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The crustacean Eryptofauna associated with the coral Madracis

. -
mirabilis (Duchassaing and Michelotti) was sampled to test
C——— s ~

¢

several hypotheses-concerning pollution in tropicatl ecoéystemSu

Six stations along the west coast of Barbaaos, W.I. were ) \

!

monitored for environmental quéliCy parameters to reaffirn

_.earlier work that found a pollution gi@diﬁnt was prgsenti Trends

in nitrite, phosphate, and suspended particulate matter

concentrations as well as water clariLty generally supported this

4 -~
[} —_

hypbthesis. Samples of M. mirabills were collected and the

cryptofauna used to show thar lgg-normal plotting and dominénce
[y Al K -
curves may be ‘ineffective in differentiating between the fauna of

T

highly polluted and less polluted sites. Greater success was

attained with classification and ordination using Bray-Curtis
dissimilarities, which did separate the highly polluted sites

t from those that were less polluted. An F-test showed that there’

I

* are 8 possible indicator species, all of which were less?conmon
at the high pollution sites. The cryptofauna associated with

. small isolaged heads of M. mirabilis was compared to the fauna
. b

-

found in large monospecific stands of the same species, and

f the

N

® .
classification and ordinatioén clearly separated the faunas o
two growth forms. Analysis of covariancg performed to establish

how the faunas differed in richness, and analysls of variance

‘performed to-compare densities showed that isolated heads’

—

. possessed greater numbers of species and indiv%igﬁls of large

cryptofaunal organisms (decapods and amphipods) 4h11€‘1ar;e

“

o stands, were found to support more species and individuals-of

smaller organisms (copepods and isopods). Tﬁia difference may be

) . 1
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a function of the greater habitat seen in the large stands.
x ’
~Evenness. was reduced iw isolated head compared to the

o

. monospecific hbeds, perhaps as a result of an "island effect”

-

there low migration between coral heads ;ouid result in ligtle

.- ®

warlation in available habitat and dominance by afew strongly

competitive species. To show how iichnegs and evenness may be

)

biased in many -current suﬁdies, linear regression analysis was

performed to show that there is‘a strong positive relation&hif

! ) .
between ‘richness and ‘abundance of individuals and a strong

c .

negative relationship between evenness and aburidance of

indtviduals. Analysis of richness and evenness without ‘correction

a %

for differencés in-abundance showed a number of inconsistencies

. [
4 e

with results obtained using ANCOVA. An intuitive éxplanation is

-provided of why this problem of abundance dependence exists and

v . - A

how researchers can avoid bias in such analyses.
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- RESUME
- La cryptofaune carcinogéne associée au coréiL’Mggracis
. ‘ 5 . e
mirabilis (Duchassaing et Michelotti) fut échantil lonnée afin de

vérifier plusieurs hypotheses concernant les écosystemes ' ,

»

tropicaux. Nous avons échantillonné six stations de lar+cBte:

?

ouest de laBarDade(AntLllpg)dQnS le but'de confirmer un des

X

J
S

. ! . {
aspects d'un travail. antérieur qui y montra la Présence d'un.
gradient de pollution. A cet égard, nos concentrations de. -

"nitrites, de bhosphates et de matjere.particulaire en suspension
3 .

ainsi que la transparence de l'eau en font foi. L'application
1 " °

d'un graphique log-normal et de courbes de dominarice aux

o —— — . oo > o s e

révéla inefficace poyr séparer la faune d'un milieu tres pol fué
de celle d'un milieu qui l'est moins. L'appl{cétLon d'une

méthode d'ordination et de classification tel que celle de

o 1

dissimilaritées de Bray-Curtis sépara avec succes les sites plus

pOllUéS de ceux qu l'etaient moins. Un test du F montra qu’il 14
’

a huit especes indicatrices possilbles 'toutes moins conmmunes aux
sites tres pollués. La cryptofaune associée a de petits ilots de
i . ' -
M. mirabilis fut comparée a*celle accompagnant-de vastes champs

monospécifiques de la méme espece. Grice a la classification et

a l'ordination on a reconnu deux~faunes distinctes. L'analyse

de covariance réalisée afin de détecter des differences de
Q

+wrichesse, et 'l'analyse de wvariance réalisée afin de détecter des

¥

differénces d'abondance montra que les Tlots ’possédaient un plus
grand nombre cde grosses especes cryptofauniqges (décapodes et

'hmphipodes) alors que les champs vastes supportaient plus de

*
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petites especes (copépodés et _isopodes). Ces différences
L I T

" seraient attribuables a l'habitag .plus large que constituent des

‘c‘hamps. étendus. L'équitabi Lité réduite des Tlots par rapport a

« ‘I .& ’ i M
cel le des champs ’monospecffxquesa resulterait d'un effet

Q < B

. .
L - . \ . - I3 -~
~dlisolement favorisant une p&gratxon faible entre 1lots

coralliens qui réduirait la variation de |'espace Habitable et

oencodragerait 13 dominance ' de quelques especes -en compétit@on

vivee., Pour illustrer comment les calculs de richesse et . ;

a

'd'équitabilité peuvent 2tre erronés, on utilisa une droite

d'estimation qui montra un lien positif fort entre la’richesse

‘et l'abondance des sndividus et un lien négatif fort entre

~

l'équitabilite et I'abondance. Une analyse de la richesse et de
T .

l'équitabilité sans correction entre les différences d'abondance

[ t . ,
favorise wun certain nombre d'incohérences rattachées.aux

w

- résultats obtenus par 1' ANCOVA. Nous suggérons aussi une

explication empirique quant a l'existence du probleme de
déperdance dd a 1l'abondance et conment les chercheurs peuvent

"1'éviter ~au cours de leurs analyses.
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' ™ ¢ Preface .
/A L ’
, o . " . j‘v.‘ ‘ -
o ' . © 1,) Statement of contribution to original knowledge:
- ‘i . I ‘“ . » N L 4

To the best of my knowledge, at the time of writing the

- material presented in this thesis is original in that; (i) it is

the first ﬁ\(yﬁtification of pollution effects on a tropical

biological cdhmnit,y using techniques-developed in cold water

- © ecosystems; (ii) it is the first quantitativ'.e comparison of the
< P - ' I

.

‘cr,yptofauna associated with two different growth forms of the

same coral species (Madracis mirabilis); -(1ii) it is the first
~ " A )

attempt to provide an intuitive understanding of the‘prqblems'
LS

marine investigators have been ignoring in their analyses of

diversity, richness, and evennes$s. -
.- —

~
\

»

-+ 2.) Historical statement of relevant work:

-
- ]
:

L]

.- A historical review may be found in the general

' introduction,-while more extensive background material .is found

/ -
in the introducgtion and text of the 1nd1v1§|ual .chapters. .

-, e~

~ . . ~
v

) 3.) Declaration of assisfance?
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. ancf laboratory work, data analysis and interpretation, and

o . ) writirpg'cof chapters ‘wasnunder_t_aken by the candidate alone.
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4.) Thesis format: ' f ' N
p .
. In accordance with Section 7 of the Thesis Guidel ines, this

thesis has been prepared as-a series of chapters whiehwill be
used as manuscripts for submission to refereed scientific
journals for publitation. Therefore, each chapter contains anﬂ
Abstract, Introductxon, Materials and Methods, Result%,
stcussnon and Literature cited. Because the material in the
different chapters is related, some degree of repetltwn\is’
— necessary. Every‘effor't has beenmade to reduce this @s
much a}’s'possible. This format has been approved by the thes‘i‘s

2]
commi t tee and by the Chairman of the Depar tment.
S

.

. The format of the chapters corresponds to that required by

the journal Marine Biology, to whom these papers will be

submi tted early in 1987. ; .
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General Introduciion

Within the last 25 years, there has been a réqid increase in
.tropical marine research. Much of this work has centered on coral
reefs, lncluding studies on coral distribution (reviéw by
Stoddart, 1969), pollution effects on coral (reviews 3}-Loya and
Rinkevich,1980; Howard.and Brown, 1984; Brown and Howard, 1985),
and coral reef productivity (review by Lewis, 1977). Though coral
reef cryptofauna has received less attention, a number of recent
studies have exanmined co;al associatgd organisnms (elg. Tsuchiya
et al.,1986; Abele, 1984). HcCloskey‘(1970)‘and Grassle (1973)
haw; provided zarly indications of the diversity of organisms
present, and sampling methods began to improve as a result of ’

o

experiments by Porter and Porter (1977), McWilliams et al.

N . % .
(1980), and an overview by Hutthings (1978). Such work has made-

possible the examination of other biological phenonmena related to

v -

crypcbfaunal distfibutron; o .

«©

-Great effort has also been directed toward pollution detection

"in biological communities (reviews by Gray\&nd Pearson, 1982;

3

.

Hargrove and Thiel, 1983; Sundberg, 1983), but most of this, work
has focused on temperate and boreal communities (e.g. Gray and

Mirza, 1979; Rafaelli and Mason, 198l; Shaw et al., 1983). As a

- result, models for pollution detection have ‘been<eveloped 1in

.cold water ecosystems. Though response of coral communities to

pollution stress has been documented (reviews by Pastorok and
Bilyard, 1985; Brown and Howard, 1985), models used to}des;ribe
biologicai response to pollution have not been well tested in

[N

tropical ecosysctenms.
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Several aspects of cryptofaunal communities make them ideal

. subjects for tropical pollution_studies. Becayse numerous samples

+
] )

may be taken without damaging reefs and organisms may be °

r

-identified later in a laboratory, the excessive amounts of field

time required by many other types of studies (e.g. coral

transects) nay be avoided. Cryptofaunal densities .(numbers of
[N

individuals per unit volume of coral) afe very high and the
community 1is diverse (McCioskey; 1970; Grassbe,i1973). These are
both critical assumptions of many pollution detection models
éGray and Pearson, 1982). . | .
Madracis mirabi}is (Ducha;saing and Michelotti) was chosen ag

" a cryptofaunal habitat for the present study because it is one of
the few coral 'species available in Barbados at numerous sites
(see Lewis, 1960) along the pollution gradient on the island's

w
west coast (see Tomascik and and Saader, 1985). Six sites were

selected along the west coast of the island to represent various

-

levelé\of pollht%pn loading (Fig. 1l of chapter 1). At five of
V;hesé‘sites,iﬁL mirabilis grows in large monospecific bedsﬂthat’
?ay‘be up to a qftr; in depth and tens of metres in diameter.
7 "~ However, at one of the sites (Paynes Bay), .M. mirabilis grows—in
)smill; discrete -heads. The branches of -both growth forms provide
numerous crevices and épaces for cryptic fauna where effects of
fish pyedacion and environmerdtal fluctuations may be reducgd.
“Initial examinatidon of the cryptofaunal s%mples indicated that
s the faun; of discrete heads dﬁffered§%arkedly from the fauna of

large beds. For :His.reason, the study was divided into two

v ‘ components presented as two cha&ters. In the first, analyses are

f v
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‘perfOtmed on the five sites with large M. mirabilis beds to.

establish whether pollutiton affected the cryptbf%uhél gpeciés

I

compesition and to- apply several poflution nonitoring models. In

the decond, analyses wé;e performed Lo establish how cryptofaunal .

- 3 -

composition differs between the discrete coral head growtﬁ form -
and the large beds adjacent ta the Payne's Bay site where tﬁe
discrete heads vere sampled.aThpugh several stuQies have shown

that different. substrates harbou} different densi&ies of

cryptofaunal groups (e.g. Alldredge and King, 1977, McWLlliams et

-

al., 1981; Ohlhorst, 1985), -licele effort has been directed

toward measuring species richness and evenness, and how these
: ! -

factors may be related to differences in density. \

During analysié of the cryptofauna of the two growth forms it

a
A

becane apﬁ%rent\ﬁhat many of the analyses of composite diversity,

r£chness,land evenness in current studiés may be -blased. This

bias is .a result of differences in abundances (numbers of

individuals collected) in the different communities under

<

.

investigation, and the phenomenon requires elaboration and

w ’

clarification. A third chapter is therefore presented ta. show

”

show how many previous studies have inaavertently 1ntroduced
bias. Cryptofaunal .analysig is repeated without correctifon for
abundance differences to émphasize'hqw inaccurate such results

can be. : .
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particulate natter, as well as light absorbance were neasured at

ABSTRACT -

Concenc:qtlons of nitrites, ihosphates, and suspended i

! *

3 -
"

6 sites along the west coast of Barb&dos, Wel. to reaffirm

- \

earlier work suggesting that a pollution gradient was prasent.. A

general trend of decreasing concentrations of nitrTces, :

‘phosphates, and suspended particulate.matter was observed as

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

samples of M. mirhbilis vWere taken. The motile crustacean '

distance from Bridgetown incfeasgd‘iﬂ a northern direction, and

4

light absorbance was lowest at the northern stations. The .
crustacean cryptofauna associated with the coral Madracis .

mirabilis {Duchassaing and Michelotti) was used to test whether

™

"several of the pollution detection models developed for cold:

@

water ecosyécems may be readily applied to troprcal ecosystens.

