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Abàtract' 

The cru s tac e an. ~ r y p t 0 f au n a as soc 1 a t e d ' w i th ql e cor a l M a'd ra c 1 s 
( . 

nt ira b i lis ( Duc h a s sai n g a ~ d IH che lot t 1) wa s s a Cl p 1 e cr- t 0 tes t 
\ " • 1 j " 

se~eral h~potheses'concerning pollution in tropical ecosystems.-
~ 

Six.Stations along the west coast of Barbados, W.I. were 

Qonitored for environmental quality parameters to reaffirrn 

_ . e a r U. e r. W 0 r k. _t h â t fou n d a pol lut, ion g ~ i,~ n t loi as p r ~ 9 e n ~ '. T.r end s . 

in nItrite, phosphate, and suspended particulate Clatter . 
. '. r---

concentrations as weIL as water clar4ty generally suppo~têd this 
, 

hypothesis. Sample$ of M. mlrâbilis were collected and the 

cryptofauna used' to show thilJ: 199-norrnal plot~ing dnd domin,nce , . 
curves , may be 'ineffective in differentiating between the fauna of 

h ~ g h l Y pol 1 u t e dan dIe 5 s pol lut e d s i tes. Gre a ter suc c ~ s. S loi a s 

attained with classification and ordination using Bray-Curtis 

dissimilarities, which did. separate the highly pollutcd sites 

ô from those that were less polluted. An F-test showed that th,ere' 
) . 

a-re 8 possibl~ indicator species, aIL of which' were less.)comrnon , -, 
a t_ the h i g h pol i u t ion s i tes. The cry p t 0 f a u n a fi s soc i a t e d loi i t h . . 

, 
~call isolated heads of M. mirabilis was cornpared "tO the fauna --- "~ 

fouRd in large monospecific stands of the same species, and 
iD _ 

~lassificatio~ and ordinatiOn clearly separated the faunas of the 
t • 

two growth forms. Analysis of covarianci performed to ~stablish 

how the faunas differed in richness, and analysis of variance 

performed to-coQ~are densities ~how~d that isolated heads 

• po s ses s e d g r e a ter nu m ber s 0' f s p e ~ i .~ san d i n diV'~ 1 ~ 0 fla., r g e 

cryptofaunal organisms (decapods and amphipods) ~hil~-lar~e 

stand~ were found to support more species and individuall~of 

smaller organisms (copepods and isopode). Thie difference May ~e 
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a function o,f the greater habitat seen in th'e large stands. 

...ENenne~s, was reduced' iri' 1&01ate.<I he'a-d cOCl~ared to thé 
" . 

_lIlo~H'-"pecific b,e'ds, perhaps as a t'e;Jul t of an "isl-and effect" . \ .... '~ 

where low migration between coral heads would result in It~tle 
, ' 

-variat·ion in ava'i,lable habitat and dominance by â.fèW stro'ngly 
. 

. compe~itive speci.es. Ta show how richness and evenness May be 
J 

" 

-, biased in Many -curr'ent st:.:u.dies, linear regression ana1ysis was 

" 
\ .,performed ta show thât thue 18 a strong positive relations,hip 

. 1 
",~I l , 

~etween 'r1chJle-s.s and 'abundance of individuals and a strong 

negativi Telationsh~p between evenness and'abundance of 

individuals. Analysis of rtcpness and evenness without 'correction 
<J, 

for differ~ncés i~'abundance showed a number of inconsist~ncies 

w.ith results obtained us ing ANCOVA. An intuitive E!xplanatlon ls 

,'prov ided of why this pro b'l em of abund·a nee depen~ence exists and 

how resea rc'he rs can avoid bias in such analyses. 

) 
_1. " ..; ,', 

l' 

.. 1- ~l , . 
... 'l 

" '\ 

.' " ..... :i 
, 1 1 ~ l .' 

r-

... ~ , 
~ 

~' , . -
.~ 

~ .. 
',' 

.'\ ,. ~ .. , 
1 , 

,,>~ '1 -
~ 

.. r,.... • ,- o /, 
1 -' . , 

'. " 1-$ ~ > ,-- , (, ' .. '; ,~ .. , 

., ~ 

,.. 

1 ~ \ 

" " - lit 
e 

" " 

" 1 , 



J 

o 
'~ La cr,ypt~faune carcinogène associée au ~or~d l."~!5!!.!fl! 

'Dir.!.!üll! (Duchassaing et, Michelotti) f,ut échantillonnée afir:\ de 

vérifier plusieurs hypothèses concernant les écosystèmes 

- t r 0 pi cau x. Nous avons éCha,ntillonrlé 5îx stations 'de la1cÔte· 
- - ~ 

ou'est de la Barbade (AntU les) d~ns le but'de confirmer un des 
, J. 

as"pects d'un travai 1. antér 1 eur qu 1 y mont ra 1 a présen'ce d'un, 
, 

g'ra'dient de pollution. A cet égard, nos c<;)ncentrations de, 

nitrites, de phosphates et de matjère,par'ticu lalre en suspension 
~, . , 

ainsi q~e la transparence de l'eau en,Ïont fOl. L'application 
, t" 

.. 

d'un graphique log-normal et de courbes de domInance qUX 

, - -échanti lions de l'v\. ml rabll 1 s -et de sa, cryptofaune associée se - ,--------- ... 

révêla lnefflcacé pOlf,.l" sépa}"er la faune d'un milleu très ppl tué 

de' celle d'un mi 1 ieu qui l'est moins. !-'appll"cati,on d'une 

, mé t ho d e d' 0 r d 1 na t ion e t .tl e c 1 as s If i ca t Ion t e,l que celle d ~ 
r 

dis sim i 1 a' rIt é e s d e Br a y - Cu r t i s sépara avec succès les SItes plus . 
pollués de ceux qui l'étaient moins. Un test du F montra qu'i 1 y 

~ 

a huit espècès indicatrices poss~bles:toutes moi.ns comnunes aux 

sites très pot'lués. La cryptofaune associé~ à de petits l·lots 'de 
,J 1 

~. JEl!.!~l!l! fut comparée à ~cell e accompagnant - de vastes champs 
t " , . . 

monospéci f i ques de 1 a même espèce. Gr â c e à 1 a c 1 as s 1 f i ca t i o,n et 

à l'ordinat ion, on a reconnu d eu x rJ f au n e s dis tin c tes. L'a n a 1 y s e 

de covariance réa 1 isée af.in de détecter des di fférences de 
o 

h,richesse, et l'ana.lyse de ',v~/rançe réalisée afin d''e détecter des 
, 

'1 dÙferénce$ d,'abondance montra que les î ~ots' --- poss~daient un plus 

o 
.. 

grand nombre ~e grosses especes cryptofauniques (décapodes et. . , 

"amphipodes) alors que tes champs vastes supportaient plus de 
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~pe t i tes es pèces (copépod~s et vi sopodes). Ce's di f f ~'lC:~~ 
- / 1; -, 

'~seraient attribuab'les à l'-habita! ,plus large qùe consti"tuent des 
, 1 ~...." J 

, , , ! 

champs. et endu s. L'équit~bl ~ité réduite des t lots 
, .. 

par rapport a 
\ ' , 

ce Ile d"es 0 champs 'monosp~cilf lques résu 1 te-r-af ~ d'un . " 
effe~ 

, <1., 0 ..,....--... 

,,\~isolement favorisant un,e Pt~gration faible entre i 10(s 

co rail i en s qu i r édu ira i i 1 a var i a t ion 'd e 

,encouragerait la d~ina~ce \ de quelques 

l' es pace. fi a bita b l e et 
, . 

èS pèces 'en compé t i t ~ on 

viv'e. Pour qlust(er comnent les ca'lculs de richesse et· 

'd'équitabilité peuvent être erronés, on utilisa une droite 

d'e~timation qui montra un llen positif for,t entre la'·riches~e 

'et l'abondance des j,1ndividu,s et un lien négatif fort entre 

l'équitabll ité et l'abondafJce. 
- 1 

. , 
Une ana 1 ys~ de la r Lchesse et' de 

l'éqllitabilité saTls, correction e~tr~ les différence~"d'_abonda.nce 

favor'Ise 
• 

u n ce r t a 1 n n omb r e dl i n c (, _h é' r en Ces rat tac h é es" a u x 
. 

r~su~ltats obtenus par l' ANaJVA. Nous suggérons aussi une 

expJicat .. ion ,empirique ,quant à l'exlstence du prpblème de 
'J', 

~ , ~ . 
dep~ridance dO a l'abondance et conment 1 es cherclteurs peuvent(.'" 

'l',éviter "au cours de leurs analyses. 
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" 1.) Statement 0'1 ~on'1ribution ta orig~nal knowl~dse: 
... 

, , 

To the best of my knowle'dge, at the time' of writing the"" 
, 

vm,atet)al presented in this the,sis is or)ginal in tha~:. '0) it is 

the first ~~tification of pollutlon ef'fec1s on a tropical 

biologl~al cOmrunit,y using tech.niques-developed in cold water 
,. 

. , 

ecosystemsj (ii) it is the first quantitatiV,e ~omparison of the 
f" 

cr,yptofauna associSited \Vith two differ~nt growth forms of the' 

same coraC species (~~2.!:.~.s1.! ~l!~!:?.!..!.l.!); -(di) it is the f.irst 
\ 

attempt to Rrovide an intuitive understanding of the, prQbl ems ... 
marine investig0ators have been' ignoring in their analyses of 

dive r s i t Y , r i ch n es s, and ev en n e~ s • 

, . 
'0 

~ , 2.) Historical statement of relevant work: . , 

,A historical review may be fOU'Rd in the general 

introduction,.whi 1 e more ex t en 5 ive background material ,is found , 
/' 

in "t he intr.od~~n and text of the ind'ivi~ual ,chapter s ; 
- ... 

a~Sj(anc~~ ). ) Declarat ion ef 
.., 

/' 

" 

. The ca"nd ida te acknow 1 edges the supervis.ion and ad v i ce of Dr • 

J.S. Léwi 5 who wi 1 1 appear as co-au't ho r on fu tu r e manu 5 cri pts 
, , ,r 

from the thesls. In accordance with section 7 of, the Thesis 

'r Guide'lines, 'the candidate declares. t~a~ t~e study dé-sign, field 

and laboratory work, data analysis an.d ;nte~pretation, and 
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4.) The~i s format: 

,J 

In accordance with S~ction 7 of the Thesi.s Guidel Ines, this 
4 • 

thesis has'been prepare-das.a ser.ies of,chapters whichwill be 
, 

used as manuscripts for submission to refereed scienti'fic 

journals for publ it.ation. Therefore, each chapter contains an 

" Abstract, Introduction, Materials and Methods, Results, . ~ . . 
Discussion and Lit'erature cited. Because the material in the 

different chapters is related, sorne degree of repetitïon is~-
, . . 

necessary. Every·effort has b~enmade to reduce this 'ès 

rruch as' possibl e. This format 
.. 0 

• has b-een app roved by the thes i s 

corTmi t tee o/'d by t hè Cha 1 rman of the' Depa r tmen t • 
, r 

The format 'of the chapters corresponds to that r-equired by 

the jour~al M!!l~ ful~&Y, to whom these papers will be 

submi t t'ed ea'r 1 yin 1987. 
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General Introduction 

Within the 1 ast 25 years, there has been a rapid increaae in 

,tropical marine research. Much of this work has centered on coral 

r œ:e f S., in cl u d i n g st u die son cor al dis tri but 10 n (r ev 1 e w b y 

Stoddart, 1969), pollution effects on coral (reviews ~LOYd and 

Rink~vich,1980; Howard.and Brown, 1984; Brown and Howard, L985), 

and coral reef productivity (review by Lewis, 1977). Though corc:ll 

reef cryptofauna has received less attention, a number of recent 

st u die s h a v e e x a rJ l n e d c 0 ~ a las soc i a t e d ,0 r g a ni s ms {~~ g. T 5 U chi Y d 

II a1.,1986; Abele, 1984). 1tcCloskey'(19'70) and Grassle {1973) 

hav,e provided ~arly 'indications of cha dlversity of org<lnisljls,_ 

pre sen t '" and '3 a m p 1 ~ n g Cl eth 0 d s b e g a n t 0 'i m pro v e a. 5 are sul t 0 f • 

experiments by Porter and Port~r (i977), McWi Il iarJs et aL 

(1980), and an overvie~\ by Hutthin~s 09}8). Such wor~ has Inad-e-_ 

p 0-s s i b let h ~ e x ami na t ion 0 f 0 the r b i 0 log i cal p h e no cr e na rel a t e d t 0 

cry pt 0 f au n a 1 dis t r' i but i-o n. 

-Great effort has also been directe,d toward pollution detection 

. in biolo~ical commu,nities (reviews by Gray\a-nd Pear~on, 1982; 
\ 

Hargr-ove and Thiel, 1983; Su.ndberg, 1983), bût ClOSt of t'his, wor.k 

ha s foc use don t e m p e rat e a-n d b 0 r e ale 0 mm uni t i e s ( e • g • GJ a y il n d 

Hirza, 1979; Rafaelli aI).d Mason, 1981; Shaw et .!l., 1983). As a 

. result, models for pollution detection have 'been'lieveloped in 

,cold water ecosystems. Though response of coral communïties to 

pollution stress has been documen.ted (reviews by Pdstorok and 

Bilyard, 1985; Brown and Howard, 1985), modela uS,ed to descrlbe 

biologtcal respons.e to pollution have not been well tested in 

li. tropical ecosy,s tems. 
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• Several aspects of cryptofaunal cooQunities make them id~al 

subjects for tropical pollution, studies. Becau.se numerous samples 

may be taken without damaging reefs and organisms may; be ' 

ident.iJied later in a laboratory. the excessive amounts of field 

time r'equirf#d by man>, other types of stud.ies (e.g. coral 
. 

trkitsects) Clay be' avoided. Cryp.tofaunal den~ities ,(numbers of 

Individuals per unit ~oluCle of coral) are very high and the 

community 18 diverse (McC~oskey, i970; Grassl!oe, '1973). These are 

bot h cri tic a las s u ~ P t ion s 0 f man y. pol lut' ion d ete c t ion CI <1 d e 1 s 

(Gray and Pearson, 1982). 

Madracis mirabilis (Ouchas,saing and riichelatti) was chosen as' 

a cry p t 0 f a u na 1 h' a 'b i t -a t .f 0 r the pre sen t s t u 'd y bec a use i t i s () ne 0 f 

the few cor'al 'species available in Barbados at nuoerous sit~s 

(see Lewis, 1960) alang ,t-he pollution gradient on dre islandt~ 
, . , 

west coast (see Tomascik and and Sa~der. 1985). Six sites were 

',. 
selected along the west coast of the Island to represent various 

levels of po1l'ution lo~4:i:ng (Fig. 1 of chapter 1). At five of 
/ 

~hese' sites,.!!!.. mirabilis gro,wB in large m'onospec.ific beds that / 

may be up to a metre in depth and, tens of met res in diaClQter. 
li. • 

Ho W e v é r , a ton e 0 f the s i tes ( P a y n ~ s B a y ), • ~ mir a b i lis g r 0 W s-! n 

smà'll: dis crete ·heads. The br~ches of -both growth forms provide l 

,d­
numer~us crevices and spaces for cryptic fauna where effects of 

fish predation and environmerttal fluctuations may be reduced. 

, l ni t1 la l' e x a III i na t i ci n 0 f the cry p t 0 fa un a 1 9 a.m p 1 e 9 in die a te d th a t 

th'e f auna of di s ê're t e qeads 4ri'ff e red "'ma rked 1.1 f rom the f au na of 

large beds. For this, reason, the study was divided in~o two 

cOl:lponents preaented as two chapters. In the first, .nalyses are 
, \ . 

2 
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performed on the five sites with large H. mirabilis beds to. -" 
establish whether pollution a!fected 

-
èOllpesition an~ to' app,ly several pollution monitoring modela,. In 

the seco.nd, 
/ / 

analyses were per'forced -S0 establish' how cryptofauna1' 

comp~sition differs betveen t~e disciete c~ra1'head growt~ form 

,and the large beds' adja'cent to the Payne's Bay sit~ where the 

discrete heads were sampled •• Though several studies h~ve shuwn 

that differen~ substrates harbou~ different densiLies of . , 

cryptofaunal groups (e.g. Alldredge 
r 

and King, 1977; McWllliams et 

4 1 .,1981; Ohlhorst, 1985),.litt1e ! ~ \ 

\ ' 

effort has bèen dir~ct~d 
, 

toward r.leasurlng species richness and evenness, and how th~se , . 

factors cay' be related t-o diffe.rences in denSlty. 

During analysis' of the cryptofauna of the two growth forms it 

became app\rent' (hat Ildny of the analyses. of composite dirvet"sity, . , . 
r.i7chness, and evenness in current studies rJay 'be ,biased. Thj,.s 

bias, is ,a -re's'ult of differences in abu'ndances (nucbers of 

individua!s collected) in the different com~~nities under '- . , 

.. investigation, and the phenoàenon requJ.,res e1aboratlon and 

clarification. A. third chapter is the'refore pr,esented t.el.show 

show how many previous studies ha've inadv~r"t.entiy lntr~'duced 

bias. Cryptofaunal "ana1Y9i$ i~ repea,ted without correct,1on for 

ab u-n d a n·c e d i f fer e n ces t 0 e Cl p h a s i z e ' h 0 win ace u ,r a tes u c h r e s u 1 t s 
, \ 

cao De. 1 

' .... 

. ,. --
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ABS7B.ACT 

Concent~~tions of nItrites, ~hosphates, ~nd ~u9pended i' _ 'particulate catter, as \Jell as light absorbance were ueasured at. 

6 sites along the west coast of Barbados, W.I. to reaffirm 

cdrlier \Jork suggesting that a pollution gr~dient was pra,sent •. A 

general trend oC decreasing concentratio~s of nitr~tes, 

phosphates, and suspende~ particulateomatter was ~bserved as . 
, 

distance from Bridge'tow'n in'c'r-eas~d' in a northern direction, and 

light absorbance wa's lowest at the northern, stations. The 

crus~acean cryptofauna associ.ted vith the coral Madracis 

mir cl lH lis '( Duc h a s sai n g and M i c h' e 'lot t i) wa sus e d t 0 tes t wh e ~ h e r 

Sève('al of the pollution detection models d'eveloped for cold' 

/ wa ter e cos ys t e III S III a y ber e.a d i l Y a p pli e d t {) t r 0 p 1· ca 1. e cos ys te III s • 

, A t. 5 0 f the 6 s i tes mon i t 0 r e d for env i ~ -() n lIt' e n ,t a l qua 1 -i t y, cor e 
, 

S ci m p les 0 f M. III i r il b i lis we r e t ~ ken. T h.e clot i le' cru g' tac e an' 

, 

cryptofauna inhabiting the coral stands vere collected from th~sé , .' 

~ 

co re .sa'cp l es 
, 1 

t 0 tes t w b.e the r a n y b i 0 log i cal . r e s p 0 n set 0, the 

environlllentai 
. ~ . 

gradient was evident. Dominance plots based on 

re~ative abundance (species percentage composition) and 'log-

normal plotting'methods were ineffective in segregating highly 
, " 

polluted froc less polluted stations. However, ordination 
" 

( mu l t i d i men s ion a 1 .. S-<: a lin g ) and' c 1 a'~ sPi c a t ion ( g'r 0 U P a ver age 

clus~ering)~~aied'on Bray-Curtis ~issilllilarity measures, did 
, ' ' 

.eparate highly polluted'stations "from those that were 'less 

po). lut e d • 0 rd i n il t ion wa sfi"o und t 0 b eth e pre fer ab 1 ete ch n t lf-u e , 

since minor changes to the data s~t caused major rea~ignment of 

the clus'ter dendrograCl. ~everal' specie~ were found to differ 
.. 

o 

8 

.' 
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. 
tl\arkedly in dens.it>" b.etween th~ highly .polluted and less po~luted 

sites, but all of these species .showed population decreases at 

the p~lluted site~. There i9 a noticeable absence of pollution 

t 0 1 é r a n t s p e cie S , and g ive n' the r e s-u l t sis i s s u g g e ~ t e d t ha t .. 
pollution detection models d~veioped for cold water t!cosysteos 

sho~ld nGt be·1nd~scrittinantly applied to tropical cOQmuniti~s. 

C-lassificat~on an-d ordination techniques are the \JoH prol'lislng, 

but more tropical data sets ~re needed before general ~odels CdU 

be assumed. 
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INTRODUCTION 

Biologieal systems c'an only endure a minimal l~vel of 

pollution b'e.fore the comounity reacts (e.g. Sheppard61980; 

Dollar and Grig,g, 1981). lt. is therefore of interest to detect 

comClunity response at the earliest ~ossible stage, sa that the 

pollution ca~ be ~edue~d or stopped befo~~ severe ecological 

daClage i s do ne. --
In a series of papers (Gray and Hirza, 1979; Gray, 1979; Gray, 

1981; Gray and Pearson, 1982; Ugland and Gray, 1982), it has been 

• 
suggested that plotting cUClulative percen~~ge of species dgainst 

geometric class of individuals Cl~y be an effective Cleans of 

demonstrating a cocouni~y response to pollution at the earliest 

possible stage. Shaw .!:.l~al. (1983) and'Platt and Lalilbshead (1985)' 

~ criticize this Clethod, on the grounds that its interpretation ls 

ambiguo'us in many examples and flawed in its basic assuoptiQn 

t hl- t, ben t hic co Cl Cl uni t i e s t;l a y pee x p e c t e d toc 0 n for m t 0 a log -

'normal distribu-tion. Despite these criticisms; log-normal 

analyses' continue to appear in the' li,terature (e~~. Valderhaug . , . 

. ~n4 Gray~,1'984.; lIartnoll .!.! .!l., 1985), 'along with alternative 

multiyariate approaches (e.g. Green and Vasc<5tto, 1978; ~ield .f:.E. 

.!.l., 1982; Collins and Will1ams, 1982; Lambshe~d,1986). 
, ' 

Mueh of this work has focused on bareal or teClperate 

-cô'mmunities (e.g. Gray and Mirza, 1979; Rafaelli and Mason, 1981; 
.. • ' 0 , 

> 

Hargrove and T~!e1, 1983), a~d litt le quantitative work"has be~n 

) dont on the response of tropical assembla-ges to p01lution stress. 

arown and Howard (1985) re~iewed the numerous studies on tropical 

marine organisme and ~hysiologic~ responses to stress. Several 
-. 
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1 • 
studies have also addre.ssed the ~ssue of po1"1ution induced 

. ., , 

cha n g e sin cor a 1 c Om:l uni t i e s ( e • g. ' L 0 Y a, l 9 7 5; Tom a sei kan d 

Sander, in press), but Little work has been done with other tropical 

systems (Coles, 19 8,0). A~ a result, i t retlains uncLear whether 
\ , 

the analyses cj.eveloped for tempt!rate communit:ies May be applit!d , 

to tropical ecosystetls. For exaople, log-Qormdl analysis is b.lsed 

on the assumption that s~ecies intermediate in numerica1 

abundance react quicKly to disturbance by increasing in number 

before rarer species have' disappeared. Gray and Mirza (1979) bas~ 

4 

this on a definition of pollution stress as the disturbance of 

c 0 m m uni t Y e qui 1 i br i u m b y 0 r g a ,n i cor i n dus tri a 1 wa ste i n put. The 

loi h ole que s' t ion 0 f e qui lib ri u t:l ha s b e e n _à cau 5 e 0 f mue h de bat e • 

and in severa! tropical ecosystems the ex.istence of a community 

c qui lib rI U [j ha s b e e n que s t ion e, d (C 0 n n e 11 , ) 9 7 8; Ta 1 bot e t 2...!. '. . 

1978)~ F~Hthermore, tropical ecos~tetls are considered to be ciuch 

more cocplex, and the,degree of interaction aoong species is (Juch 

greater (e.g: Sanders, 1968; Petipa, 1978). If this ls indeed the 
, 

è a s è, t. he n the r e ~ a t i " e ab und a n1 e pat ter n S 0 f t r 0 pic a 1 

tlultispecies data sets' May 'not sho'W the same characteristic 
~ 

h chahges shown fo~ tetlperate environoents. A similar ~robleQ May' 

, 
bccur with domin~nce based indices that have been effective 1_ 

. 
describ1ng telltp.era~e eco,systems (e,.g. Shaw.!! aL, 1983; SWï;\rtz 

l-

e t al., 1 ~ 8 6) b \l..t are am big U 0 us in the f e W t r 6 pic a 1 s ys te m ste ste d --.. .. > -
", (e.g. 'Hodda and ~icholas, 19.86)". 

~.!!!!_~~resent study, investig'ates_-changest ln the crustacean 

oryptofauna associated with Hadracis mirabilis (Duchas~aing and 

Michelotti) in Barbados"West Indies. !1!.'m'irabilis is an erect, 

bfanching co~al that dev~lops long, thin, ~~ncl1-1ike branches in 

11 
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dense Qonospeci~ic beds (Lewis, 1960). Between the branches are' 

'"" nuoerous spaces and crevices which harbour a diverse fauna of 

sessile and motile organisms. Hutchings (1978) summarized the 

know~ cryptofauna of other corals and suggested that many species ... 
of bivalves, sponges, polychaetes, and crust?ceans may be' 

present. Fon.. exacple, an extensive list of the taxonomie groups 

associated with the coral Oculina arbuscula is found in McCloskey 

(1970). ""' 

Stands of ~ mirabilis cay range from several cetres to tens 

r-
of cetre-s in width and may be 7 cm to over a metre in depth. Only 

the tips of the coral are living, therefore below about 3 CCl in 

depth the coral is dead and extremely brl.ttle. This fragility 

makes M. cirabilis patches an ideal habitat for quantitative, 

replicable saClpling of coral for associated cacrobenthic 

cryptofauna, si nce cores may be taken with cinimal disturbance 
(' 

,J. 
and effort. 

