..... ..... '.H ..... ".U .. ... • ..... ... U ..... .... ·c 10 
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n" '.A '.n ..... . ... ..... .... ..... '.n •••• •• U o 1 • o '1 . '. .... ".n '.tI .... .. ., -1 •• .. ... ..... .... ..... ... " '0 ,. . ', •••• -.... •••• .. .• 1." -1 •• .. ... ..... .... ..... ., ' . '0." 

• •••• ..... , .. , .... 1." -1 •• . .... ..... .... ·'.N ... " '0." 

• .... ".n '.tI .. .• 1." -1." ..... -t.N ..... ..... ' .. " '0 .. 

,,'. ..... ".n , .. , ".N .... ..... .. . ., -.... .... ".N ..... '0 .. 

{ "'. ... ., ".11 '.11 ..... I.n ... U ".11 ".11 ..... ".1' O.Dl '0 J' 

,'. •. n .... ·1 .... ••• -.... "n .. ... .... ••• ••• o ... 0 .. 

,'. .... .... .. ... .... -t.U .... .... .... '.n OUI a Il 

l DP-SPN rit ••• ".rl,ed o •• r one , .. r / • Dr-SPM rit •• IvuIged :lV': 
lu.er IIOnths onlJ' ( ... TOIIiIseik and Sander, 151151. 
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Table U. livenyector loadlnva and Spear .. n' 1 ranlt c:orrelation 
cOlfficlentl (r) for corrllationl betveen Inviron .. ntal variablel and 
principel cOllpOnenti 1,2 and 3, • Indicatll Itatlltical liqnific:ance 
(tvo-tailed telt) at P < 0.002, •• P < 0.01, e P < 0.02, • P < 0.05, n-7 
rllfl. 

Inld ron .. ntal 
yu iablel '1 

SPM (1HJ/1) 

PIN (\, 

DP-SPM (~c:a'/d' 

Principal co.ponlnt 

1 2 

Loadlnv r r 

0.3" 0.96.. -0.201 -0.36 . 
-0.316 -O.," 
0.016 -0.21 

0.111 

0.155 

O.U 

0.11 

Depth (a) 0.126 0 0.513 0.82. 

0l1li Ct, 0.351 0.90- -0.121 -0.22 

ChUa' (~.') 0.292 0.96" -0."1 -0.61 

100 (1HJ/11 0.332 1.00· -0.269 -0.t3 

NO,.NO,-" (~,-at/11 0.33t 1.00· 0.250 -0.t3 

NO,-II (~-at/l) 0.301 0.61 0.393 O.Ot 

NH,-II (lI9-u/1' 0.3U 1.00· 0.171 -0.t3 

PO.-. (1I9-lt/1' 0.3" O.... O.UI -0.22 

Loadinq r 

-0.050 -O.Ot 

-0.101 -~.25 

0.920 

-0.025 -0.07 

0.105 0.16 

-0.024 0.18 

0.022 0.07 

0.129 0.07 

-0.025 0.68 

-0.057 0.07 

-O.lU -0.14 

" Abbre .. iation. Ulect - ..... IUlpended particulatl .. tur, PIN 1 

percenta,lof .urtaci illu.inatlon, Dr-, .... dovnvard nUli of 5PM, ORGI 
percenta,e of orpnlc .. tter ln ledl .. nt., Chl(a) 1 cb1oroph111 a, 1001 
blo1ovlca1 oa"en.d ... nd. 

1 
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High correlation betveen the PCl and the environmental 

variables (Table 14) suggests that PCI can be interpreted as a 

general index of environmental conditions. Thus reefs vith 

high concentration of SPM, chloro~yll lJ and nutrients vill 

'have high scores on PClj conversely reefs vi th lov nutrient 

concentrations and high "ater clarity will have lov scores on 

this component. AS the PCl accounts for the single largest 

proportion of variance in the data, it can be concluded that 

the major di fferences among the f r in9in9 reef s, in terms of 

environmental conditions, are related to vater characteristics. 

It is of interest to note that both DP'-SPM and depth score lov 

on PC1. However, depth is highly correlated vith PC2 indicating 

that pe2 i5 a function of depth, while DF-SPM is highly 

correlated vith PC3 indicating that PC3 i5 a function of 

DF-SPM. Spearman rank correlations betveen the PCl and the 

community descriptors (Table lS) indi cs te that species 

diversity is a more sensitive measure of eutrop.içation stress 

than coral abundance, coverage or TSI index. Furthermore, lac k 

of correlation betveen the community descriptors and PC2 or PC3 

indicates that neither depth nor DP'-SPM are dominan"t 

envi ronmental factors af fecting the coral commun i ty. 