At. 5 of the 6 sites monitored for environmental quality, core

-

i
~

cryptofauna inhabiting the coral stands were collected from thesgé

.
LN [ -

core .sanples to test whether any biological‘fesponse to the

A ® ¢ ! -

environmental gradient was evident. Dominance plots based on

v

- "

normal plotting 'methods we;e ineffective in segregating ﬁighly
palluCed from less polluted“scations. However, Srdinacioﬁ
(nultidimensional .scaling) and clagsification (group average
ciusteting)abaged'on Bray-Curtis Hissimglarity measures, did
separate highly polluted‘stations'from‘those that were 'less

pol luted. Ordination was found to be the preferable technigue,

-

since minor changes to the data st caused major realignment of

the cluster dendrogran. Several‘species were found to differ

b

. v [
\ >

8 - --
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'

markedly in density betéeen the highly polluted and less polluted

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

’

There is a noticeable absence of pollution

the polluted sites.

P

tolérant species, and given the results is is suggested that

pollution detection models developed for cold water ecosystens o

‘v

-shoqld not be-indiscriftainantly épplied to troplcal communities.

’

Classification and ardination techniques are the wost pronising,
but more tropical data sets are needed before general models can

T
—

be assumed.



INTRODUCTION . .

Biological systems can only endure a minimal lgvel of
poilution before the coﬁmunicy reacts (e.g. Shappard6»1980;
‘Dollar and Grigg, 1981). It. is therefore of interest to detect
compunity response at the earliest possible stage, so that the
pollution can bé reduced or stopped beforé sévere ecological

danage 1s done. —

In a series of papers (Cray and Mirza, 1979; Gray, 1979; Gray,

11981; Gray and Pearson, 1982; Uéland and Gray, 1982), it has been

suggested that plotting cumulative percentage of species against
geometric class of individuals may be an effective means of

demonstrating a community response to pollution at the earliest

'p088161e stage. Shaw et .al. (1983) and Platt and Lambshead (1985)

ceriticize this method, on the grounds that its interpretation is

ambiguous in many examples and flawed in its basic.asgumptiqn

that benthic communities nay be expected to conform to a log-

'normal distribution. Despite these criticisms, log-normal

analyses' continue to appear in the' literature (esg. Valderhaug

e

,and Gray, . 1984; Hartnoll et al., 1985),\along with alternative

multivariate approaches (e.g. Green and Vascotto, 1978; Field et

L

—

1., 1982; Collins and Williams, 1982; Lambsheagd,1986).

Much of this work has focused on boreal or temperate

*cohdunitigs_(e.g. Gray and Mirza, 1979; Rafaelli and Maéon, 1981;

Hargrove and Thiel, 1983), and little quantitative work has been

done on the response of tropical assemblages to pollution stress.

Brown and Howard (1985) reviewed the numerous studies on tropical

marine organisms and physiological responses to stress. Several

4

e}
~

\ -
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casé, then the relative abundan%e patterns of tropical

studies have also addressed the is;ue of'pofldcion induced
changes in coral co;ﬁunities (e.g::Loya, 1975; Tomascik and
Sander, in press), but little work has been done with other tropical
systems (Coles, 1989). A; a resul;, it remains[ unclear whether

the analyses developed for teéperate gommunicies may be‘applied

to tropical ecosystenms. For exanmple, log-anormal analysis.is bas;d
onqthe aSSQmption that species intermediate in numerical

dbundance react quickly to disturbance by threasing in number
before rarer species have  disappeared. Gray and Mirza (1979) base
this on a definition of pollutiBn stress as the disturbance of~
community equilibrium by organic or industrial ;aste inpug. The
whole question of equilibrium has been a cause of much debate,

and in ;everal tropical ecosystems the existence of a community
equilibriug has been questioned (Connell, J978; Talbot et al.,

1978). Furthermore, tropical ecosystems are considered to be auch

more conplex, and the ,degree of interaction among species 1is wnuch

>

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

2

nultispecies data sets may not show the same characteristic

chahges shown for temperate environments. A similar problem may:

'
~

dccur with dominahce based indices that have been effective im

descriglng temperate ecosystems (e.g.aShéw et al., 1983, Swartz

S

_£ 1.,1986) but are ambiguous in the few tropical systems tested

P

‘(e.g.’Hodda and Nicholas, 1%86;.

\ghg;present study. investigates -changes® in the crustacean

ocryptofauna associated with Madracis mirabilis (Duchassaing and

Michelotti) in Barbados,.West Indies. M.'mirabilis is an erect,

branching coral that develops long, thin, pencil-like branches in

Ld“
N

| S

v )
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dense nonospecific beds (Lewis, 1960). Between the branches are°

“ numerous spaces and crevices which harbour a diverse fauna of
sessile and motile organisms. Hutchings (1978) summarized the

known cryptofauna of other corals and suggested that many gpecies

o

of bivalves, sponges, polychaetes, and crustéceans may be -

present. Fon example, an extensive list of the taxonomic groups

&

associated with the coral Oculina arbuscula is found in McCloskey

@

(1970). ,

——

Stands of M. mirabilis may range from §everal metféé to tens
of metres/?n width and may be 7 cm to over a metre in Aepth. Only
the tips of the coral are living, therefore below about 3 Emin

) depth the coral is dead and extremely brittle. This fragility
makes M, mirabilis patches an ideal habitat for quantitative,

replicable sampling of coral for associated macrobenthic

cryptofauna, since cores may be taken with min}mal disturbance
A

~
0y

and effort. ~
« Y t' M ¥
Tomascik and Sander (1985) demonstrated that a pollution
¢ g{adienc exists along the west coast of Barbados, and that water

£
quality at the southern reefs is poor as a result of elevated

R - concentrations of bhosphates, nitrates, nitrites, and suspended

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

A

which stress is defined as some influence between optimal

.= -

° - conditions and the limits of community survival, they suggested

>

that the eutrophication gradient has created greater styess on

a

3 corals8 at the southern reefs than on those at the northern reefs.

The present study 1is designed to examine how this tyﬁé of stress

’ affects the species rich cryptofauna of Madracis mirabilis, and,
Y [l

é'i . - 12 X .
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in doing so, to test the applicability JY analytical
developed to monitor pollution in temperate or boreal

for tropical macrobenthos.
‘ A . N

§
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MATERIALS AND METHODS

L]

. 4
Environmental Variables ,

-

-

Six sanpling stations, were selected along the west coast of

Barbados, West Indies (Fig. 1), 1in water ranging from 5 to 15

metres in depth. Stations were chosen along a gradient of

-environmental stress in the vicinity of the reefs examined in

1983 by Tomascik -and Sander (1985).

To determine whether there was any change in the environmental

. R N v . . ¥
gradient from +its previous condition, water quality was examined
\‘/ .\ -
at each site” from May to Novenber, 1985. The following variabdles
\ ‘ . '

were weasured: nitrites,-phosphates, suspended particulate

N

matter, and: percentage of liéht absorbed in. the uﬁ}er 5 metres df

o

the water colunn. Water samples were ¢ollected at approximately

monthly intervals for -the first four months and at approximate

s

2 week intervals for the last three months. Sampling effort was:
incréased during the season of heavy rain since this was exﬁected

to bq a period of high variation in environmental parameters

<

(Tomascik .and Sander; 1985). Because Sander (1981) showed that-.
. vy w '
the water column along the coast of Barbados is well nixed, only

surface‘%amples|were collected. At each-of the six stations, a

-

4 . )
van Dorn sampleér was used to col lect samples. Nalgene
>

polyethylene bottles Q}OO ml volume) were filled é:@m the . °
sanpliAg botgle and transported ;n a cogler to Bellairs Research
;nstECute.'Sampling was confined to the peéipd 1000 to lAOthours_
and, to furthervminimize diei eff;ct;, was performed at the

& ~ )
stations in random order. At the same time as the water samples

14
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Map of Barbados, W.I. showing the six sites sampled for"
environmental quality. With the exception of Payne's Bay,
the -same sites were also sampled for adracis nmirabilis

cryptofauna. Bottom depths at each site are given in
brackets. )

.
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Site 6-Six Men's (14 m)

Site 5- Greensleeves (11 m)

Site 4-North-Bellairs (10 m) |,

Site 3- Bank Reet (15 m) o

* ‘Site 2- Payne’s Bay (5 m) o

~

| Site l-Brightt.m\(Q m) .°

Bridgetown
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were collecied, a Q5I~140 Integrating Quantum Scalar Irradiance

meter was used to measure illumination at ! m above the water

surface and ,at 5 m depth. . ’

" The 300 ml samples were f;ltereH through pré-wasﬁed, pre-

¢

combusted, and pre-weighed GF/C glass fiber filters. The fQICensf

‘were then dried for I hour at 100 C and’placed in a desiccator

overnight before a secohdfweighinglto determine the weight ;f the

suspended particulate matter. -
The filtrate obtained by tiis process was used for

determination of reactive ;hosphate (p0,~3) and nitrite (NO,™)-

concentrations according to the methods outlined in Strickland -

and Parsons (1972). Reactive phosphéte was usually wmeasured on
]

fresh samples while filtered seawater was frozen at -15 C for the

later nitrice analysis; Analysis of frozen samples was always
completed within fqur weeks. Samples were also collected for
nitrate analysis but the extreme variation observed in the data .
raised some doubt as to their validity and the results weré
discarded.
Statistical analyses Y Y
Because day to day variation in nutrien£ level was eitrem%ly
high, the data were ranked from 1 (lowest concentration) to 6
(highest concentration) within each sampling day ;vér the six

sites. These ranked data were then used in regression analysis.

Regression analysis requires that several assumptions be met,

3

including normality of the y variates and normality of residuals.

The forme;‘waa tested using the‘ShapirJ—Wilk. ﬁ, statistic and

N \
visual inspection of residual plots - provided a means of



b}

detecting heCQ?oscedaSticity. Since the mnormality checks showed .

gj}

o . no significant deviatiofs from normality and the residual plots

did not reveal any trends, regressions were then perg%rmed to -
test dheth€5od1;t;nce from Bridgetown {(measured for each of the
six sites) was a significant predictor of ranked conc;ntrations
' of nitrite, phosphate and suspended particulate matter.
~Percentage of 1ight absorbed in the upper 5 m of the water .
coluﬁn was calculated‘by subtracting i;ght leQels ét 5p from
those qeasured at‘the surface, dividing';ﬁe difieren;e by surface
light levels,'and uultiplying therratio by 100. Parametric
. analyses of this viriable proved impossible as the variate; were,
not normally\distributed ahd could not be normalized using the ,
vér;ous cransfornatiqns-availablg (see \Sokal and Rohlf, f981).‘
" The entire data set was then ranked and normalized using Blom's
; ’ (1958) method. A Shapiro~Wilk, W, normality test and F-max test’
(zar, 198;) revealed that the assunptions of parametric ana{&ses
~ -
had then been nmet. A General Linear Modelnp;ocedure{(a form of
AﬁdVA) was performed to test whéchgr there\de:L ;ny Jiscen@abl;
differences in light absorgancé aé the six statlons. When a

difference was found, a Tukey multiple comparisons test (SAS

Institute Ing¢., 1985) was performed to determine which of the

stations differed from one another.
[ *
Biological Variables 3

-
-

Ihe sites monitdred for environmental conditions were also .

sémpled for cryptofauna, but.the absence of Madracis mirabilis

- . beds at site 2 (Paynes Bay), necessitated its exclusion. Large

beds of M. mirabilis were located by swimming transects

AY

i 1



. . B
perpendicular to the shore, énd when a large bed was found it was .

marked and ?sed for the témainde{ of the study. Sampling began in

. early June, 1985 and ended in October, 1985, Each of the five °
) L 3
: stations was visited three times -during this period, and 5

replicate samples were taken‘dufing each wvisic.

The samples consisted of cores which were obtained with a

section of PVC tubing 60 cm in length and 10.5:am in diamecer.
~ . Piping larger than, 0.5 cm in diameter was found to be difficult
¢
to manipulate and seal underwater. At the top of the pipe a.64 u

”

* " mesh was fastened and metal handles were attached to the sides of

v 4

‘the pipe to facilitate manipulation. Sections of th; Madracls
T *

mirabilis patch were selected for sampling by swimming along the
edge of the pateh until an area was found where sponges were not_
predominant betweén thé coral bta;ches. Heavy sponge infestation
"made coring Hifficu}t and would have :esulted\in the 'sampling of
a predopinantly spongée associa;ed crzptofapnavraﬁher than the
coral associated organisms. Cores of M, mirabilis were then taken
by quickly forcing the pipe into the coral and then inserting‘a
- sharp metal placg ;o'cut off the core at the bgse_of the
branches. The tube containing the sample was then pulled away

from the M. mirabilis patch, a polyurethane bag was wrapged

tightly around the metal plate and the base of the tuﬁe! and the

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

| settled the tube and metal plate were gently removed and the bag

. -

-

was sealed..
To standardize core size, a constant depth of 18 cm was always
‘ ’ '(e_ltr.empted. However, variation in the depth of the M. mirabilis

branches made it idpossible to maintain a gonstant coure depth and

-

18
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gome variation did occur. A core 10.5 cm in diameter and 18 cm in
depth‘qéﬂcains approxipmately | dm3, the volume Clausade (1970)
reconmended for ;nclusion of‘no§t cryptofaunal species in the

Pacific corals she,sampled: :

Once samples were colleqtéd, they were quickly transported to
Bellairs Research Instigute for overnight treatment,w#th'a‘
aixture ofzd ml‘afformaliwénd Sfml seawater as suggestad by

Brander et al. (1971). This-solution acted as an irritant and,

therefore helped drive cryptic species out of cracks and crevides

‘as well as fixing them.