• 
delllonstratèd 

, 
Tomascik <rnd S.ander (1985) tha t a pollution 

J gr:.adient exists along the, west coast of' Barbados,. and that water 

quality at 
~ " 

the southern reefs is poor as a result of elevated 

concentrations of phosphates, nitrates, nitrites, and su~pended 

, particulate matter. Using Rosen's (1982) definition of stress, in 

which stress is defined as some influence between optImal 

conditions and the l.imits of comClunity survival, they suggested 

that the eutrophication gradient has created greater st~ess on 

1 
cora19 at the southern reefs than on those at the northern ~eefs • 

.. 
The present study is desi~ned to examine how this type of stress 

affects the species rich crypto!auna of Madracis mirabilis, and, 

12 
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in doing so, to tes t the a p pli cab i 1 it Y ~'f. a n a 1 y t i é a 1 m 0 d e 1 8 

d~veloped to IJonitor po"llution in temper.lt.~ or bor~al climat~a 

for tropical macrobenthos • 
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KATERIALS AND METRODS 

J 

BD91roDlRen'tà~ Variables' 

Six saapling stations, were 'se·lected along the west coast of 

Barbados, West lndies (Fig. 1), in watrer ranging from' 5 to 15 

metres in depth. Stations were chosen along a gradient o,f 

'environceital stre.Ss ,in the vicinity of the rllefs examined in 

19'83 b Y toma sei k ...a nd Sand e r (1. 985). 

T 0 d è te -r min e wh eth e r the r e 'Wa san y cha n-g è in the env i r 0 nille n t q 1 

g,radien.t troc "its previou~ condition, water quality was exami.n~d 

, 1"""" , 
at eaeh site" from May to Novecber, 1985. Tl)e following variab-les 

'\ 

we r e lJ e a s li r e d: nit rit es, - ph 0 sy h a tes, sus pen de d par tic u lat e 

ma t't e'r, 
f • 

and, percent:age of 1 i ~ h t a b sor b e d i n. t h ê u pp e r 5 met:res df 

t'he water coluen. Water samples were éollected at approxicately 

monthly intervaIs for:t'he first fou-r conths and at appro~imatè% 

2.week intervals for ~he last three months. Sacplf.ng effort ."a~>~ 
-

increased during the season o_f heavy rain sinee this was exp.ected 
, -

to be a period of high v'ariation in environcental paracet-ers , , 
, v , 

(Tomascik...and Sand-e-r, 1985)". Because Sander (1981) showed that~ 
-4. -. , . 

the water column along the coast of. Barba"dos is, well aixed, on"1.y 
, . 

s ~ r f ace "s a ql pIe s ,w e r e c 0 ~ l e c t è d • A t' e a ch· 0 f the 5 i x 's t a t ion s" a 
, 

van Dorn saaplér was used to coll,ect saClples. Nalgene .. 
polyethylene bottles (300 m'! volum~) were filled ft;'om the 

" 
sacp11ng bottle and transported 11,1 a cOQler to Bellairs Research 

~n8t'itute.' Samp11ng was cont"ined t~ the pe~i,ôd 1000 ta 1400 'hours 

and, t 0 fur the 'r '" m 1 n i m i z e die.J. e f f e c t s , wa s p e r for m e d a t the 
6 _ 

stations in rando.m order. At the same time as the water samples 

14 
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Fig. 1. Map of Barb~dos, W.I. showing the six sites sampled for' 
env i r è n men t a 1 J:! u a lit y. W i t h the ,e x cep t ion - 0 f P a y net s B a l' t 
t h ~ ,- sam e s i tes ' we"r e' a 1 s ô s a Cl p 1 e d for lt a d ra ci sui rab i lis 
cryptofauna. BottolJ d.epths at e,ach site are given ill 
brac k~·ts. 
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Site 6- Six Men's (14 m)~ 

S i t ~ 5 - Greenaleev.a (11 m) • 

Si te 4- North' aellalrs (10 m) 

~'ite 3- Bank Reef (15 m) • 

'Site 2- Payne"s Bay (5 m) 

'\':'" 

S,i t e 1- Brighton (9 m) Bridgetown 

t-__ t: ___ .... ~ 

5 nautlca. miles 

-'1 

.. 

• . -
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were colleated, a Q31-140 ~,ntegrating Quantum Scalar Irradiance 

meter was used to measure illumination at 1 m a~e the ~ater 

sut:.face and tat 5 m depth. 

- The 300 ml samples were fi1tere<d through pre-washed, pre-: 

combuated, and pre-weighed GF/C glass fibe~ filters. The filter~ 

were then dried for l hour at 100 C and placed in a des.iccato.r .. 
~vernight before a second -weighing to determine the weigh~ of the 

suspended parçiculate matter. 

The filtrate obtained by this pro~ess was used for 

determination of reactive phosphate (P04-3) and nitrite (N02-)' 

concentrations according to the methods outlined in Stric~land 

and Parsons (1972). Reactive phosphâte was usually measured ~n 

~ fresh samples while filtered seawater was frozen at -15 ~ fOl the 

later nitrite analysis. Analysis of frozen samples was always 

completed withi.n four weeks. $amples were also collected for , 

_n i t rat e a na lys i s but the ex t r ~ me var i a t ion 0 b se' r v e d in the da ta 

raised some doubt as to their val~dity and the results were 

discarded. -. 
Statiatical analyse~ 

BecauS6 day to'day variation in nutrient leve~ was extremely 
) 

high, t he da t a we re ranked f rO-Dl 1 (loves t concént ra ti on) to 6 

(highest' concentration) within each sampling,day over the six 

sites. These ranked data were t~en used ln r~gression ana1ysis. 

Reg~ession ana1ys1s requires that several aS8umptions )e met, 
. 

'including normality of the, y variates apd normality of residuals. 

'The forme; was tested uS,fng t·he -S-hapiro-\Hlk, \1, statlstic and 
, 

visual inspection of residual plots, provided a means of 



o 

\ 

" ' 

" 

o 

to' ' "" detecting het~roscedasticity. Sin~e the ~ormality checks showed , 
1 

-nos i g n i fi cà n t d.~ v i a t i 0 ft s f t 0 III no r mal i t yan d the r e s i d ua 1 plo t 9 , 

did not revea~ any trends, regressions we're then peri~rmed tO" 
, Q 

test whethe; distance from Bridgetown {measured for each of the 

six sites) was a significant predictQr of ranked concentrations 

of nitrite, phosphate and suspended -particulate matter. c 

P e r ce n t age 0 f l i g h t ab sor b e d in the u pp erS m 0 f the wa t e.r 

coluCln was calculated by subtracting l~ght leve19 at 5 !il f,rom 

t h o's e me as ure d ~ t the sur f ace, div i d i n g '~11 e d if (é r e n c e b y sur ~ a c 7 

lig,h.t le'vels,'and uultiplying the ratio by 100. Para&letric 

analyses of this v~riable proved i&lpossible as the v aria tes were. 

not normally distributed a~d could not be normalized using the 

var i 0 u s t ra n S for 0 a t ion s a v ail a b 1 e (s e e )5 0 ka 1 and Roh 1 f, 1" 9 8 1 ) • 
" . \ 

T11e entire data set was then ranked and normali~ed using Blom's 

(1958) method. A Shapiro-Wilk, W, normality test and F-max test" 

(Zar, 1984) revealed that the assul'3ptions of paral'3etric analyses 
... 

had then been l'3et. A 

ANOVA) was performed 

General Linear Model procedur~ (a form of 

t 0_ ~ est wh e' the r the r'e' ~ e rt '~. n y d'i s ce rit a b 1 e 
.-

differences in ligh-,t absorbancé at the six sta"tions. W,hen a 

difference was found, a Tukéy multiple cocparisons test (SAS 

Institute 1n«;., 1985) 'Was pe'rformed to determine which of the 

stations differed from one another. 

" 

Biologieal Variables 

The sites monitored for environmenial conditions were 81so 

sampled for cryptofauna, but the absence of Madracis mirabilis 
, 

beds st site 2 (Payne~ Bay) necessitated rts exclus~on. Large 

beds of M. mirabilis were 10cated by swimming transects 

\ 
\-
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P e r pen d i c JI l art 0 the s ho r e, a n,d wh en a 1 a r g e b e li wa s fou n dit wa s 

marke? and ~s~d for the' rèm~in~et of the study. Sampling began in 

early June, 1985 and ~nded in October, 1985. Each of the five ' .. . ' 
S ta t ion s wa s vis i t e d t:. h r e e t 1 mes ·d uri n g t hi s p e rio d. and 5 

replicate samples wer·e tt6ke·n-r.uring each visit. 

The samples s~nslsted of cores which were obtained with a 

• sec t ion 0 f p V C tub 1 n g 6,0 cm i n 1 e n g t han d l 0 • 5 \ cl min dia met e r • 
'1 

Piping la·t'8er than, 10,.5 cm in d'iameter'was found to be difficult 
f 

t 0 !il an i p u lat e and se a 1 und e r w a te t'. At the top 0 f the pi P e a. 64 u 

-
mesh was fastened and' metal handles were attached to the sides of 

, the pi pet 0 f Cl cil i ta te man i'P u 1 a t ion. S e ~ t i.o n 5 0 f the Mad r a c 1 s 

edge of the patch unti I an ~rea .las fOund whe re sponges we re not 

predominant between the coral branches. Heavy sponge infestation 
~ . \ 

'made coring difficult and would havè resulte<1 in the 'sampling of 

a ,predo~inantly spongé assoc,iated cr~ptofa,unél"ra~her than the 

coral aS90ciated organi~ms. Cores of M. Clirabilis ' ... ere then taken 

b Y qui c k l Y for e i n g the p i pei n t 0 the e 0 raI and the ~ 1 n s e r t i tl g 'a . , 
s ha r p .: met â l pla t, e toc u t 0 f f the cor e a t: the b.~ SElO f the 

br~nches. The tube eontaining the sample was then pulled away 

f rom the .!l!. ci ra b il ls pa teh, a po l yu re t ha ne bag .... as wrapped 

tlghtly around-the metai plate and the base Dr the tube! and the 

coral allowed to fall' into the 'bag. After the' contents had 

settled the tube and cetai plate wece gently rel}loved and the bag 

was sealed., 

To' stAndardize core s,Ize, a cO,nstant de pt" of 18 cm was always 
, , 

'~ttempted. Howevèr, variation in the 'depth .?f the ~ !.i!abilis 

br·a,nches made it impossible. to Claintain a çonstant ctlre depth and 

18 
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s' 0 m e var i a t ion d id 0 c cu r .' A cor e 10.5 cm in dia met e r and 1.8 cm i fi 

de pt h ,c.~ rU; a i n sap pro x i Qat e l y 1 dm 3 , the vol ume C ~l au ,8 ad e (1 9 7 0 ) 

J 

re~oQmendea f6r inclusion of DOst cryptofaunal.spe~ies in the 
r • 

Pacrfic corals she~sampledi 

l ' Once 'samples we,re c011ected, they we're quick.ly t,ransported to 

Bellairs Research Institute for overnight treatment. wi,th a ' 
, 

Qi x tu r e 0 f 20 ml 4 I~ for mal i n' il n d 5 1 mIs e a w a ter as s u.g-g est Q d' b Y 

Brander et !.l. (1971). This-s,oluti-on acted ,.as an irritant and o 

therefore helped drive cryptic species out of cracks and creviées . 
,as weIL as fixing them. 

Early the followiog morning, the coral sacples were thoroug\:tly 

washed over a .297 mm sieve and t-hen fixed in Sr. forQalin. This 

particul\~r sieve size was sè1ected on the basis of "earlier work 

by Hessler and Jumars (1974), 'al though they 'chose to subdivide 

s,mples into Qacrofaunal and Qeiofa~nai elecents hased OA 

1 t a \ 0 nom i c ' a f fin i t i es. The 0 r g a n i s ms col re c ~ e d i n t h' e wa shi n g we r e 
) 

st,pred separat~ly in scall vials, and the coral sacples wete all 

s.,t 0 r e d i n l, a r g e r jar s p rio r t 0 the e x a ci na t ion 0 f e a c h p i é c e 0 f 

cor a 1 und e r, a dis sec tin g mi cr 0 s co p e. ALI non .... c o.,l on i a 1 a r g a n i sm s 

were removed, stored in vials and, after aIL coral was examined;-

t Il ~ vol ume . J ~ spI ace Cl e n tan d d"r y \ri e i g h t s 0 ~ • t h t! cor a 1 we r e 

,. \) measu,red. This procedure prcvided a means of stélndardizing 

~ abun~ances of organisas according ~o the amount of coral sampled. 

As a final step the washings ~iere also carefully eXqmined and· aIL 

cruataceans sorted into appropriate taxonoQic gro~ps. Specimens 

we rel a ter ide n tif 1 e d,or a t Le a S't sep a rat e d , t 0 S P e cie s • De cap 0 d 

crabe were numerically rare, and severe damage to Many of the 
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specimens made identif)cation impossible. Therefore t~is group 

was omitted frOQ the study. The ide?ti~y of se1ected specimens 

ha s b e env e r'i fie d b Y the fol 1 0 win g au t ho rit i ~ s : E. J. Bou s fie l d • 

~ a nad i an Nat ion a l ~1 use u Cl (a m phi po d s ) ; G • A. Box s ha l 1. S- rit i s h 

Museum (siphonotomitoids); H. Dardeau. Dauphin Island Sea Lab 

t ( S y na 1 ph e i d d e cap 0 d s ) ; S • K e, n sIe y • - sr.li t h son i a n l n s t i tut e 

(isopods); S.M. l-1arcotte. HeGill Univefsity (harpacticoids); dnd 

t.Rafi; Canadian National Museum (isopods and'tanaids). 

Re pre sen t a t ive Qat e, ria l ha s b e end e p 0 s i te d w i th the sep e 0 pIe. A 

cocplete specie.s 1ist' is found 1.n A~p.el\dix PI: along with the 

numbe~ of lndividuals of eac~ spe~ies collected at each aite. 

,Statie t,ieal analysis 

To'exa~lne the e~fectivenéSs o( log-n6rm~1 plots l~ detect~ng 

pollution effects; the individuals within each species from 'all ,. 
'~15 samp~at 'eac~ site were 'combined. These totals wet"e then 

pla<ed i~eo~etfic cLa.~es as "described by Ugland and Gr.y 

(1982) and a plot of cUClulative percentage of species versus 
, 

geometric class of indiv~duals ~as generated fO$ each of the five 

sites. 

Shaw.!E. al. (1983) used a simple dominance index ·to 

demonstrate the effects of polluti9n. Species .abundance 
, ~ 

(e2t,pressed as a percentage -of tlte to~al population) Illas" pl'otted 

,against ~pecies rank. To use the entice data' set would have'bein 
, 

Iml"rac~·ieal. therefore only Llean '(ralu~s of the 25 cost abundant 

species were plotted. 

To establish whether voluce of coral sacpled or qensities of 

organisms iiffere-d at the 5 sites, an ahaly,is of variance was 

-'"' performed on both varia.bles. Shaplro-Wilk, W, tests of normality 
,.- ., 
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and F-ma-x r tests (Zar, 1984) revealed no violations of. the 

aS8ucptio~s o~-parametric anal~9is wit~ either of the two 

variables. When differences in means were detect,ed" a Tukey 

multiple cocparisons tes~ was used'to deteceine which of the 

s"ites diNared. 
, - , 

- , 
Subsequent and~y~e~ required the conversion o~ species 

ab~ndances (number of ind~v~dual~.collected) to densitiis (numb~r 

, \ 0 f i li div i d ua 1 s, p e r uni t vol \,l m e 0 f cor a 1 sam p 1 e d ) • For' no r Cl a 1 0 r 
\ 

1 -

4-type.analysis, ~h1ch is design~d to group biologically similar 
( f t 

, ~ ! 
S t a t'i 0 n s , s e ver a l f.() r m S 0 f d a t'a r e duc t ion we r e nec e ~ s a r y • F i r st, 

, . 
th~ mean density of each species was calculated for eacq sampling 
. 

date ~at each sta~ion (where station 'r,efers' to the mean of 5 . ./ 

'. 

r e pli è a tes t a,k e n a t agi ven s i te (, n agi v.e n d a y ). . T h i s r e duc e d 

the ,raw data of 15 saClples at each of 5 sites to 3 stations st 

each' site, for a total (}.f fifteen ~tati.on means. D9 y et. al. 

-
(1971) were able to show that rare species do not a;fe~t'normal 

sam p 1 e. a n a lys e g, a '1.t hou g h the y d 0 i n cre a sec 0 m put i n g . ti me. , 

~he'refbre, species that did ,not contrib.~te ,Clore -t'han one percent 

to ,anl one'of th& fifteen 

dropped. This re~uced the 

station mea/ abun,dance, totals 

number of ~pe~ies groups fr~Q 

were 

137 to 

33, and created a data set .of more manageable dicensions. 

The species denai.ttes ,were flrst. roo~-root transformed to 
i_ 

r.d~ce the weighting of very abundant species (Green and, 

, V a 8 c 0 t t 0 , 1 9 7 8 ; 1> (, w n i n g , 1 9 7 9; Fie l d et.!...!.!.., 1 9 8 2 ) • T Il e 

, transformed densities were then I,Jséd to construc~ a Bray-Curtis 
. 

dissimilarity eatrix (Bray and Curtis, 1957), which is tbe' most 

) , 
common.index used to contrast samples in te cent marine benthic 
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analyses (e.g. Shin, 1982; Collins and \lill1aos, 1982; Lacbshead, 

" -~986). Bloom (1981) reviewed dissimil~rity 'rneasures a~d their 
1 

prc:>perties, including· the Bray-Curtis index. The for~ulation of 

the Bray-Curtis measure is: 

b jk • 
, , 

" ' 

where 'Yij. • density of the ith species at the 

density of the ith speci~s st the kth station; 

. " 

jth statfon;'Jik ~ 
.. \.' . 

and bjk .~ '-, '. 

dis s i &l fla rit Y b e t we e n the j t han d k t h s t a t ion s s u Clin ed 0 \,( e r _ a 1 J. ' 
" 

,species (s). bjk can r a fi g e f r 0 J'l 0 (c 0 r.l pIe tes i ID i.l al' 1 t Y ,or 
.. 

identical scores for aIl species) to 1 (complete dissimila-rity, . -
or no species in cO&lr.lon); and i5 unaffect,ed by joint absences 

(Field and McFarlene, 1968). lt has the fu.rther advantage of 

giving greater. weight to &lare abundant species, which is 
, 

desirable in any analysis of distribution patterns where 

pre sen c e' - il b sen c e d il t a 'C cl y b t!' i n s u f fic i e n~ • The val u è s cal cul a t e ci 
\ " 

for bJk were' ~hen' ar,ranged in a 15 by 15 :o.ssimilarity matrix. 

A nu Cl ber 0 f o.r d i na t ion cet ho d à bas e d ,0 n mu 1 t i d i -m e n s ~ 0 n a 1 

;cal,.ing (tlOS) have rece"ntly appeared in the Itterature (e.g •. 
-. 

Field ~ aL, 1982; L cl Cl b s he ad, 1 98 6 ) • / FI> r the pre sen t 8 t u d.y , the 

SAS program' MLSCALE '(Ramsey, in press) '!las ecployed .. This type of UOS 

ia not as flexibl~ as tbe non-~etric analysis used by Field et 
\ 

al. (1982) but does offer several advantag~s. Non-metric analyses -
tend to be sensitive to the initial data configuratio~ and the 

, 

non-metr~c analysi8 offered in-"SAS (Young !.!. a1.,1982) SQuares 

dissimilarities before. analysis. This àlso results in the 

squaring of the error associated with each of the values (Ramsey, 

1982), therefor.e the accuracy of the' ordination aapplng 1, 

. i. _ 22 
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red uced. 

AlthÔ'ugh inte'rpretatlon of the HOS -output i5 explained by 

'" - Ramsey (1982), the novelty of this method in biological 

"",pplièations necessitates some introduction. Chi-square values . 
are usei:! to test the fit of the configuration using the formula: 

-
X2 .' 2(1og likelihood for data configuration) 

• 
- 2(1og li~elihood of random fit) 

De g r e e S 0 f f r e e dom are cal cul a t e d b Y d 0 u b 1 'i n g . the nil ta ber ,of . . ' 

s t a t ion seo n t ras te 4 i n the c 0 m par i son 1 e S son e, and s u b t r a c t i hg":. 

-, 
f roc t h i s v a 1 u eth e nu Cl ber 0 f par a !il ete r 5 ..... 8 ci e d for a z e r 0 

" 
, , 

dimènsional representation (1). A Clultiple correlation 
1 ) , 

coefficient i5 also provided as an additional method of assessing 

the am 0 u n t 0 f 'var i a t ion t ha t the MD S ma p 'a n d the a c tua 1 d a ta h a v e 

in common. 

MLS~E also allows the inv,estig~tor to test whether increaged 

flexibility ls needed for t·he data set. By s\,\btracting ~he, chi-. .' 

square value o,tained for the Tit of a power transformation f-roCl 

that obtained for a spline e'ransformation, a statistic i9 

g e' ne rat e d (a chi - s qua r e w i t h 2 d e g r e e s 0 f f r e I~ d 0 Cl - 0 nef 0 r e a c h 

~of the new paraCleters introduced by the spline ànalysis). this 
, ~~ 

statistic indicates whether increased flexibility i5 needed, by 

te.ting whether 'the fit ia significantly improved • . 
Generally, ordination results are presented with a .. 

cOlllpleme.ntary dendrogram (e.g. Tomascik 'and Sander, in press; 
't"' 

Lamb.head, 1986), as a result of its visual aimplicity and ease 

of 1-nterpretation. However, there are a nulllber of disadvantages 
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in us:L..ng dendrogratls, several of' whièh relate to the type ôY-data 

being exalDined here (Field et. aL, 1982). The present study W8S 

t! 

design~~ to examine pollution effects along a p~llution gradient, 

b u.~ de Xl, d r 0 g ra ns "s e e k 0 ut" dis con t :i. nui t i e san d ID a y art i i ici aIl Y 

force data into discrete groupings. Only discontinuities 

supported by an ordination lDapping are Irrefutable, therefore .., 

<: 1 a s s.i fic a t ion i 5 pre sen t e d he r e 0 n 1 y ci S ..l n a 1 d i n the 

1-n t e r-p r e t a t ion 0 f the H D S plo t • The sam e ~ r a y - C urt i s Cl a tri x 

ge~erated for the MDS analysis was a}so used in group average 

s~rting tQ produce a simila~ity dendrogram. 

Once patterns in distribution have been Jis~erned, it ls 
. 

~setul to know which species are important in creating the \' 

bbserved configurations. One oethod that .has been suggested 19 

the' i·nforcation sçatistic (1-) which has been used by Field 

-( ... 1 969) and Velimirov e~ ~ (1979) to establlsh indicator 

;..srecies",TtliS tlie,th<;>d relies on presence-absence inforcatiorî~onlYt 

. ~nd as Gray (l97~) po~nts ou t, it i5 oiten change in abundances, . 
rather tha~ elilDination of species, that is a more sensitive 

, ' 

p .. ?11'ution 4.ndicato1". 
" , 

. ~ '-An F-ratio (Soka1 and Rohlf, 1981) has also been use.d to 
" .. 

define .~ndicator species (e • .g. Sbin, 1982), and has the great 

advantage of uti 1 izing 

5 am-p 1 e s f rom si tes 6. 5 
. 

abundartce as weIl as presence-absence. 

and 3 were s'roup,e'd ;;-~nt less 

pol 1 ut"..ed "si tes, and samplès froC! sites 1 and 4 were grouped to 
~ ~ '. /' 

t 

represent highly polluted s~tes. Thé root-root transformed data 
, . 

. • ",w"ere again used, although. rare species werè. not tested because·of 
~""_;\I .. 1 r 

l" 1 ~ • 

," -~- '.... 

t~e error 8ssoeiated with low density sampling. Samples from the 

two oisclassified site 6 stations we~~ alao omitted, sinee 
,e .. 
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findings on their affiliatiods were ambiguous. It should be noted 

th a tan F - rat i 0 i sap a r a Cl e tri ete s t· a n4 
C> '; , 

for rigor'o'!s ~ppl i(!'ation 

s hou l d me e t the as s s u Cl P t ion s' 0 f par a Cl e tri c a n a lys es. W i th" .: 

species abundance data such assumptions are rarely met (Field et .d 

.!l. , 1982), and 
0: 

the ratio ls used as a yardsLrèk to extract - _. ~ 

':i.ndicator species rather than as a hypoth-esls testing tool. 
o 
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RESULTS 

Env ironmental V ariab l es 

Figure 2 shows mean rank values for the environClental 

variables at the six sites plotted against distance from 

Bridgetown. A general trend of decreasing'rank~d concentrations 

of nitrite, phosphate, and suspended parçiculate matter with 

" 
-incrèased distance from Bridgetown is èvident. lt should bl:! 

noted that one site strongly deviated from this linear trend. 