Table 16 presents the results of PCA . for 12 communi ty 

descriptors used to characterize the structure of the coral 

community. The first PC accounts for 79.8 , of the vat:~ance in 

the data, while phe second and third PC account for only 9.9 , 

and 6.5 '-of the variance respectively. Note that vith the 

exception of Pielou's evenness index J'c, all diversity indices 
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Table 15. Speer_n', ranlt corralation co,fUetenti bet ••• n thr •• 
prlncipll ca.ponenu of an9iron_ntel 9atiabla. Ind cOlllllunit)' 
da.criptor" • Indie.tet Itatilticll '19nlflc.nct (t_o-tailtd tait) It 51 
< 0.01, li. indlcata. , ( 0.05, n-1 ra.h, 

prinC:lpal cOIIpOnentl 

---------- -- ...... _--- --------- -----_ ... 
C~\lftitf de.c:riptor. 1 2 

Speci'l .bundancl (IP) -0.16 • -0.39 -0.07 

Colonf .bundanC:I (COL) -0.50 -0.29 -O.ll 

Percant coral coyer (PCC) -0.75 -0.57 -0.07 

Tran.ec:t liaa In4u (Til) -0.39 0.25 0.29 

Sbannon', d19arlltr Indal (H'n) -0.96 • -0.39 -0.07 

Sbannon', dl.erlitr Ind,1 (H'c) -0.96 • -0.39 -0.07 

Irl110uln', di.ar1itr indu (Hl -0.96 • -0.39 -0.07 

MU9alaf' 1 41"artitr 1nd .. (15) -0.96 • ) -0.39 -0.07 

Pillou', l''tnn •• , Inde. (J'n) -O." • -O.U 0 

'lelou' • l"lnne •• Ind •• (J'c) -O. " 0,11 -0.5' 

111p10n'. 40111 !Ulnc. Inde. (~'n) 0.19 •• 0.54 -0.21 

Sllp1on', 4oII1nane. in~ (,,'c) 0.9l • 0.36 0.29 

.1 

---

• 

j. 
j 
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Table 16. 11genvector loadln9. and Speer .. n· 1 rank c:orrel.tlon 
c:o.Ulclenti (r) for corulation. behe.n ca..unlty duc:riptor. and 
principal coeponenu 1,2 • ." ],. Indic.te. ttetilt cal 1i9ntfic:enc:e 
(two-t.Ued t .. t) et P < 0.002, •• P < 0.011 • P < 0.05, n-7 reer •• 

Principal coeponent 

1 2 J 
Co.unltl' ------------------------------------------------------deICrlptorl , l.oad1n9 r Loadln9 r l.oadinq r 

------------------------------------------------------------------------
1. O.ll' 1.00· -0.135 0.11 0.036 -o.oe 

COL 0.239 0.5e -0.537 -O.fit -0.020 -0.07 

PCC, O.UO 0.12. -0.306 -0.J6 0.011 0.16 

Til 0.117 O.U 0.3U 0.39 -0.725 -0.75 

H'n O.lZO 1.00· 0.Oe2 0.11 0.056 -o.oe 

H'c 0.321 1.00· -O.OU 0.11 O.OU -0.04 

H 0.320 1.00· -0 .02t 0.11 0.123 -O. oe 

d O.ll' 1.00· O.OOt 0.11 -0.051 -o.oe 

J'n 0,290 0.93·· 0.312 0.32 -0.093 o.oe 

J'c 0.175 0.32 0.536 0.61 0.629 0.75 

~'n -0.301 -0.93" -O.oez -0.11 0.179 0.18 

.. 'C' -0.320 -0.96" 0.065 -0.07 -0.012 -0.18 

v Abbr •• latlonl •• in Table 15 • 
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have similar loading on PCI irrespective of signe Thus, reefs 

vith higher species diversity and lover dominance vill have 

higher scores on this component, vhile reefs vith lov species 

diversity and high dominance vill have lover scores. High 

correla t ion between PCl and the commun i ty descriptors suggest 

that PCI can be interpreted as a general index of species 

diverljty for the ,even study reefs. The relationship betveen 

the PCI, or the general di versi ty index, and the envi ronmental 

va-riables (Table 17) indicates that vater characteristics are 

the dominant factors related to the structure of the coral 

community. Note that PC3 is highly correlated vith OP'-SPM, 

hovever since PC3 accounts for only 6.3 'of the '(adation in 

the data the relationship. has no biologieal significance. 

Fig. 5 presents the result of the linear regression 

betveen PCI of the environmental data and PCI of the commun i ty 

descriptors. Strong inverse relationship (r 2 -O.88, P<O.002) 

clearly demonstrates the effect of eutrophication on ttfe 

ove ra 11 divenity of the coral community. Introduct~-en of PC2 

from the environmental data into the model, as a second 

independent variable, i mpr oved the r 2 (P<O. 03 ) of the 

regression model (r 1 -O.97, P<O.OOl). Hovever, it should be 

noted that Pe2, a function of depth, alone accounts for only 

0.09 'of the total variance in the regression model (Fig. 6) 

and is a peor predictor of coral diversity in this study 

(r J -O.09, P>O.52). This support. the hypothesis that depth in 

this Btudy il not an important factor re.ponsible for the 

measured differencel in the structure of coral communities. 
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Table 17. IPla~n·. ran. corralation. bet ... n tllr.. principal 
cOllPOft.nu of c~unltJ delCrlptor'l and .nvlron_nUI vartabl •• , * 
Indicate. atathtlcal .l,niUcanc. (two-taUed telt) et P < 0.01, ** 
indicat •• P < 0.05, n.7 r •• fa. Abbr."tatlona for en"tron .. ntal variabl •• a. ln Table U. 