Pl

Early the following morning, the coral samples were thoroughly
washed over a .297 mm sieve and then fixed in 5% formalin. This

particufgr sieve size was sélected on the basis of .earlier work

#

by Hessler and Jumars (1976);ﬂa1though they chose to subdivide

sanples into macrofaunal and meiofaunal eclements based o;
c;&onomiccaffinities. The organisms colf%cged in the washing were
stored sepératély in small vials, and the coral7samples were all
stored in {argerjars prior to the examination of each pie€ce of

-

coral under a dissecting microscope. ALl non-colonial organisms
were removed, stored in vials and, after all coral was examined,
the volume-displacement and dry weights of .the coral were

measured. This procedure provided a means of standardizing
abundances of organisms according to the amount of coral sampled.
As a final step the washings were also carefully examined and all

i

crustaceans sorted into appropriate taxonomic groups. Specimens

were later identified, or at least separated, to species. Decapod

crabs were numerically rare, and severe damage to mady of the

13
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3

specimens made identiflication impossible. Therefore this group
was omitted from the study. The identity of selected specimens

has been verified by the following authofitigs: E.J. Bousfield,

5anadian National Museun (amphibods); G.A« Boxshall, British

Museum (siphonotomifoids); M. Dardeau, Dauphin Island Sea Lab

u

‘(Synalpheid decapods); B. Kensley, Smithsonian Instituce
(isopods); B.M. Marcotte, McGill Univegs{ty (harpacticoids); and

F.Rafi, Canadian National Museunm {(isopods and tanaids).

’

Representative material has been deposited with these people. A

-
[}

conplete species list is found in Appeqﬁix A along with the

~ number of individuals o6f each species collected at each site.

‘.

"sites.

o«
Statistical amalysis

- >

To "examine the effectivengss of log-normal plots 1n detecting

pollution effects, the individuals within each species from all

15 samph‘iiét each site were - combined. These totals were then

placed in geometfic classes as -described by Uzland and Gray

(1982) and’'a plot of cumulative percentage of species versus

geometric class of individuals yaé'genérated for each of the five

13

)

. Shaw et al. (1983) used a simple dominance index ‘to

demonstrate the effects of pollution. Species abundance

-

(egpressed as a percentage of the total population) was:pbot}ed

.

against species rank. To use the entire data set would have been

fmprécwical, therefore only nean Valués of the 25 most abundant
speciés were ploccea.

To establish whether volume of cpral sanpled or densities of
organisms Jiﬁfered at the 5 sites, an ahalysis of varlance was

performed on both variables. Shapiro-Wilk, W, tests of normallity

hd '
v
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and F-max tests (Zar, 1984) revééled no violations of.the

Tooe asgsunptions of“parametric analysis with either of the two

4

variables. When‘differenées in meins were detected, a Tukey

multiple comparisons test was used to determine which of the

’

sites dififered. '
Subsequent andlyses reduire& the conversion of species
abundances (number of individuals collected) to densitie€s (number

~(of individuals per unit volume of coral sampled). For normal or
\ . '

/

. q-type_anaiysis, which is desiéngd to group biologicglly similar
stations, several forms of daéa reduction were necessary. First,
the mean densityﬁof eacﬁ species was cal;ulated for each sampling
date cat each station (where statioq;pefers~£3 che—mean of 5
repI;Cates taken at a given site on a’givgn dayL‘Tgis reduc;d
the.rdydawa of‘l5 samples‘at each of 5 sites to 3 stations at
;ach‘site, for a total o& fifteen §£atgon neans. Day éi; al. ' e
(1?71) were able to show that rare species do not aﬁfegt:normal |
éampla analyses, a1£hough they do incre;se computing‘time;

” 4

'?hefefbre, species that d¢id not contribute .more -than one percent

| ‘ oo to -any one'of the fifteen station meag,abundance.totals were

- dropped. This reduced the number of gpeéies groups from 137 to
'33,'and created a data set of more manageable dimensions.
The species densities were first. root-root transformed to ! e

reduce the weighting of very abundant species (Green and.

1

‘ Vascotto, 1978; Downing, 1979; Field et al., 1982). The

.+ transformed densities were then used to constructk a'Btay-Cﬁrcis

-

dissimilarity matrix (Bray and~Curtis, 195f), which is the most

: common.index used to contrast samples in recent marine benthic
Rt ., -
- . ¢
21 :
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analyses (e.g. Shin, 1982; Collins and Williams, 1982; Lambshéad,
N

~

1986). Bloom (1981) reviewed dissimilarity measures and their
’ .
properties, including- the Bray-Curtis index. The formulatien of

the Bray-Curtis measure 1s:

F(Yij+yik)-
whéfe‘Yij.- density of the ich'species at the jth statiog;'yik -

density of the ith speciés at the kth station; and Ojk =

.o .

dissimf{larity between the jth and kth stations summed ower. all’

_species (s).bjk can faﬁge from 0 (conplete similarity, or

» -
identical scores for all species) to 1l (complete dissimilarity,

or no species in common); and is unaffected by joint absences
) o

(Field and MéFarlene, 1968). 1t has Fhe‘furcher advantage of
giving greater welight to wmore abundant species, which is
desirable in’any analysis of dist;ibution patterns where
preseﬁcé-absence data ‘may be'insufflc}en&; The values calculatéa
for Ojk were‘ thzhen'ar'ranged in a 15 by 15 }issimilarity matrix.
‘"K‘number of ordination methods based .on multgaimens;onal
scaling (MDS) have recéntly appeared in the literature (e.g;
Fiel;i et al., 1982; Lanbshead, 1986). For the present study, the
SAS program‘MLSCALﬁ‘(Ramsey, in press) was employeds Ehis type of MDS

» )
is not as flexible as the non-netric analysis used by Field et
t

"al. (1982) but does offer several advantages. Non-metric analyses

tend to be sensitive to the initial data configuration and the
non-aetr{c aﬂalysis offered in~SAS (Young et al.,1982) sguares
dissimilarities before. analysis. This élsb_rgsulté in the
squaring of the error associated ;ith each of the vgldes (Ransey,

1982), therefore the accuracy of the ordination nmapping is

— 29 ) .
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Although interpretation of the MDS -output is explained by

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

‘1appliégtions necessitates some introduction. Chi-square values

are ugsed to test the fit of the configuration using the formula:

¥

| : X2 = 2(log likelihood for data configuration)
- 2(log liﬁ;lihood of random fit)
Degrees of freedom are calculated by doubling fﬁe nynbéb‘ofl.
stations contr;steq in the comparison less one, and‘subtractihg?>

. -
from this value the nunmber of parameters—mseded—for a zero

dimensional representation (l). A 3ultiple correlation

6

coefficient is also provided as an additional method of assessing
the amount of variationthat the MDS map and the actual data have

in cowmmon.
MLSCALE also allows the inyéstigator to test whether increased
flexibilitcty is needed for the data set. By sybtracting the, chi-

square value optained for the Tit of a power transformation from

-

that obtained for a spline €ransformation, a statistie is

generated (a chi-~square with 2 degrees of fre«dom - one for each

‘of the new parameters introduced by the spline Analysié). This

~ S
-

statistic indicates whether increased flexibility is needéd, by

-

testing whether the fit is significantly improved.

Generally, ordination results are presented with a ‘ gﬂ5

L3

-conplemen:aryTgendrogram (e.g. Tomascik "and Sander, in préss;

Lambshead, 1986), as a result of its visual simplicity and ease

of tntttbretation. However, there are a number of disadvantages

~

- 23



in using dendrﬁgrams, several of which relate to the type OF data
being examined here (Field et. al., 1982). The present study was
'design=é to examine pollution effegts along a pollution gradient,
but denérograns "seek out" discéntinuities and may artificially
force data into discrete groupings. Only discontinui;les
suppofted by an ordination mapping are irrefutable, thergfore

classification is presented here only as an aid in the

imterpretation of the MDS plot. The same Bray-Curtis matrix

- - generated for the MDS analysis was also used in group average

o - ) sorting to produce a similarity dendrogran.

. W
~. Once patterns in distribution have been discerned, it is
- .

useful to know which species are important in creating the }

bObserved configurations. One method that .has been suggested is

) the‘informacion‘sgacistic (I-) which has been used by Field

(-1969) and Velimirov er al, (1979) to establish indicator

[

.spéciesu This method relies on presence-absence informatiod ™only,

%

rather than elimination of species, that is a more sensitive

ot

I . ggllucioﬁ indicato}. . -
NAB o ’ - NAq.f-r;tio (Soka} and R;hlf:¢}981) has also been used to
Lt b }define Q;dicator spec;es (eté{ Shin, 1982), and has the great
. Qavantage of utilizing abundance as well as presence-absence.
Samples from siteg 6, 5 and 3 were gfouged ;; Epresent less
B pollugch»{iteq,and samples frog sitces 1 indh were grouped to
w-~, Tepresent highly polluted sites. Thé root—ro;; transforned data
“~:¥§Ere again uséd, although\fare specias wer%_not tested because‘’of
RN !
. &; - tHe e,rror assocliar:ed with low density sampling. Samples from the

" two misclassified site 6 stations were also omitted, since
. +

[ ¥

. o AN
4 Y
24
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findings on their affiliations were ambiguous. It sﬁould be noted

.
s

that an F-ratio is a parametric test: and for rigofbgs‘?ppliéatidn

should meet the asssumption§ of parametric analyses. With ', .
. K ' L :
species abundance data such assumptions are rarely met (Field et ~

al., 1982), and the ratio is used as a yapdsqrtk to extract

Mndicator species rather than as a hypothésis testing tool.
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o © RESULTS L

° Emnvironmental Variables
Figure 2 shows mean rank values for the environmental
variables at the six sites plotted against distance from .

Bridgetown. A general trend of decreasing'ranked concentrations

“ ~

of nitrite, phosphate, and suspended particulate matter with

‘iﬁcréased distance from Bridgetown is evident. It should be

noted that one site strongly deviated from this linear trend.

§ite 3 was lower in phosphates and nicrites conpared to the
. adjacent sites. ’

The slopes of the regressions of ranks of nitrite

concentration (r=.i11, p<.0l4, n=54), phosphate concentration
(r=.12, §4100§, n=54) and suspended particulate natter (;-.13,

o p<.Q01l, n=48) on distance from Bridgetown were all negative. They
were all statistically discernible (p<0.02) supporting the

suggestion by Tomascik and Sander (19?5) that a gradient of

nicrite, phosphate, dnd suspended particulate matter existed

[N

along the west coast. However, the amount of variation explained

by these regressions (r2) is extremely low, thus casting doubt on

-4 B

the validity of distance from Bridgetown as an accurate predictor

- of nutrient values. -

¥ The General Linear Model procedure also showed discernible

5

differences anong mean values of light absorbance at the six

sices (Fs5 4g=4.29,. p<.003). The Tukey multiple comparisons test

shows that siteZS and site 3 did not differ from each other But

surface water did absorb discernibly less light than at site 4.

“

No other differences could be detected.
. o

-
v



Fige.

2. Mean rank values of concentrations of nitrites,
phosphates, and suspended particulate matter versus
distance from the main sewage outfall (Bridgetown).
Points represent means and bars represent standard
errors.. Numbers next to points denote sites, and
corresponding names may be found in Table 1.
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’ Table 1 sumharizes,results obtained for the environnental

[y

' [
variables, and indicates station desigpations used for the
biological nultivariate analyses below. These results further
indicate th;t water qual&ty at sitel 1is poorer than that at

!

sites 3, 5, or 6. Tnis is apparent in values of phosphates,

nitrites, suspended particulate matter, and light absorbance

which are all very nigh at site 1. 8light elevation of phosphates

and nitrites as well as discerniblyrreduée& water clarity at site
A\,
¥ '

& relative to adjacent stations indicate this site may also

3

suffer from poor water quality. Alcthough a rapid increase 1in -
!

suspended particulafe matter is not evident, more extensive
sanpling by Tonascik and Sander (1985) found elevated
copéentrations of squendéd particuiate_natter, phosphates,
nitrates and light abso;bance in this area. A study o;
groundvater discha;ge in the same area by Lewis (1985) found
extrémely high phosphate poncentrat%ons in water being discharged
onto the reefs. In view of these more extensive data sets, there
is little doubt that this area is more stressed thanm the adjacent

sites.

e~ .

Biological Variables A . ,

.
i L

Appendix A sunmarizes the biologicai data collected at the 5
sites. In all, 8383 individuals were collected and sorted into
137 species categories. Approximately 80%Z of all individuals

collected at each site consisted of isopods, tanaids, or

-

copepods. The isopods ‘and tanaids colledcivély contributed atou;d

50% with tha copepods generally contributing about 30%Z. The

; -

renaining 20X consisted- primarily of amphipodé and some decapoés.