~ite 3 was lower in p~osphates and nitrites coopared to the 

sites. 

The slopes of the ,regressio~s of ranks of nitrite 

concentra,tion (r".il, p<.Ol4, n"54), phosphate concentration 

( -
(r-.12, p<.OO'9, n~54) and sus'pended particulate r.latter Cr-.l), 

p < • Q 0 l, n =- 4 S ) 0 n dis tan ce f rom B.r id g e t 0 W n we r e a l 1 ne g a t ,i v e • The y 

were aIl statistlcally discernible (p<O.02) suppor'ting the 

suggestion by Tomascik and Sander (198S) that a gr-adient of . . 
nitrite, phospha~e, ànd suspen.ded particulate r.latter existed 

along the west coast. However, the aClount of varidtion explained 

by these regressions (r 2 ) is extteClely low, thus casting doubt on , 

the validity of distance from Bridgetown as an accurate predictor 

af nutrient values. 

The General Linear Hodel procedure also showed discernible 

differences acong Mean values of light absorbance at the six 

~ites (F S ,4S- 4 • 29 " pC.003). The Tukey'multiple compacisons test. 

shows that liite -5 and site 3 did not d1ffer from each ather t)ut 

surface water did absorb dis~ernibl~ le~s light than ~t site 4. 

No other differences could be detected. 

" 

26 



) 

.... --;- - _ ... ~_.- • ~ J4 • :". " ~ .... ._-' .. --;:- ; ...... 

(---z:: -

. ..' 

Fig. 2. Me: an ra n k val u e·s 0 f con c e n' t ra' t ion S 0 f nit rit es, 
phosphates, and suspended particulate matter versus 
distance froCl the Cla·in sewage outfall (Bridgetown). 
Points represent means and bars represent standard 
errors •• Num~ers next to po~nts de:note sites, a-nd 
corresponding names may be found in Table 1. 
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Ta b l e 1 s U Il Cl a riz es, r e suI t s 0 b t a i ne d for the' e 'n v i r 0 n Il e n 't a 1 
o 

v,lJ.riables,' and i,ndicates station desigg.ations used for the 

biologieal 'Ilultivariate a'naly'sès, below. These results furthcr 

, \ 
indicate (hat water quality at site lis poorer than that at 

1 

sites 3,5, or 6. Tnis is apparent in value's of ph'osphates, 

nitri.tes, suspended particulate matter, and light absorbance 

which are all very high at site 1. Slight elevation of phosphates 

and nitrites as well as discernibly. reduéeà- water clarity at "site 
'\ 
i 

4' 'relative to .ldjacent stations indleate this 'site may also 

" 
suffer fro.c paor water ~uality. Although, a rapid increase in 

1 
< 

susÎ)t!nded particulate r.latter i5 not evi:dent, r.lore extensive , 

sacpling by TOllascik. and Sander (1985) found elevated 

. '\ 

C 0 ~ c e n t rat ion S 0 f sus, pen d é d par t i e u '1 a t e _ !J a t ter, ph 0 S P ha tes , 

nitrates and l,ight absorbance in th~s ,area. A study on 

ground\/ater discharge in the Sdme aréa by Lewis (1985) found 

extreClely high phos,Phate ,coneent):'at~ons in wat'er being discharged 

Ollto the reefs. In view of these core' extenslve data sets, there 

is little doubt tnat this area is more stressed than the adjacent 

~ites. ., 

L !iological Variables ':: r< ?~, 
Appendix A succarizes tme biologieai da'ta col1eeted at the 5 

sites. ln aIL, 8383 individuals were collected and sorted into 

137 speeies eategôries. ~ppr.oxiCiately 80% of aIL individuals 

collected at each site consisted of isopods, tanaids, or 

copepods. The isopods 'and tanaids colleétively coq.~ributed around 

50% with, the copepods gènerally $contributing about 30%. The 
, 

rel:laining 20% consi's,ted' primarily of amphipods. and some decapods. 

Figure 3 shows plots of cumulative perC'entage of species 
1 
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T a b 1 e 1. Me a n val u e s f o.r con c e n t rat ion S 0 f nit rit es, 
phosphates and suspended partlculate matter at 15 
stations on the west coast of Barbado.s. Values for 

" " s tan cl a rd e r r 0 r s a r'e' g ive n in' br a c k e t s • The ter ml . 
s t a t ion / i sus e d t 0 des i g n a t eth e me a n 0 f 5 r e p 1'1 c a t e 
biologieal sa4ples taken on a given day' at a g1ven 
site. 

\ "! 'S t te" "S t a t ion Nit rit es Ph 0 s ph a tes S P M * * LI g h t 
(distance*)' (ug-at 1- 1 ) (ug-oat 1- 1 ) (ag 1- 1 ) Absorba,nce*** 

1 ~ ________ J~ __ ~ ________________________________________ L ____________ _ 

.. \.' \ ' 

,S i tep A '0 • 022 
Six Men's 'B (0.008)-
(9.8 km) C n-9 

Site 5 , 
D .0.027 

, Greens1eeves E (0.008) 
, (7.,5 ka) F n-9 

- .-

"0,123 
(0.032) 

O. 1 12 
(0.036) 

n-9 

5.58 
(0.64) 

t6 • 33 
(0.85) 

n-8 

72.2 
(3.52) 

62. 1 
(5.01 ) 

n-9 

-------------------------~------------------------------------------
S i t-~ 3 G 0.015 0.104 6.Z3 64.8-

Bank Reef H (0 .. 006) (0.034) (0.70) (2.52) 
(5. 1 ka) l n"8 n-9 n-8 n-9' 

.-------~----~---------------------------~--~------------~~--~-------
SLte 4 J 

No"rth B'e11airs K 
(5. 7 ka) ." L 

0.025 
(0.007) 

0.129 
(0.032) 

5.88 -
(0.69) 

80 .. 2 
(2.14) 

--------------------------------------------------------------------
Site 2 No tladracis 0.095 

paynes Bay beds found (0.052) 
(4.0 ka) n"9 

O. 151 
(0.044) 

n-9 

, . 
6.52 

(0.969) 
n-8 

7 o. Cr 
(2. 80 ) 

n-9 

-------------------------------------------~------------------------
Site L 

Brighton 
(l.S ka) 

U 
N 
o 

O. Il 7 
• (0.043) 

n-9 

0.312 
(0.091) 

n-9 

6.58 
(0.68 ) 

n-8 

75.0 
(2.80) 

n-9 
---------------------------------------~--------------------~-------
*Distance froD Bridgetown, 
~*Suspended particu1ate catter 
***Percentage Qf sur,face 1ight absorbed in upper S Ill'. 

~." .. -
• ~ .J~'" ( .. 
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,Fig. 3. 'Log-normal plots of species abundaI;lce data st each of t,h~ 
·five sites. Horizonta,l axes show geometric classes, in: 
'fhich class 1-1 individual, class 11-2"'3 indivi.duals, 
class 111-4-7 indivi,duals, class 1V-S-1S individuals, 
etc. Vertical axes repreaent cu~ulativé percentage of 
species falling into each of the geometric classes. Upper 
two piota represent highly polluted '8it~~, and the ~ower 
ttiree 'graphs represent ~ess poll uted si tes. " 
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0-

versus geocetric classès of individuals. According to the 

criteria of Ugland and Gray (1982) aIl five of the plotted 

distributions indicate -healthy biologieal c-ommunities, sinee no J ' , 
deviations fr?~ a s~raight line are evident. ! '. 

F igu re 4 sho(ws ra nk speci e s abundanee cu r v es for each of the 

!ive sites. Shaw et al. (1983) suggested that polluted .--
eO&lmun'ities are chatacterized by a very dominant first rank 

speeies. This creates a very steep eurve which differs from the 
, ' 

relat-ively fIat distribution expected for unpoll\ltéd sites. No-

decreasing trend in dominance is evidene as distance from 

Bridget.rwn increases', and thus there is no indication of 

variation in the degree of pollution stress. Plotting the data on 

a sem i -' log s e ale wa saI soi nef f e c t ive in' dis tin gui shi. n g the . 
• sites. 

The AN 0 V A toc 0 m par e vol u ces 0 f e 0 r a 1, sam pIe d à t the 5 s i tes 
1 ~ _ ~ 

- shows no diseernible differences. Densities, however, d,? show 
.', 

several differenees (Table 2). Of the 5 sites where ,biol'ogieal 

samples were collect~d. the 2 sites that appear tc? be po.o'test in 

water quality (sites land 4) also have the lowest total 

densi ties (Table 2). 

Figure 5 is the dendrograc produced by group average sorting 

of stations using the ~ray-Curtis dissi&lilarity mat~ix. At an 
----- . 

~ r bit r a r y sim i 1 a rit Y 1 e v e 1. 0 f 4 0 % s t a t ion sA, C, J, Kan d L 

sep~rate on their own, while two large groupings are seen. The 

ftrst group eonsist-s of ~tations M, N, and O. AlI stations in the 

second grouping are from aites with superior water quallty (Tabl~ 

1). E~eept for sta,~ions A and C «site 6), stattons th'8t separate 

on tl\eir own or fall into tbe first group are from sites with 

31 
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-. 
Fig. 4. DOD~nance plots for species abundance data at each of 

• 

the five sites. Horizontal axes represent ranked species.. 
a b u n'd a n c e for 2 5 DOS t ab und a n t s pee i ~ s. Ver tic a l ah es, 
repre.sent percent abundance of each species.' Species 
involved, and thuir relative ioportance Day be found in 
Appendix A 
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. Table 2. Comparison of 'mean .sampl'e densi-ties bf a11 0xganLsr.ls 
collected a~ each of ~he 5 sites with Tukey'~ 
multiple cocparison of means to show whlch d~nslti~s 
are significanÙY different .. * indicates . 
·stat.istically diffe'rent ·means (a-0.05) and :LS. 
i n di' ca tes nos i g nif i Q-a nt d i f fer e n c ~ • 

,-------------------------------------------------------------------.. >1 " , ... 

Me an' T u k e y 's Co III pa ,r i son 0 f li e,a n s 
Site ~ Density. Six Green- Bank Brighton North 

(#/dm 3 ) M~n's sleeves. Reef . Bell.lira 
-----~------':-- ---:---------- - _-._- ------- ------ -.--- -- - ----- - - ---- -- ---. ' .'" 

Six Men's 558.4 N. S. N .-5. * * 
Greensleeves 531. 4 N.S. N • S • '" 
Bank Reef 455.9 N. S. N • S • 

Bright'on ~50.8 N.S. 

. N. Bel:lairs 296.0 iL 

--~---------------------------~-------~-~~----~-~------7-----------
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5. Dendrograc showing classification of 15 stations along 
the west coast 'of ,Barbados base..,d nal densities of 
34 cost common,species. Each s#a ion represents a cean 
of five samplea ta~n on a given ay. Densities were 
root~rooi transformed before cocpà~ison uSing group­
ave·r'age sorting of Bray-Curtis dissimilarit-ies. Sites, 
corresponding to station letterft are listed in -.tab!e:~. 
Nuaabers listed below letters' correspond- to !lites a'S 

<li 

l i ~ t: e d i n Fig. -1. 
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p 6) Ô r e r w.a ter qua lit y. 

Figure 6 i8 the configuration prQduced by the MOS analys.is 

using a power transformation (a spline' transformation did not 

S t a t i s tic a 1 1 Y i m pro ve f h e ch.,! - s qua r e v a 1 u e ) • The fit i s ver y 

strong (X 2-347.0,2, d.f.-27, P .001), as is the correlàtion 

bçtween the MOS mapping and the actual distribution of data 

points (r 2-1.00, n-45, p ".001). There are no tight c1umps' or 

dis con tin u i t i e s vis i b 1 e, b ûï: the r,. i s age ne raI s e g reg a t ion 0 f 

~tations from sites 1 and 4 (both Iower water quality) from those 

at sites 3, 5 and 6 (aIl higher water quality). For clari~y, the 

stations from sites l?and 4 have been circ1ed, and gr~upings f·rom 

the clustering have been superinposed on the MOS by out1ining the 

cluste(s_.obtained at a 40% similarity 1eve!. 

Table 3 summarizes the .~esults of the F-tests. At an arbitrary 

éut-off leve1 of F-S.OO, there are 8 potendsl indicator . , \. 

S P e ci es: Min yan ç h u r a co ra 1-1 i col a, Pel t id i n ù m s p., p·o r c e Il id i u m 

trisetosum, Eisothistos teri, Gnathia rathi, Para1aophonte 1 

sp., Acaphilochus sp. a, and Amphioscopsis sp. lt 1s 

.' interesting to note that the density of al1 of these species is 

"lower at the po11ntecl sites, and no indicator species ~ncreased 

in denslty at polluted sites. 
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Fig. 6. HDS ordination of 15 stations along the w~st coast of 
Bar b ad 0 s bas e don the f a u n a l, den s i t i e 5 0 f the 3 4 !il 0 s t 
COCOj)l'); species. Each station tepresents a oean of 5 
samples ta'ken on a given day. Densities )tIere root-rooe 
transforced before comparis~n using Bral-Curtis 
dissimila'rlties. Sites co'rresponàing to station .l'et.ter's. " 
are s 'h ~ w n as 5 u b s cri pts 0 f let ter san d are a l s· 0 1 i ste d i o' 
.tabl'e 2. Scales of axes 'are arbi'trary and .are tht!refor-e 
oLlitted,. .1 
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Results of F-tests to compare de'n,sities ·of the 34 most 
coÎ:lmon species a't the highly polluted and less 
polluted sites. '·Probabilitie.s are not given sinee the 
~est is not statisticallY.rigorous for abundance data; 
A-amp~ipod, D-decapod, C~cQpepod, I-isopod, 
O-ostracod, T-tanaid. , 

1 , . 
-----~-----~------------------------------~-----~-----------------

\fJ: Family Species" F-v~lue -Mean Mean 
~) . ( d • f. l, 6 4) U n"p 0 11 'Ir Poli * 'Ir 
--------------------------------------,---------------------------
Apanthutidae(I) Minyanthura corallicola ,8J.06 85.7 1.5 
Peltidae(C) PeltidinuCl sp. .-~(1.30 20.4 2.0 
PorcellidiuCl(C) Poreellidium trisetoSUQ 20.45 1 8.8 0.9 
Anthuridae(I) Eisothistos teri 12.7~ 13.3 5.4 
Gnathiidae(l) Gnathia rath.!" '9.4-2 12.5 5.3 
Laophontidlie(C) Paralaophonte Spa 6.73 5.2 1.5 
Acphilochiaae(A) Amphilochus SPI 5.95 8.2 5.0 
Diosacc!dae(C) Amphioscopsis sp. 5.94 7.4 3.8 
Alpheidae(D) Synalpheus paraneptunus 4.52 11.6 3 .. 3 
Ostracoda(O) Undetermined 3.66 5~9 2.9-
Dio>saccidae(C) Âlilphiascus s1'. 3.34 26.1 18.7 
Pe'ltidae(C) Unde-termil\.ed 2.92~ 2'.4 0.1 
Sphyrapidae(T) Undetermined 1.98 20.6 32.5 
l s a e id a e ( A) ? Me g a m p hop u sb. 1 • 50 .3 9 .,7 24 • 5 
A~seudidae(T) Ap$eudomorpha s~", 1.44 9.7 16.3 
Stenetriidae(I) Stenetrium spathulicarpus 1.26 8.1 8.9 
Anthuridae(I) Chalixanthura lewisi 1.2J 6.1 8.0 
Paratanaidae(T) ?Heterotanais sp. b 1.12 8.4 6.4 
9tenetriidae(I) Stenetrium patulipalmis 0.50 18.4 11.4 
Leucothoidae(A) Leucothoella sp. 0.45 12.5 .9.2 
Hippolytidae'(D) Lysmata rathbunae 0.27 2.0 2.3 
Leucothoidae(.A) Leuco,thoe Spa 0.23 3.2 1.7 
Artot,rigidae(C)',,' Acontophorus lli ~ '- 0.23 1.1 2.1 
Janiridae(I) Carpias minutus ' 0.20 31.4 3:).5 
Diosaécidaé(C) Undetermined Spa 0.19 Il.5 10.0 
Paratanaidae(T) ?Heterotanais sp.a 0.18 16.7 13.1 
T1-sbidae(C)' ?Tisbe Spa 0.17 2~3 4.1 
Lichomoglidae(C) Undetermined sp. 0.10 ,6.3 6.3 
Laophontidae(C) Laophonte bulbifera? 0.08 3~5 5.8 
Eetinosomat±dae(C) Pseudobradya Spa '0.08 2.1 2.4 
Paratanaldae(T) ?Heterotanais sp.- c 0.04 5.0 4.2 
Asterocheridae(C)' Asterocheres'!"p-!' 0.01. 14.7 25.7 
Tetragonoceptidae Phyllopodopsyl1us SPa 0.01 S.t 3.6 
-----~---~--~-----------------------------------------------------7' • • 

*Mean density (indivlduala/dCl3) for ea,ch specles. at 1es8 ,polfuted· 
sites (sites 3, 5,\and 6·): 
**Mean denaity (lndividualB/dm 3 ) for each species ~t highl, 
p.ol1uted sites (!Jit~s 1 ~nd 4)~ " 

, 
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DISCUSSION , 

Work on the fringing reefs of Barbados by Tomasçik and San~~r 

(1985) has produ~ a powerful' data bas,e .for the eJÇamination of 

biologieal r'eaetion to pollution stress. They showed that a 

large power plant and rum refinery north of Bridgetown are t , 

eontributing to the eutrophication on the' west coast reefs. The ) 

effluents}" om"these Rlants are likely carried' up the CO<;lst oi 
. 9 

/ 

the i s 1 and b yan 0 r t h - no r t hw est cu r r e' n t (M u rra y e t' aL, 1 9 7 7) .. ,--
'\:) 

Peck, 1978), and diluted sOClewhat by lJixing ~ith offshore wa'ter. 

This eutrophicati<rn' i9 further enhanced by nutrient rich 
/ 

groundwater runoff aIl along the coast (Lewis, 19S5.), and a larg~ , a 
-

tourist complex near Bellairs Research Institute (Tomascl~ and 
~ 

Sander,' 1985). Together these inputs crea te a gradient of 
~ 

e~trophicatio~ along the west coast. A gineral impro~ement in a 
• 

number of water quality'paraceters is ?bserved with increa~ed 
, 

distante from Bridgetown. The exception to this trend is site 4. 
" , -: 

the area immediate1f around Bel1airs Research lnstituie wher~ 

severa1 environmental parameters markedly increase in valu~ an~ 
. 

. in die a t e are duc t ion i n wa ter qua lit y., Tom as c i kan d -S and e, ~ ,Cl 9 S' 5 ) 

found that a number of physicochemi~al and biologic~1 parameters . . 

indicated high poll~tion levels in',this area,- and co:ral growth 
1 

(Tomascik and Sander, 1985) and composition (Tomascik and Sander, 

in press) were both markedly affected by eutrophicatio~. 

The results o~ the present study supp~rt this finding~ 

Concentrations of both nitrites (Fig. 2a) and phosphates (Fig. 

2b) decreased with distance froQ Bridgetown as far as~ site ,4 , 

where mark~d increases in concentrations were Seen. Ligot 
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absorbance ~as highest ~t site 4, and differed ir~m values 

bbtained at adjacent' si'tes (5 and. 3). The clearer water at these 

two sites cay b~ an icpoI"tant contributer' to' the healthier coral 

communities observed by Tomaseik and Sander (in press), /sinc~ 

foedi~entation and curbidlty are known to ~ave negatlve ~ffects on 

corals (e.g. Dodge and Vaisnys, 1977; Hudson, 1981). Finally 

suspended partieu1ate matter (Fig. 2e) also showed a deere..lsing 

trend, and although a marked inerease at site 4 '1's not o,baerved, 
,"\ 

-.-
the li~ht absorbanee res41ts a1so suggest so~e ,nhanced 

" 
:eutrophieation at this site. 

This eutrophicdtion pattern allowed the exarnind~i?n of 

• biologieal response with an "intersp~rsiQn of treatments", where 

the two high eutrophication s-it1;s and cnr~e lower ~utrophication 

. 
sites were geographically intermixed (Fig. 1). This circur.1vented 

- - 1 

the problern of pseudoreplication (Hurlbert,_ 1984) and ensured 

., "0 that differenees between the highly po1luted a'nd less polluted 

sites co~ld not mèrely be a f~nction. of geographic clin~. 

The effects of nutrient enriehment and increased production 

have been \.lell -docuôented for tropical waters (e.g. Klnsey and 

Domm, 1974; Laws and Redalje, 1979). Response of coral 

.e 0 U U uni t i e s - t 0 ~ u t r 0 phi c a t ion ha saI s 0 b e e n s ho w n ,( e • g • S l'l i the t • 

-
al., 1981; Walker and Ormond, 1982: Tomascik and Sander,' 1986). 

~ t 

~owever, aslde from the study of Coles (1980) on che decapods 

l " 

associat~d with dead and llviAg Pocillopora, little i8 known 

- " #1 
about the effeet ~f st~ess on cryptoiaunal cocmu~ities. Since 

Johannes (1970, 1971) warned that çoral ecosystems were being 

irreparably dacage4 in cany areas, soce attention has shifted 

toward coral reef consirvation. Howe~er. conitoring and testing 
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programmes continu'e to pe dev!loped in" temperate i,ndustrialised 

areaa (Rafaelli and Hason, 1981;, 'Field ~ a1.,1982; Shaw ~ aL, 

l-98'3), and have nat been weIl applied in eC<Jq.omically p,oQrer 

l 
tropical countries. 

The use of ~og-normal plots in detecting dist~rbance was 

~;ntfy used (e.g. Andrews and Rickard, 1980; Hicks', 1980; 

Cre n n a and Bon vic i ni, 1 9 8 0;, Bon s d 0 r f fan d K 0 i v i.s t 0, 1 9 8 2) b e for e 

c r it ici sm b y S ha w ~ ~ (1 9 8 3 ~ and Pla t tan d Lam b s he ad (1 9 8 5 )' 

d i III i n i s he dit s pop u 1 a rit Y • The r e sul 't s 0 f t h i s S t u d y (F i g • 3 ) 

furt'l)er, indicate that this method is not uni"ersally applicaq,loe. 

Despite the tact that stress on the cdral co~~unity ha~ been 

demonstrated (To&1ascik an'd Sander, in, press), thè l-og-normal 

P 1 Q t t ,i n g 0 f mac r 0 f au n a s u g g est e d t h.a t . he aIt h Y cry p t 0 f a u na 1 
. 

communiti~s existed aIl along the coast of the island. This ls 

indicated by the straight-line plots and the steepness of t~e 

slopes, both of which are characteristic of healthy coml!lunities 

(Gray and Hirza, 1979). lt ls unclear whether the ineffectiverless 

o f t h i s_ met h q d r e fIe c t sad i f f e 'r e n t r e s' p 0 n sei n t r 0 pic a 1 

cO~Qunities, or merely fu~ther indicatés that log-norcdl plotting 

.1 s a ~ 0 0 r 'm e ans 0 f s t Ï" e s s de te c t 1'0 n. ln e i the r ~ as e , the s e 

results should discourage futur~ investigators from using a 

single log-normal plot to determine whether a given reef 

cO&1~unity is under stress. 

In criticising 10"g,-normal analyse's, Shaw ~ al. (983)' 
Il 

8usgested Chat plotting a simple dominance index may be an 

effectiv~ moni~orins approach. A similar method was proposed 'by 

Frontier (1985). However, with the présent data this method fa11ed 
1 
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to show any differences in1the high-stress and low-stress sites 

(Fig. 4). This is not surprising given that log-normal plottlng , ' 

also depends on a chang~ in dominance, and was shown to b~ 

\ 
ineffective. ln fact, visual inspection of the çoral data of 

Tomascik and Sander (in press) indicates that dominance is a~so 

1 

i nef f e c t ive i n dia g nos i n,S s t. r e s s e d cor a l c 0 !il t;} uni t i es. T h i s ta ;} Y 

. r e f 1 e~ t a d i f fer e n t s t r e s s r e s p 0 n sei n t r 0 pic ale 0 m m uni t i t! S • 

• t 

...rhere relative abundan'ce p-atterns Glay not ShO~ol the sar.1e ch,lng,tlS 

characteristic of temperate ecosystems. If this' is the case" a.n 

en tir el y dl f f e r_e n t a p pro cl c h t Q pol 1 u t ion tJ 0 nit 0 ri n g r.1 cl y b ~ 

needed for tropical biol,ogists b.efore a g~neral theor,y of 

ecosyster.l stru~ture and \:esponse r.lay b~ p'Ûssiblé. ' 
,. 'L , <' . " 

P e 'r h a pst he 1 e a s t con t r 0 v ~ r s i a l met h 'o' d s s e e ri i n r e c t! n t 
, 

.pollution monitoring studies ,are Glultivariate ordincltions (e.à. 

Fie l d ~ aL, 1·9-.8 2; Lam b s he ad, 1 9. 8 6 ),. Tho u g h the pre c i s e 

techniques ,involved have varied somewhat, ordination seel':ls to 

have gained uoniversal acceptance. ln c'Ontrast to the log-,norr:lal 

and dOIJinance plotting. methods, ~IDS did segreg..lte the highly 

polluted stations frot;} those that were less 'polluted (Fig. 6). 