In'liron .. ntal 
varlabl •• 

SM (SIg/lI 

.... '" 
Df'-1fM (lI9/c.·/d, 

Depth t.) 

OICI ", 

ClIl a (119/.') 

IOD (SIg/li 

MO,.IO,-. (~-at/l) 

MO,-If (~-at/l) 

IIM,-If (~-at/l) 

PO.-, (~-at/l) 
• 

) 

1 

-0.19 •• 
0.t3 • 

0.07 

-0.01 

-0.95 • 

-0.93 • 

-0.91 • 

-O." • 
-0.75 

-0.91 .. 
-O." •• 

z 3 

-0.10 -O.lt 

0.11 -0.111 

0.21 0.93 • 

-O.U 0.11 

-0.25 0.09 

0.01 0.01 

-0.11 -0.07 

-0.16 -0.07 

0.01 0.50 

-0.11 -0.07 

-0.15 -0.16 
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,1 

rigure 5. Rtgreseion of PSCl (first principal component of 
ecological data) on PSNl (first principal component of 
environmental data). The arro. 8long the x-axis indicates 
the direction of deteriorating environ.ental conditions. 
The arrow Along the y-axis indicates the direction of 
higher species divereity. The broken lines represent the 
upper and lover 95' confidence bande for the regression 
line. symbols associated vith _ach regression.point are 
reef abbreviations. 
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,igure &. R.gre.sion of PICl (fir.t principel component of 
.cological data) on PEN2 (.econeS princ ipal component of 
environ.entai data). The Arro. along the x-axis indicates 
incr.... in .ver.g. reef depth. The arrov along the y-axis 
indicat •• the direction of higher .peeie. diverlity. The 
broken linel repre •• nt the upper and lover 95 , confidence 
bands for the regrelsion line. Symbois associated vith each 
regression point are reef abbr.viat ionl. 

: 
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- Diacu •• ion and Conclu.ion. 

Eutrophication of the inshore water masses along the vest 
J 

coast of Barbados ia regarded as a direct result of 

anthropogenic activities (Tomascik and Sander, 1985; Levis, 

1985). Anthropogenic eutrophication is a combined function of 

nutrient enrichment, sedimentation and toxicity associated vith 

dumping of domestic and industrial wastes. A number of studies 

have demonstrated that nutr ient enr ichment (C1utter, 1972; 

Banner, 1974; Kinsey and Comm, 1974; Lavs and Redalje, 1979; 

Smith et al., 1981; Walker and Ormond, 1982), sedimentation 

(Loya,1976b; Dodge and Vaisnys, 1977; Lasker, 1980; Rogers, 

1983; Cortes and Risk, 1985) and toxicity (McCloskey and 

Chester, 1911; Maragos, 1972; Maugos and Chave, 1973, Sorokin, 

1973; Johannes, 1975; Kinsey and Davies, 1979) have direct 

and/or indi rect effects on the integri ty of coral reefs. 

Tomascik and Sander (1985) showed that nutrient concentrations 

a10ng the west coast of Barbados have increased substant ially 

in the last 1S years. However, the nutrient concentrat ions are 

not high enough to have a di rect tox ic ef fect on indi vidual 

coral colonies. Nutrient enrichment is therefore considered to 

be an indirect stress, affecting the structure of the coral 

cOlNllunities through increned production at other trophic 

l~els (Maragol, 1972; Maragos and Chave, 1973; Kinsey and 

DOINll, 19" ; Banner, 19", Bi rkeland, 1977; Mahoney and 

MCLaughlin, 1977, Lawi and Redalje, 1979; Smith et al., 1981). 

This in turn affectl the coral community directIy through 

• 
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compet i t ion for space or indirectly through increased 

bioturbat ion or sediment trapping (Walter and Ormond, 1982). 

High abundance of benthic mac rophytes and f ilamentous a1gae 

at the three southern reefs (Table 3) may be a response to 

elevated influx of nutrients from domestic and industrial 

sources. However, macroalgal dominance can also be induced in 

coral reef habitats by exclusion of grazers (Ogden, 1916). The 

lov densities of Disdema sntil1arum at the three southern reefs 

(Table 3) may therefore be contributing to the e1evated a1ga1 

biomasse In contrast to the present study, Walker and Ormond 

(1982) recorded higher densities of Diadema setosum (Leske) on 

reefs, vith high alga1 standing crop, affected by sevage 

pollution. The dit ference may result from the fact that 

industrial effluents, rather than sevage, are primar i ly 

affecting the southern reeh in Barbados (Tomascik and Sander, 

1985). 1 ndustr ial eft l uents may i nhibi t and/or may increase 

mortali ty of urchins after recrui tment • Note that overall 

grazing pressure may not be lover on the polluted reefs, where 

benthic herbivorous fi shes are more abundant (Cotter, 1984). 