Fiéhre 3 shows piots of cunulative percentage of species

”
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., Table 1. Mean values for concentrations of nitrites,
: phosphates and suspended particulate matter at 15
stations on the west coast of Barbados. Values for
5o . standard errors are® given in- brackets. The term
station/is used to designate the mean of 5 replicate
biological sadples taken on a given day at a given

site.

V' rgite © ‘Station  Nitrites Phosphates SPM** Light
(distance*)’ ' (ug-at 1-1) (ug-at 1-1) (mg 1-1) Absorbance***
"__._._.._-....__....‘_ ________________________________________ b e e o e o - -
Site § A 0.022 .0,123 5.58 ¢ 72.2
Six Men S N - B (0-008)’ (00032) (0-61‘) (3052)
(9.8 km) C n=9 n=9 - n=8 n=9
Site 5 ° - D 0.027 - 0.112 %.33 62.1
, Greensleeves E (0.008) (0.036) (0.85) (5.01)
(7.5 kn) F n=9 . n=9 n=8 n=9
site 3 ', @ 0.015 0.104 .  6.23 64.8
Bank Reef H (0.006) (0.034) (0.70) (2.52)
(5.1 kn) 1 n=38 n=9 n=8 n=9’
———————————— 1.--.———————.———————————————-——-"———--—-.-——.-———-—-‘.vl_---—-—-..—-—
Site 4 J 0.025 0.129 5.88 80.2
North Bellairs K (0.007) (0 032) €0.69) ' (2.14)
(5.7 kn) - L n=9 ' - n=9 n=8 n=9
Site 2 - No Madracis 0.095 0.151 6.52 70.0°
Paynes Bay beds found (0.052) (0.044) (0.969) (2.80)
(4.0 kn) n=9 n=9 n=8 n=9
site L M 0.117 0.312 6.58 75.0
Brighton N *(0.043) (0.091) (0.68) (2.80)
(1.5 kn) ) n=9 n=9 n=8 n=9

. D D S D WP D - A A D e N o s = s an aw

. . S - D D S D GP W . S W T —— P Wy . = -

*Distance from Bridgetown. ' .
**Suspended particulate matter
***Percentage Qf surface light absorbed in upper 5 n.

770 T
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. Fig. 3. Log-normal plots of species abundanpce data at each of the
.five sites. Horizontal axes show geometric classes, in
which class I=1 individual, class I1=2-3 individuals,
class I1I=4-7 individuals, class IV=8-15 individuals,
etc. Vertical axes represent cumulative percentage of
speclies falling into each of the geometric classes. Upper
two plots represent highly polluted sites, and the lower
thiree graphs represent less polluted sites. ;
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-

versus geonetric classés of individuals. According to the

-

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

-

-

distributions indicéce'hea;thy biological communities, since no

deviations from a straight line are evident. 3/

Figure 4 shows rank species abundance curves for each of the

five sites. Shaw al. (1983) suggested that polluted

et
—
conmunities are characterized by a very dominant first rank

species. This creates a very steep-curve which differs from the

relatlvelf flat distribution expected for unpollutéd sites. No -

1

decreasing trend in dominance is evident as distance from
Bridgec&gn increases, and thus there is no indication of
variation in the degree of pollution stress. Plotting the data on

a aemi-iog scale was alspo ineffective in'distinguishing the

o

éites.

The ANOVA to compare volumes of coral sampled at the 5 sites

-shows no discernible differences. Densities, however, do show

»*

several differences (Table 2). Of the 5 sites where biological
sanples were collected, the 2 sites that appear to be pobfest in

water quality (sites 1 and 4) also have the lowest total

1

densities (Table 2). : .

Figure 5 is the dendrogram produced by grohp average sorting

——

of stations using the Bray-Curtis dissimilarity matrix. At an

——
—

arbitrary similarity level of 40Z% stations A, C,J, K and L
separate on their own; while two large groupings ;re seen. The
first group‘consisfs of stations M, N, and 0. gll statioﬁs in the
second groning are from sites with superior wa;er quality (Table

1). Except for stations A and C (site 6), statjons that separate

ontheirown or fall into the first group are fromsites with

31
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"Fig. 4. Doninance plots for species abundance data at each of .
i the five sites. Horizontal axes represent ranked species.
, abundance for 25 most abundant species. Vertical ages

, represent percent abundance of each species.- Species ) -
. 1nvolved, and their relative importance may be found in -
Appendix A * ‘
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" Table

Six Men's
Greenslee
Bank Reef
'Brighcbn

‘N. Bellai

-4

2. Comparison of'mean_samplé densities bf all o;ganxsms
collected at each of the 5 sites with Tukey's
multiple comparison of means to show which densitles
are significantly different. * indicactes
'statistically different .means ({I=0. 05) and u.S.
indicates no signifieant difference.

+ Mean ' ‘Tukey's Comparison of Heans
Density. Six Green- Bank Brighton North
(#/dn3) Men's sleeves ., Reef - Bellairs
558-4 “" N.S. N-\S- * ° *
ves 531-‘0 Bl . N.S. . N.S. *
455-9 - - - NcS. N.S.
350.8 . C- - N.S.
rs 296.Q ' 'L i : -
--------------------- ﬂ——----c-‘.-—----—-—h------—_—-—_-—----
, o
+ . ' ) .
) .
Voo
R s ‘ , .
. / Q .
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5. Dendrogram showing classification of 15(stations along
the west coast of .Barbados bas;ﬁ nal densities of
34 most c¢common  species. Each sPation represents a mean
of five samples taken on a given day. Densities were
root~root transformed before comparison using group~- -
average sorting of Bray-Curtis dissimilaritdies.
corresponding to station letters are listed in -table 2.
Numbers_listed below letters correspond to sitées as
ligcted in Fig. 1.

Sites -
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podrer water quality.

Figure 6 ig_the configuration prod;ced by the MDS analysis
using a power transformation (a spline transformation did not
statistically improve the chi-square value). The fit is very
strong (X2=347.02, d.f.=27, p .00l), as is the correlation
between the MDS mapping and the actual distribution of data
points (rz-l.OO, n=45, p +«00l1). There are no tight clumps or
discontinuities visible, but therg is a general segregation of
dtations from sites 1 and 4 (both lower water quality) from those

at sites 3, 5 and 6 (all higher water quality). For clarity, the 'j

' gtations from sitesl}and 4 have been circled, and grédupings fron

the clustering have been superimposed on the MDS by outlining the

i

clustegs.obtained at a 40X similarity level.

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

-

cut-off level of F=5.00, there are 8 poiential indicator

Lpecies: Minyanthura éoraliicola, Peltidinum sp., ﬁorcellidium

trisetosum, Eisothistos teri, Gnathia rathi, Paralaophonte /

sp., Anphilochus sp. a, and Amphioscopsis sp. It is

oo ..
interesting to note that the density of all of these species is

‘lower at the polloted sites, and no indicator species increased

in density at polluted sites.

R cad g‘ !
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counpn species. Each station represents a mean of 5
samples ctaken on a given day. Densities Ajere root-root
transformed before comparison using Bray-Curtis
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Table 3. Results of F-tests to compare densities.of the 34 most
- coumon species at the highly polluted and less
polluted sites. ‘Probabilities are not given since the

test is not statiscically.tigoroqs for abundance data:

, > A=amphipod, D=decapod, €=cqpepod, I=isopod,
O=ogtracod, Trtanaid. . . -

- o o W - - —— S - - T T . = - ——— . T VB - D S S . . A WD e W T e M D Y S b wm S . . N W . ——
%‘ Family Species: ' F-value -‘Mean Mean
) - (def. 1,64) Unpoll* Poll**

Apanthuridae(I) Minyanthura corallicola -83.06 85.7 1.5

Peltidae(C) Peltidinum 8p. 21.30 20.4 2.0

Porcellidium(C) Porcellidium trisetosunm 20.45 ' 8.8 0.9

Anthuridae(1l) " " Eisothistos teri 12.74 13.3 5.4

Gnathiidae(1) _ Gnathia rathj 9.42 12.5 5.3

Laophontidae(C) Paralaophonte sp. 6.73 5.2 1.5

Anphilochidae(A) Amphilochus sp. 5.95 8.2 5.0

Diosaccidae(C) Amphioscopsis sp. 5.94 7.4 3.8

Alpheidae(D) ' Synalpheus paranqp;unus 4.52 I11.6 . 3.3

Ostracoda(0) . Undetermined 3.66 5.9 2.9

Diogaccidae(C) Anphiascus sp. 3.34 26.1 18.7

Peltidae(C) Undetermined 2.92 2.4 0.1

Sphyrapidae(T) Undetermined 1.98 ,20.6 32.5

Isaeidae(A) ?Megamphopus b. ) 1.50 397 24.5

Apseudidae(T) - Apseudomorpha sp. ' 1.44 9.7 16.3

Stenetriidae(I) Stenetrium spathulicarpus 1:26 8.1 8.9

Anthuridae(I) Chalixanthura lewisi o le21 6.3 8.0

Paratanaidae(T) ?Heterotanais sps b 1.12 8.4 6.4

Stenetriidae(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) Leucothoe sp. 0.23 3.2 1.7

Artotrigidae(C)-,, Acontophotus sp. nov. . 0.23 l.1 2.1
- Janiridae(I) Carpias minutus / 0.20 31.4 33.5

Diosaccidae(C) Undetermined sp. 0.19 11.5 10.0

Paratanaidae(T) ' <?Heterotanais sp.a 0.18 16.7 13.1

Tisbidae(C)’ ?Tisbe sp. ‘ 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

Ectinosomatidae(C) Pseudobradya sp. ‘0.08 2.1 2.4

Paratanaidae(T) ?Heterotanais sp.- ¢ 0.04 5.0 4.2

Asterocheridae(C)” Asterocheres sp. 0.01 . 14.7 25.7

Tetragonoceptidae Phyllopodopsyllus 8Sp. 0.01 5.2 3.6

*Mean density (individuala/dm3) for each species_at less polruted
sites (sites 3, 5,\and 6):

**Mean density (11dividualsldm3) for each species ‘at highly
polluted sites (sites 1 and 4). .
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\ DISCUSSION

Work on the fringing reeés of Barbados by Tomasg¢ik and Sander
(1985) has produled a powerful dac; base .for the examination of
biological réacci;n to pollution stress. fhey showed that a
lgrge pover plant and rum refinery north of Bridgetown are ‘
contributing to the e;trophication on the west coast reefs. The
effluents é oA‘these plants are likely carried\up the coast of
the is%and by a north-northwest currén; (Murray et al., 197{2
Peck, 1978), and diluted somewhat by mixiig with offshore water.
This eutrophication is further enhancéd by nutrient rich P
groundwater runoff all along the coast (Lewis, 1985), an% a large
tourist complex near Bellairs Research Institute (Tomascik gnd
Sander, 1985). Together these inputs, cre;te a g;adiént of
eutrophication along the wést coast. A general improvement in a

‘

number of water quality parameters is observed with increased

v

distan¢e from Bridgetown. The ekception fo this trend is site 4
N 1 " 4 M

,the area immediately around Bellairs Research Institute where

w )

1 4
R

several environmental parameters markedly increase in value and
indicate a reduction in water quality. Tomascikhand Sandgf,(l9§5)
found that a number of physicochemitcal and bi&logicai parameters‘
indicated high pollution levels in'this area,. and coral growth
(Tomascik and Sander, 1985) and compo;itién (Tomascik and Sanéer,
in p;ess) were-both markedly affected by eutrophication.

\ The resultslof the present study support this finding.
Concentrations of both nitrites (Fig; 2a) and phosphatg; (Fig.

2b) decreased with distance from Bridgetown as far as éicela ,

where marked increases in concentrations were seen. Light

»
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absorbance was highest at site 4, and differed from values

\
LY

obtained at adjacent sites (5 and. 3). The clearer water at these
two sites may be an important contributer to the healthier coral
communities observed by Tomascik and Sander (in press), ,since
gedihentation and cturbidity are known to have negative e%fects‘on
corals (e.g. Dodge and Vaisnys, 197f; Hudson, 1981). Finally
suspended pa;ciculate matter (Fig. 2c¢) aiso showed a decreasing
-cten&, and qéthough a marked iIncrease at site é‘is not observed,

.
the light absorbance results also suggest some gnhanced
»

‘eutrophication at this site. -

This eutrophication pattern allowed the examination of
biological response with an "interspersion of treatments", where

the two high eutrophication sites and chree lower eutrophication
«

L v

sites were geographically intermixed (Fig. l). This circumvented

the problen of'pseudoreplication (Hurlbert, 1984) and ensured

/Kwthat differences between the highly polluted and less polluted

gites coﬁld not merely be a function of geographic cline.