Though a distinct 'discontinuity \.las not observed, a sudden shift 

~n ~elative abundance is not necessarily expe~ted along an 

environcental gradient, as opposed to dn environoental 

dis~ontinui~y. ,However, despite the fact that the stations froc 

site 3 (1:ow pollution) lie geographically between sites land 4 
--., 

(both high pollution), they' are still mapped clo~er to t!'le low 

s t r e S 5 S t a t ion s • Th i sis the s t r o,n g est e v ide n cet ha t the f a u' na l 

shi f t 0 b s e r v e d wa s a' fun c t ion 0 f env i r 0 n men t a 1 de g rad a t i 0 'n and 

not a geogr~phic cline. 

" 
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Although the dendrogram showed a general clustering of high 

pollution and low pollution stations,. lt did separate 2 of the 

stations froc site 6 and a1l 3 of the stations from site 4. The 

separation of the stations from site 4 is almost certainly a 

result of the low density of individuals sampled there. Because 

so few.individuals were taken, samples were likely tao small 
1 

nuaerically to show strong consistency. This would explain, why 

these 3 stations not only show little affinity with any othe~ 

1 

sites, but also show little similarity to each other. This 

becomes evident simply by exarnining the relative numbers listed 

in Appendi~ A, which $how that faunal ~ocposition at this site is 

quite inconsi~tent. A somewhat dif~erent ~xplandtion seems likely 

f 
f l>:r the s t a t ion s f rOll s i t e 6. S t a t ion Cha d the' l OvW est 0 v' e r a 1 l 

(, 

density recorded at -any of the low pollution sites, and~the Bray-

Curtis oeasûre is influenced by density differences. Application 

of, W'h i t c a k e r's H 9 5 2) sam p 1 e si z e - i n de pen den t me a,s ure 0 f p è r è e n t 

slmilarity (see Kohn and Riggs, 1982) showed that this'station ~s 

in-deed, much more simil'ar to the low pollution stations if 
, 

relative percentages are used instead of densities. Uowever, 

station A shows very' strong affinities with several of the high 
, 

pol lut ion s t a t i ? n s wh e n c ,0 L1 par e dus ~ n g rel a t ive p e r c e n t age s • 

Whether this reflects some very localized disturbance is unclear, 

however it is evldent that this station had the highest densities 

en1.ountered at any site ... lt ls unlikely that this sïte is 

highly stressed in view of the fact thilt one of the of the 

stations (station B of Fig. 5) showed very'strong aifinities with 

the l~~ss polluted stations. Secondly, the indicator species would 
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group stations A and C with the -low pollution sites. Elaboration 

• 
on this point i~ presented later. 

An unfortunate disadvantage of clustering i9 that onç,-e a t 

station i9 placed in a cluster it cannot be reClov~d. Insp.ectioi' 

of the ~~iginal Bray-Curtis oatrix showi that station C (Site 6) 

·.show~'d.greater 9imilarity to one of the stations f,rom site 4 than , 
to any of thle oth~r stations. As a result, the classification 

groJlped them (at an similarity level of 50%), .d-espite the " 
" 

dissimilarity s~ation C showed with the other high-str~ss 

statiQns. 

li u 1 t i d i ln en s i o,n aIs cal in g "h a s the Cd pile i t Y toc 0 0 p a rte d 1 1 
. 

similarities sirnultaneously, and consequent1y did not intermix 

station C with the hi.sh-ly pol1uted sites. This flaw in clustering 

-cao result in the grouping of two stations that have sevéral 

uni que, but no t i.n di Ccl t ive, s pee i es in co I;U.1'O n. Th i s m a y exp 1 a ,1 n 
~ /' ~ 

why the classification ~endrogram grouped. station.C (site 6) wHh 

the h i g h 9 t r e s s s t 1), t i o'n s. T h.i s' p [' 0 b 1 e m 'l.I1 as' n a t 0 b s e r v e d w i th' 

-
o r d'l na t ion. 

lt shouhi be note-d that oinor changes in theVraw data (e.g. 

lumping. of e-ongenerics) caused noticeable real,dgnment in 

den d r 0 g r a!J c lus ter i n g • The li 0 S Cl a pp i n g, Il 0 w e ver. d i d no t a p p e a r 

t 0 ben e a r 1 y as sen s i t ive, and pro duc e d a ver y s i r.1 1 ·1 a r 

con fig u rat i~o n unI e s s d r cl S tic cha n g es we r e rn ad e t 0 the' d cl ta. Th 19 

finding s~ggest9 ie would be wise to avoid using dendtograms 

withaut accocpanying ordinations. 

The best "indicator. specie9" (Table 3) ware aIl speci~s whose 
o 

population size drapped. considerably in number from low to hiih 

~ollueion sites. There was a noticeable absence oi any spccies 
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that rapidly ~ncreased in'response tO'stress) Sooe'sp~cie8 bust 

have increased in reIat,ive abundara..ce in the 'stressed communities, 

but these were species that were already fairly abundap.t at- low 
--' 

stress sites. ln fact "of the 8 'possible indicator species, aIl 

showed a decreise in abundartce at the high pollution stations. 

This Is a diçect contradiction 01 the suggest~on by Gray (1979) 

that pollutiop re~ponse is most apparent in species that increase 
• 0 

in abundance in reponse to pollud.on. ln .çliscussing the 

po a s i b-i 1 i t i e s 0 f log - n 0 r m c;l Lan a 1 ys es, h e 0 b 5 e r v e d t h a t s p e cie s 

that are intert:lediate in numbers in--a ,heàlthy cOt:lmunity will be 
, -

the best indicators 9f pollution because they respond quickly to 

.p~llution by ~ither in~reasi~g or decreasing in abundance. He 

suggested thclt SOCle ~f these species employ reEfoductive ~ 

strategies and tolerance thit permits incre~se under 

eutrophication conditions. lt is interesting to note that one of 

the misclassified low pollution stations wouid classify correctly 

if the densities of the 5 beit indicator spec~es w~re used as the 
r'>' . . 

criteria for grouping. The second misclassified station would 
" 

classify correctly using either the best indicàtor species 

(Minyanthura corallicola), ,or 4 01 the top 6 indicator species. 

Result~ of the comparison of densities shôw that mean density 
\ 

was Iowet: at the highly polluted sites. lt appears that the 

indicator species were being reduced without replacement, 

particularly in view of of-the absence of high-stress indiçator'-­
(' 

species. Therefore, the species that were Iess inhibited'by 

eutrophication (or some negative influence associateŒ with it») 

may have been unable to utilize the resources no longer consuced -... 
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by t,h-e sensitive specie$. Alternatively,-co~petition May not 'h'ave '- . 
- -beén a~ i~portant factor, therefore a reductiop in the indicator 

. 
speci~s would h'av~ had no effect on the. Clore ro~ust species. If 

little resource ove~lap existed before pollution became 
" 

pre v a,l en t , the n rel ë as e 0 f the s e r e sou r ces b y P 0 1·1 u t ion 

Intolerant species woi1d be of no ad~antage to pollution t~lerant 

o~ganisms. This finding 18 sOClewhat surprlsing sinee lt ls COQmon 

in eutrophied environments to find several very abundant (and 

dOCl!nant) species (e.g. Gray, 1979; Shaw et a1.,1983; Grass,le II 

a!., 1985). A possible explanation for this finding is that sorne 

unmeasured toxie substance(s)~1n addition to eutrophication were 

invol,ved, or that tropical communi'ties -are in~eed very differ~nt 

iIt their response to pollut.ion. Alternativély, this discrepancy 
v 

may be att'ributed to the fact that these studie'; inëlud~d. algae, 

nemdtodes, and/or deposït f,eeding polychaetes that would like.ly 

banefit most from eutrophication (Gra:ssle ~ al., 1985). Coles 

(1980) showed that t~o 'very different decapod faunas were fOund 

in healthy and recent1y' k~lled Pocillopora meandtina,. where 

environmental perturbation had led to xhe death of some isolated 

heads. He found 'that while some cryptofaunal species decreased in 

number as the p~rcentage of live coral tissue decreased, a number 

of species increased in_number as the percentage of dead coral 

increased. Therefore, there,are crustacean species b~tter adapted 

than others)'o, de,al 'dth stress. In Ba~b,~dO"S, however, the'.e 

species cl~e-jJ.red to respond to 'stress' by 'Claintainlng rather than 
,f 

f 

increasi~ their numbers, and there was a notable absence of 

poll~tion tolerant species that were able to effectively increase ) 

population size under high poll~tion conditions. 
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Both log-normal 'plotting. and dominance indices were 

inéffect1~e, and 'dre 111 advised as a solitary mean.s of t;rollica,l .... ~ 
o , 

pO,l 1 u t ion de t e c t ion. C las s 1 fic a t ion g a ver e a son a b 1 e r e sul Ù" but 

----=- -
tended to be somewhat erratic, therafore ordin~tion is highly 

" . 

, ' 

recommended as part of suéh an analysis. Eight possible i.ndi·cator " 
"-

species were found, but because a reduction in their abundance 

was' the only good indication of stres.s, a number o,f repl~cate' 

sdmples would be advised before mdking decisions concerning'~he . \ 

health of a Madracis mirabilis cryptofaunal community. 

o b v i 0 ~ s 1 y, g e ne rai i z. a t ion s con c e r n i n g t r 0 pic ale cos ys t e ms' , 

cannot blt drawn from.a single study, and 9tudies~; other 

.c. 0 Il mu nit i e s are' ne e d e d. l t i s ev i d ~ nt, ho we v, e r, th a t 't e Cl p e rat e 

latitude monitoring schetnes should aot be readily applied' to' 

t,ropical s y s·t: e ms w i th 0 u t th 0 r 0 u g h t:e s tin g • 

.' 

'. 

, 

.. 

.. 
'. 

.. 
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-ABSTIlACT ,. 

, 
The crustacean ,c.ryptofaun~ associated wit'h two, different 

growth fofms of the coral Madracis airabilis was sacpled to 
q , 

establish how the physical structure of coral affects' 

c.r,yptofaunal species composition. Fifteen isolated heads of M. 

mi,rabilis'were collected from a fringing reef on the west coast 

of ,8arbados, W.I., and, lS cores of the same ,<:ora1 wete tatten fr.oc , . 

each of 2 large adjacent st,ands. Corai in the isolated heads was 
. ~ 

observed to be covered largely with live tissue, while in the r 
largé beds only the tips were living. AIL motile crustacea, .. 

~ 

excluding. brachyuran crabs, were removed, ,identified, and 

analysed .• Analysis of variance performed to compare total 

densities, as weIl as densities ôf decapods, amphipods, isopods, 

and copepods, revealed that isolated heads supported a higher 

total density' and higher 'densities of decapods and amphip·ods. The 

abundan~e of l~rge organis~s in i~olated heads may indicate a 

difference in food ava\:lability, and therefore in localized 

productivity. Further analysis of variance showed that abundance 

. 
of all crustacea combined was significantly higher in the 

isolated heads, therefore comparisons of richness were made using 

analysis of covariance which corrected for differences in 

abundance. Species richness in decapods and amphipods was higher 

1 
in isolated heads, but more species of isopods and copepods 

occurred in larger beds. lt is suggested that the spatial 

heterogeneity of the dead coral base of large beds may allow 

• greater resource partitioning of spatial habitat in smaller 

organisas su ch as copepods and isopods. Habitat heterogeneity may 

not be as beneficial to 1 arge amphipods and 'decapods, whlch lIay 

S5 = 
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-
be too large' to utilize the ~ariety 0(' microhabi~ats available in 

-, 

-
dead coral. Further~ore, many of the decapods may'be symbiotic, . 
therefore requiring ~oral mucus for nutrition. The evenness of 

all species combined was lowest in the isola~ed heads, possibly a 

result of an "island'size effect" in which the fauna of isolated 

heads would not migrate between heads, little variety of habitat 

would be available, and evenness would be reduced as a result of 

dominance of a few species. In large beds, however, organisms 
, . 

'may.migrate large distances without leaving the protection of the 

coral. This would ~ean more diverse habitats could be encountered 

and Many ,spec-iés may be able to c'oexi~t. ' ~ 
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INfRODUCTION 

, , 
Biologists have long been interested in ecological diversity 

and the factors that contribute to it (e.g. Elton, 1927; 

Hutchinson, 1959; Connell, 1978). Habitat complexity has been 

proposed as on'e of the r.lost irJportant diversifying factors in ..1 
", . 

number of ecosystems, inc luding cora l reef comoun'ities (e.g. 

~ 
Kohn', 1968; Williacs ~ .!!l:,.., 1983). Coral reefs ar~ consid~r~d to 

be among the most diverse and, complex marine ecosystems (e.g. 

Grassle, 1973; Connéll, 1973). A currc:!nt .lrt:!a of inter-!st in 

coral 'reef ecology ls the structure of the cryptic f..luna and 

\ 

demersal zooplanton intiUlately associated with corals (e.g. 
f) 

Tsuchiya et aL, 1986; ~~akasone ~ aL, 1986; Abele, 1984: 

E d wa rd san d E c b e \ ton, 1 9 8 0 ) • S t u die son r e .! f ..l 5 soc i a t. e ct 

zooplankton have shown habita,.t preference for physically 

differ.ent types of substrate (e.g. Alldredge and King, ,1917; 

Porter a'1.1 Porter, 1977;; McWilliaras ~ ~., 1981), but r.lost of 

these studies have dealt with either total bioodss (e.g. Peyrot-

Clausade, 1985) or density of cajor taxonooic groups (e.g. 

~lldredge and King, 
\ 
\ 

1977; Ohlhorst, 1985). Aside fror.l the work on ,. 
dJcapods by Coles (1980) and Got'e11i and Abele (1983), ~little , 

, 
effort has been directed touard relating density change, ta 

species richness ~number of species) and evenness 
\ 

(J). of 

9;ifferent taxonooic groups. As cl result, the' o'nly solid 

conclusion that has been drawn ia that more physicalLy ~omplex 

reef substrates (i.e. many crevices and levels) support core 

l" # ,-

'individuals of m~ny taxonomie groups te.g. ~1eWl11iams !:..E.. .!l., 

1981). Coles (1980) was able to attach greater biqlogical oeaning 
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to this by showing that larg~~symbiotic decapods dooinate living: 

coral but are replaced in deàd c~ral by a more diverse community 

-of small, :non-symbiont d~capods. He suggested that the reduction 

of living tissue h~s a~ inhibitory effect on symbiont decapods 

that ~equire coral mucus as a source of nutrition, while the 

spatial heterogeneity created in de ad coral (through the action 

of borer$, invasion of sponges, etc.) may be advantageous to 

,s.maller Idecapods that may utili~e' the mil!rohabitats. How gro~t.~ 

form and coral cocpoaition relate to associated demersal 

zooplankton, however, remains unclear. 

The s~bject of the present study is the cryptofauna associated 

;ith ~adracis mirâbiiis (Duchassaing and Michelotti), an erect, 

branching coral that grows in two structurally different forms. 
1 

In shallow water, isolated hemispherical heads approximately 10 

to 20 ~m in diaoeter ~re found growing on coral reef substrate. 
)' 

The branches are robust and consist of predominantly live tissue~ 
~ 

M. mirabil~s may also be found in deeper water of approximately 

10 m, and this gro~th form is described in chapter 1. 

The availability of both ~f these growth forms in Barbadoa at 

the same approximate locality and depth makes possible the 

cOQparison of cr..ustacean cryptofaunal coomunities in two hab~tat·s 

that differ in physical structure and in degree of live tissue. 

This may provide insight into habitat prefere~ce, and thereby 

community structure 8S a functio~ of ha~t type. 
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,HATERIALS AND llETllODS 

Three sampling sites were selected along the w~st coast of 
t , 

Barbados ou the basis of proximity and availability of Hadracis 

mirabilis (Fig. 1). Toma'Scîk and Sander (1985) demonstrated a 

pollution Jradient along the coast, and in chapter_ 1 of the 

present study, a difference was shown in the cryptofaunal 

co~position ~ highly polluted 

Bay was fOU~ to have numerous 

and 1 e s s pol lut e d r e e f s, • P a y nt;:!' :; 

"" isolated heads. and is situated at 

an intermediate pollution level. For tl)is rea!?on, large 

, , 
C1onospecific beds in a high pollution area (Brighton) and in il 

'", .~ 

1,,0 W pol lut ion a r: e ~a. (B cl n k R e e f) w e r e s a Cl pIe d for C 0 rJ P <l ris 0 n w i t h 

the ksolated heads at Paynes Bay. The~e two sites wer~ chosen not 

on 1:]' bec a use 0 f the i r pro x i lJ i t Y t 0 the P a y n e s B a y s i t t! U U t <lIs 0 

because they represent extreme values,of environmental qualiti. 

Of aIL of the sites monitored for envir9nmental v~riablès (se~ 
, 

chapter 1), Brighton had the poorest water quality, while the 
1 • 

Bank Reef site had the least nutrient lOùding and highest water 

c 1 é1 rit y. Us in g 's am p les f rom bot h 5 i tes t 0 r e pre sen t 1 a r g e ,b e d 

cryptofauna ensured that any faunal differences between the two 

growth forms could not have been a function of the polll.ltion 

gradient. Each of the three sites was visited three times between 

June~nd October, 1985. During each "isi~ five replicate samples 

were taken, prod~cing a total of lS sa'mples for each site. 

The isolated heads at Paynes Bay were s8ClBIed by wrapping a 
~ ~ 

polyurethane bag tightly around the head and prying it from the 

substrate with a metal plate. As the head fell into the bag, the 

plate was gently withdrawn and the bag sealed. SaQpling of the 
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Fig. 1 .... Iwp of Bar.6ados, 'W.I.- showing the three sites s~[i1pled for 
Madrac1s mirabilis cryptofauna. Approximate bottom depths 
:are -gliven ln brackets. 
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large beds at the Brighton and 8~nk Reef sites was carr1ed 

out i~ a slightly different manner. At these sites, ~ores of 
.'\j-

coral were taken as close in iolume as possible ta the iSdlated 

he ad s sam p 1 e d ,a t P a y n e s Bay'. A C 0 m p let e des cri p t ion 0 f cor i n g 

• methodology is found in ehapter 1. At aIl three sites, every 

effort was made to sample 1 dm~ of coral, the volume Clausade 

(1~10) found adequate to ?btain th~ cajority of crypt~faunal~ 

species associated with a Pacific çoral. However, variation in 

the depth of Mddracis mirabilis beds and the diameter of the 

iso1ated head-s 'made it impossible to maintain a constant volume, 
\ 

and' some variation did occur.~ 

& a Il p 1 e s' we r e t r ans po rte d' t 0 Bella i r s Rés e arc h l n s t i tut e for 

processing, and complete details of this procedure are found in 
1:' 

Chapter l, along with & list of the taxonomie authorities who 

assisted in identification. Voucher specimens have been deposited 
. . 

~ith these lauthorities. A~ain, Brachyuran crabs were omitted from 

the 'study because th~y were numerica11y rate, and damàge to many 

of the.'spe~imens 'made identi~ication hlpossible. 

~t~ti~tic81 analysis 

'k 
~ 

Ta establish whether different faunas inhabited isolated 
. 

-
~ad racis m.i ra b i 1-i s heads aJld. 1 ar fe & mi ra bi 1 is à ta nds, the same 

ord.i·nation a'R..à..Jlassificat~on methods used in chapter 1 were '. 

app11~d. D-ens1ty ca1culations, s"pecies reductions, and 

transformations nec~ssary for ~lust~ring and mu1tidimension~1 

.c'ali~g were identica1 to those described in c~aptar. The on1y 

d'if f e rence was t hat s~pe cies redu'c t ion r,su 1 t e~_1n the re te ntion 
f .. Q h't.._ 

of 36 special, ra"ther than 33 Ipec1es as !.R the prev10us chap.ter. 
• • 1 

To determ1ne how the sites d1ffered in terms of species 

'" 
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c ~ Cl P 0 S i t ion, a na .1 ys es 0, f '-d e n s i t yan d ~ i c h ne s s (s p ê cie s nu Cl ber) 

were necessary. InitiallYt analyses were performe-d on 'aIl taxa 
, ~ . 

c'ombi,ned, but .additional cOClparisons were made ot isop'ods, 

amphi pods, copepods and decapods. THis d~v.:l,sion served dS a 
\. 

ceJUS 

of breaking the organisms into four body size group~ngs, of whl.ch 

decapods were the largest, acphipods second lar-gest, isopods 

t.h i rd l a r g est, a mi co pep 0 d s s 0 a 1 1 est. For the s e a na lys es., t "qld id. $, 

were grouped with the isopods •• . ' 
T <? est a b 1 i s h 'W h eth e r a n y b i a sin sam p lev 0 l u rol e wa s pre s e'n t, 'a n 

~.nalys~s of variance wa-s performed ta compare the 3 sites. A 

-, fur the r AN 0 V A wa s p e r for r.l e d toc 0 Cl par eth e t 0 t a l ri u r.l ber 0 f , 

individuals (abundance) collected at each site. In bath 

instan'cesj a Shapiro-Uilk, U, statistic was 'used to test 

normal·ity and an F-lilax test used to test variance hOr.logeneity. No 

violations of paraoett'ic assumptions were found. Becaus\!, 

di i' fer e n ces in a b und:,i n ce' we r e fou n d w i th the AN 0 V A , a cor 'r e c t i 0l! .. 
was needed for this bias before richness at the 3 sites could ba 

" .... 

compared. Therefore, analysis of covariance (ANCOVA) was 

performed, in 

t'ichness) was 
, 

which the dependent variable (in this case 

adjusted for differen~s in th\! covariate (in 
, , t his 

case abundance). An assuoption of ANCOVA is that the dependent 

variable and covariate are li.:.nearly related, therefore 

transf.ormed variables were used for the analyses. The best linèar 
l , 

\ .fit,s ,wece established by takigg the square ~ root of s.pec1es number 

~ the loglO oÎ abundance. ANCOV.A also ass~ces that <t.here is no 

" 
difference in the slopes of the regres&ion lines being compared. 

This was a problelil with isopod richness, 
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hOli1ogeneous. As a tesult,' a non-statistical comparison of the 

sites was necessary. It shou,ld be not'ed chat cocpari'son of, 

amphipod richness violated the assumption of varianc~ 

hOC1ogeneity, and therefore must be treated with caution. 

Regression analysis was used to test whether volume of coral 

8 a Cl p 1 e d cou 1 d b eus e d t 0 S t a t i s tic a 1 1 Y '- Ci 'e s ,c r i b e t 0 t a 1 s pee i e s 

number. 
'" (' -

~nal,Ys~s were performed on each' ,site as wel'! as on aIl 
\ -

sites çombined. 

T,he:, formulation used to de,t,ercine evenn~ss was that of 

Br 1110 u in (1962) ~ , 
l~g(N! In1n2 ••• ns) IN! - ... 

J. '., --:-- - --",-'-- - ---- - ... -- -- - - --- - - ----
( log N! - ( s - r )1 0 g c! - r( log C + 1 ) ! j / ~~ 

where N-total number of individuals in sample, n12individuals 

b~longing to species i"s-nurlber of species, c"integer portion' of 

N/s, r-retlèiinder of N/s and J-evenness. COClposite indices of 

diverslty were Ilot used beyond the calcul.:ition of evenness 

bec au set he y c 0 m b j ne i n for mat ion 0 n e ven n e s san d rie h n e s s·, and 

are difficu1t to interpret without an understanding of the other 

two variables (Hurlbert, 1971; Pie10u, 1975). It is important to 

realize that analysis of diversity CH) is prob1~r.latic. Because 

e " e n n e s s ( J) i s soc los e l y rel a t e d t 0 d i 'ver s i t Y , ~ he s a Cl e 

problems exist ~n ana'.lysing evenness. --Pielou (1974) pointed out 

that trying to ,estimate the diverft y of. large community fro .. 

amaller sacples produces an underestioate of diversity and an 

o"erestililate of evenness. The present study, howev~r, d'oes not 

attempt to e~tili1ate the ~"'1en-riess of aIl isolated heads combined 

or the evenness of the ent.ire large bed fauna. The evenness 

w1thin each isolat~d ~head and within an equivalent volume of 
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coral :froc the large beds ià being exaClined her~. This oeans that 

the variance under investiga,tion 1s not variance 'bl!twe_en 

, su b sac p les' 0 f a l a r g e r co mm uni t Y but r e pli ca tes 0 f sim i l a r 

, communities that have been sampled 

B r i l 1 0 uJ.. n i n d e)t i s IJ 0 S t a p ~ r 0 p ria t e 
r, 1 

in cheir entiretl. Thus .. 

for the present study. 

t h~ 

Paracetrie statistics are inappropricae for derived variables 

suc h a s div ers i t yan d e ven n es s (P i li! l 0 u, il /e r s. . c 0 IJ ru • ) • Siri c e n 0 

correc tion has be'en cade fa r diff~rences in abundance, non-

para,L1e t"rie analysis w'o u 1d be deceptive. Therefore, only mean 
.) 

values are presented dnd the resu l t's cust be interpretad wi th , 

caution. 
\ . 