As the densities of sea urchins increase (i.e. SR reef), the 

dominance of the fish communit7 shifts from benthic herbivores 

to planktivorous specie~ (Cott~r, 1984). Gfven these results, 

i t is suggested that elevated nutrient levels, rather than 

reduced grazing pressure, are responsib1e for the high elgal 

biomess on the southern reefs. 

E1f\,ated nutrient levels have resulted in high 

phytoplankton biomess (Tomascik and Sander, 1985) which may 
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af fect the coral cOlllDluni ty i ndi rect ly t hrough the reduct i on of 

light intenli ty and/or alteration of spectral quaI i tYi thus, 

af fecting ~oxanthellae photosynthesis essent ial for normal 

coral funet ion (Vandermeulen and Muscatine, 1974). Elevated 

phytoplankton biomass combined vith organie loading from 

anthropogenic sources (Tomasc ik and Sander, 1985) also promotes 

product i on of benthic mac roinvertebra tes. High influx of 

organic material to the benthic communi ty is reflected in the 

high organic content of sediments, vhich ranges betveen 2.3 , 

at the northern reef GS and 10.9' at the southern reef SG. 

Increased benthic production may be indirectly ref1ected in 

higher DF-SPM rates, caused by higher bioturbation, at the 

three southern reefs during calm summer months (Tomascik and 

Sander, 1985) • Suc~anek 0983 ) has demonstrated that 

CallianassB had a negative impact on Thallasia testudinum 

through bioturbation. 

High SPM concentrat ions and DP'-SPM rates assoc iated wi th 

eutrophication processes are considered Itey envi ronmental 

var iables affect ing the structure of the coral commun i t ies. The 

lack of significant relationship betveen the average yearly, as 

opposed to seasonal, DF-SPM rates and the community descriptors 

(Table 13) vould imply tha t DP'-SPM, which i s a function of 

sedimentation, resuspension and current velocity, has no effeet 
1 

on the structure of the coral commun i t ies in thi s study. 

Hovever, Toma sc i k anQ Sander (1985) showed that DP'-SPM 

fluctuate sharply as a result of variation in svells and land 

run-off. Both the svells and land run-off may last onlya fev 
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days, and their occurrence vanes seasonally, but their impact 

ia suff ic ï'ent to mask the contribut i on of anthropogen ie 

activities to the DP'-SPM values. 8y using only DP'-SPM values 

collected during the calm summer months and relating these to 

the communi ty descr iptors, an inverse relat i onship betveen 

DF-SPM rates and coral eommunity structure materializes (Table 

13 ). 

Apart from problems resulting from short-term variations 

masking underly i ng pat terns, there are problems associa ted. v i th 

the measurement of sedimentat ion and/or resuspension rates and 

the interpretation of them in the context of coral function 

(Tomascik and Sa"nder, 1985) or community structure. The vide 't 

var iety of methods used to measure sedimentation and/or 

resuspension rates prevents meaningful comparisons betveen Most 

studies. Moreover, since DF-SPM i5 a funct ion of both current 

velocity and partiele density, lov DP'-SPM rates do not 

necessarily imply lov turbidi ty. Consequent ly, SPM in the vater 

column is likely to be a more meaningful index of stress on 

corals than DF-SPM. Rogers (1979) has demonstrated 'that light 

reduction due to high SPM concentrations has a greater effect 

on some coral spec ies than sedimentation rates'. Measurement of 

both SPM concentra t ions and 1 i ght intensi ty at standard depths 

during reef surveys would provide much needed eompant ive data 

on regional variations in environmental conditions. 

SPM concentra t ions along the west coast of the island vere 

clearly negatively correlated vith a11 community descriptors 

(Table 13), vith the exception of .dominance indices }.. 'n and 

(1 
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~'c. Similarly, high turbidityand sedimentation rates have 

been implicated in severely affet:ting coral diversity, cover, 

abundance and health (Bak and Elgershuizen, 1976; Loya, 1976a; 

Dodge and Vaisnys, 1977; Bull, 1982; Peters, 1984). Moreover, 

Toma sc i k and Sander (1985) suggested that elevated SPM 

concentrat ions may be responsible for reduced grovth rates of 

Hontast rea annul a ri 5. Recent ly, Kendall et al., (1985) showed 

that stress re1a ted to e1eva ted turbidi ty level s sign i qcan t 1y 

reduces calcification rates and free amino acid (FAA) leve1s in 

the FAA pool in Acropora cervicol'nis (Lamarck) exposed to 200 

PPIII kaolin concentrations. Dallmeyer et al., (1982) have a1so 

reYeale~. that e1evated peat concentrat ions reduced Oltygen 
If' 

product ion in Montast l'es annularis, through selective 

wavelength filtration and reduced light intensities. 