'The effects of nutrient enrichment and increased production
have been well documented for tropical waters (e.g. Kinsey and
Domm, 1974; Laws ;nd Redalje, 1979). Response of coral _

. 4
conuunitcties "to gutrophication hés also been shown_(elg. Saith et.
al., 1981; Walker and(Ormohd; 1982: Tomascik and Sgndeé,zl98@%

’

However, asidé from the study of Coles (1980) on the decapods

i \ B
associated with dead and living Pocillopora, little is known

. ) . o
about the effect of stress on cryptofaunal conmunities. Since
®

Johannes (1970, 1971) warned that coral ecosystems were peing

"irreparably dauaged 1in many dreas, some attention has shifted

toward coral reef conservation. However, monitoring and testing

”»

hd -
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programnes continue to be devglope& in temperate industrialised

areas (Rafaelli and Mason, 1981; Field et al.,1982; Shaw et al,,

¥983), and have not been well applied in ecunomically poerer

~

1
tropical countries.

The use of log-normal plots in detecting distirbance was

__fréquently used (e.g. Andrews and Rickard, 1980; Hicks, 1980;

'

Crenna and Bonvicini, 1980; Bonsdorff and Koivisto, 1982) before

criticism by Shaw et al. (1983) and Platt and Lambshead (1985)

~diminished its popularit}. The resul'ts of this study (Fig. 3)

further indicate that this method is not universally applicable.
Despite the fact that stress on the coral conmunity has been ,

demonstrated (Tomascik and Sander, in press), the log-normal

» ®°

plotting of macrofauna suggested that healthy cryptofaunal
communities existed all along the coast of the island. This is

‘indicated‘by the straight~line plots and the steepness of the

- ~

s}opes, both of which are characteristic of healthy communities
(Gray and Mirza,‘l979). It is unclear whether the ineffectivedess
of this methqd reflects a different response in tropical
comuunities, or merely further indicates that log-normal plotting
is a bogr means og sttéss detection. In either case, these |
results should discourage futur® investigators fro& using a
single log-normal plot to determine whether a éiven reef
connunity is under stress.
In cr1Cic£sihg log-normal analyses, Shaw 35_3&;k1983)'

«

sdggested that plotting a simﬁle dominance index may be an

effective moni%oring approach. A similar method was proposed by

Frontier (1985). However, with the présent data this me thod failed

40



. ecosysten structure and fesponse may be possible. - -

to show any differences in/ the high~stress and low-stress sites

(Fig. 4). This is not surprising given that log-normal plotting

also depends on a change in dominance, and was shown to be

\ ’
ineffective. In fact, visual inspection of the ¢oral data of

il

Tomascik and Sander (in press) indicates that dominance is also

ineffective in diagnosing stressed coral communities. This umay

‘reflest a different stress response in tropical communities,

where relative abuhdance patterns maycnoc show the same changus
characteristic of temperate ecosystems. If this is the case, an
éncifely different approach tq pollution monitoging‘ nay be
needed for tropical biologists before a general theory of

3

Perhaps the least controversial methods seen in recent .

.pollution monitoring studies are multivariate ordinations (e.g.

3

Field et al., 1982; Lambshead, 1986). Though the precise
techniques involved have varied somewhat, ordination seenms to
have gained universal acceptance.‘ln contrast to the log-normal

and dominance plotting. methods, MDS did segregate the highly

polluted stations from those that were less polluted (Fig. 6).

Though a distinct 'discontinuity was not observed, a sudden shift

in relative abundance is not necessarily expected along an

14

environnental gradient, as opposed to an environaeatal

4 -

discontinuity. .However, despite the fact that the stations fron

A}

site 3 (Low pollution) lie geographically between sites 1 and 4

L] b —
(both high pollution), they are still mapped cloSer to the low
scréss stations. This is the strongest evidence that the faunal

shifc observed‘was a function of environmental degradation and

not a geographic cline.
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- for the stations fron site 6. Station C had the lowest overall

Although the dendrogram showed a general clustering of high
pollutioa and low pollution stations, it did separate 2 of the
stations fron ;ite 6 and all 3 of the stations from site 4. The z%
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 too small
nunderically to show strong consistency. This would explain why
these 3 stations not only show little affinity with any other
éites, but also show iittlelsimilarity to each other. This
becomes evident simply by examining the relative numbers listed
in App?ndix A, which show that faunal gompositioﬁ at this site 1is
quite inconsistent. A s;;ewhat different gxplanation seems likely

. 5
density recorded at -any of the low ﬁbllution sites, and=-the Brayr
Curtis neasure is inf}uenced by density differences. Application
oéaWhitcaker's (-1952) saﬁple size-independent measure of percent
similaricty (see Kohn and Riggs, 1982) showed that this station 1is
indeed much more similar to the low pollution stations if

¥
rélgtive percentages are used instead of densities. lowever,
station A shows very strong affinities with severél o£ the high
pollution stations when cpupared using relative percenkages.
Whether this reflects some very localized disturbance is unclear,
however it is evident that this gtation had the highest densities
engountered at any site. It is unlikely that this site is
highly stressed in view of the fact that one of the of the

stations (station B of Fig. 5) showed very-strong affinities with

the less 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 1% presented later. ,
An ﬁnfortunace,disadvantage of clustering is that onge a \

station is placed in a cluster it cannot be removéd. InsppctioM’

of the original Bray-Curtis nmatrix show3 that station C (Site 6)

',showﬁﬁ.greater sinilarity to one of the stations fromsite 4 than

e
to any of the other stations. As a result, the classification

grouped them (at an similarity level of 50%), .despite the

dissimilarity station C showed with the other high-stress

stdations. ;

1

tffultidinensional scaling.hgs.che capacity to conpare all
similarities simultaneogsly, and consequenti& did not intermix
st;tion C with the highly polluced sites. Thisé flaw in clustering
:;;n }e;ult in the grouping of two stations that have seveéeral
unique, but not indicativé, specie; in contron. Tﬁis nay erlain
why the classification dendrogram grouped_étation_c (éitg 6) with

the high stress stations. Thig'problemlwas'not observed with’ -
¥

ordination.

-

It should be noted that ninor changes in the-raw data (e.g.

lumping- of congenerics) caused noticeable realignment in
dendrogran clustering. The MDS mapping, however, did not appear

to be nearly as sensitive, and produced a very similar

o

configuration unless drastic changes were made to the data. This

1 N ’

finding suggests ic would be wise to avoid'using dendrograds
without accompanying ordinations.

The best "indicator- species”" (Table 3) were all species whose
population size dropped_considerably in number from low to hfgh

pollution sites. There was a noticeable absence of any species

~
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thdat rapidly increased in'resﬁonse to'stress) Sonme species fust
have increased in relative abundance in the stressed communities,

but these were species that were already fairly abundant at low

—_

stress sites. In fact of the 8 possible indicator species, all

hl »

showed a decrease in abundardce at the high pollution stations.

This 1s a direct contradiction of the sugzestion by Ggay (1979)

) ‘ that pollutionp response is most apparent i? sﬁecies that increase
in abundance in reponse to pollution. In discussing the
poasibilities of log-normal analyses, he observed that species

»
that are intermediate in numbers in"a -healthy community will be
f .
the best indLEaCOrs of pollution because they respond quickly to
pollution by either increasing or decreasing in abundance. He

suggested that sbme of these species emplo& regfoductive &Y

-t strategles and tolerance that permits increase under
- 2

eutrophication conditions. It is interesting to note that one of

the misclassified low pollution stations would classify correctly

1f the densities of the 5 best indicator species were used as the

w

rﬁ‘ «
criteria for grouping. The second misclassified station would

classify correctly using either the best indicator species

B (Minyanthura corallicola), or 4 of the top 6 indicator species. -

Results of the comparison o{\densities show that mean density

- was lower at che‘highly polluted sites. It appears that the
& ’

‘. 1indicator species were being reduced without replacement,

particularly in view of of-the absence of high-stress indiqator'é-
species. Therefore, the species that were less inhibited by

o eutrophication (or some negative influence associated with it),

. —

may have been unable to utilize the resources no longer consunmed
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by the sqqs{tive speclegs. Alternatively, competition may not have
béén an important factor, tyereforeha reduction in the indicator
°épec&es would have had no effect on the more éopust species:If_
lictlé resource overlap exissed before pollution became

prevalent, tﬂen release of these resources by poLiution
intalerant.speciés would be of no advantage to pollution tolerant
oig;nisms. This finding is somewhat éurprisrng since it 1is cgﬁmon

in eutrophied environments to find several very abundant (and
doninant) species (e.g. Gray, 1979; Shaw et al.,1983; Grassle et
al., 1985); A possible explanation for this finding isNthat some
unaeasured toxic substancé(s)qin addition to eutrophication were
involved, or th;c tropical commudi%ieS"are in@eed very different

i their respon;e to pollution. Alternatively, thig discrefancy

maj be attributed to the fact that these studieé in&ludqd_ algae,t .
nematodes, and/or debosit feeding polychaete; that would likely
benefit most from eutrophication (Grassle et al., 1985). Coles

q

(1980) showed that two very different decapod faunas were found

in healthy and recently - killed Pocillopora ﬁeandrina,‘where

environmental perturbation had led to the death of some i{solated

-

heads. He found ‘that while some cryptofaunal specles decreased in
number as the pgrcentage/of live coral tissue decreased, a number

of species increased in number as the percentage of dead coral

increased. Therefore, there are crustacean species better adapted

than others fo deal with stress. In Barbados, however, these

Lo

species a&ﬁépfed ‘to respond to 'stress by maintaining rather than

e

increasirmg theithnumbers, and there was a notable absence of

pollution tolerant species that were able to effectively increase 3

population size under high polldtion conditions.



4 . Both log-normal plotting, and dominance indices were

1néffecti%e,and‘are 111 advised as a solitary means of tropical

o ‘b"'

v pollution detection. Classification gave reasonable resulE@,buE"

tended to be somewhat erratic, therefore ordigziibn is-highly_~l

’ recommended as part of such an analysis. Eight possible Lhdfcatar L
: S

species were found, but because a reduction in their abundance
was® the only good indication of stress, a number of replicate
¢ samples‘would be advised before making decisjions concern%ng'tﬁe

®
1

health of a Madracis mirabilis cryptofaunal community.s

LI 4

. lObvioqsly, generaiiz@cions concerning tropical ecosystenms

: cannot b¥® drawn from a single study, and studies“ﬁﬁ other ,
conmunities are 'needed. It is evident, however, that hemperate .
Eétitude monitoring schemes should not be readily gpﬁlied‘td'

\

tropical systems without thorough testing. .

IN] -
»
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L ABSTRACT

The crustacean .cryptofauna associated with two different

growth fofms of the coral Madracis nmirabilis was sanp;ed to -
establish how the physical structure of coral affects
cryptofaunal species composition. Fifteen isolacéd heads qf M.
mi&abilis'were collected from‘a fringing reef on the west coést

il

of Barbados, W.I., and 15 cores‘gﬁ the same coral were taken fronm
each of 2 large adjacent stpnds.Coraf in the isolated heads was
observed to be covered largely with live tissue, while in the

Vel

large beds only the tiﬁs were living. All motile crustacea,
AT
excluding brachyuran crabs, were removed, .identified, and
]
'analysed, Analysis of variance performed to compare total

densities. as well as densities of decapods, amphipods, 1isopods,

and copepods, revealed that isolated heads supported a higher ¢

total density and higher ‘densities of decapods and amphipods. The
abundange of large organisms in isolated heads may indicate a
difference in food availability, and therefore in localized
productivity. Further analysis of variance showed that abundance
pf all:crustacea combined was significantly higher in the
isolated heads, therefore comparisons of richness were made using
analysis of covariance which corrected for differences 1in
abundance. Species richness in decapods and amphipods was higher
. in isolated heads, but more species of 1s$pods and copepods
occurged in larger beds. It is suggested that the spatial
h;terogeneity of the dead coral base of large beds may allow
greater resource partitioning of spatial habitat in smaller
organisms such as copepods and 1isopods. Habitat heterogeneity Qay

not be as beneficial to large amphipods and ‘decapods, which may
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be too large to utilize the variety of microhabitats availagle in

dead coral. Furthermore, many of the decapods may'bé symb{bcic,

therefore requiring coral mucus for nutrition. The evenness of

all species combined was lowest in the isolated heads, possibly a

result of an "is;.and‘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 distaﬁces without leaving the protection of the

coral. This would mean more diverse habitats could be encountered

- 51

and many speciés may be able to coexist.

.