-' 

", 

y-
I 

-' ,t8 .. 
if 

.' 
J, 

" " 
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R.E~ULTS 

. 
'Fig. 2 shows the dendrograQ produced by group averag,e liorting • 

. A t. a n a r bit r a r y sim i 1 a rit Y 1 e v e lof 6 0 %, t w 0 1 a r g e g r 0 u pin g s are 

~é~n as weil as one solitary sample. All'of the 14 samples in 

the first grouping are from the P~yne'~ Bày site while the 30 

.. 
samples in the second gro,uping are fro~ the Brighton and Bank 

" 
Reef sites. Although sooe segregation of the h,ighly polluted 

Brighton and low pollution Bank Reef samples did occur (at an 

arbitrary similarity level of SO%), the major faunal 
, , 

dis con tin u i t Y a P p e ars t 0 b e b e t we e n i sol ait: e d he a d a ( P a y ne' a B a y ) 

a il dIa r g e fla t b e d s (B r i g h ton and Ban k Re e f ) • The f a u n a 0 f t.,h e 
'!> 

isolated heads ,do~s not show a strong affinity with either the 

high pollution or the low pollution sites, and nor ia it -
• 

intermediate between the two. 

The HDS plot (Fig. 3) provides the strongest evidence that a 

very distinct faunal diacontinuity exists. Th.e fit is very strong 

(X 2-3512.62, d.f.-S7) p<.OOl) as is the correlation between the 

HDS mapping and the actual distribution of data points (r 2".98, 

n-45, p<.OOI). Samples from Paynes Bay form a tight grouping 

separate from the group of large bed stations from the Brighton 

and Bank Reef sites. The groups are very distinct, and the 

distance between them suggests that the Paynes Bay site has no 

8trong affinity with either of the other two sites. Furthermore, 

the spatial orientation of the plotted stations Is conclusive 

evidence that payne's Bay is not a faunal intermediate of the 

8 ites 8urroundlng i t. 

• 
Table l lists the 36 most common species and their denslties 
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2 •. Dendrogram- s~~witng classification of 45 s<1tlples a'iol1,g" , 
the 'wes.t coast' of Barblildos based on \~he faunal dens'ities 

, i;of the -J& most' c.OClClon spercies. Densities were root,-t'oot 
t~ansfor1Ale4 before cOClparison using group-average sortt'ng 
of Bt- a y - C urt i s dis s i Cl i 1.,a rit i es. Sol id ci r c les (.) 
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Fig. 3. UDS ordina,tion of 4S samples bas~d on faunal densities of-_ 
the 36 most common species. Densities were root-root 
transformed before cooparison of Bray-CurtLs 
dissimilarities. Solid circles (e) represent isolated 
heads at Payne's Bay, heavy open circles (0) represent /-' 
large beds at Brighton, and tnin open circles (0) represent 
large beds at the Bank Reef site. Scales of axes are 
~rbitrary and are therefore or.litted. 
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Tàble 1. Hean vàlues 
encountered 

for densities* of the 36 UO$t common spccies 
at the 3 sites. 

------------------------------------------------------------------
Family Species 

, 
Bank 
Reef 

, -' 

Pa~ne's Brighton 
"dy 

-7---------------------------------------·~----------- ------------
Auphi pod s 
Auphilochidae 
Atoridae 
Gaotl..lridae 
Isaeidae 
Leucothoidae 
Leuco.t:hoidae 
Decapods 
Alpheldae 
Alpheidae 
Hippolytidae 
Hippolyt idae 
H~ppolytidae 

Undetermined 
Isopods 
Anthuridae 
Anthuridae 
AI}thuridde 
Gnathiidae 
Janiridae(I) 
Sphyraepidae 
Stenetriidat> 
Stenetrildae 
Tanaids 
Apseudidde 
Paratanaidae 
Paratanaidd~ 
Paratanaidae 
Copepods 
Artotrigidae 
Asterocheridae 
Asterocherldae 
Diosaccidae 
Diosaccidae 
Diosaccldae 

Ai:lphilochus sp. 
Microdeutopsis sp. 
liaera sp, 
?Megamphopus sp. 

/ Leucothoe sp. 

\

1 Leucothoella s~. 

Synalphéus paraneptunus 

(

' \~.sJnalpheus townsendi 
tys9êta rathbunae 
Thor sp. a 
Undeterolned a 
Deéapod a , 

Chalixanthura lewisi 
Eisothistos te ri 
ttinyanthura coralltcol!a 
Gnathia rathi 
Carpias uinutus 
Undetermined 

10.9 
0.0 
0.0 

33.1 
6.3 

1 7 .2 

15. iL, 
0.0, 
2.8 

"'-) 0.9 , 0.6 
- 0 .4 

6.6 
1 S. 5 
46'.2 

Stenetriuu patulipaloa 
Stenetrium spathulicarpus 

9 .3 
32 .3 
29 .6 
25.9 
'9.9 

AEsèudoaoq~ha sp. '2 • 5 
?Heterotanais s p. a 21.6 
?Heterotanais s p. b 5 .6 
?Heterotanais sp. c 4.7 

AcontiEhorus s p. nov. 8. 1 
As ter ° che r e s· s p. nov. 16.2 
Scottocheres elongatus 2 .4 
AmEhiascus s p • 28.4 
AOEhiosco2sis sp. 7 .2 
Undeterrnined 12.8 

Tetragonoceptldae PhllloEodoEsyllus s p • 6.0 
Laophontidae LaoEhonte bulbifera? 3.2. 
Laophontidae ParalaoEhonte sp. 5.2 
Lichctloglidae UndeterIained sp. d 6.9 
Peltidae Peltidinutl 2erturbaturn 9. 1 
Tisbidae Ti sbe sp. a. 2.2 

, il • 5 
73.4 
44.7 

7 .8 
',13.3 

44.5 

0-.0 
16.6-
0.6 
S.6 
8.9 

15.8 

l6 .4 
0.3 

, 0 • 5 f 

3 • 2 
0.5 

21 • 2 
1.6 

96.~ 

2.7 
30.9 

O. 7 
l • 3 

1 0 • (] 
40.6 
8.4 
9.5 
2 • l 
l. .4 
2 • 1 
4.9 
1.6 
3.0 
0.0 
1.2 

r 

') ) - . ~ 
() . ) 
0.0 

22.5 
2 .2 
5 • 7 

6.3 
0.5 
0.9. 
0.2· 
0.0 
0.2 

U.6 
,10.5 

0.6 
2.9 

4 0.2 
32.9 
1 5 • ,) 
9.8 

4.0 
1 9 • 1 

5.6 
5.5 

J .5 
. 43.0 

2 • 1 
20.3 

l .6 
1 4 • 2 

5 .8 
4 .45 

l . J 
8.S 
2 .2 
3.0 

---------------~--------------------------------------------------
*individuals/dm3 of coral sampled. 
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at the 3 sites. A number of species differ greatly in density, 
r 

.,partic"ularly in cOClparing "isolated heads to the Clonospecific 
, 1> • 

b e d 's ." A co iii pIe tes pee i e s 1 i s t i s g ive n i n A p pen dix A. 

Regression ana~ysis ~ai1ed to show 

.relationship between cor~l volume and 

aIl sites combined (r 2-O.01, n:-4S, p> 

discernible 

species number over 

or within the 

Payne's Bay (r 2 -O.01, n-1S, p>0.84), Bank Reef (r 2"0.06, n-1S, 
1:> 

p>0,19), or Brighton sites (r 2 -0.0S, n-IS, p>0.43). However, 

~nalysis of variance on mean total abun~ance showed that the 

sites did differ (F-4.73, n-4S, p<O.Ol), and the Tukey multiple 

~ mean cOClparison showed that discernibly core individua1s were 
. , 

collected at Payne's Bay than at Brighton. 

Mean densities at the three sites are i11ustrated in figure 4 

and sUCl~arized in Table 2. No discernible differences ~re seen in 

0rrall ocean density (Table 3), but severa1 differences are 

7Pparent within the taxonomie subgroups. Payne"s Bay shows il 
/" 

(' statistically higher decapod density than either of the other two 

\ sites,. and a higher density of acphipods in comparison with 
'" 
YBrighton. The Bank reef site is highest in copepod and isopod 

density (Table 2), but thi ~~nsities are not statistica11y higher 
r 

than the payne's Bay or Brighton sites"(Table 3). In fact, the 

Payne's Bjiy'dat,a indicate that this site has significantly higher 
) 

densi~ies (decapods and amphipods) or densities that are not 

statis:ically different froc the highest values at the Brighton 

and Bank Reef sites (isopods and copepods). 

Richness s,hows cl nUClber of differences b~tween the 3 sites 

( T a b 1 e 3). p a y ne"' s B a y ha s the l 0 we s t 0 ver aIl ri ch n es s ( Ta b 1 e 2), 

although the difference ls not significant. Of" the taxonoClic 
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Table 2. Mean val~è8 for richness, evenness (J) and density in 
each taxon examined. Richness has been root transfor~ed 
and corrècted for dbundance differenc~s by the ANCOVA 
model, thereforè value~ cannot be extrapolated beyond 

,_f'icoClparisons within the study -and cooparisons between 
taxa are Qeftning1ess. Furthermore, this correcti0n 
enders the suc of ~~e richness of tdxonooic subgroups 

n; mer i c a 11 y une qua l t 0t t he t 0 t al • 

-------------7------------------~---------------------------------
Site Variable Decapod Amphipods Isopods Copepods Total 

--------------------~----------- ---------------------------------
Richness ,2.25 1 2.08 2.24 3.05 ~ 5.04 

,Payne's Bay Evenness 0.86 0.76' 0.54 0.75 0.78 
Den~ity* 0.10 0.20 0.19 0.12 0.61 

, . ------------------------------------------------------------------

Brighton 
Richness 
Evenn'ess 
Density* 

1 .92 
0.89 
0.02 

1. 84 
0.84 
0.04 

2.88 
0.84 
o . 16 

3.20 
0.85 
0.14 

5 • 1 5 
0.34 
O. 36 

---------------------------------------------~-------- _._---------

Bank Reef 
Richness 
Evenness 
Density* 

, 1 .88 
0.83 
0.03 ' 

, , 1. 80 
0.81 
0.07 

3.02 
o .81\ 
0.22 

3.37 
0.81 
0.14 . 

,5.32 
0.85 
0.46 

-----------------~------------------------------------ ------------

*Number. of, individuals per CIil3 of coral sampled 

, 
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- Tab-l e 3. 

" , \ .... 

:3 t a t i s tic' al d i ft cre n c e's (a • . p 5) in de cap 0 d, a Cl phi po d , 
i.sopod, copepod, and total crustacea richnesS, and 
density. (x) indicates discernible diffEfrences, 
(0) indicates non-discernible differences, and (-) 
indicates comparisons. that could n~t be ~ade as a 
result of problems with the assucpt'ions oI' the 
ANCOVA codel. Richn'ess, and density are sho,.,n ln 
the s a Iil e s e que n c e i n e a c h box. AN 0 V A w ci sus ad t 0 

show density differences and ANCOVA was used to show 
differences in richness. 

Payne's Bay Brig.hton Bank. Reef 

-------------------------------------------~---------~ -----
'" . Decapods x x x x 

AI:lphipods 0 x x: 0 

Payne' s Bay Isopods 0 - 1:) 

Copepods '0 0 x 0 

Total 0 0 0 0 

-------------------------------------------~---------- -----
Decapods ---' 0 0 

ACl phi P 0 d s ' - - - 0 0 

Brighton Isopods 0 0 

Copepods 0 0 

, Total . -:-- 0 0 

-~----- --!--------I-- - ----- ------ ... ----------~ -1---- - ------ -----

Bank Reef . 

Decapods 
AClphi P ods 
Isopods 
Copepods 
Totàl 

~... -------- ----------

. ' 

.. 

-~--------"""--------------------

7~ 
i 
1 

.. 

- ~ 
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4. Bar 'chart showing 'oean values for ri~hnt.!'ss alld: ," " 
density in each taxon examihed. Rici1l1~s$ (riu1itbt;:i, ,6,f,,"" 
species) has been corr~ctcd for diffel:<!nces 'in " 
abundance, therefore' ~orjlparisons betwe~n d),ff.,~.~~'f\C , 
faunal grodps are Qeaningl~ss aS are eoo~arisDn~'Qu~sîd~ 
the present 'study. Total in seco'nd cha~t refe'ra' 'to' f.1~:J,n," 
nuraber of ~pecies of all 't~xa combined. Again tl1i!' ,\f~COVÂ 
model has b~en used to correct for diff~rences i~' 
abundance and the taxa are therefore nO~-3dd1tiv~. 
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• subgroups, c0J>epods display the s,ace trend, with· tne lowest value 

at '~ayne's Bay statistically differing from the highest value at 

"'the Bank ~eef site. Ta.ble 2 and figure 4 sucClarize trends in 

species richness. The relationshlp between number of isopod 

species and nuober of' individua15 i5 illustrated in figure 5. 

Over the range of abundances sampled, the number of species 

pres~nt at Payne's Bay, "for a given abundance, consistently falls 

below that observed at either of the other sites. However. with 

acphipods and decapods the trend is reversed (Table 2). Values of 

amph1pod· ànd decapod richness at Payne's Bay art! both 

statisttc·ally higher thdn those at the Bank Reef site, and 

ae cap 0 d 8 are aIs 0 ri che r in s P. e cie s a t P 'y ne' s B a y t han a t 

Brighton C'l;àble 3). 

\ 

The differences in evé'nnesrs are very silJi1ar to those in 

richness (Table 2). Overal1 evenness is lowest at payne's Bay, 
. , 

and within, the aubgroups, copepoQs, aCiphipods, and isopods are 

aIl 'less evenly d!stributed at Payne's Bay compared ;0 th,e other 

two sit."es. B'ecause evenness d~creases w1th abundance (see chapter , 

3) t h è s e val u e S Cl u S t b e i nt e. r p r e~ e d car e fuI l y. Ho w e ver, a t 
. 

Payne's Bay, densityof copepods 1s lowest and density of 

isopod~ second lowest. Despite th'Ls, Payne's Bax sti1i shows the 

lowes t v,alues for evenness. Ttli& indic,ates that the red,uced 

/ 
evenneS8 at Payne's Bay 1s not ~mere1y a function of sampling 

b1as • 

Cocpa r 1 sons be t ween 
\. 

the, Bri~hton and Bank Reef sites are not· 

Iilent~ioned above because within the subgroups, as weIl as, with aIl 

groupa combined, richness and d.ensity do no't show ~ statist1cal 

" ' 41ff-erences between the sites, ancl numerical differences 1n 

. 
). 
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5. Plo t 0 f s qua r e r 0 0 t t' ra n s for m e d nu m ber 0 fis 0 P 0 d s pee i ~ s 
versus log transformed,nu'tlber of individuals for ~c:1ch of 
the 3 sites being1"'èor.lpared. '(b) reprc!sents' isolat~d 
heads at Pdyn~'s Bay (r 2 -O.42, p<.QOS. n-15), (a) 
represen·ts large beds at the Bank Reef site (rZ-O.,.)O, 
p<.02, n-t'S), and (c) represents largt:! beds at 
Brighton (t2_0.61, p<.0004, n-15) • 
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evenn'es.s are extrem~ly small. _~ l'ist of raw data on evenness, 

and richnèss' is found in, Appendix B. 
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" DISCUSSION 

The f aunas as soci a ted wi th is 0 1 ated co'ra 1 heads and large beds 
\..- , 

, 

of Mad r a é i 8 Iil i r a~ il i s are ma r k e d 1 Y di! fer e nt. Al th 0 u g h s 0 Iil e 
• 

segregatien of po11uted and unpoll'uted samples \lias aiso evident, 
, > 

the 8 e p a r~a-t 10 n 0 f the t W 0 cor al gr 0 W t h for ms wa 8 Cl U c h Il 0 r e 

distinct (Fi.g-8. 2 and 3). None of the isola,ted he~ds shqwed .. 

a f f i Q. i é i e s w i t h sa J3 p les f r 0 Iil e i t 11 e r 0 f -t 11 ë E> the r s i tes t des pit e 
• 

t h-e f a c t t 11 a t the B r i g h ton and Ban k Re e f s i tes r e pre sen' tex t rem e s 
" 

.. of env~ronJ3,ental quality. The MDS oap-ping of 
o 

the 'salilples 
\ . 

(Fig. 3) 

. 
,a1so showed that the Paynes Bay fauna is not intermediate l)etween , ' 

G 

the fa u n a_~ 0 f the s!l r r 0 und i n g s t a t ion s .. Cl e a r 1 y t i sol a t e dM. 

gli.r a b i lis he ad s ha r b 0 u r a ver y d if! e r e n t C1:' y P tic f au n a t han 1 a r g e . " 
." 

beds. This. d1.fference was not likely Just a function of depth 
-. 

sJnce the 

~984) and , : 

known depth ranges of many of the deca,pods (Oardeau, 

is 0 P 0 d s ( K'e n s l e y , - . 1984 a ; 1984 b) ex t end bey 0 n d t ha t 0 f 

. , 

. ~ 

the three sites sampled."Nor was sampling bias likely to h,a'v'e 
" , , . 

been a problem, since no differenc'es were fouqd in thr volulles of 

coral sam:pled at the 3 sit.es. The absen!:e of any relationship 
F~ •• 

between voluee (rougl}ly equivalen,t ,to a.rea) and species nu~ber 

further supports this argument. Species number i8 general1y known 

t 0 'i n cre,! s e w, i t h are a • s a ~ p l e d (e • g • Col es, l 9 8 0 ; Got e 1 1 i and 

Abele, 1983; Tsuchiya .!l al., 1986). The absence of such a 
, 

relationship in the -pr.esent study indicates that efforts to keep 
f ' ,J 
1 

aa~ple volume constant were successful, thereforE! the range in 

"area" was not wide enough to show any relati'onship..&-~ 

A number-o'( differences were found Jbetween the rè..sults 'of the 

~ 

pre.ent study and those of Mc\lillialls .!.!. !l.' (1981) and Alldredge 

and- King (1977). 1 n the ses t u die s' , the rel:ative abundance of 
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i S 0 P 0 d s, tan a 1 d san d ha r p à c tic 0 1 d s wa s· e x t rem e l y l 0 w , wh il e i n 

t~e present study these groups wer~ far lilore I1byndan~t,;·thdn 

either cyclopolds or' c~lano1ds. This 1s likely a r'esult of the 

4,iffer fi!nt sampling 'techniq"ues us'ed' i~n the different studies. 
, ' 1 

M c W i l lia m s e t '~. (1 9 8 1) and A l 1 d r e d 'g e and Kin g (1 9 77) 'b 0 t h 

saClpled ecerging z<Yo,plankton, 
, 

while the prése,nt: study- saqplt:d <111: 

f~una' living within the cora.J. • 
1 , 

HcCloskey (1970) and Gra.ssle 

( l~ 7 3), bot h sam pIe d a 1: lof the ~ 0 ra 1 as Soc i a t e d f au na, 
fi , ., ' 

adëi .. ' 
1 

obtained relative 'proportions on organisms slcilar to thQse f9und 

in the present studY. . ' , 

-Se'cause 'of, trtlesè differenc~s ln sampling Qet'hod j ,it has beén 

i m p 0 s s i b let, 0 e val ua te the rel a t 1 ven u tU e rie aIL [3 p 0 r tan ce 0 f 

rie h n e s s, ab u n ~ ne e· J a,n d 
o , 

evenness are related to substrate. AlI d r,edge and Ki,ng (1977) 

examined severdl types of substrate, bût their c'omparison 'of dead , . 
- 1 

and living coral ,is the ClOSt re~e'v~nt to the present study. Th.e· 
, 

cajor difference between isolated tlad,racis cirabilis'ht!ads and 
.. 

the l~rge fl,at beds, i8 the relatively hlgh propQrtion of living. 
, ' 

tissue on the branches 'in the isolated, heads. rhus, in ~ocpar,ing 

, the r e 8 U 1 t Bof the' pre sen t ri t u d Y t o' t h oÎe~. 0 f "A l l d r e' dg e and Kin g 
, 

(1~977) and Porter and Porter (1977), the isolated heads 

correspond to the i r '\1 i vin g cor al" and the 1 a r g e fla t b ~ d s w 1t h 

"coNll rubble". In this context, the , " .. " results are cOClparable. For 

exam~le., 'to'tla~ zooplankton densiÙes aS,so,ciated with live coral 

vere higbet than; those associated 'with 'predoQinant 1y non-11vins 

coral '(;a~'l~ l)<;ShriIDP' dens1ti~s aho'wed thOe laIDe trend. both in 
• 

the présent study and in that of Alldred'ge' and K1.ng (1977). 
,; 
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Aaphipod denslties also diSC~\rni~lY higher in live coral t 
the" presene study', and although AIl.d"redge and Ki?gl (19;7) o/no-t 

find· ~ ,staelstlcal d~lffe~~nce, th~~saCle trend vas ev1dent. Suc'h 

were 

" 

. ../ 

-
elevated density 'in the isoiated '("live") coral .reef cryptofauna 

f ,~ III. 

was like!y ré,lat'ed to locàlized differences in food availability, 
, 

par tic u 1 a r lys i n c e 0 r g an i s ms 1 w i th a la r goe r b i 0 Cl as s (d e cap 0 d san d 
'\ ,~. -Il 

'aaphl.pods) wer-.e Clore abundant in this habitat. However, data on 

localized productivity and food availability w041ld be required to 

... c 1 a r i f Y ~ h i 5., 
Elevated bioca5s and abund,ance are not nec.essarily 

'\. 

1ndlcati;,~. of high' species r),chness. ln this ,case hl g h numbers 

. of large individua'l's are i~Vé'rs.ely proportional to cOIllClunity 

richne~le 3). Thè he'terogeneity of dead "'coral, has been 

d,.escribed by Grassle (1973) and this may explain the high overall 

specles richness ".in the dead coral.studied by.é?les (1980) and 

the fIat> bed,s of the 'present study. Whe~ co.ral dies, bor·ing 
~ , , 

org,a,nis.Ms invade -the skelètons. Their boring action creates a 

he te' r 0 g e n e 0 u· s hab i t a t w i t h Cl a n y Cl 0 r e cre vic e san d con t 0 urs, wh i 1 e . \" 

. 
their- mere presence diversifies available food' ~espui:ces. 

, 
The r,e for e , i n t e t' fer e 'n c e c 0 CI pet i t ion f () r . hab i t a t spa c e ( e • g • Bus s 

} 

il n-d J a c k1l 0 n, 1 9 7' 5 ) and exp 1,0 i t a t ! ve co m pet i t ion for, a v ail a b 1 e 

f 00 d . (s e e 11 arc 0 t te, 1984) Clay be reduc~d in dead co~al. This 
'/ , 

spatial and nutritional heterogeneity may allow finer resou~ce 

partftioning and 'the coexistence oq more species wlth fewer 
"" - . ./ 

..... i'odfviduals per unit area. Competition may be alleviated, as 
# - ~ • 

organi.ms speçialize to ut~lize these availabl~ resources. 
-

.. .; 

Coles (1980) sampled entire heads of Poci-ilopora meandrina and 

found a shift:"from large symbiant decapods in live h~ads ta .... 
78 

.,.; , 



o 

o 

, . 

smalle.r non-syr.,rb'iont décapod's .in dead. coral heads .• Ha ~uggested 

that dead coral offers a cuch more heterogeneous habitat than 

,", 1 i v 1 cor a 1 Jan d w j. 1 1 the r e for e s u p p 0 r t· a ri c h.".e r f a, un a wh 1. c h d Q e s 
#-"1 \ 

not de,pe'nd on livin'g tissue,. Even those:sp.e,c.ies that.are 

-
} 

sycbiotic with ';}'ive coral tend to be confine,d to the d~éld; bels.!l 

area rather than the more hamogeneous area of, li~e tissue. 
~ 

A Similar but broader int,erpretati?n Day be appJied t;.,o ,\tl~'~' 

ft results of the present study., Decapo,d and amphigod speci~s 
, -

ric'hness is ext'remely high. in pfê'dolilinanatly live 'isolated he.:lds, 

w!d, l'e i s 0, po dan d . co pep 0 d r i c fi n e s sis co m par a t i ye 1 y 1 0 w. The 
( 

te v e ,r sei s t rue 0 fla r gel y , non - 1 i vin g cor cl. 1 i n fla t b \:l <i ~ " wh e r e 

isopod and copepod ~pecies richness Is much higher chan in ~he 

- i sol a t e d il e ad san d d e cap 0 dan d a ~ phi P 0 d r i' c h ne S s tJ ~ c h 1 0 we r. A 
. .. 

possible explanation for the high, species richness of 

• 
harpacticoids and isopod~ in large ....s..tands is, chat be'ing, soa11, 

, " .. ,~r 

- the y !il a y b e ab let 0 u t i l i z e 't he !il i c r 0 hab it a t s w i t h in d e ad é 0 r al. ' --) 

Because the isolated heads offer; a habitat'lof" Ilvlng tissue" with 
./ 

, . 
reduced microh-abitat ve.riabi l ity~ saaller' organistÎts would' not 

ffnd 'the many ref~es necessary ,to llIaintain high. di.vers'ity. This 
, ~ , , \ -'~ .. 

Cl a y b e fur the r. _ c 0 m pou t:l d e d bye 0 ra 1, pol y P pre d a t ion, wh i c h wou 1 d , . - , " 

be far ntore detrimental to saal1er organisos than, larger ones. 