Sedimentation can affect corals indirect1y by contributing 

to turbidi ty or direct 1y by physical smothering. Corals 

exhibit four mec han i sms of sediment reject ion: polyp 

distension, tentacu1ar movement, cil iary act i on and mucus 

production (Hubbard and Pocock, 1972). A great dea1 of 

laboratory and field work has been done on the sub-letha1 and 

lethal effects of sediments derived trom terrestria1 runoff 

<Cortes and Risk, 1985), dredgi~g and fi1ling activities (Brock 

et al., 1965; Oodge and Vaisnys, 1977; Bak, 1978; Sheppard, 

1980) and resuspension of bot tom sediments (Aller and Dodge, 

1974; Dodge et al., 197.). A number of field studies in the 

Caribbean have demonstrateci that- areas associated vi th high 
\ 

sedimentat ion and/or resuspens ion have a characteri st ic coral 
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fauna (Lewis, 1960; Loya, 1976a), and these studies vere in 

genera1 agreement vith the results of experimental studies on 

sediment rejection (Hubbard and Pocock, 1972; Lasker, 1980; 

Rogers, 1983) • It 

cavernosa, Diploria 

is genera11y accepted that Montastrea 

stri gosa, D. labyr i nthiformi 5 (L i nnaeus), 

and Siderastrea siderea are e f f icient sed i ment rejec tors 

(Hubbard and Pocock, 1972; Dodge and Vaisnys 1 1977; Lasker, 

1980; Rogers, 1983). fofontastrea cavernosa, is perhaps the most 

ef f icient, being capable of removing approximately 14 mg/cm 2 /d 

of sediments (Lasker, 1980). It is the dominant coral species 

on turbid reefs in Puerto Rico (Loya, 1976a). The DF-SPM rates 

measured in this study fall within the range measured over 

extended periods in natural habi ta ts in the Ca ribbean (0.3 to 

32 mg/cm 2 /12 as reported by Pastorok and Bilyard, 1985). 

The distribution and relative coverage by the different 

coral spec ies (Table 2) indicates that coverage by la rg! coral 

spec ies such as Diploria st rigosa, D. clivosa, D. 

labydnthi [ormi s, Montastrelt cavernosa, Colpophyll ia nlltans 

(Houttuyn), Meltndrina meandrites,. (Linnaeus) and Dichocoenia 

stokesi Milne Edwards and Haime is significantly lower at the , 
three southern reefs (BR, SG and FV). The general trend, 

tovards the polluted southern reef s, i 5 for hi gher abundance 

and dominance of coral species vith smaller polyp size. P. 

astreoid~s is the dominant coral species on aIl the reefs in 

the study (Table 2), while P. pori tes, A. àgaricites and S. 

radians show higher dominance et the three southern reefs. 

Based on sediment rejection efficiencies (Hubbard and Pocock, 
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1972), these results are somewhat surpr i sing, since Diplor ia 

strigosa, D. labyrinthiformis, and H. cavernos", are considered 

good sediment rejectors while P. astreoides, A. agarici tes are 

considered sensitive to sedimentation. However, it is important 

to appreciate that most sediment rejection studies have used 

sediments derived from natural sources and these may have\qui te 

different effect on corals than sediments derived from domest'ic 

or industrial effluents. Interestingly, most species that were 

absent from the southern reets use mucus production as one 

means of sediment removal, and this couid explain their 

sensitivity to elevated SPM concentrations or increased DF-SPM. 

Mucus is known to be a good energy source for resident cQral 

bacteria (Antonius, 1981). Hence the high mucus production 

requi red for clean i ng in polI uted envi ronments ~y ma ke the . 

corais suscept ible to bac ter ial at tack, part icularly if the 

source of the pollution is domest\c or industrial waste. This 

may be aggravated by hi gh nut rient concen t rations which also 

increase mucus production (Antonius, 1981). 

To test the se ideas coral species vere divided into three 

groups based on their feeding strategies (Lew i sand Price, 

1975); and their average abundance values (Fig. 7) vere related 

ta environmental conditions (Table 18). The results c1early 

demonstrate that corals which feed by a combination of tentacle 

capture and mucus filament entanglement (Group III; Lew i 5 and 

Priee, 1975) show a significant negative correlation vith the 

environmental conditions. The rela t i vely lov correlation 

between Group III and light intensity (r-0.71, P<0.06) further 
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, 

rivure 7. General distribution of scleractinian coral 
spectes grouped on the basis of feeding strategies. Group l 
- tentacle capture only; Group II - mucus net and filament 
entanglement; Group III tentacle capture and mucus 
entanglement. Numbers indicate average abundances. Reefs 
are arranged spatially along a gradient of improving vater 
quality (left-to-right). Improving vater quality implies a 
decrease in nutrient, SPM, and chlorophyll ~ 
concentrations, and an increase in vater clarity. Reet 
abbreviations as in Fig. 1. 
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Tabl. 11. Speu_n'. rank correlation coefficient. for c:orrelations 
bet-.en coral troupe ba.ed on fe.dln, .tratetle. and environ.ental 
variable •• Coral abundanc. u8ed ln th. anal,.i., • Indlcate. statiltlc:,l 
d9nUlcane. (two-taUed u.tl at P < 0.01, •• indieate. P < 0.05, n-7 
r •• f •• 

Inviron .. ntal 
variable. 