[,

2w

)




INfRODUCTION

’

T . -

Biologists have long been interested in ecological diversity
and the f;ctors that concribﬁte to it (e.g.‘Elcon, 1927;
Hut;h?nson, 1959; Connell, %978). Habitat c;mplexicy has been
proposed as one of }he nost important diversifying factors in 4
number of ecosystems, including coral reef commudlties (e.g.
Kohn, 1968; Williams et al., 1983). Coral reefs ;re considé&ed to
be among the most diverse and, complex marine ecosystems (e.g.
Grassle, 1973; Connell, 1973). A current area of interest ia
coral rreef ecology is the structure of the cryptic fauna and
dem§rsal zooplanton intimately associated with corals (é.g.
Tsuchiya et al., 1986; Naka;one et al., 1986;ngele, 1984:
Edwards and Emberton, 1980). Studies on reaf associated
zooplankton have shown habitat preference for physically
different types of substrate (e.g. Alldredge and‘King, }977;
Porter a.a Porter, 1977;. McWilliams et al., 1981), but most of
these studies have dealt with either total biomass (e.g. Pe&rot-
Clausade, 1985) or density of major taxonomic groups (e.g.
A;ldredge and King, 1977; Ohlhorsc, 1985). Aside Erom‘;helwork on
décapods by Coles (1980) and Gotelli and Abele‘(1983),nlittl;
eff;r; has bYeen directed touard relécing density changes to
spe;ies richness (number of species) and evenness (J) of
different taxononmic groups.IAs a result, the only solid
conclusion that has been drawn is that more‘physicalLy ‘complex

reef substrates (i.e. many crevices and levels) support nore

individuals Bf many taxonounic groups‘(e.g. McWilliams et al.,

1981). Coles (1980) was able to attach greater biglogical neaning

.
)

i
1
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o : to this by showing that large-symbiotic decapods doninate livin35
coral but ére‘replaced in dead cgral by a more diverse community
of small, 'non-symbiont déﬁapo&s. He suggested that the té&ﬁetion
of living tissue has an inhibitory effect on symbiont decaéods
~chal: require coral mucus as a source of nutrition, while the
spatial heterogeneity created in dead coral (through the action
of borers, invasion of sponges, etc.) may be advantageous ég
smaller decapods that may utilize the microhabitats. How growqh

" form and coral composition relate to associated demersal

’

zooplankton, however, remains unclear.

The subject of the present study is the cryptofauna associated

& -

with Madracis mirabilis (Duchassaing and Michelotti), an erect;

branching coral that grows in two structurally different fogms.
In shallow water, isolated hemispherical heads approximately 10
to 20 cm in diameter are found growing on‘coralsreef substrate.

- The branches are robust and consist Pf predominantly live tissuef

M. mirasilts may also be found in deeper water of approximately
-~ 10 m, and this growth form 1s described in chapter 1. .

; . The aJailabilicy of both of tﬂese growth forms in Barbados at
the same approximate locality and depth makes possible the
comparison of crustacean cryptofaunal communitie; in two habitat’s

- » that differ in physical structure and in degree of live tis;;e.

This may provide insight into habitat preference, and thereby

community structure as a function of h;;;apt type.
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. ~ .MATERIALS AND METHODS

e

Three sampling sites were selected along the.west coast of
B;rbados on the basis of proximity and availability of M;dracis
mi?abilis (Fig. 1). Tomascik and Sander (1985) demonstrated a
pollution gradient along the coast, and iﬂ chapter_1 of che\
present study, a difference was shown in the cryptofaunal

couposition of highly polluted and less polluted reék;. Payne's
Bay was foundjto have numerous ;;olaCed head;,Qnd is situated at
an intermediate pollutién level. For chié\reason, large
nonospecific beds in a high pollution area (Brighton) afd in a
low ;Bllution area (Bank Reef) were sampled for comparisoaniéh
the 1solated heads at Paynes Bay. These two sites were\chosen not
only because of their proxi;ity to the Paynes Bay site but'a130
because they represent extrene values.of environmental qualicj.
Of all of the sites monitored for environmepcal variables (see
chapt;r 1), Brighton had the poorest wategﬁq;ality, while the
Bank Reef site had the least nutrient loading and highest water
.

clarity. Using éamplés from both sites to represent large -bed
cryptofauna ensured that any faunal differences between the two
growth for;s could not have ‘been a function of the pollution
gradient. Each of the three sites was v%sited three times between
June (gnd October, 1985. During each vi;i; five replicate samples
were taken, producing a total of 15 sdmples~for each site.

The isolated heads at Paynes Bay were sampled by wrapping a
pol yurethane b;g tighely a;;und 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. Sampling of the
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‘3; large beds at the Brighton and Bdnk Reef sites was carried
out in ; slightly different manner. At these sites; cores of
'corallwerg taken as close in volume as possible to the iiolated
hefds sampled at Paynes Bay. A complete description af coring
- methodoloéy is found in chapter 1. Aq'all three sites, every
effort was made to sample 1 dmil of corai, the volume Clausade
(1970) found“adequafe to pbéain the majority of cryptofaunal

[d

species assoclated with a Pacific g¢oral. Howeyer, variation in

°

the depth of Madracis mirabilis beds and the diameter of the

isolated heads ‘made it impossible to maintain a constant volume,
o L \ -
. and some variation did 0CGUT..
¢

Sanples' were transported to Bellairs Research Institute for
. § |

., processing, and complete details of this procedure are found in

Chapter 1, afong with & 1ist of the taxonomic authorities who

t

assisted in identification. Voucher specimens have been deposited

with theseauthorities. Again, Brachjyuran crabs were omitted from

LS

.thgfstudy because they were numerically rate, and damhge to many
. of Ehefspegimens made identification impossible. ‘
’ "Statistical analysis '

. /

To establish whether different faunas inhabited isolated

Madracis mirabiliis heads and large M. mirabilis stands, the same
\ - .

| d ordination awd g¢lassification methods used in chapter 1 were -

» ) \ . ’

5 appliEd. Dengsity calculations, q}ecies reductions, and ,

i

- transformations necessary for clustering and multidimensional

) . sealiqg were identical to those described in chapter. The only

¢

"

difference was that species reduction rgsuljjﬁjin the retention

s . Q¢ " .
o of 36 species, rather than 33 species as in“the previous chagter.

r‘ ' I’ ' X ‘
= - ~ To determine how the sites differed in terms of species

1 ¥
-—
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composition, analyses of density and richness (species\number)
ﬁere.nécessary. Initiaily, analyses were performed on'gll taxa
dombined, but Additfonal comparisons w;re madg of isoﬁod;,

" amphipods, copepods and decapods. THis division served as a n%ans
of breaking the organisms into four'body size groupings, of which

decapods were the largest, amphipods second largest, isopods

éhird largest, and copepods smallest. For these analyses, tanaids

Y AN

were grouped with the isopods.. )

. -

To establish whether any bias in sample volume was™ present,-an
analysis of variance was performed to compare the 3 sites. A
~«§urther ANOVA was performed to compare the total fdumber of
i;dividuals (abundance) collected at each site. In both
instances; a Shapiro-Wilk, W, statistlc was uséd to te;t
no;mality and an F-max test used to test varlance homogeneity. No

violations of parametvric assumptions were found. Because-
‘différences in abundance: were foung with the ANOVA, a coréectiop
was needed for this bias before richness at the 3 sites céuid be
conpared. Therefore, analysis of covariance (ANCOVA) was

performed, in which the dependent variable (in this case

richness) was adjusted for differenges in the covariate (in this
\

-

case abundanc;). An assunption of ANCOVA 1is that the dependent

variable and covariate are linearly related, therefore .

trans f,ormed variables were used for the analyses. The best linear

‘fifs were established by taking the square root of species number
ghe loglotﬁ abundance, ANCOVA also assynes that there is no

difference in the slspes of the regresgsion lines being compared.

2

This was a problem with isopod richness, w;;fé slopes were not
. /
/

‘ \

1
!
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homogeneous. As a result, a non—statistical comparison of the
sites was necessary. It shOuid be notédﬁchat conparison of.
amphipod richness violated ghe assumption of varianceg
homogeneity, and therefore amust be treated with c?ution.

Regression analysis was used to test whether volume of coral

v

sampled could be used to statistically‘ﬂéspribe total species

. « .- ‘
number. Analyses were performed on eath site as well as on all

sites combined. . ~
‘i

The formulation used to determine evenngss was that of

N

Brillouin (1962): -
. 'l ‘.‘ -—;—-———*s—,—’-— ——————— F—-—————“ ————————
(log N!-(s-r)log c!-r(Logc+l)!}/u

where N=total number of individuals in sample, n1=iﬁd1VidualS

”’belonging to species i, s=nunber of species, c=integer portion”of
N/s, rmremainder of N/s and J-eQenness. Conposite iﬁﬁices of
diversity were not used beyond the calculdtion of evenness
because they combine information on evenness and richness: and
are difficult to interpret without an understanding of the other
two variables (Hurlbert, 1971; Pielou, 1975). It is important to
realize that analysis of diversity (H) is prob%ematic. Because
evenness (J) is so closely related to diversity, the same
problems exist in analysing evenness;~Pielou (1974) pointed out
that trying to estimate the diverslity of a large community from
smaller sanples produces an underestimate of diversity and an

* overestimate of evenness. The presént study, however, does not
attempt to estimate the svénness of all isolated heads combined

or the evenness of the entjre large bed fauna. The evenness
d

within each isolated ~head and Qithin an equivalent volume of

~
\ .
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4

o the variance under investigation is not variance ‘between
\ .

N -Qubsamples of a larger community but replicates of similar

N

communities that have been samﬁled in their entirety. Thus,

e
’

Brilloudn index is nost appropriate for the present study.

(1] " ‘ ’
Parametric statistics are inappropriate for derived variable
such as diversity and evenness (Pielou, pers..conm.). Since

correction has been nmade for differences in abundance, non-

parquetfic analysis would be deceptive. Therefore,)only mean

values are presented and the results nust be interpreted wit
| caution. ° ‘
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RESULTS

Fig. 2 shows the dendrogram producedqby group average sgorting.

At an arbitrary similarity level of 60%, two large groupings are

8éen as well as one solitary sample. All of the 14 samples in

the first grouping are from the Payne's Bay site while the 30

samples in the second grouping ére from the Brighton‘and Bank

v * *

Reef gites. Although,som; segregation of the highly polluted
Brighton and low pollution Bank Reef samples did occur (at an
arbitrary similarity level of 80%), the major faunal
discontinuity appears to be between isolated heads (Pa;ﬁé's Bay)
and la:ge flat beds (Brighton and Bank Reef). The fauna of the
isolated he;ds.does not show a strong affinity with either the

'
L g

high pollution or the low pollution sites, and nor is it
|

intermediate between the two.

The MDS plot (Fig. 3) provides the strongest evidence that a
vsry distinct faunal discontinuity exists. The fit 1is very stro;g
(X2=3512.62, d.f.=87, p<.00l) as is the correlation between the
MDS mapping and the actual distribution of data points-(rz-.98,
n=45, p<.001). Samples from Paynes Bay form a tight grouping
separate from the group ofplarge bed stations from thé Brighton
and Bank Reef sites. The groups are very distinct, and the
distance between them suggests that the Paynes Bay site has no
strong 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

sites surrounding 1it. )

Table | lists the 36 most comnmon sﬁecies and their densities

-
+
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' transformed before conparison of Bray-Curtuis

dissimilarities. Solid circles (o) represent isolated
heads at Payne's Bay, heavy open circles (o) represent P
large beds at Brighton, and tlin open circles (o) represent
large beds at the Bank Reef site. Scales of axes are
grbitrary and are therefore onmitted.
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at the 3 sites.

fean values for densities* of the 36 nost common species
encountered

S - —— - EE - —— —— -y > S —— —— —-— — D — W i — = S WYS S W e m S e W MR ek S P W e W S W b wm e hm s s M e me e om

Auphipods
Auphilochidae
Aoridae
Gannaridae
Isaeidae
Leucothoidae
Leucothoidae
Decapods
Alpheidae
Alpheidae
Hippolytidae
Hippolytidae
Hippolytidae
Undetermined
Isopods
Anthuridae
Anthuridae
Anthuridae
Gnathiidae
Janiridae(I)
Sphyraepidae
Stenetriidae
Stenetriidae
Tanaids
Apseudidae
Paratanaidae
Paratanaidae
Paratanaidae
Copepods
Artotrigidae
Asterocheridae
Asterocheridae
Diosaccidae
Diosaccidae
Diosaccidae

Tetragonoceptidae

Laophontidae
Laophontidae
Lichomoglidae
Peltidae
Tisbidae

- - —————p . - - —

(

Anphilochus sp.

Microdeutopsis spe

Maera sp.

?Megamphopus sp. .
., Leucothoe sp. '
/ Leucothoella sp.

Synalphéus paraneptunus

-‘\~Synalpheus townsendi
‘bysmata rathbunae
Thor sp. a
Undeternined a
Dec¢apod a »

Chalixanthura lewisi
Eisothistos teri
t{inyanthura corallicola

Gnathia rathi

Carpias uinutus
Undetermined
Stenetriun patulipalna
Stenetrium spathulicarp

Apseudonorpha
?Heterotanais
?Heterotanais
?Heterotanais

Sp»
Sp.
Sp.
SP»

a
b
c

Acontiphorus sp. nov.
Asterocheres. sp. nov.
Scottocheres elongatus
Amphiascus sp.
Anphioscopsis sp.
Undetermined
Phyllopodopsyllus sp.
Laophonte bulbifera?
Paralaophonte sp.
Undetermined sp. a
Peltidinum perturbatun
Tisbe sp. a.

- - ——— . . —— P - . - - - - -

*individuals/da3 of coral sampled.