Predation would :(ntensify c.ompe'tition for the fé"" ava11ab'le 
'. -\ 

mie r 0 h a b,i ta t s , par tic u"1 a 1: 1 Y il c: he· pre d a t 10 n wa s non - -
'\ ,,/ r 

se1~ctive. This Co.dld acce1erate e~imination of weaker 

/' è~JIlp'etit0rs. Because of t;heir large size, ',decapods and aophipods 
1 • 

woul d no. t be subj ec t to p reda t ion by. 's u-eh_ sma 11 po l y pa. La rge 

size Wo.u..l4 a1so ,prevetlt amphipods and 4ecapocjs froo taking ,. 
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ad.v~n'tage of large bed micl='"ohabitats, therefore 1ess spatial -

re s ource pa tt H: ioni ng and 8 pecieS' packl ng wou 1 d be . poss i b 1 e. 

" 1 • , • 
La rge" -sYLlbio tic decapods req ui re an abundance of 1 i v ing co ra 1 

tiS8u~I..!_nd th~lt nutri,tional" needs may not be met by the small. 

--proportion of living coral in the flat beds. In the isola~ed 

heads, however, th-e livi;ng tissue would be beneficial~to the 

/ymbi,o"tiC _ decapods in' terms of mucu.s p,r?dUrC~ion by .the coraJ. 

This explanation assumes ,that intense spatial competition 
, " 

exis~s 'in the isolated heads, fherefore few refug~s for ... 
s,ubordinate competitors has lead 'to elimination of weaker species 

• 
, .t\ \ 

and a re~ucq,on in species nuaber (see -UarcCi)t~~J 1984). Qtrhe large 
, 

beds, however/ offeJ;".more· nu~e~ou8 and heterogeheous spat,ial 

-: refuges for saaller org'anisms, and therefore the c.oexistence. of . 
more species 

\ 

A siailar int~rpretation may, explain the observed differe.nces 
" 

i~ evenness. ov~eral.l ,even~ was lowest at the Payne's Bay site. 

Of the ~axonoQic groups, copepods, Alphipods and isopods aIl 
, 

fol-lowed this pa'ttern. lhe same -trend was not evident with , , 

Bay site. Ho~ev'er, the v'ery 

interaediate in value at ,the pfyne's. 

low c:lensity of decap~ at site\ ... 

decapod evenness, which was 

other than ,Payne's Bay m~ant 
~ .~ \. 

that evenne,sS-was gep.erally 

calculated on only a few Indivlc:luals. lt ls therefore pointless , 
= 

to attach any ~mportan~e to the differences observed. However, 

~n-cop~pods~ ampnipods. isopods, and ~ll taxa combi~4 
~ " 41 ~ 

la lover 
-,;.....:..., ~ "Jt 1 

i n the ls 0 1 a t e d he a d s t han i n, the l'il r g e b e cl s. A p 0 s s i b 1 e . . 
.x~lanatic)n for t~:1s trend in evenness ie- 'found in' Pr,eston (1962-) 

: ~ ... 

- ' ."... ,. # 

and r-.1tet-ated by Gotel!1 and, Abele (1983). Because there is 

.patial aeparation of the~801ated hea4ss' ~lgration betwe.en the 
.r 

,r • - . 
. , . 
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he ad s mi g h t b e exp e ete d - t 0 b e. v e.r y , 1 0 w. A S are sul t, S pee i e s 

within, a coral, h,ead would" reproduce witho~c "dispers.ll, litt le 

va~iety of ~icro~abir.a~ would be avaJlable, and dqllJfnance of a 

few COtlMtively superior species t"oulc:t occur. In large, fIat , 

beds; h.o,wev~r, individuals çould migf"fleten~ of metres ,witnout 

1 e a vin g the ,p rot e c t ion 0 f the cor (1 l'- The y W"O u 1 l e n cou n t ~ r cJ CH r 

gre~ter vari~ty. of microhabitats ànq a !:luch more evenl y 

ta 
distrib.uted cOClIlu'nity would .&-e-expected. It should be noted that 

.. - '! ~ ( 

Col e s (1 9 8 0) s u g g e. ste d t ha t cor a 1 h e a d ~ les s t h a ,~' l 0 P 0 cm)' c a n no t 

s u P P 0 r ta' pre die ta b les y ta b { 0 n t de cap 0 d co rl la U n1 t y. U 1\ i> r ~ d i c t cl b l e 

biologiea'l comClunities are olVften chal8cte;-ized by. dOllinanct:!, 50 

. . 
the se~ll si'ze of the isol"ated' heads salJpl~d in the pr~fsent study 

may be as ieportant as distance between colonies. Uhether ~his 

estiClate may be extended beyond the decapods of Coles' study', 

howevef', i9 unclear.· 

birabiJis su~port 

very dlffer~nt faunas. and 'en,viron!:lental 

he ter 0 g e n e i t Y m a Y pla y . an i m po r tan t r o.l.e -i n st ru 'C tu r i n g the 9 ~ 
'. 

faunas, but t'he rèl,ative ,i'Clportance of each cannot be 'detercined 
... 

frou the, prës-ent study. Howe~the difference in fauna in 

~ • p '" 'the two' g,rowth .forms shows t~at the physiC'al structur.e of the 
. ' 

coral subst~ate ls important. Thus, 

\ ' 

coral growth forrn and the 
/ 

resulting habitat heterogene~ty may potentia~ly-a1ter the 

,decers,alrzooplankton comcunity .• If th{S ts the ê.ase" lt 18 

po~.ible that fhe major det •• ml~.,t ~f ~r,ptofaunal cpmtosltlO'.\ 

J " is physical structu~ rathe't', than the taxon'omie identity of .' 
) 

ebe.coral speci~s alone. The most important q~e8tion may 

.. .-
. \ 
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the r e f -() r e no ç b e "w ho" y 0 u are' but "w ha 1:" Y 0 u are "C i . e. the .. 
p~ical heterogeneity of the coral substrate). 'Such .a' 

possibility must be cons-ide-red in any' future st~- of demersal 

zo~oplankton substrste preference. • 
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AB"STRACT 
" 

Although warn/ngs have appeared in the literatu~e on problems 
, . 

associated with eV,aluating- couposit~ diversity, richness .lnd­
~ . 

" . 
evenness, many carine .researç'hers .continue to use these 

par.Jm~t;rs dnd ignore possible biàs that may- result froD 

dif fe'rences in ~bsolute abundance or density. '1!-egre5sion analysis 

s ~ w e ct a" s t r 0 n g, s ta -t l s t 1: cal 1 Y dis ce r nib 1 e po s i t ive rel a t i 0 11 shi p 

~èi:ween number, 'of individùals sampled and species richness and? 

K 
s t ~ 0 n g ne g a t ive rel a t ion shi' p b'e t w e e n nu r.1 ber 0 f 'i n div id u a 1 5 

sSClpled and evenness. 8y comparing the results .tained from an 

analysis that dia not corrc!ct for differences in abundance to 'an 

a n a 1 ys i s 't h a't d ide 0 r r e c t (u sin g a na lUi s 0 f co var i an ce), the 

s'eriousness of the problem is deClonstrated. A theoretical 
~ 

\ 

'. 

e,xplanstion is provided to clarify why this i5 so and provide an 

i n t u i· t ive und ers tan d i n g 0 f wh y g r e a ter dis cre t ion ~ s n ê e d e d • 

" 

--

--' 
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INTRODUCTION 

a . ~ 

11\" 1971. Stl;\a~t Hur1bert,pub1ished a paper that should haVIe 
" , , 

ended the use of coopo.site indices of diversity in cooDunity 

, : l \ 
analyses. He pointed oùt. tha..t composite indices, such as those 

, . 
6 • .. I~ 

proposed by Sn'annon <lod t~eav_er 09b3). tla.rgalef (1958) and 

Mac Art h u r a il d Hi 1 s' 0 n Cl 9 6 7), 'a r e \, n f 1 u il ~ C e d b Y bot h s pee i e li , 
. \ . . 

..richness .(nu,cber of species co 11ected froc a s:ocmunity) and 

species'evenness (distribution of individ,uals amon,g spe-cies), and 

ca n n 0 t b e in ter pre te d w i t ho u.t an und ers tan ~ ~ 1} g 0 f bot h 0 f t h ê s l! 

var, i a & 1 es. ,1 ~ p'r 0 p 0 sin g ,a n a l t e t: n a t ive a p pro a ch .t 0 -a-n d 1 ys i s 0 f 
1 \ 

COLlLlunity strueture , he a1so criti.ciscd richness and- evenness on 

the grounds that ri~~~es~ increases and ~v~~ness decreases with 
f • 

, 0 \ ,. 
\ 

abundanc:e (nucber of in~ividuals sal'Jple.~), and, Clay givc spurious 
1 • , , . 

results when comm\lnities,with different num.bers of "'individua1s 
. 

are-coopared. Further critici$d and war~ings have ~ooa from other 
. ~ 

s .() u r ces ( e • g • ' G 0 0 d man, 1 9 7 5 ; _ Pie l 0 u , 1 9 7 7; F. r 0 n t i e r , 1 <) 8 5 ) • , \ .. 
Despite this, m.lrine eco!'ogists continue to use divcrsitr- indices· 

indisçr-1minant1y, and publications of analyses of 'composite 
, ' , 

.. • , 1 

diversity, richness, and(-or evenness in carine cOrJmunities rema!n 

1:0ll)mon ~e.g. Tsuchiya et aL, 1,986; Swartt et al., 1986; Ansar! 
Il ,~ 1 - " ('- -- , - --

e t !..l., 1 98 6 ; Ho r i n e t' al., ~ 1 9 8 5 ; S ton e r and Le w i s, l 9 8 5 ) 

In short, Hurlber.t's warni.ng' has gone u,rlheeded •• 
, 

, SOCle studies necessarily elilp10y unequal sat:lpling ef(qrt (e.g. 
• .. r \ ..' 1 

Co l.e..s, 1980). Almost ev'ery. study will sample d!fferent numbers of 
" - - 1 

ind,ividuals in comparing quadracs, habitats, : 0 r • s·i te 8. 

Differences in abundance are biOl.ogiç,a.l\ly ,iClporlt.a~t, and mua t be 

- , ' '" 
con s ide r e-d • Howeve r, dif f e rences in 'bot h a a m'p 1 ! n g . ~ et 0 r t and 

89 
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nUlilbef:s of individuals collected can bias cal,culations of 

richnes8 ~n~ evenness; 
, , 

and d i- v is ion b y t 0 t a l are a 0 r t 0 t a 1 

individ\lals côllected i!f- not ~ 'suitable correction.' Al though the 
, . 

resul ts ,a,nd +-nterprec:ations 'of the atudies listed above oay be 

" . correct, analysi.s with cor,rection for any ,p~8sible sampling bias 

7 

would be ~equlre~ to determine this. To illustrate this point, 
1 

the present atudy uses the community anal·yses commonly elilployed 

in Iilartne work anà coopares ix-with the correc~ed pnalysis·uied 

1n chapter 2. By deQ6nstratlng t&~t th~ ana~yses pro~uce 
, '. 

different ~esults,' and off'eri-ng, cln t"nt'uitive expl,anatiQn of why 
~ . -

1 

tnis ls so, it la possible ta de'\10'nstrate ho.w misleading these 

parameters c.an be if abusecf. 
.. 
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KATEB.~ALS" AND ME'rliODS 

A complete description o'f the samplin'g sites and metho,dology 

is found in c~apter 2. For the purposes of this chapt-'er it· 15 

sufficient to understand th8:t Madrac:is mirabilis co~al samples of 

approxicately tqe sace voluct! wer~ collected using similar. 
, 

at 3 sites along~the wes~ <;oast Qf Barbâdos, 
\ 

W.t. Th~ 

purpose of the col~ections (see Chapter 2) was to dCOollstr,lte 

'Nh?ther the different growth torm.s at the sites influenced 

cOr.1j:lunity· struc ... ture of associated ,crustaC'eans. T,he. present. 

cha p 1: e'r i ~ mer e 1 y 'a r e a na 1 y sis 0 f the d a t a pre 5 e n t e d t h ~ r e' , and 

represents an exaClplè of, the 4n~lys~s us"ed in cany recent 
1 

etudies. . ' . 
Analysis of variance (ANOVA) was perfort:1ed t,o cOClp.lre 

" 
abundance, species richness, a,nd species e,v~nness. lniti'ally the 

cru s tac e an f a,u n. a loi a s t r e a t e d a SilS i n g 1 e . t éJ: x 0 n. _S u b 5 e que n tAN 0 V As 

'Nere .calculated to compare isopods, copepods, decapods, and , 
allphipods st the three sites·; This provided' cl ·conveni'lent l'ledns of 

,. . 
l " 110, 

dividing the organisms 'into 4 size groupings of whi_ch decapods 
, 

''Nere the 

largese, 
3 

largest,' acphipods second" largest, isopods third 

and copep~ds smallest: 
" 

For e a ch 0 f" the s e. tes t s ,. no r mal i t Y 0 f the r cl loi d a t a loi a ste ste d 

using the ,Shapiro-Wilk, W, 'statistic and an F-max test (Zar, 

1984) was used to examine ho~ogêneity of , variance. 
J 

Violations of 

parametric analyses were found with richness and evenness, 

néi tlier 
. 

of which was norma11y di&tributed. Attempts to norClallz~ 

these variables, ~sing the tranl,format1'Q~s 8uggested by Sokal and 

Rohlf (19-80 were unsuccesaful. As a result,-" tt was necessar'y to 

1 

• 
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.. 
converc.t·he data'to ranks and normal'ize using .B10m's (1958) 

Qethod. The assucptiont of parametric analysis were then cet, and . . 
~ ( . ' 

ana,jl.ysis of variance was perform,.!d. The means. of ,.variables that" 

were found to be statisti<:ally âifferent wi!'p. 'ANOVA. were the,n. 
, . 

teste4 using a Tukey multiple comparison test (SAS Institute -,1nc., 1982) to determinê which of' the sit,es differed. It: shou1d 
. . 

, . 
be noted that the ,results obtainéd using the ranked, ~ata showed 

, ' 

the s-ame differences between sites' as the unranked data" but·had 
. , ' 

the advantage of a1.0 m~eting'th~ assu~ptions of parametric 

analysts. .. 
Richness and .'evenness were also compared using allalysls of . 

. ' 
covariance (ANCQVA) rh which abundance was introduced as a , , , 

'covariate. This, allowed correction for',differences in. abu'ndance 

that e*isted betw~en the sit~s. A Qore detail~d ~xilanation of 
,.' _ • ~ D ... 

A N C 0' V Ais g d. v e ri in' c b a p e r 2. l t, i s cri tic a ,1 t 0, r è a l i z eth a t bot h 
... .... ~ , 

ANÔV'A and ANCd'vA are' parametric tes'ts, and are therefore 

in a p ,P r 0 pria t e for. a n a 1. y sis 0 f e veil. n es s' (P i e l a Il,, p ers. co m'm. ) • 
" ~;. .., ' 

They are therefore used on1y to.illustrate how diÎferénces in' 

ecological Interpretation uay'arise if no correction is made-for 

abundance differences. 
" -~t~er ANOVA w,as performed ,to cODrpare 'lol'u.mes of coral, 

8 am pIe d a t the t h r e e s i tes. Nov i 0 1 a r 'i 0 n s,of par a met r i c . a na 1 :YI s'e s ' . , 
" 1 

were found using the Shapiro-Wilk and F~~ax teSts.,Altb~u~h ~o 

s~gnificant differences were found ~mong ~ea~ v~l~m~; s~mple~, 
, ' 

SOCle standardization' of specfes nUlilber was _n'eeded to correct for 
~ ,.. ~ 

the minor d1ffer~nces in yolume ~f èoral, collected. S~'eci'é~ 

r1chness wu éherefore, cal'culated by d~~idiDg the' ~~u6{"e~ oi ' , 
, 

species by t}le vol ume of co ra! s alilp 1 ed.- This', reduced s..pe cie_s 1 
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number to a comClon unit ,(s·pecies/cm3 ),. The forClulation used to 
~ . 

deteCiOline • evenness was t h a t 0 f fie 1 0 u (1 9 6 6-) : : 

, , 
, . J - -, l P i log, P i Il 0 g s 

where Pi-proportion of tota.,l,individuaIs' belopging to specie5 i, 
, . 

1 • - 1 • 
s - n 1,1 m ber "0 f 5 P e- c :i: e ,s , • and J - e ven n e s s r1\ r t ».0 u g h ~ h i sin d ex. i s 1 e s s' 

l , 

appropriate for the present ~a'a thantBrillo~in~s ind~~ (se~ 

chapter- 2). _Pielou's index is I?uch more comm,only ~een in currc!nt 

stuches' ,(-where .it i8 :oft~n e'quaJly inapproprf.,ate). Sin'7e the 

purpose of thiS ~omp~ri.on 15 to examin~,current cethods of 
'. ' 

. an.a1Y819, the Clore c.oClI;1on- ind,ex of P.i,r1ou was c~os~n. COlJposite 
." . , , ~. 

indi~es of div.r~ity were not used for ~~a50nS whic~ ~ill be 

clarified lat~r'., --, 
~ 

,T'O dembnstrat'e how abundance. of', individuelle i5 related to 
_. <S ~~ 

regression analy~es'we~e ~erLo~med in 
• • ...'lI--

whi.ch evènnes's and richness- were ,1n-d-epend~titly reg'res5ed against 
... Cc' 

abundance~ To elimlnate problellls ,o~ ,~ariance' neterosçeda.sticity, 
, . 

. , a--s~'uare(Aaot· tran;fo.r .. :t~on·. of . dehn·ess. w~s r".greS •• d on/loglO 

,tr,ans~or. d abunda'nee 'and root. transfor,med' evenÎlé,ss WélS regressed 
" . ' .. 

EH\ ,root-root tràn-sformed abundan'c·e" • 

. , 
1 

, . ' 
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aESUL~S , 

of ri ch n e $ s, ev e n nés s , and 'a bu n dan c ~ , , 
Table l lists mean values . ' , . 

for each taxon"eltaClined. Tab.J~ 2 illustr;ates how the ~~ased, 

'analyses (i\rrovA) compare to the un}llased anal yses (AN,C'OVA) 

? 0 Cl par 180 n s oi r 1 ch n es sor e v e nr s s th a t 'c h a.n g e a in 
_1 - , 

.'aéceptance or rej ection of ,th-e n'ull .hypothesis th.at t,here were no 

'dif~eFencëtS- aClong oeans are clrcled' (note that, 6 corapq.risons .were 
, . 

~~t possible usin~ ANCOVA b~cause of failure to ~eet certain-
'., 

assucptiol)s of ,the r.lQdel). In tofal, '3 of 24 possible cOr.lparisons 

- " 
bec a Cl e. s ta t i s ,t i c a Il y d i f fer e nt wh en 1> i a s' wa sel i in i n a t e d, , and lof 

'24 'coop'arisons becàm.e- statistic,al1y itid·lscernib1e. AlI of the 
(J 

,dlfferences ar..e confined to compa~[sons 'with Payne's Bay, which 

wa s the " i sol a t e d he ad" s i t e 0 f cha pte r 4 • T ,h us, the s e {lJ cha n g e.s 

were. aIl with\n the 14 most crlticrà1 c~mp~risons 

ch.p~r. sincel t~ey _ere confin:d to co.~~r~s?ns 
g'rawth fôrms ard n,ot ,just two different"" ~ites.-

of the pre\lious 

, 

of -t,wo dif ferent 
j 

'~,nuCll?eI' cif s~atist'ica11y 'significant dlff~rènces are also 
". . -

seen in Glean aqundance (Table 2), and this ls proba'bly a' result 
• , 1 .. 

of ~erisity d'iffeF'ences .as. shown in Table 2 of Chapter 2., The 130St 
" " 1 

impor·tane resu'lt~ .howeve.r,. ls that 3,of the 4 changes 'found in 
1 

-' 
rlchness or ~~enness correspond to discernib1e differences i? 

mea'n abundance. The only 'change" that d'oes not 'correspond to - s.n . . 
abundancj! dif'ferencé is also the only comparison that ';'écaae non:­

dlscernlbl,~ as a result of"bÙu r.emovai. Therefôre,' al}.' 3°of the 
" 

Mean V'alues oTJ:'lchnes"$! and evenness that became statisticai'ly 

dlff8r~nt'9nce blas was Femoved correspond to compar~sons in 

wh1ch Q8an abundan~iwa~ a1so statlsti~all, dlscernlble. 

94 . 
" ., 



~~ :p"~ 
, , , 

'""/ 

~ 

'" 

\ ' 

.' 

\. 

;., 
1. 

". 

" 

11 

'--'--,- ,----- _ , ' *'1 

--

\ 

::" 

<' 

..... 
~ 

Table l.'Mean values ~pr'riChncss*. e~e~hess 
taxon'~xamined at ~ach of the sites 
i.s based cfl\ 15' replfcate sam'pIes" 

and abundance** in ca ch 

sa~pled',Each mcaa 

, 
---------~------------~-----------------------------------------------

Site Variable Decapods ,Amphipod's 'lsop'ôds Copepods Total 
----~-----------------~-----~----~-----------------~-----~--~------'---

~-: J7ayne 1. S' Bay 
Richness ' 
~Yennes$ 

'Abundance 

0.025 
0.849 

27.9 

0.018 
,0,765, 

58.9, 

'0.019 0.033 
0.559 0 .. 806 

49 .• 9. /32.2 

0.098 
0.784 
,168.9 

:------- ~ - - - - - - ---,,- ---- -- -- - - -- - :--"7 - --- -- - t"":_- ---- - -,-- - - ---- - - -- - - - ---
Richness 0.009 0.013. 0.033 0.043 0.098 

Brighton 'E've,nI"\ess 0.900' 0.842 '0.841 0,.845,0.844 
, Abund)ance 5.2 9 .. 5, 1 39.4 '32.6 86.9 

-~ -------------'- ------+ --..;. ----:- ------------_.:..- -J- - - - - - - - - _..: - - - - - - - - - - _..:. 
~ .Richness O:blf 0.013 0.039 O.D49 OpI13 

Bank Reef Evel\ness 0:804 ,0.820 0.&09 0.868 0.852 
Abundance 8:8 18.2, 58.5 36'.9 122.4 

, -.., , , 

---~-----------------~---------------~--~-----------------------------
*lUchne~s ,refers 'ta nUlllbcr of species' per cm3 of coral sampled.-
**Abund~lnce ret'ers to number of in'divlduals' per sample without 
correct,ion for 'Clino'r diffe'rences in voll,l.Ia-e of coral sampl,eë:l. 

.. 

of \" 
'\ 

1 

') 

o 

~ 
\ 

A 

" . 

• \ 

-.&IL' .,: ... 



o 

.. 

.# 

" " , 

r' . 
o-

--
" 

.,. ,. .. 
/J. 

.. 

., 
Table 2. Discernible differences (a-.05) in decapod, acphipod, 

lsopod, copepod, and total cr~stacea richness, 
evenness and 8bund~nce. x in~~ates statistically 
discernibie difference~, and 0 indicates ~on-
discernible difEêren~es. - indicates that cocparison 
could n~t be made due to B~oblems with ANCOVA 
assumptions. Richness, evenness and abundance are 
shown in the ~ame sequence in' each box. Circled 
letters are those that have changed in acceptance or 
rejection 'using bfased ,ANOVA in comparison with th,e 
unbiased analyses (ANCOVA). Note tnat parsCletric, analysis 
of evenness is problematic, a,nd is presented here tilerely 
to illust,rate how misle.adins comparison of evenne~(s can 
be if no ~orrection for, abundance differences is made. 

----------------------~-------------------------------------
- Payne's Bay Brighton Bank Reef 

---------~~--------------------------------------------~---, , , 

• 
Payne's ,Bay 

, 

Dé-ca:pods 
'Amphipods 
l s~opods 
Copepods . 
Total 

-,..-
@- x 
o 0 x 

o 
·0 0 0 

00 0 

x - x 
(Vo x 
- - 0 

x 0 0 
• 0 @ x 

--------~---------------.-~-----~---~-~-----~-------------1 
Decapods 
Amphipods 
lsopods" ' 

,Copepod$ 
Total 

---
0 

0 

0 

0 

- 0 

0 0 

0 

0 0 

0 0 

-----------------------------------------------------------. . , 

Bank Reef 

Decapods 
Amphipods 
lsopods 
Copepods 
Total 

, . ~ 

---~---------------~---------------------------------~-----

... 
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AN 0 V Ain die a t e d t ha t the vol \!tl e il 0 f cor ale 0 l l e ete d w-e r e n 0 t 

statistically different at the 3 sites (F-2.15, n-45, p>O.13). 

, Lin e arr e g r e s s ion a a a 1 ys i s s ho W e d a po s i t'i ver e l 4 t ion shi P 

(r 2-0.61, p<.OOO l , n-45) 'between~Chness and abundance (Fig. 

and a ne g a t ive rel a t 1. 0 n shi P (r 2 • 0 • 2 6, ' p <.000 2, n - 4 5) b e t w e e n 

evenness and abundance (Fig. 
1 

? 

)-

2) • 

-

, 

'-

l ) 
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.Fig. 1. Plot of root transforoed specie"s nunter (richness) versus 
log 1 0 t ra n s f -0 rm e d ab und a ne e • S a iii pIe a f ~ 0 malI 3 s i tes 
were combined for the analysis. The regression i~ 

sig nif i ca n l ( r 2 .. 0.6 l, p<. 0 0 0 1 ,. n = 45 ) • 

.. 

... 

,. 

,. 