Group 1 
(tentacle capture) 

'PM (111/1) -0.04 

DP-.... (lI9/c• 1/4 ), -0.25 

or-SPM (lICJ.Ic. 1 /4)· -0.29 

PD n) 0.29 O. n) -0.16 

IOD (11911 ) -0.16 

Chl a (lI9/a') -0.29 

PO -p 
• • CII9-at/l> 0.0' 

110, +110.-11 (,,-at/l) -0.16 

IOI.-If (,.,-aVll -0.16 

Depth Cal 0.54 

Group Il 
(.UCUI n.t Ind 

fU ... nt 
entan9l ... nt) 

-0.64 

0 

-O.st 

0.29 

-0.34 

-0.57 

-O.st 

-0.20 

-0.57 

-0.57 

-0.11 

1 Dr-'" rat •• a •• rafed o.er one ,ear, • Dr-.... rat •• 
I.-r _ntb. onlJ (Me To.aclll and lander, 1915) • 
• 1 loure. Lewi. and .ric. (19751. 

( 

Group III 
(tentacl. captur. 

and .UC:UI 
entan91e.ent) 

-0.86 •• 
0.21 

-0.89 •• 
0.71 

-0.74 

-0.93 • 

-0.86 •• 
-0.74 

-0.93 • 

-0.93 • 

0.16 

av.ra,ed ov.r 
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suggests that other factors than reduction in light are 

affecting the structure of the coral community. 8y contrast, 

the abundance of Group 1 and II corals is not correlated vith 

the environmental variables. In summary, it appeara that corals 

responding to sedimentation and/or feeding stimuli by producing 

mucus viII be susceptible to bacterial attack, espe~ially in 

areas directly affected by domestic and industrial effluents 

(Mitchell and Chet, 1975; Ducklov and Mitchell, 1979; Rublee et 

al., 1980). Garrett and Ducklow (1975) demonstrated that, 

combined with oxygen depletion and hydrogen sulfide 

accumulation, bacterial infection will result in coral in jury 

or death. It is sU9gested that the dominance of Pori tes 

astreoides, P. pori tes and Siàerastrea radians in the southern 

polluted reefs may result from the secretion of becterial 

resistant mucus envelopes which are not secreted by other coral 

species (Levis, 1973; Oucklow and Mitchell, 1979). 

Four of the dominant coral species on the three southern 

reefs reproduce by brooding larvae (Fadlallah, 1983), and this . 
May be an additional factor contributing to their relative 

dominance and survival on the polluted reefs. It has been 

demonstrated that larval settlement near already established 

colonies is responsible for the contagious distribution of some 

brooding species (Lewis, 197'a; Goreau et al., 1981). Since 

coral larva' are able to settle within hours after release 

(Levis, 197'b; Goreau et al., 1981), i t is suggested that 

higher local recruitllent of brooding species, than of 

broadcasting .peci •• , atay be r •• ponsible for their num.rical 

f 

• • '. 



\ , 
i 

1 

i 
1 

',~ ~.- ----

• 
-229-

dominance in the stressed environment. , . 

The passage of Hurricane Allan in 1980 had a measurable 

effect on the structure of a fringing reef coral community on 

the vest coast of Barbados (Mah, 1984). The species most 

severely affected by the vave ,ction during the passage of 

Allan were Porites porites and Hadracis mirabilis. In viev of 

the possible damage to aIl the fringing reefs Along the vest 

coast and the lack of quantitative historical data on the 

structure of the coral communities, this study must necessarily 

be viewed in a comparative spatial contexte Hovever, because of 

the location and general morphology of the seven fringing reefs 

in the study, it is unlikely that the measured differences in 

the structure of the scleractinian communities vere a result of 

differential impact of hurricane-generated vaves. An 

exploratory survey of the fringing reef BRI after the passage 

of Allan shoved none of the major physical destruction that vas 

recorded in Jamaica (Woodley et al., 1981). The main reason 

for, the rela~'vely lov impact of the hurricane on the structure 

of the fringing reefs is related to lover energy vaves 

generated in the rear left quarter of the cyclone. Qualitative 

observations during the passage of Allan indicated that . the 

total energy absorbed by the fringing reefs vas comparable to, 

if not lover than, annual periods ai... high vinter sveUs 

(Tomascik and Sander, 1985). During the course of this study 

large intact stands of Pori te. pori te. v~re observed at the tvo 

southern reefs BR and SG. These vere unaffected by the passage 

of the hurricane even though they vere at a depth of 2 to .3m. 

) 



, 
i 
1 

! 

1 

( 

-230-

This auggest8 that if there vas a differential effect of the 

hurricane generated vaves along the vest coast the northern 

reefa vere affected to a greater extent than the southern 

reefa. 