68

» o
Bank Payne's grighton
Reef vdy
10.9 “8.5 2.7
0.0 713.4 0.5
0.0 44 .7 0.0
33.1 7.8 22.5
6.3 " .18.3 2.2
17.2 44 .5 5.7
15.8, 0.0 ' 6.3
0.0 16.6 . 0.5 ,
2.8 0.6 0.9,
™\ 0.9 . 8.6 0.2
0.6 8.9 0.0
"0.4 15.8 0.2
6.6 16.4 8.6
15.5 0.3 10.5
46,2 0.5 7 0.6
9.3 3.2 2.9
32.3 0.5 40.2
29.6 21.2 32.9
25.9 1.6 15.9
us 9.9 96.4 9.8
‘2.5 T 2.7 4.0
21.6 30.9 » 19.1
5.6 0.7 5.6
4.7 1.3 5.5
8.1 0.0 3.5
16.2 40.6 "43.0
2.4 8.4 2.1
28.4 9.5 20.3
7.2 2.1 1.6
12.8 1.4 14.2
6.0 2.1 5.8
3.2 4.9 4 .45
5.2 1.6 1.3
6.9 3.0 8.5
9.1 0.0 2.2
2.2 1.2 3.0

- — - S - . -



"
at the 3 sites. A number of species differ greatly 1in density,

-
”partiéulatly in comparing -isolated heads to the monospecific

beds. A complete gpecles list is given in Appendix A.
Regression analysis failed to showj jany discernible

.relationship between coral volume and fotal species number over

all sites combined (r2=0.01, 6*45, p> 6), or within the

Payne's Bay (r2=0.01, n=15, p>0.84), Bank Reef (r2=0.06, n=t5,

p»0,19), or Brighton sites (r2=0.05, n=15, p>0.43). However,

analysis of variance o6n mean total abundance showed that the

sites did differ (F=4.73, n=45, p<0.01), and the Tukey multiple

~
bRl

-

PR

\

~

4
3

A—

mean comparison showed that discernibly more individuals were

[

collected at Payne's Bay than at Brighton.

r

Mean dénsities at the three sites are illustrated in figure 4
and supmarized in Table 2. No discernible diffeFences are seen in
o;krall-mean density (Table 3), but several differences are

/yﬁparent within the taxonomic subgroups. Payne;s Bay shows a
statistically higher decapod density than either of the other two

sites, and a higher density of amphipods in comparison with

vr

yBrighCOn. The Bank reef site is highest in copepod and 1isopod

density (Table 2), but the densities are not statistically higher

r

than the Payne's Bay or Brightoh sites (Table 3). In fact, the

Payne's Bay'datg indicate that this site has significantly higher
y ,

densities (decapods and amphipods) or densities that are not
statigfically different from the highest values at the Brighton
and Bank Reef sites (isopods and copepods).

Richness shows a number of differences begtween the 3 sites

(Table 3). Payne's Bay has the lowest overall richness (Table 2),

although the difference is not significant. Of the taxononic

A2
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Table 2. Mean values for richness, evenness (J) and density in
each taxon examined. Richness has been root
and corrected for abundance differences by the ANCOVA
model, therefore valuek cannot be extrapolated beyond

% comparisons within the study-and comparisons
) ., \\iaxa are mnmeaningless. Furthermore, this

- enders the sum of rhe richness of taxonomic

- numerically unequal tof

the total.

transformed

between
correction
subgroups

- . - - e v —

Site Variable

. CTTTTmTEEEsTET T e bl S
Richness 2.25 2.08 2.24 J.05 , 5.04

Payne's Bay Evenness 0.86 0.76 0.54 0.75 0.78
Density* 0.10 0.20 0.19 0.12 0.61

Richness 1.92 1.84 2.88 3.20 5.15

Brighton Evenness 0.89 0.84 0.84 0.85 0.34
Density* 0.02 0.04 0.16 0.14 0.36

Richness ‘1.88 1.80 3.02 3.37 5.32

Bank Reef Evenness 0.83 0.81 0.31L 0.87 0.85
Density* 0.03 0.07 0.22 0.14 0.46

. A MR Y T S . W W M M A S S e e e e - W A e e e e e . W Wm S W S W e 8 e Gm e = e o

\ *Number of . individuals

per cm3 of coral sampled

70



isopod, copepod, and total crustacea richness, and
density. (x) indicates discernible differences,
(o) indficates non-discernible differences, and (-)

. indicates comparisons that could not be made as a

‘ ) result of problems with the assumptions of the

: " ANCOVA nodel. Richness, and density are shown in

the same sequence in each box. ANOVA wads used to
show density differences and ANCOVA was used to show
diffetences in richness.

- . W S e T i En M D M e W T A e W . O T S A -y W S W TR S G L ANS D TeR G s .

D S S D D L G R - - - . - S e — v " Y S A . - S e e G G WS ma N G S R N gy

. Decapods -—- X X X X
Anphipods -—- . o X £ 0
Payne's Bay Isopods ¢ m— - 0 - 0
. Copepods - 0 0 X o
Total -——— "o o o o
Decapods ' - .0 o
Anphipods Com—— » 0 0
Brighton Isopods L oo
Copepods . - . 0 O
) Total ) - o o

—— -, J_ _______ e DT R - .- - - - - - - - - . . -
Decapods . -
N t Anphipods ——
Bank Reef ' Isopods , : -
Copepods : —-——

Total
- 4
*«
> 1
P abN

[ 2

¥
2

- Table 3. Statistical differences ({I=.05) in decapod, anphipod,

e



density in each taxon examihned.

species) has been corrected for diffekences in
abundance,

therefore- comparisous between differenc

. nunber of %pecies of all taxa combined. Again the

- model has been used to correct for deferences in -

‘ abundance and the taxa are therefore non- additiv
e .
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<

subgroups,' copepods display the same trend, with-the lowest value
at *l:"ayne's Bay statistically differing from the highest valuoe at
¥the Bank }leef site. Table 2 and figure 4 sunmarize trends in
species r;.chness- The relationship between number of 1isopod
species and nunber of individuals is illustrated in figure 5. N

Over the range of abundances sampled, the number of species

present at Payne's Bay, for a Ziven abundance, consistently falls

below that observed at either of the other sites. However, with

anphipods and decapods the trend is reversed (Table 2). Values of

amphipod and decapod richness at Payne's Bay are both ’

v

statistfcally higher than those at the Bank Reef site, and

decapods are also richer in species at Pfyne's Bay than at

Brighton (Table 3).

’ )
The differences in evenness are very similar to those in

richness (Table 2). Overall evenness is lowest at Payne's Bay,

and within the subgroups, copepods, amphipods, and isopods are
all “less evenly dis:tributed at Payne's Bay compared to the other
two‘sit'es. Because evet\fness decreases with abundance (see chapter
3) these values must be inte,rprete‘d carefully. However, at
Payne's Ba'y, density of. copepods' is lowest and density of
lsopods second lowest. Despite this, Payne's Bay still shows the

lowest values for evenness. This indicates that the reduced

s C
evenness at Payne's Bay 1is not .merely a function of sampling

bias.

‘ Conmparisons between the Brighton and Bank Reef sites are not -

—rmn
-

mentioned above because within the subgroups, as well as with all
groups combined, richness and density do not show any statistical

differen"t':es between the sgites, and numerical differences in

-
"

« - . 73 .l._", ~
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B . i

. .
\\\\//
M Fige 5. Plot of square root transformed number of-isopod specles
- . versus log transformed number of individuals for each of
8 the ] sites beingPconpared. (b) represents: isolated
] heads at Payne's Bay (r2=0.42, p<.005, n=15), (a)

represents large beds at the Bank Reef site (r2=0#30,
p<.02, n=15), and (c) represents large beds at
Brighton (t2=0.61, p<.0004, n=15). ‘ -
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evennless are extremely small. 4 l'ist of raw data on evenness,

o ~ abund'ance, and richnés_s' is found 1in- Appendix B. '
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. the three sites sample&.

‘4 -

N

: - DISCUSSION . -

The faunas associated with isolated cdragwheqﬁs and large beds

of Madracis mifabpilis are markedly different. Although sone
k- h

segregation of polluted and unpolrutea samples waé dlso evident,

pp—

the separagion of the two ¢oral growth forms was much nore
distincc (Figs. 2 and 3), None of the isolated heads shqwed .

affinities with samples from either of the other sites, despite

+

the fact that the Brighton and Bank Reef sites represent extremes

. . A ;
of environmental quality. The MDS nmapping of the samples (Fig. 3)

.also showed that the Paynes Bay fauna is not intermediate Between
. . .

the faunas of the surrounding stations. Clearly, isolated M.

pirabilis heads harbour a very different cryptic fauna than large

L]
beds. Thig difference was not likely just a function of depth

s’/;}nce the known depth ranges of many of the decapods (Dardeau,

1984) and isopods (Kensley, 1984a;1984b) extend beyond that of

b .
"Nor was sampling bias likely to have

-
4

been a problem; since no'differenCES were found in chs volunes of

coral sampled at the 3 sites. The absente of any relationship

between volume (roughly equivalent.to area) and species nudber
. m h
further supports this argument. Species number is generally known

to increase with area "saupled (e.g. Coles, 1980; Gotelli and -
. e h - s “ N

Abele, 1983; Tsuchiya et al., 1986). The absence of such a

o~

r;lationshfp in the-ppes%nt study indicates that efforts to keep

1

sapple volume constant were successful, therefore the range in

"area" was not wide enough to show any relationshipa.

A number of differences were found between the résults of the

present study and those of McWillians et al.” (1981) and Alldredge

———

- and’ King (1977). In these studies’, the reltative abundance of
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isopods, tanalids and harpéct}coids was extremely low, while in

-

the present study these groups wedre far more abundants'than

B

either cyclopoi‘ds or”célanoids. This is likely a result of the
" different sampling ‘techniques used in the different studies.
’ ) !

McWilliams et al. (1981) and Alldredge and King (1977) ‘both
sanpled emerging zooplankton, while the présent s tudy- sax:u;le*d all

fauna’ living within the coral. McCloskey (1970) and Gra.ssle

-

‘ (1973) both sampled all of che coral} associated fauna, add < -

v

obtained relative proportions of organisms sinmilar to thgose found

o

in the present study.

—Because ‘of thesé differences in sanpling method, it has been

impossible to evaluate the relative numerical impartance of

different taxononie groups, and how richness, abundince, and

a - -

evenness are related to substrate. Alldredge and King (1977)

exanined several types of substrate, but thetr comparison of dead
t 4 . N *

~ 8 ~

and living coral is the most rele‘vant to the preéenc study. The <

major difference between isolated dadracis mirabilis heads and

the large fl_at: beds_ is the relatively high proportion of living,

tissue on the branches in the isolated heads. Thus, in comparing
L . . , -
the results of the pregent fétudy to"® t:ho,e{‘of"Alldredge and King

91T and Porter and Porter (1977), the isolated heads -

<

correspend to thedir "living coral” and the large flat beds with

"coral rubble". In this context, the résults are comparable. For
exanple, 'to'ual‘ gooplankton densities as.so\cia(:ed with l1ive coral
were higher than those essociatﬁed 'wich'predoninant ly non~living

coral (Table 1)."Shrimp densities showed the same érend‘, both in

o A the present study and in that of Alldredge' and King (1.977).

f
i - LY
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spatial

. ~ o a.
. \ .

. , N

Anph%god densitieg weaf also disc%&niply higher in live coral

[N

¢

) i - . g
the” present study, and although Alldredge and King (1977) dig'ndt

Q

find’q statistical difference, thesane trend yas evident. Such

. . . ~ ‘,H

elevated density 'in the isolated ("live") coral .reef cryptofauna
was likely related to locilized differences in food availability,

pafgicularly since organisms’ with a larger biomass (decapods and

L) ’

%mphipods) were nore abundant in this habitat. However, data on
i ~ rl

localized productivity and food availability woald be required to

“clarify dhié,

Elevated biomass and abundance are not necessarily
. -
indicative of high species richness. In this .case high numbers

of large individuals are iﬁvérsely proportional to community -

richnesﬁfz?}ble 3). Thé heterogeneity of dead‘koral‘has been

described by Grassle (1973) and this may explain the high overall

. -~

specieé richness #sin the dead coral studied by«égles (1980) and
the flat-beds of the present study. When coral dies, boring

orgg%isps invade "the skel2tons. Their boring action creates a

» . -

heterogeneous habitat with nany nmore crevices and contours, while

4

their mere presence dfversifies available food respurces.

Theneforeh interference conpetition for -habitat space (e.g. Bp;s

i ¥
and Jackson, 1975) and exploitative competition for.available

food (see llarcotte, 1984) may, be reduced in dead coral. This

and nutritional heterogeneity mdy allow finer resousrce
partitioning and the coexistence off more species with fewer
» " N . .
*

tpdfvidualg_per unit area. Competition may be glleviatedlas

organisms specialize to utilize these available resources.

rd

-

Coles (1980) sampled entire heads of Pocidlopora neandrina and -

found a shgfs:from large symbiont decapods in live heads to
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smaller non-symbiont décapods in dead coral heads. He guhgested

-

that dead coral offers a much more heterogeneous habitat than

§LA livﬁ coral, and will therefore support- a richer fauna which dpes
5 { R . , .
not depehd on living tissue. Even thoserspecies that.are

&

» synbiotic with Jdive coral tend to be confined to the dead; basal

I *
area rather than the more homogeneousoarea of live tissue.
. - ! ' —'-\ . v
A similar but broader interpretation nay be applied to ~the

°

%

“results of the present studyr’Decaboﬁ and amphipod species

»

richness is extremely hizh in pfedominantly iive isolated heads,

whilé isopod andlcopepod richness 1is comparatively low. Ths

<

reverse is true of largely-non-living coral in flat bads,, Where
isopod and copepod species richness is much higher than 1in the

.lsolated heads and decapod and amphipod richness much lower. & .

possible explanation for the high,specieé richness of

o

harpacticoids and isopods in large stands is. that being small,

-~ they ﬁay be able to utilize ‘the microhabitats within dead coral..
, » —-—— .