98 
\ -

t .. '.J 

o 

l 
• 

'-



. , y --

f' 

'" p ~-. 

t -4/ 

0 
~ " ~ .... 

lJ 

0 
0 

0 0 

6.0 0 

0 0 
0 0 

,-'l:J -
5.4 0 co 

0 ..c 
E 0 y= 2.,28 X+O.49 Q o • 

:::s 
Z 4.8 

0 0 
00 0 

0 

en .. 
0 

<D 0 .- 0 

Q 4.2 co 
c. 0 

CI) "l 

3.6 0 

0 

0 

1.6 2::0 ~~4 .. 
Log 1 ~ Numbe( of Individuals' 

. , 

, , 
{~~ , . 

\ 

0 , 

.~ 

:. 

i: " 



------

,,' 

.. ' 

;-

\ 

Fig. 2. Plot of root transformed ev_enne-ss versus root-rooc" 
t r cl Il, s for 1J e d a b Ul1 d a pee. 5 am pIe s f r 0 Cl aIl 3 s i tes we r e 
combined for che analysis. The regression is 
5 t a t i s tic a l lys i gn i fi c a n t (r 2 - 0 • 2 6, - p <. 0 0 0 2, n'" 4 5 ) • 
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.DISCUSSION 

T w 0 0 b j e c t s Cl a y b e b e m 0 ~ t e a sil Y c 0 m par e d i f e, a c h c a ri b e 

repre'sented by_a single descrip!:ive nUClber. This i8 probably why 

compo~ite indi~es of diversity have achieved suc~ tremendous 
. 

popularity, an~ are now cOClmonpla~e in Clarine ecological 
c • 

literature. UnfortlVlately, cOClposite indices are. just that - a 

co~posite of evenness a~d. riGhness. Figure 3 is à 3-dimensional 

representation of the relationship betw~en a compasite Aiversi~y 

* , 
index, species richness, and evenness. The relationship-resernble~ 

the topography of one-eighth of a sphé~e. AlI communities will -----

-

lie socewhere on the outer surface of the p'artial sphere, and' \ 

will therefo~é correspond to SOrne combination of values of 

richness" ev{!nness and -co'mpo!?ite diversity. Communities X a.,nd Y 

bO,th have sim'i~ar values'of a composite index of diversity, 

however X is "'Iluch Clore species rich. COClmunity Y, because it ls 

·1ocate.d further back on the surface' of. the partial spher~, - ls 

Cl 0 r e e ven 1 y dis tri but e d • 1 t i sap par e n t th a t co Cl,Cl u ri i t Y X ha s ma.n y" 

. spe,c,ies, but many.of them are rare. Numerous rare spècies 

correspond to lo'W cOClmunity evenness, therefore it is possibie _to 

have two communities wi~h identical composite div~rsity values 

b~t very different community structure. Researchers have 

attempted to circumvent this by including valpes of richn~ss 

and/-or evennesi, without conside.ring possible saaple- bia'S in . , , ' 

,thair measure. The, ana 1 ys,fs in the present study shows that 

. 
richness and evenn.ess' are bi'ased, the aim of this dis~ussion 

is to exp 1 ain why" ' 

Pr3blems wit~ rlehnes8 and'~venness may arise not ~lr wheq 
-, 

comparing 's'ampl:e-s collected with different sampling effort, but 

~ 
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Fig. 3. 
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" 

Theoretical rel~~ionship between c~mposite diversity, 
richness, and evenness for biologl~al co~munities. The 
figure'represen~s 1/8 of a sphere, which is turned 

.slightly into the page. All communities will lie 
somewhere on the surface of the sphere, and maxlaua 
valu'es for the 3 variables will occ'ur at the front; 
right corner ,of the, cub'e (For.exaClple .Nôah's Ark. would 
have had this value sin~e all species w~r~ supposèdly 
present and tepresented by ex~ctly two ~ndividuals). 
Minimum values (0 or -sbiotiC:) will occur in the f,ront 
lOW~T lefc corner. 

, , 

ù \ 

, 
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\ 
also when the numbers of individu'als. in the samp1es are very 

di,ffer-ent. 'Because 't'he voluQa of coral eollected in the present 
. , ' ,. 

study did not cUffer between ,the ~ites.., the inconsistent resul ts 

canno~t be the product of biased Sampling effor.t. However, the 
> , 

effect of number of individua1s co11ectêd is eviden't. Tot'al 

abundance was statistically llig-her at payne's Bày than at the 

,Bank reef site, and this was a1so the on1y c0r.1paii50n of total 

taxa that pr,oduced different results in richness and evenness 

after cortectiçn for bias. A !fi~ilar situation was seen with 

decap'ods,. where abundance at the, Bank Reef and Brighton sites was , , 

S t a t i s tic a ,1 1 Y f 0 w ~ r t han ~ t P a y ne' s B a y. A fur the r fin d i ri g t h ci t 

s u PP? r t s the i m p 0 r tan c'e 0 f' ab und a n ce d i f fer e n c ~ s ' i 5 the ci b sen c e 
, , , 

crf c,hange in COpépod evenness or richness after correction of ,. 

"'bias. The'abundance of copép'Otls w.as qot 'd1scernablY differ~n~ ., , 
, ' 

at 

the 3 sites and th~s taxon did not show changes in :richness or 

evennes5 cQéipàri~ons between sites after correction for abundance 

di:fferences. 

\olhy such a ccrrrection i5 needed is' r.10st eas,i1y explained using 
f 

a c.omparison of t'JO very differ-ent communities .• Figure 4 ,is a' 

the 0 r e tic a 1 p ~ 0 t 0 f t' w 0 \ C 0 cm uni t i est h a t d i f fer i n rie h n e s san d 

. e ven 0: es s .' The for m S 0 f 't he C u 'F v e s are ide n tic a 1 t 0 the 

~arefaction curv~s proposed by S~nders ~196~). The distributIons . , 
repre.sènt extreme examples, and môst comlDunities wi 11 lie 

, sOlilewhere' between ,the two l ines. All communit-ies' will cOnfOl;'tL 

1 
to t.hese curves :tn some way, a,lthough precis,e distribution Clay, 

" • r ' 

differ l7etween. comQunities~ In fact' rarefaction curves have been 
. . 

pro p 0 6 e d a s a 'p 0 S s i b 1 e "a 1 ter na t 1, v e t 0 dive r s i t Y 1 n die e 8' 
\ ,. 

(Simberloff, 1 9 7 8), ' and the an a lys is s u g g est e d b Y Hu r 1 ber i (l 9 7 1 ) 
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i8 a modified version of the techn'ique. It is easy to .appreeiate 
~ 

, , . 
chat colle<;:t.ing more ~ndividua.ls·from a cocJllun~ty will generate 

more species. Hôweve~r·, as t.he more com,mon species are a1l 

" 
collected, retur,n in 8pecies per unit effÇ>rt becomes ).ess and 

less sinee m~n~ irtdividua1s must be col1eeted before any new 

speeies are-added. 
• • 

Coumun~ty X hàs cor~ species than eocmunity Y'when the sacples 

cQntain equi,v,a'lenc numbers oi ind·ividua1s. Com~unity X is a1so . '. 

core evenli distributed t'han Y, sinee (è~er indiv~dl,lals (about 

1 2 5 . 1 n t hi s e x a m p 1 e) ne e d t 0 b e sam p 1 e d t '0 in c 1 u d e !il 0 S t S p ,e cie S .. ' 

'-(point XB al.ong the curve for cOClCluni.ty X). With cocmunity Y, on" r ~ . 
the other hand, raany more ind'ividuals (250) must be collected 

.' .' 
before Clost species are inclu~ed (poine' YC). 

" . 
a{'examining' sp'e'Cies richnt;ss ot_ evenness at· any equiv'alent 

nuc~r ~f' individ,uals (at A for ex~cple), a Iile~ning.t~l CO.ClP~r-ison 
can be- made betweeQ .the comeunities. However, if· the.'nutllbers of 

-,., l '''' ~~ 
i'ndividuals in -the 'saml?l:es b'eing çom.p.ared ate very differènt, 

Jllisl~ading-~esults may oceur. For exàmple, if the number of 
. 1.'· . 

individual's collected in a saël:ple 'from community ~ falls on 

point x~ (250 ~ndividu081'S) and eomeunity Y sampl.e falls' on- potnt 

YA. (50 indi~~duals)t th~n the Tre~earche~ would incorrectly 

conclude that ~ommunity' i ls less"evenly ~istribut.d. This would 
, 

be 80 'because a nûmber of rare s'pécie,s would be inelu~ed in 

8 ~ m 1> 1 eX, wh e r e a s m 08 t 0 f the à p-e cie sin t h è sam p 1 e f roc 

\. /' 

community Y W"Ould be very common. Alternatively, if, saaple X was 

ssmpled at point XA (50 individualsj and commu~ity Y at.point ye 

(2'50 in"ij,1,,1duals), ~ore species woufd be, attr1buted to comnunity 

----y (31 8~ecle8' a8 opp.osed to 22). 'If an attempt ;'was made to ~ 
, J> 
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correct for numbter of ,individuals by calc~lating nUClb~r of 

~p~cies par unit nUtlber of lndividuals, furthei pr~~letls would be 

encountered. For example, sacples XA and XC from the same 

cotlL1unity might produc4 ver"y d-ifferent results, ~ sam'ple XC 

appearing 1ess uspecies rich" (.164 spe~ies/individual) than 

sample XA .(.440 species/individual). Table 3 sut'lmari.zes' how these 

oommunity descriptors.vary with nucber of indii!duls sdmpled. The 

main point, however, is that samples with diffirent nut'lbers of 

individuals may give rise to erroneOU5 interpretation~ if no 

correction i5 ecp1oyed. 

Obvious1.y, diff~rences fildensity (individual5 per unit voluce , 

or area) Clay be of grea~ interest per se. A 5tudy of community 

struëiure. that correèts for densit;:y differences wrthout ) 

co~sid~ri~g~why the d~ffe:~nces exise will not likély p~duce a 

c 1 e ~ r ~ eX: pla na t ion 0 f wh a t e col 0 g i ca.1 l'il e c h cl n l s LI 5 cl r e a t W 0 r k. 

R'ichn-ess', eve~ness, and density are ·all. intit1ate~ly t"elated', ~nd 

must ~e cortsidered together in upderstanding how cot'lLlunities .• 

differ_ But If one ls a direct mathemàtical' 'f~nction of the 

other,~s i11 be the case when bias is n9t removed} then Little 
r ' ( l \ 

is gai~ed by ~OOking ,at any of: them. 
'- \j \ ... 

The reg,ressions shown in figures land 2 tfurther illustrate 

the problem. Bath richness and evenness .a're close1y related to 

abundance, wieh rich"ness increasïng a'nd evenness decréas lng as 
, r 

. ... 
'numbers of indlviduals Increase. Evenness is calcu1ated by " 

value for rhe ,sa~e number of specles (~~~x).· As shown itt Ple10u 

.(l977);/--a~ax ia equiva.lent to loglO of sp'ecies, number. :Th.é'refore, 
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Table 3. Example of haw ~pecies richness and ,evenness chang~ as a 
-' --r-unc tion of- number of 1 nd 1 vid uals. Val ues a re ta ken f rom 

the theo,re'tical plot shown in Fig. '4. JI refers ·to 
Pielou's' tndex~(·see page 92) and J refers to Brillouin's 
inde~ (see pa~e 63) 

o \ 

v,:,.; 

<. 

" , 
J 

------------------------------~---------------------------~-----------------------------------, ....... 1 1", 1 
Community Number of 'Number of species/' rare \ J J max J min Jmax-Jmin 

individuals. species indiv species or J Clax (Jmin ) (Jmax-Jain) 
-~------------------------------------------~------------------------------------------------~ 

50 L 9 0.180 sQoe r.loderate -1.00 O.J~ (0.32) 0.65 (0.68) 
1 

G 

Y 150 20 0.133 more low 1. 00 0.25 (0.23) . 0.75 (0.77) 

250 32 0.128 oany very low 1.00 0.23 (0.21 ) 0.17 (0.79) 
----------------------------------------------------------------------------------------------

5'0 22 0.440- few high " 
1 1.00 0.63 (0.61) 0.36 (0.39) 

X 150 37 0.246 SOr.le moderate 1. 00 0.39 (0.36) 0.61 (0.64) 

250 41 0.164 màny . low 1 .00 0.24 (0.25) 0.76 (0.75) -----------------------------------------------------------------------------------------------
"" 

" 
~ 

" 
( 
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,. 
o as species number in samples from the same community increases, 

calculated evenness for that community will 6enerally decrease. 

This is .b
8

iologicallY meaningful U similar abundance~ are being 

compared, but if sacples with very different abundances are being 

examined, analysis of richness and evenness may really be .l 

reexaraination of abundance in a differt!nt foro. 

If the communities in Fig. 2 plotted as a straight lllle, then 

evenness would not change as sacple size increased. Such a plot 
Il 

i5 unlikely, however,. since aIl communitie5 posse5S at least a 

f e W , r are s p e cie 5. T h us, aIt hou g h Cl a x i m u rJ \fi p 0 s s i b 1 e ev\! n n e s 5 a t ,1 n y 
'1 

point along the curve is very close to l, this value will' usually 

only be attained very close to the base of the -­curve. 11iniGl31 

e v ~:m n e s s, ho w ev e r, nec es s a:r i l Y de cre as e 5 as nu m ber 0 fin div id ua 1 s 

.' in cre a ses 5 i n ce [j} 0 r e and C9 r e ra r e s pee i e 5 w i 1 1 b e i ne 1 u de d • In 
J' 

comparing ~he two theoretical C 0 m Cl uni t i e s X and Y (T a' b le) ) , 
o 

community X will always have core species than cor.l!:lUnity Y dt ,ln , 

equivalent number of individuals. Because X contains more 

- , 
species, Glinimal pos.sible evenness will be numerically l.lrger in 

X than ~n Y. The range of maxicum and minimum evenness wi Il be 

'> ....... 
less for cOClmunity X, since cinimuc evenn.ess is cuch lower in Y 

, 
(except a~ very lar_ge numbers 'of individuals, where th.e 

difference beeoces muet{ less pronounced). In Fig. 4, lt 15 

possible that with 50 indl~lduals, 
'1. 

community Y may be found to be 

/' 
more evenly distributed than communlty X. 

'<Il 

However, in view of the 

oversll shapes of ~he curves, such samples ·would not pe 

represen'tative of the cOClClunities and obtaining sueh a resul t 
, , 

would therefore be improbable. Thus, it ls eonceivable that 

ev en n es seo u 1 d b e hi g h e r 1 n'a sam pIe f)..o Cl Y, but th 1 s wC: u 1 d b e 
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the exception rather than the rule. 

ie~earchers select saClple size eiiher by logis~ic constraints 

orb y fin diA g a s ~Jf 1 e s i z e (v 0 l ume 0 r are a ) t h a t w i l l "i n c l u d e 

"Olost species". In SOCle instances it is impossible to take 

samples large enough to include most species in the entire 

cOCluunity (e.g. organises found in isolated or discrete habitats 

suc h as cor a 1 he a d s, c 0 mm u ~ i t i e s dis t'Y i b u .t e d 0 ver a vas t are a 

such as pelagie fish or zoop1ankton). A resea,rcher seldoCl can 

s8Clple in such 8 manner that most speci,es will be inc1uded' at &11 

sites (elt least not consistently so) while Claintaining a ç:onstant 

s8Clpling effort. Seasonal and spatial variation may further 

"'> 
cocplicate this. Obviousl'y any nUtlber of factors can result in 

" comparisons that need corre-etion for'bias, but few studies 

consider this. 

In cost instances rare species are of less interest than 

species that are cocmon o""r int::~erCl~diate in a'bundance. From the 

explanation above, however, lt ls apparent that rare species Clay 

strong1y influence richness and evenpess. One method of avoiding 

this problem is the covaraince analysis shown in chapter 2. This·.·. 
/', 

is similar to a techniqu~ used by Gotelli and Abele (1983) in 

lookin~ ~~ effects of are~ on species richness. ~ote that similar 

prob1ems can arise with species-are~ relationships if correctiohs 

are not made for abundance differences. Hurlb~rt (1971) proposed 

a method based on expected rtumber ot species (E(s» which is 

s i mi 1 art 0 ra r e fa c t ion , as ,ex pla in e d b Y Si mol> e rIo ~ f (1 9 7 8) • A Il of 

thes'e mèthods can be used to get around the prob1eél. of abundanc"e 
, . 

and density differences~ and a110w. a very' useful description of 
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community structure in terms of richness. Problems with analysis 

o of evenness are less easily resolved. and therefore ecological 

Interpretation of evenness re'mains somewhat subjective when 

density differences exist. Richness and evenness tire .lmong the 

most interestingjand 
. , 

enlightening concepts in community ecology, 

'. bu.t, their potential in describing and interpreting community 

patterns will only be realized if they are used wl.th discr~tlon< 

'. 
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Appendix' A: ~ ~i~t of all~téc~es collected. and the number of 
indi~idual~ taken a~ each $ite • 

...-' 
, ' , -------------------------------------------------------------------------- - .. Jo .. 0 

Sites 
Pa.i~y Species 1 2 3 4 5 6 

., 
,<A.ph'ipods) 
Aillphiloch~da.e~ Amplt"i.1ochus sp. a 
ADphilochidae Amehilochus sp. b 
Aoridae Mi c rodeu tops'l,s ,s.,. 
Cerotidae Undetermined sp. ' 
CololDas tigidae ,Colo.as t.ix s p. 
Is~eidae ?He'gamphopus s~,., 
Leucothoidae Leucothoe sp. 
Ceucothoidae Leucothoèlla sp. 

" 

8 
8 
2 
o 
7 

86 
7 

24 -
Leucothoidae Leucothoides sp. 0-----
PhoxOè-ephal ida-e Phoxocephal us. s,p. 
Gamma ridae . -.' Mae ra sp ~ 
tf'tide t,e('mi nëd Amph,ipod a 
Undetermined .Amphipod'b 
Undètermined Amphipod c 

(Dccapods) 

" 

o 
o 
o 
1 
0, 

-Alpheidae 
Alptfeidae 
Alpheidae 
Alpheidae 
Alpheidae 
Alpheidae, 
Alpheidae 

Alpheopsis sp. 2 
Alpheus amplyonyx 0 
Alpheus cristulifrons 2 
Alpheus formosus 1 
Synalpheus breviÏrons 0 

39 
3 

370 
1 

l2 
41 
71 

188 , 
o 
o 

157 
1 
o 
o 

3 
o 

20 
12 

5 

40 
2 
o 
o 
2 

138 
25 
6,5 

Q. 
1 
0, 

O· 
o 
o 

o 
o 
2 
6 
o 
7 
o 

28 
6 
l, 
o 
2 

90 
4 

48 
'3 

5 
1 
o 
o 
o 

27 
"-

1 
1 
o 
2 

203 
'2 

43 
o 
o 
o 
1 
o 
o 

2 
\0 

o 
2 
o 
1 
o 

31 
5-
2 
1 
4 

153 
15 

25 
'0 ' 
2 

/J 
0\ 

P 
1 

o 
o 
1 
6 
o 
T 
4 

. Klpheidae 
Alpheidae 

Synalpheus obtusifrons 0 
Synalpheus pandionis) .) 
SYllalpheus 'pa raneptunus 25 

·Synalpheus sanctithomae 0 

17 
6 
o 

11 
74 
o 

2 
3 
5 
4 
o 
2 
6 
l 
o 

rI 
o 

39 
O' 

r--- -----~- -- - ---- --"l" 
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A,ppendix A (cont.): A list of aIl speci~s'~ollected, 

individuals taken at each site. 
and: t.he number oLI 

-------------------------------------------------------------------------
Sites 

~amily Sp~cies' .. 1 2 3 4 5 6 

~~-------~----------- '\ 

(Decap:~s -:o~:.-; ------ \ 

Alpbeidae Synàlpheus townse-nd i 2 8 r 0 4 .. 0 l " 
Alpheidae' Undetermined' sp.· l 5 4 4 9 2, 
Gnéthbphyllidae Gnatbophyllum sp. 2 0 0 ,0 1 0 
Hippolyti~ae Lysmata rathbunae 4 3 12 15 5 3 
Hippolytidae Thor sp. a 0 68 ) 6 3 2 
Uippolytidae Thor sp. b. l 31 4 4 3 0 
'Uippolytidae Undetermined a 0 34 2 1 0 ~ 
Hippoly~idae Undetermined b 0, 3 0 0 2 0 

Palaemonidae, ,Brachycarpus biungiculus 5 5 1 8 1 2 
Palae~onidae Neopôndites sp. ~ 0 0 0 1 0 
Palaemonidae Periclieenaeus scheidti? 0 7 .0 0 2 1 
Palaemonidae Periclimenaeus sp. a ' 1 9 () 1 1 1 
Palaeuonidae Pea:;.iclimenaeus sp. b 0 2 ~ 0 0 1 
Palaemonidae Periclimenes americanus? 0 0 0 2 1 0 
Undetermined ~ecapod a 1 58 2 2 6 10 
Undetermined Decapod bOl 0 0 0 0 
'Undetermined Decapod c 0 8 0 9 0 Ci 
Undetermiried Decapod d 0, 0 0 ()& - 1 0 
Undetermlned Dècapod e 0 0 2 0 0 0 

(Euphausiid) 
Undetermined 

, 
/ 

Olysids) " Hysidae 
Hysidae 
Undetermined 

, 
,Eu,Phausiid a 

"etero~rsis dispar? 
Heteco.rsis formosa? 
ttys id a 

- " 1 

o 
4 
o 

o 

2 
o 
o 

o 

1 
o 
1 

o 

2 
o 
o 

o 

o 
2 
o 

'0 

1 
o 
o 

" 

... 

~ . 

~ ; 

" 

# 

( 

-', '.~ 
~ 
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Appeudix 

, 

A (cont.): 

, 

A list of aIl species collected, an~ the numb~r of 
individuals taken at each site~' 

_______ ~ __ • __ e _____________________ ..: ____ ;;. ____ -: _______________ ~ ____ .. _________ ..,._ 

Sites 
Family Species 1 2 .) 4 5 '6 

. (08tr~cod8) 
Undeterllined 

" 

(I.80P0!18 ) 
Anthuridae 
Anthuridae 
Antburidae 
Anthuridae 
Apanthuridàe 
Apanthuridae 
Apanthuridae 
Cirolanidae 
Ct:yptoniscid 
Gnatbiidae 
Jan .. -iridae 
J o'e r 0 p s ~ d a e 
Stenetriidae 
Stenetrlidae 
Undetermine4 

.Undetermined. 
Undetermined 
Undetermineër 
Undeterm:l.l)ed 
Ul,ldetermined 

." 

G 

" 
Ost ra 'C'-o.d' a , 

'-' 

Nebalia ;;p. 

Chalixantbuta lewisi 
Eisothis.tos teri 
Hinyantbura cora!licola 

'Undetermined 'sp. 
A pan t h u r·a . s p • 
Mesantbura paucidens 
Hesanthura pulc~ra 
Cirolana minuta 

la r;l a 
Gna-tbia rathi 
Cat'pias minotus 
Joeropsis personatu~ 
StenetriuQ patulipalma 
Stenetrium spathulicarpus 
lsopod 3 

lsopod .b 
Isopod c 
Isopod'd 
Is-opod e 
Isopod f 

~ 

1 , 

14 

8-

.30 
-39 

2 
o 
.0 
o 
o 
3 
'0 

11 
147 

o 
49 
32 
o 
o 
o 
o 
l 
o 

46 

9 

44 
1 
2 
o 
o 
1 
3 
3 
1 

12 
J 
o 
7 
o 
o 
2 
o 
1 

,,'----'0 
·0 . 

17 

o 

'28"", 
55 

198 

l 
1 
o 
2 
3 
o 

38 
125 

16 
102 

o 
o 
o 
0-< 
2 
o 
o 

'1' 

.~ 

6 

1 

27 
1 
9 

o 
7. 
o 

'1 
o 
1 

27 
10'8 

o 
27 
o 
o 
1 

" l, 
1 
o 
o 

27 

o 

22 
4'3 

545 
o 
1 
1 \ 
o 
8 
1 

57 
1.5 2 

o 
'43 

o 
2 
o 
o 
o 
1 
2, 

58 

o 

51 
46 

206 
o 
3 
o 
4 

'4 
l , 

102 
J 26 

o 
S6 
o 
o 
1 
o 
o 
2 
3 

0 

c 

• • 

~ ~ 

" 

'" 

! 

-
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Appendix. A (cont.): A llst of aIl specles collected, 
individuals_ ta-ken, at each site. 

and the number of' 
\ ' 

, . 
~-------------J-~---------------------------~-~--~-----------~-------------

Fami1y 

(.Tanaide) 
Apseudidae_ 

Para t,analdae 
PBratanaidae 
P-aratanaidae 

'Paratanaidae 
Pa~atanaidae 

ParaUnaidae 
Sp_hy r 4pidae 

(Ca,rellid) 
Undet~rm~ned 

(Cullacean)' a­

Undeterlllined 

(Copepods) 
Artotrigidae 
Asterocneridae 
A'-s te roc he r id .le 

Dlos8c-cidae. 
Dio~accidae 
D'iosaccidae 

Species 

.-ApseudoDorpha sp. 
CyèlQapseudes indecorus? 
?Heterotanais sp. a 
?Hetero~anais sp. ~ 

,'?Heterotanais sp. c 
?Heter~tanai~-s~. d 
Leptochelia savlgnt 
Tanaid a' 
Unde,t e rm i ned 

~ 

Caprell~d a 

~ 

Cù.macean a . , 

'.( 

,. 