Speciea diversity proved to be a sensitive index in 

delineating major differences in the structure of the coral 

communities and in assessing the impact of pollution. With the 

exception of J'c, all measures of diversity vere highly 

correlated vith environmental conditions (Table 13). Thus, 

increased pollution resulted in the expected increase in 

dominance of certain species at the southern reefs. It could 

be argued that, since aIl divers,t y indices vere highly 

correlated vith environmental conditrons (Table 13), the use of 

one index may be sufficient to demonstrate a pollution impact 

in future studies. Pielou (1977) has given an extensive 

treatment on the "theories and use of diversity measures. 

unfortunately, her suggestions are seldom implemented 

especially in coral reef studies. For theoretical reasons, the 

use of H'n or H'c, and the associated evenneSB indices J'n and 

J'c, are inappropriate in most studies usinq the line transect 

Methode The implicit asaumption of H'n ~ that the population, 
~ 

from vhich the sample vas obtained, i5 infinitely large and 

homogeneous, and that aIl the species present in the parent 

population are present in the sample (Pielou, 1977). This 

aBaumption ia clearly violated by the line transect method. It 

i8 auggeated that Brillouin'a index H ia therefore more 

appropriate, since it directly meaaures the diveraity of the 

) 
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sample (trensect line), ia not an estimate, and therefo~e, i8 

comparable to other samples. The correlation betveen H'n and H 

cleerly demonstrates thet H'n contains a consistent bias (Pig. 

8). This relationship is alao apparent in Loya's 1972 paper 

(Fig. 7, p., 110). 

A number of studies have shown that diversity can be 

dependent on factors other than pollution stress (Loya, 1972; 

Bouchon, 1981; Dodge et al., 1982), and it has been suggested 

that diversity indices are general1y inappropriate in pollution 

related studi~s (Green, 1979; Green and Vascotto, 1978). 

However, for comper,at ive purposes, the use of di versi ty indices 

is justified if the interpretation of results i5 restricted to 
• 

the range of values measured, and no inference i5 attempted 

about the general assumption of a connection between high 

diversity and high environmental Quality. In this study, the 

diveraity indices vere compared a10n9 an eutrophieation 

gradient among similar ecologieal zones to minimize possible 

effects of natural environmental gradients (Fig. 9). The use 

of PCA has demonstrated that the effects of natural 

environmental factors (depth) on the structure of coral 

co~unities are masked by stresses re1ated to eutrophieation 

processes. The adverse effects of eutrophieation proeesses are 

clearly demon,strated by high correlations betveen PCI of the 

environmental data and diversity indices (Table 15). 

In summary, the study hal demonstrated statistieally 

discernible and biolog ically aigni f icant differences in the 

structure of seleractinian coral eommunities amon9 seven 

.J 
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) 

Pigure 8. Correlation between the Shannon's diversity 
index H'n, and Brillouin's diversity index H based on 513 
line transects (samples). Spearman's rank correlation 
coefficient • 0.979. 
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Pigure 9. Variations, along 2 environmental gradients 
(horizontal axes), in Brillouin's diversity index H 
(vertical axis). Reefs are arranged spa~ially along an, 
anthropogenic environmental gradient of lmproving water 
quality (left-to-right). Improving water quality implies a 
decrease in nutrient, SPM, and chlorophyll a 
concentration., and an increase in vater clarity. The 
oatural environmental gradient i9 8 function of depth and 
vave exposure èxtending through the reef zones. Numbers 
indicate aver_ge H values. Zone A - back reef; Zone B­
reef fIat; Zone C spur and groove zone. Reef 
abbreviations as in Fig. 1. 
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fringing reef complexes along the west coast of Barbados. High 

and significant correlations between various environmental 

variables and community descriptors (Table 13) suggest that the 

measured differenees in coral community structure are directly 

and/or indirect1y re1ated to water conditions. Reduced species 

diversity, through direct elimination of certain species, 

results from the effects of eutrophication processes and 

responses of coral species to stress situations. Sediment 

rejection abilities combined with feeding and reproductive 

strategies of scleractinlan corals are the main biologieal 

processes through which eutrophication affects the structure of 

the coral community. Furthermore, the study emphasizes the 

necessity of clearly defining the nature of the environmental 

stress when considering its effects on scleractinian corals. 

Characteristics which provide resistance to natural 

perturbations, such as swells or land run-off in natural 

environments (unaffected by pollution), may provide no 

resistance to stress arising from anthropogenic activities. 

Note too, that while apparently major perturbations, such as 

accidentaI spi Ils of non-toxic substances, may have minimal 

impact on cora1s in natural environments (Dollar and Grigg, 

19B1) they m8y be lethal for corals already subjected to 

chronie pollution (Loya, 1976b). 
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Concluding Re .. rk. 

This study supports the hypothesis that eutrophication of 

the coastal vater masses along the vest coast of Barbados 

exerts a measurable impact on the structure (i.e. species 

abundance, composition, coverage, diversity and trophic levels) 

of the scleractinian coral communities, and directly and/or 

indirectly affects coral grovth and reproduction. Since an 

optimal impact study design ( i . e. spatial-by-temporal 

framevork) vas not possible, because of the lack of baseline 

data, this study àemonstrated and described the effects of 

environmental perturbat ion (eutrophication) upon the 

scleractinian coral communities from spatial patterns alone. 