1 

1-4 
o 

14 
21 
21 

o 
o 
o 

146 

o 

1 

Acontiphorus ~ nov.. fI 
Asterocheres sp. 146 
S«:ottocheres elongatus .7 
Pteropontiu's ~ ~ 0 
Auphiascus-paracaudespinosis 74 
Amphioscopsis sp. ~ 
Undetermined ~p.. 55 

,. 

. ~ 

.. ,. 

2 

Il 
9 

133 
4 
5 
o 
2 
o 

70 

2-

Sites 
3 4 

" 

',6' 109 
o 0: 

99 25 
.23 . 26 
21 Il 

0_. 1 
O' 0 
o 1 

120- 118 

2 o 

5 

83 
o 

,57 
52 
26 

0' 
() 

0-
74 

. 3 

4 1 • 1 2 1 

o 
179 

43 
4 

33 
11 

5 

31 

~ 
120 

28 
52 

4 24 
32 59 

5 4 
o 0 

69 127 
24 37 
22 57 

~ 

1 

~ 

32 
o 

47 
46 

6 
o 
o 
2 

121 • 

10 

o 

11 
197 

6 
2 

61 
18 
10 

# 

( 

l' 

, ! 

.. 

.... 
• #~~Jl 
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AppeDdlx A (cont.): A li8~·of all spee~es eolleeted, and the nUQbe~ of 
individuals taken at each site. 

~-------------------~----~----~---~----~--~--------------------------------
. 

Fa_i1y 

(Copepods cont.) 
Ee t'i nos oma t idae 
EctinosOIDa,tidae 
l';ctinosollatidae 

,Laophontidae 
Laophontidae 
J.aophontidae 
Lichomoglidae 
Lichoaoglidae 
Peltidae 
Peltldae 
PpreellidiuQ 

~~ecies 

t 
Pseudobradya sp." 

1 

18 
12 

6 
13 
. 4 
20 

3 
o 
9 

2 

20 
11 

6 
8 
8 

10 
o 
1 
o 

10 
9 

l 3 
~ 6 

Sites 
3, 4 

J3 
4 
9 

14 
23' 

2~ 
o 
5 

" 29 

29 
3 
4 
5 
7 
6 
2 
o 
7 

6 
o 
o 

- 3 

~ 

• 5 

1ft 
7 
5' 
6 

23 
24 

1 
6 

131 

6 

3 
13 

~ 
9 

16 
13 
Il 
o 

26 
31 
32 
o 
J 

o 

~ 

" Sipho-nostolli~toid 

Tet~agonoceptidae 
Th ale" s tri d a e 
Thaléstridae 
TisbJdae 

Undetermined sp. 
Undetermined sp., 
Laophonte bulb~fera? 
Paralaophonte adriatic? 
Phyllopodopsyl~us sp. 
'U,nde te-rmined sp.' b 
Undetermined sp~ e 
Pe~tidinum p~rturbatu~ 

Undetermined sp •. 
Poreellidiua trisefo&um 
Unc:Letermined sp. 
Undetermined sp. a· 
Dactylopusia platysoma 
Phylloth~l.st~is my~is? 

l 
1 
2 
2 
o 
o 

-0 
1 

1 7 

11 
11 
o 
5 

,1 
6 
8" 

o 
1 

20 
10 

4 

58 
9· 
6 
4 
2 
o 

o "-.: 
o 

Tisbidae 
Undetermine-d 
Undetermined 
Undeter1llined 
Undetermined 
Undetermined" 

Tisbe. sp .. a 
? Ti s'b e s p ~ b 
Copepod a 
èope-pod b 
Copepod e 
Copepo!i d 
Cope.ppd e 

. '" 12 
10 

2 
2 
o 
i 

11 

12 
1 
1 
o 
1 

1,8 

~ 

14 
12 
,1 
1 
4 
o 

3 
o 
2 
o 

12 
21 
1 1 

5 
o 
5 
o 

9 
15 

1 
2 
o 
1 
o 

\. 

, 

, 
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Appendi~ A (cont.): A list of aIl species co11ected, ana the number of 

i ndi v i\dual s taken at each si te., 

~ ~-------------------------------------------------------------------------~ 
Sites 

Fami~y' Species 1 2 3 4 5 6 

(Copepoda cont.) 
Undeterminec;l 'Copepod f 0 4 3 l 2 '9 

Undeterllined Cop-epod g 1 1 1 3 4 4 " 
Undeterta-ined Copep6d h 0 6 0 0, 0 0 
Undetermined Copepoo i 0 0 1 0 0 1 
Undetermined Copepod ~ 1 0 1 0 2 1 
Undetermined Copepod k 1 16 0 1 0 0' 
Undetermined Cop,epod 1 1 11 2 2 1 0 
Undetermined. Co'pepQd, m. 2 7 0 1 3 0 
Undeterm-ined Cppepod n 3 l, 1 0 1 0. 
Undetermined Cbpepod 0 Q 0 0 2 1 0 

,; 

Unde te rmin'ed ,Copepod .p 0 0 0 0 2 0 
Undetermined Copep'od q 2 0 1 6 0 0 

Undetermined Copepod~ r 0 0 1 0 , '0 0 
Undetermined -Copep-od ~ " 1 0 10 0 0 0-

" 

Vndetermined Copepod t 1 0 0 1 1 0 
Undetermi.ned Copepod u Q 0 0. 0 1 0. 
l!ndetecmined Cope,pod v ~ 0. 0. 0. 0. 5 0. 
Undeterm'ined Copepod w 0, 0 0 1 0 .0-

, 

i 

"\ 
f 

\. 
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Appendix ,: Values, of H, Hmax, J, ,fotal 1ndi~iduals, 
and 8 p e cie s l 'C o'u nt. for the 3 s i t ,e s e x ami n ~ d in Cha pte r 2. 

• j 

-----~----_._--------------------------~--------------------
Site, Sample Species H 

Numbe r Numbe r . 
Hmax J "N'Umber of 

individuals 

---------------------------------~----------~----------------
(AIl taxa,combined) 
Bank Reef 
Bank Reéf 
Bdnk Reef 
Bank Reef 
Bank Reef 

'Bank Reef 
Bank Reef 
Bank. Reef 
Bank Reef 
Bank Reef 
Bank Reef . 
Bank Reef 
Bank. Reef 
Ba{\k Reef 
Bank Reef 
Payne's Bay 
payne's Bay 
Payne' S tBay 
Payne's Bay 
Payne'a Bay 
Payn'e' s Bay 
Payne'a Bay 
Payne's Bay 
payne's Bay 
Payne's Bay 

• Payne' a B'ây 
Payne's Bay 
pa-yne' s Bay 
payne'a Bay 
Payn~~s Bay 
Brighton 

\ Brighton 
Brighton 
BrightPn 
Brighton 
Brighton 
Brighton 
Brii.\l.ton 
Brighton 

!. 
Brighto,n 
Brighton 
Brighton 
Brighton 
Brighton 
Br:ighton 

, 

01 
oi-
03 
04 
OS 
06 
07 
08 
09 
10 
1 1 
12 
i'+ 
141 

15 
·01 
02 
03 
04 
05 
06 

',:' 07 
08 
09 
10 
Il 
12 
13 
14 
15 
01 
02 
03 
04 
05 
06 
0'7 
08 
09 
10 
11 
12 
13 
14 
lS 

31 
28 
29 

( 24 ' 
24 
24 
23 
22 
30 
34 
32 
34 ' 
30 
33 
33. 
22 
10* 
43 
19 
26 
32 
27 
32 

- 2'1 
31' 
ZO 
38 
37 
20 
42 
25 
28 
24 J 
2& 

. 23 
~ 23~' 

28 
36 
12 
21 
29 

'27 
2S 
13 
16 

1 • 131 
o. ~88 _ 
1.052 
1.032 
1.028 
1.041 
Q.973 
1.002 
1.108 
1.160 
1.243 
1.162 
1.092 .. 
1.213 
1.166 
0.822 
0.757 
1'.077 . 
0.782 
1.105 
0.898 
1.024 
0.94~ 
0..,981 
1. 092· 
0.888 
1.204 
1'.2.07. 
0.908 
1.202 
0.817 
1 .. 107 
0.720 
1.049 

,1.06.4 
0.981 
1.121 
1.122 
0.155 
1~t)15 
1.100 
1 .• 133 
1.057 
0.8"02, 
0.948 

118 

1.344 0.842 
1.299 0.761 
1.335, 0 .. 788 
1 .. 2-7 1 0 • 8 1 2 
1.203 0.855 
1.l06' 0.941 
1.118 . 0 •. 870 
1.172 0.855. 
1 " 3 1 6- 0 • 13 4 2 
1.377 0'.842 
1.349 0.921 
~ • 32 7, 0 , 876 
1 • 4 0 5 0 • 7 9 '1 
1.394 0.8 ZO ' 
1.353 0.862 
1.225 0.671 
1.824' 0.919 
1.515 0.711 
1.138 0.687 
).277 0.865 
.1 • 4 3 1 0 • 6 2 8 
1.217 0.841 
1.'385 0.6:85 
1.188 0.826 
1 • 3 4 5 O •• 8 1 2 
1 .. 178 0.754 
1.453 0.829 
1 .' 368 6.882 
1.11,30 .. 816 
1.540 O~781 

. 1.238 0.660 
1.214 0.912 
1.242 0.580 
1.243 '0.844 
1d59 0.918 
1.115' 0.880 
1.288 0.870 
1.~95 0.804 
0.844 0 .. 895 
1.248 0.813 
1 • 28'8: o. 8 5 4 
1.276 0'.888 
1.204 0.878 
0.970 0.827 
1.051 , 0'."90~' 

148 
132 
169 
168" 

87 
45 
52 
83 

126 
, 155 

143 
101 

_103 
198 
133 
140 
-31 

284 
92 

133 
383 

75 
203 
III 
150 
117 
225 
115 

65 
440 
104 ' 

70 
122 

99 
67 
51 

120 
154 . 

25 
52 

109-
120 

79 
58 
67 

1 

-. 

" 

) 
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Appendix B (cont.): Va}ues of H, HQax , J, total-
\ i n div i du als and s p e cie" seo ltn t • for the .3 s i tes . e x ami ne d i n 
Chapter 2 •. 

-------------------------------~---------------------- ------
Site SaQple' Speçies 

N u Q b'e r N u Q b, e r 
H Hmax j Number of 

individuals 
-----------------------------------~------------------ ------

.(Isopods) 
Bank'Reef 
Bank Reet 
Bank" Reef 
Bank Reef, 
Bpnk Reef 
I!ank Reef' 

• Bank Reef 
Bank, Reet 
Bank Reef 
Bank Reet 
Bank Reef 
Bank Reef 
Bank Reet 
Bank Reef 
Bank Reet 
payne') Bay 
P ayne.'i s Bay 
Payne' s Bay 
,Payne' s Bay 
Payne ,'s Bay 
payne's Bay 
Payne 1 s Bay 
payne's Bay 
Payn~'s Bay 
payne's Bay 
Payne' s Bay 
pa'yne's Bay' 

.j.- Payne' s Bay 
.Payne's Bay 

01 
02 
03 
04 
05 
06 
07 
08 
09, 
10 
11 
12 
13 
14 
15 
.01 
02' 
03 
04 
OS' 
06 
07 
08 
09 
10 
Il 
12 
13 
14 
lS 
01 
02 

.. payne's Bay 
Brighton 
Brighton 
'Brigqton (' 03 

" Brightoll 
Brighton 

'Brighton 
Brighton 
Brighton 
Brighton 
BrightOn 
Brighton 

"'Brighton 
Brighton 
Brighton 
Brighton 

04 
~S ' 
06 
07 
08 
09 
10 
11 
12 
13 
,14 , ' 
15 

Il ' 
12 

- 1 -0 -
9 

10 
• 5 

10 
6 

10 
14 

8 
13 

9 
11 
13-

3 
2 
9 
6 
.3 
6 
7 
6 
4 
4 
3 
8 

\ 6 
1 
8, 
9 
9 

, 8 

6 
9 
9 

10 
11 

.3 
6 

10, 
9 

11. 
5 
5 

0.773 
0.616 
0.675 
0.7~1 
0.749 

.0.504 
0.676 
0.564 
0.661 
0.705 
OJ24 
0.768,-
0.648 
0 .. 742 
0.808 
0.123 
O. 121 
0.496 
0.298 
0.161 
0.534' 
0 .. 423 
0.289 
0.412 
0.229 
0.268 
0.427 
0.425 
0·.000 
0.449 
0.471 
0.691 
0.561 
0.573 
0.742 
0.655 
0.743 
0.749 
0.373 
0.576 

~0.721 
0.701 
0.783 
0.S12 

,-0.503 

0.930 
0.976 
0.91'0 ' 
Ù.889 
0.829 
0.- 518. 
O. 787, 
0.689 
0.819 
1.018 
0.804 
0.936 
0.~47 
0.930 
O. 98 7~ 
0.430 
Q.221 
0'.901" 
0;625 
0.411 
0.668 
0.715 
0.726 
0.540 
0.543 

\0.435 . 
0.799 
0 .• 651 
0.000 

0.831 
0.631 
0.742 
0.807 
0.903 
0.,973' 
o .8'59 
0.819 

'0.752 
0".693 
0.900, 
0.821 

'0.765 
0.798 
0.819 
0.286 
0.548 
0.550 
0.477 
0.406 
0.799 
0.592 
0.398 
0.763 . 
0.422 
0.616. 
0.534. 
0.653 

·0 .845 0 .531 
0.868 0.54)­
,0 • 7 66 0 • 902 
0.766 0.732 
0.671 0.854 
0.815 0.910 
0.794 0.825 
0.877 0.847 
0.927 0.808 
0.386 .0.9,66 
0.622 0.926 
0.864 0.834 
o :",82 8 0 • 8 4 7 
'0 • 9 09 ' 0 • 86 1 
0.608" 0.842 
0.'592 0.850 

67 
83 
81 

109 
33 
12 
33 
42 
54 . 

• .74 
54 
43 
56 
67 
69 
35 

7 
14i 

55 
22 
37 
31 
88 . 
39 

'41 
41 

50 
26 
22 

113 
76 
25 
34 
33 
39 

'32 
53 
65 . 
14 
19 
4.6 
44 
53 
3Z 
25 

l, 

-----------.,.--... -----------.... - ----- ... _--- - - ---- -~--- .. ------_ ... - ---
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B (cont.): 
1 

Append1z Values of H, Haax, J, total 1 

'0 i nd i vid uals and specfes 'count for the 3 sites examine'li in 
Chapter 2 • . , , 

------------------------------------------------------------
Site samgle Species H Hmax ' J Number of 

Nua e r Mucber ind i v iduals" 
-----------------~-------------------------------------~----
( Aa phi po d s ) 

Bank Reef 01 3 0.336 0.432 0.778 37 
Bank Reef 02 3 0.309 0.406 0.761 20 
Bank Reef 03 4 0.396 - 0.538 0.736 37 
Bank Reef 04 1 0.000 0.000 1 
Bank.Reef 05 3 0.296 ~O.410 o • 7 2 2~ 21 
Bank Reef 06 4 0.365 0.464 0.787 12 
Bank Reef 07'" 3 0.232 o. 33~ 0.699 7 
Bank Reef 08 3 0.349 0.369 0.946 Il 
Bank Reef 09 3 0.280 0-.417 0.671 25 
Bank Reef 10 3 0.362 0.417 0.868 25 
Bank 'Re e f Il 5 0.447 0.562 0.795 18 \. 

Bank Jteef 12 3 0.259 0.259 1.000 3 
Bank Reef 13 4 0.402 o .480- 0.838 15 
Bank -Reef 14 3 0.368 0.381 0.966 13 

• Bclnk Reef 15 3 0.329 0.422 0.780 28 
Payne's ~ay 01 4 0.28'4 0.563 0.504 71 

--+--- Payne 1 s Bay 02 4 0.404 0.468 0.863 13 
P-sy.:ne '8 Bay"1 03 7 0.483 o .716 0.675 49 
payne:s Bay 04 2 0~140 .0.200 0.700 5 
Payne's Bay 05 5 " 0.569 0.606 0.939 31 
Payne's" Bay 06 6 0.317 o .755 0.420 239 
Payne's Bay ~07 3 0.296 0.326 ,0.908 6 
Payne's Bay 08 1 5 0.431 0.635 0.679 If 52 

;~ 

Payne's ,Bay 09 3 0.307 0.427 0.719 32 , 
r 

Payrie~s Bay 10 7 0.602 0.754 0.798 51 
Payne" • Bay- 11 5 0.440 0.634 0.694 51 , 
Payne' s'Bay 12 6 '0.697 o .732 0.952 101 
p'.yne' 8 Bay 13 9- 0.691 0.779 0.887 27 
Payne's Bay 14 6 0.552 0.592 0.932 15 
payne t • Bay 15 7 0.609 0.803 0.758 139 
Br·1ghton '01 3 0.306 0.369 0.829 11 
Bri,ghton 02 4 0.366 0.425 o .1r61 8 

, B.righton 03 4 0,.356 0.356 1.000 5 
BrightQ"n 04 4 ,,0.403 0.425 0.948 8 
Brigllton 05 3 0.278 o. 34~ 0.808 8 
BrilJh-t$ln 06 2 0.159 0.159 1.000 3 

b B riShton 07 3 0.264 0., 422 0.626 28 
Brighton 08 8 0.576 0.(186 0.840 17 
Brighton 09 2 '0.151 0.151 1.000 2 
Brighton . 10 2 0.1-06 0.233 0.455 9 
Brighton 11 '2 0.189 0 .. 221 0.855 7 t} 

Brighton 12 4 0.440 '0 .. 451 0.976 11 

e Brighton 13 3 0.232 0.J32 0.699 1 ' 
,t'tghton . 14 l 0,.000 0.000 • - 14 

-~~~!~~~ ~------~~----f,-:---~~~~~--.~: ~~~-'--:--~-----~------
'. -' ... . .,' 
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Appendix B ( cont. ) : Values of H, lloax, J , 

0 indi.viduals and specie$ count for the 3 sites examined in 
Ch,apter 2. 

--------------------~~-------------------------------- ---
Site Sample Species ,H ltmax J Number of ~~ 

Numbe r Nucber i n>d i vi d u a l s 
----------------------------------------------------------
(Decapods) ;.--

Bank Reef 01 4 0.375 0.443 0.847 7 

'.\ Bank Reef <;} 02 ( 3 0.2 S9 O.2S9 1.000 3 
Bank Reef 03 6 O. 3 Il 0.676 0.460 35 
.Bank Reef 04 2 O. l SI '~.151 1.000 2 
Bank Reef 05 3 0.270 0.270 1 .000 4 
Bank Reef - 06 4· 0.356 o .356 1.000 5 
Bank Reef 0'7 1 0.000 0.000 1 
Bank Reef 08 3 0.260 0.295 o .881 5 
Bank Reef 09 2· JO.159 Q. 159 1 .000 3 
Bank Reef 10 6 0.461 0.626 0.736 20 
Bank Reef 11 4 'O. 381 0.425 0.896 8 
Bank Reef 12 2 O. 121 0.221 0.548 7 
Bank Reef 13 1 0.000 0.000 3 
Bank Reef 14 3 ·0.231 0.426 0.542 31 
Bank Reef 15 3 0.260 0.295 o • 881 5 
payne's Bay 01 8 0.690 o .759 0.909 24 
payne's Bay 02 3 0.350 0.362 '0.967 10 
payne's Bay 03 9 0.703 0.795) 0.884 21 
Payne's Bay 04 5 0.503 0.580 0.867 22 
Payne's Bay q5 8 0.735 0.794 0.926 47 

• Payne's Ba:( 06 --~"",,9 "0.731 0.914 0.800 56 - 1 ;..j)' , 

payne's Bay 07 4, 0.418 0.506 0.826 10 
Payne's Bay 08 9 ù.762 U.~8 0.909 29 
Payne's Bay 09 7 0.567 0'.631 0.899 14 
Payne'~ Bay 10 Il 0.771 0.912 0.845 43 
payne's Bay 11 3 0.361 0.451 0.800 1 1 
Pa'yne's Bay 12 ~ 0.668 .0.'766 ~872 25 
payne's Bay 13 9 0.667' 0.832 .802 34 
payne's Bay 14 8 0.654" 0.736 0.889 20 
payne's Bay 15 9 0.626 0.951 0.658 '89 
Brighton 01 4 0.345 0.345 1.000 4 
Brighton 02 6 0.464 0.517 0.897 9 
Brighton 03 1 o .~OO 0.000 .. . 4 .. 
Br.lgh ton 04 ,5 0~31'7 0.608 o • 521 32 
Brighton 05 2 0.151 0 •. 151 1 .000 2 
B~ight.on 06 1 0.000 0.000 • 1 
Brighton 07 3 . 0.295 0.295 1 .000 5 
Brighton 08 6 0.5'18 0.536 0.966, 10 
Brighton 09 0 O·.QOO 0.000 0 
Brightin 10 ' 2 0 •. 159 0.159 1 .000 3 
Brighton Il 1 0.000 0.000 1 
Brighton la 2 0.140 0.200 0,.700 5 

0 
Brighton 13 0 O.ooat 0.000 • 10 
Brighto~ 14 0 0.000 0.000 • 0 

Brighton li 0 0.000 0.000- I ~ 0 
:. -_ .. --------.---- ---- - -- -- - .. ~ -_ ..... - --- -- ------ - - -- -- - - ---- - --.. -
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Appe-ndix B (cont.): Values of H, Hmax, J, total 
1 individuals and species count for the 3 sites examined in 

,Chapter 2. 
J 

--------------~--------------------------------------- ----
S tte Sample Species H 

Nuaber NUClber 
Hmax J Number of . 

individuals 
----------------------------------------------------------
(Copepo~s >.. 
Bank Reel 
Bank Reef 
Bank Reef' 
Bank Reef '; 
'Bank Reef 

01 13 0.J22 0.918 0.786 37 
02 10 0.717 0.797 0.900 26 
03 9 0.641 0.701 0.914" 16 
04 12 0.782 0.941 ~.831 5~ 
05 8 0.483 0.749' 0.645 29 

Bank Reef 
- Bank Reef 

06 Il 0.709 0.739 0.95~ 16 
07 -9 0.636 0.636 1.000 Il 
08 la Q .6,29 0.792 O. 794 25 " ' 

Bank Reef 
Bank Reef ' 
Bank Reef 

09 15 0.835 0.983.< 0.84'9' , '44 
10 Il 0.78S 0.867 0.909 36 

B3nk Reef III 5 0 • 9 3 7 1 • 0 2 3 O .• 9 1 6 .6 3 
" Bank Reef 12' 16 0.858 1.Ôl3 '0.847 48 

Bank Reef 13 16 0.8p5 ''0.932 0.91J .29 
Bank Reef 14 16 0 • ..906 1.076, 0.842 87 

" Ban k' R'e e fiS 1 4 0 • 8 4 9 0 • 9 l 2 0 .. 9 J 1 3 1 
payne's Bay 01 6 0.518 0.536 0.966 ID 
p <1 Y ne' s fB a y 0 2 . l '0 • 000 , 0 '. 00 0 0 • 0 0 0 , 1 
payne's Bay 03 16' 0.74.6 0.05,7 0.706 72 
payne's Bay 04 6 '0.448 0.5·36 0.8.36 10 
P a y ne' s B a y 0 5 1 0 à • 495 0 • 829 '0 • 5 9 7 3 3 . ' 
p a y ne' s B a y 0 6 9 0 • 6 5 5 0 • 84 7 0 • 7 7 3 5·6 
Payne's. Bay 07 12 '0.754 0.856 0.881 ·28 
P a y ne' s B a y 08 a 0 • 368 0 .76 6 0.,480 34 
P a y ne' s B a y , 09 7 0 • 540 Q • 69 8 0 • 7 7 4 . 2.~· 
payne's Bay 10 8 0.612 0.667 .... ,0.918· 15 
payne's Bay 1~, '8 0.584 '0.652 0.896 14 
payne's Bay 12 15 0.893 0.994 0.898 49 
P a y ne' s B a y 1 3 1 2 0 • 7,59 0 • 85 6 0 • 8 8 7 2 8 
Payne', Bay 14 4 0.366 0.425 0.861 a 

, P a y ne' s B a y 1 5 1 6 0,. 804 1 .08 8 0 • 7 3 9 9 9 
Brighton 01 9 0.647 0.661 0.979 13' 
B r i g h ton 0 2 9 0 • 6 3 9 0 • 7 8 1 0 .S 1 8 2 8 
Brighton 03 Il 0.289 0.942 '0.307 7'9 
Brighton 04 Il 0.739 0.823 0.898 26~ 
Brighton 05"" 9 0.682 0.728 0;937 f8 
Brighton. 06 1-1 0.716 0.727 0.985 15 
Brighton 07 12 0.796 0.885 0.899 34 
Brighton 08 Il "0.561 0;922 ,0.615 62 
Brlgl\ton 09 7 0.551 ",0.551 1.000, 9 
Brighton 10 Il 0.745 0.}95 0.93]. 21 
Brighton Il 16, 0.783 1.026 0.763 55 
Brighton ·\"12 12 0.7,79 0.9'50 0.820 60 
Brighto~ 13 Il 0.7'29 0.7720'.944 19 
Brighton 14 7 0.569 0 ~600 --0.948 12 
Brighton 15 10 0.728 0.845' 0 • .862 .38 
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