Repeated collections vere carried out at regular t ime 

intervals, from September 1981 to September 1982, to provide 

information on year-round levels of fourteen environmental 

variables at seven fringing reefs lying along the leevard coast 

of ,arbados. High nutrient concentrations along the leevard 

coast~f the is1and vere attributed to domestic and industrial 

effluents, agricultural practices, groundvater discharge, and 

the circulation patterns of the inshore vater masses. 

The variations in the intensityof eutrophication (i.e. 

nutrient and organic inputs) are strongly implieated in changes 

in a complex of other environmental factors (biotie and 

abiotic) vhieh had direct and/or indi rect effects on the 

scleractinian coral communities. Nutrient enricnment of the 

inshore vater masses has imposed a major environmental gradient 
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on the west coast of Barbados, and is imp1icated to be a 

significant factor related to the observed differences in the 

di stribut ions of scleractin ian corals. These differences were 

detected at different levels of organization (i.e. individual, 

population, community). 

The abilityof the scleractinian coral communities to 

withstand environmental perturbations depends primarilyon the 

ability of individual corals to adapt to the new environmental 

condi tions. Physiologieal responses of ind i vidua l cora 15 

(implicit in coral growth and reproduction) to the stresses of 

the envi ronmenta l changes, brought about by eutrophicat i on, 

represent the first line of resistance of the coral community 

as a whole. Therefore, g["owth rates of Montastrea annularis and 

reproduction of Porites porites were used as quantitative 

measures of test ing st resses, assoc iated wi th eutrophicat ion 

processes, not only because both parameters integrate a variety 

of physio10gical responses of individuals, but they may a1so 

provide a possible functional link between the community 

structure and the altered environment. 

This study clearly demonstrated (Chapter l, Il) that 

stresses associated 'IIi th eutrophieat ion processes are li kely to 

be capable of exert ing a sign if icant ef fect on coral growth and 

reproductive processes. Over the range of environmental values 

measured during the study, both growth rates of H. annulari 5 

and reproductive potential of P. pori tes vere directly related 

to water characterist ies a10ng the envi ronmental gradient. 

Furthermore, H. annularis exhibited an optimum in grovth 
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(skeletal extension) - unimodal distribution - along the SPM 

gradient (Chapter 1). This suggested that SPM may be an energy 

source for reef co~~s up to a certain maximum concentration, 

character isti c of each spec ies, a f ter wh ich reducti on of growth 

occurs due to smothering, reduced 1 ight leve 1 s, reduced 

zooxanthellae phot osynthes i 5 or some other un ident i f ied 

processes. 

The ultimate effect of eutrophication stresses upon the 

scleractinian coral communities was reflected in their 

structural differences (i.e. species composition, abundance, 

cover, trophic position, and diversity) along the environmental 

gradient. The gradual decrease of water quality (Le. increase 

in nutrient, chlorophyll a, and SPM concentrations) from 

north-to-south, resul ted in a si gni f icant dec rease in species 

numbers, abundance, cover, and diversity. Furthermore, the 

trophic position of the coral commun i t ies shi f ted towards 

species which are able to use tentac le capture as pr imary 

feeding mechanism. Coral species previously bel i eved to be 

resistant to high turbidi ty and sedimentation (i.e. Montast rea 

ClJvernosa, Diploria strigoss) were characteristically absent 

from the southern stressed reefs. This discrepancy probably 

arises from the fact that a10st sediment rejection studies have 

i nvolved unpoll uted sediments which may di f fer considerably, 

from sediments affected by organic pollution, in their 

physicochemical properties, thus in their effect. 

ReprOduction and growth are two biotic factors that play 

an integral role in structur ing of scleractinian coral 
1 

~ 



, 

l 

-250-

communities. Reduction in reproductive activityand growth 

rates, as a response to env i ronmental st ress, may con t r ibute 

significantly to the measured differences in the structure of 

the coral commun i t i es. Reduced cora l hcund i ty (i. e. n umber 0 f 

eggs or larvae produced by an adult) may directly affect local 

recruitment patterns by reducing the number of potential 

recruits. Reduction in coral growth rates may also affect the 

structure of scleractinian coral communit ies. If the sue of 

coral colonies determines whether sorne of its energy IS to be 

diverted into production of gametes, then reduced growth may 

postpone reproduction until mature colony size is attained. 

Furthermore, reduced growth may place the cora l colony at a 

disadvantage by reducing its ability to escape predation 

( through larger size) , and dec rease i ts interspeclfic 

competitiveness for resources (i.e. space and light). Slnce 

scleractinian corals are sessile they must necessari ly 

experience passively the varying conditions in the water 

masses, and, therefore, the ultimate change in community , 

structure in pert urbed envi ronments resul t s from varia t ions in 

rates of larval recrui tment, growth and mortali ty in the adul t 

population. The structure of scleractinian coral communities 

under pollution stress must, therefore, depend on the relative 

su~cess of "coral species which both as adults and larvae can 

tolerate reduced water qual i ty (i. e. high nut rient and SPM 

concentrat ions) and Secondary e f fects associated ~lth 

eutrophication processes. 