- L4 ‘ -
- Because the isolated heads offer a habitat-of” I'iving tissue with

. +

reduced microﬁafita& variability, smaller:organisﬁs would’ not

} ffna.fhe many refg&es nFcessary ;o_?aint;in higﬁ'dLvérsity. This
nay be f%fthe;,comp;undea by éoraLjpolyﬁ pr{d?cion, whiéh would
be far nore detrimen;al.to smaller organiséé than larger ones.,
Predation woﬁld intensify cémpgtition for the few av§1lable

\

microhabitats, particﬁlark? if the~pfedacion'wés non- - .

v

selective. This could gcceierate elimiﬁation of wéaker

P Eﬁmgetitorél Because of their lafge size, decapods and anmphipods

woulﬁ not be subject to predation by such small polyps. Large

size would alsorﬁrevenc amphipods and decapods ftonm gakihg
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advantage of large bed microhabitats, therefore less spatial -

resource partitioning and species packing would be possible.

Large syubiotic decapods require an abundance of living coral

tigsue, and their nutritional needs may not be met by the small

p——

proportion of living coral in the flat beds. In the isolated

heads, however, the living tissue would be beneficial to the
: , ) ‘ L : 4
o ”ymbiptic decaPods in' terms of mucus producfion by <¢he core}.

-
»

This explanation assumes ,that intense spatial competition
"’ ' ’ -
exists ‘in the isolated heads, gtherefore few refuges for ]

IR subordinate competitors has lead ‘to elimination of weaker species

‘ Y " and a reduction in species nunber (see~uarcott§; 1984). Ehe large

beds, however,' offer’ more”’ numerous and heterogeneous spatial
< refuges for smaller organisms, and therefore the coexistence of

-——
2

4

%3 more species

-

A sinilar intgrpretation may explain the observed differences

-

. in evenness. Qverall evengg§§>was lowest at the Payne's Bay site.
0f the taxononic grbups, coﬁEpods, ibphipods and isopods all

folloved this pattern. Ihe'saée-trend was not evident with

A

&ecapod evenness, which was intermediate in value at -the P@Ayne's

——

' A ] - - N F)
- ‘ Bay site. However, the very low density of decap;’k at gite

. ‘ 4 - .
- v

\ other than .Payne's Bay meant that evenness was geperally
]

calculated on anly a few 1ndividuals. It is therefore pointless

—_—
—-_—

to attach any 1mporcance to the differences obeerved. However,
-aevenness in cOpepods, ampﬁipods. isopods, and all taxa combig;d

is lower in the isolated heads thanim the large beds. A possible

N

- " L explanation for this trend in evenness is found in Pteston (1962)
rs
) and reitereted by Gotelli and Abele (1983) Because there is

spatial separation of the isolated heads, éigration between the
1] kY . il " ) . © ‘..J .

’
o . -

" .
L4 ; . - LA
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_heads might be expected'to be.vemy’low. As a result, species

within a coral hgad would reproduce without disperaal litele ~
variety of microhabitat would be available, and dominance of a
few comE\t@tively superior species %ould occur. In large, flat
beds; hoyev&r, individuals could figfate tens of metres yithout
legving‘the protection of‘the coral. They would encounter a‘fun
greater variety of microhabitats and a nuch more evenly
distrihuted community would be—cxpected. It should be nated that
Coles (1980) suggested that coral heads less thap- 1000 cmd cannot

support a ‘predictable symbiont decapod conmunity. Unpredictable

’ biologlcal comnunities are often characterized by doninance, 8D

the small size of the isolated’ heads sampled Lﬂ the prtsent study

°

may be as important as distance between colonies. Whether this

estimate may be extended beyond the decapods of Coles' studyx -
howevet, is unclear.- . i

Clearly, the two groﬁth %orme of Madra is mirabiiia support
very difterent faunas. Both coral preda ion and enyironmental .

heterogeneity may play "an important role 4n structuring these

faunas, but the reéelative. importance of each cannot be determined

fron the préseft study. Howewes*rthe difference in fauna in
4 ’

\
‘the two growth forms shows tﬁat the physical structure of the

coral suhstrate is important. Thus, coral growth form and Fhe

#

resulting habitat heterogeneity may potentially alcter the

~demersal zooplankton community. If th(s is the case, ic is {

possible that the major determinant of cryptofaunal composition-
is physical structufe rathef.than the taxondmic identity of _

the,coral.epecies alone. The most important question may -

P

- - ]
- »

oy -
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-

therefore not be "who" you are but "what" you are{i.e. the ,

pitygical heterogeneity of the coral substrate). ‘Such .a

possibility must be considered in any future study of demersal

-

zdbplankton substrate preference. .
- _ . - -
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Potential Bias in the Analysis of Diversity,
Richness and Eveilness with an Example from a
- Tropical Benthic Cryptofaunal Conmunity
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ABSTRACT °
- / ! , .
. Although warnings have appeared in the literature on problems

associated with e{aluaiing“coupositq diversity, richness and
» - ]
. -
evenness, many marine researc¢hers .continue to use these ‘

paramcters and ignore possible bias that may result from .

»

dif ferences in absolute abundance or density. .Regression analysis

a

/gpiyed a strong, statistically discernible positive relationship(

et ween numﬁeq’of individuals sampled and species richness and a

K

N ,
strong negative relationship between number of individuals

sanpled and evenness. By comparing the results qptained from an
. Y M

analysis that did not correct for differances in abundance to ‘an

. ——

analysis that did correct (using analysis of covariance), the .

seriousness of the problem is demonstrated. A theoretical
- N

expianation is provided to clarify why this is so and provide an ’
. S .

intuitive understanding of why greater discretion 1s néeded.

A
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INTRODUCTION -
_— .
Ia" 1971, Stuart Hurlbert;published a paper that should hawe

—

ended the use of compbsite indices of diversity in cdmmunity

. 3 .
analyses. He pointed odq that composite indices, such as those
s ’ é

preposed by SHannon dnd_wéamer (1963), Margalef (1958) and
MacArthur and Wilson (1967), are Anfluenced by both specles
richness fnmmber of species\collected from a community) and R

species"evenness (distribution of individuals émong species), and

t

cannot be interpreted withouwt an understanding of both of thése

variaRles. .In proposing an alternative approach ;o'zhalysis of

i - .~

. comnunity structure , he also criticised richness and evenness on

the grounds that richness increases and evenness decreases with
. ° . ! , . -

. A \

abundance (nunmber of individuals sampled), and may give spurious

results when communities%with differént numbers of «individuals

dre'conpared. Further criticisc and warnings have gcone from other
- ' '- . . \

sources (e.g. 'Goodman, 1975;_Pielou, 1977; Frontler, 1985).

2N

Despite this, marine ecolbgiscs continue to use diversity'indices~

indis¢rinminantly, and publications of analyses of bomposite .

.
»

- ) \ 4
diversity, richness, and/or evenness in varine comnmunities remain

~ommon (e.g. Tsuchiya et al., 1986; Swartz et al., 1986; Ansari

(4

t al., 1986; Morin et al., °1985; Stoner and Lewis, 1985) ,
In short, Hurlbert's warning has gone unheeded.,
Some studies necessarily employ unequal sampling effort (e.g.
- . ” “ 4 t

Coles, 1980). Almost every.study will sample different nunbers of

individuals in comparing quadrats, habiCacs,:or_sites.

‘Differences~ in abundance are bioLogigaPly,impormaqt,and nust be

. .\‘ ~ 4 & -~
considered. However, differences in '‘both sampling effort and

89 ’ -
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N nunbefs of individuals collected can bias calpuiations of

richness and evenness, and division b§ total area or total

individuals céllected ig not a suitable correction. Although the

results pﬁd #ntetprecatidns:of the studie; listed above nay be*
. correct, anélysi; with corfection for any possible sampling bias
would be required to determine this. To illustrate cﬁis point,
the present study uses the commu;ity anaiyses commonly enployed

3

in marfne work and compares it-with the corrected gnalysis'uéed

v
5 .

-Xn_chapter 2. By demonstrating tﬁgt Chg analyses produce

[ -

© ", different ;esults; and offering an intuitive explanation of why

_tﬁis is so, it is poésible to deponstrate how misleading these

/ '

parameters can be 1if abused.
.2 '

'
o

: S . x 90



“methods at 3 sites along:the west qoast of Barbddos, W.T. The

~

MATERIALS AND METHODS
A“complete description of the sahplidﬁ sites and methodology

is found in chapter 2. For the purposes of this chapter it:.is

sufficient to understand that Madracis mirabilis coral samples qf

r

aﬁproxinately the same volume were collected using similar,

4

purpose of the collections (see Chapter 2) was to demonstrate
whftﬁer the different growth formg at the sites influenced
comnunity‘strucgure of associatad crustaceans. The. present

chapter is merely’a reanaiysis of the data presented there, and

wt

represents an exanple of the analyses used in many recent
. [

gtudies.

3
P

Analysis of variance (ANOVA) was performe& to compare
. 7

abundance, species richness, and species evenness. Lnitially the

crustacean fauna was treated as a single taxon. Subsequent ANOVAs

‘were calculated to compare isopods, copepods, decapods, and .

amphipods at che three sites. This provided a convenient neans of
' .

dividing the organisms ‘into 4 size groupings of which decapods

-;were the largest,'amphipods second largesc, isopods third

larges%, agd copepods smallest.'

>

For each of ' these. tests,” normality of the raw data was tested

using the Shapiro-Wilk, W, statistic and an F-max test (Zar,

-

g 1
1984) was used to examine homogeneity of variance. Violations of
. ' ‘ .

paramettic analyses were found with richness and evenness,

neither of which was normally distributed. Attenmpts to norualize

these variables, using the cransformations suggested by Sokal and

-

‘Roh1lf (1981) were unsuccessful. As 2 result,; it was necessary to

’

a
»
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?

I T nt v - ~

convertubhe'data-to ranks and normalize using‘Blom's (1958)

o s

nethod. The assunption® of parametric analysis were then net, and
analysis of variance was perforqu( The means of wariables that

were found to be statistically different wifh ANOVA.were then.

-

tested hsing a Tukey nmulctiple comparieon test (SAS Institute
Inc., 1982) to determiné which of Che sites differed. It should

be nOCed chat the results obtained using the ranked data showed

- >

the same differences between sites as the unranked data,,buc~had

the advantage of also meeting’ the assudptions of pafametric .

~

- . ~

analysis.

» T

Richness and 'evenness were also compared using ahalysis of *

-

! covartance (ANCOVA) in which abundance was introduced as a
\\ \covariate. Lhis allowed correccion for’ differences in, abundance
that existed between the sites. A more detailed exﬁlanetion‘of

ANCOVA is given in'chaper 2. It.is critical to realize that both

ANOVA and ANCOVA are parametric tests, and are therefore

inappropriate for analysis of evenness' (Pielou, pers. comm.).

» v * ) ) , )
They are therefore used only to.illustrate how differénces in

—

ecological interpretation way '‘arise if no correction is made-for

' abundance differences, . ‘ . o B
’ i, .

Firther ANOVA was performed to codpare volumes of coral

sampled at the three sites. No violarions of parametric analyses

-

4

vere found using the Shapiro-Wilk ‘and F-nax tests. Although #

e

s;gnificant differences were found among Hean volumes sampled,
some standardization;oé qpeefes nu?ber_wae;deeded'to correct for
the minor differences in‘yoluﬁe of doral\edllec:ed. Species
richness was therefore calculated By diViding the euégef of

. /A ' . A3
species by the volume of coral sampled.- This reduced species.

- -~

a -
. - *
? ¥ 9 2 3
. .




o ) number to a common unit (dpecies/cm3). The formulation used to.

8 - . . - ~
determine evenness was that of Pielou (1966%): ° t

~ - ‘v J'- —'ZPi 1°g‘ pi /log 8 ":

v . - .
,

o . where pysproportion of toc&irindividuals-belonging to speciles i,

! B - a ?
- s=number of species,*and JLevénnessr—AIonugh this index .is less

appropriate for the present "data than¥Brillogin®s index (see
= “chapter- 2), .Pielou's index is much more commonly seen in current

. . stuiieSs(where»it isfofcqn equally inappropriate). Since the

+ ' purpose of this comparison is to examiné.current methods of

\— .analysis, the more common index of Riglou was chosen. Conposite
’ N . g . ‘A *

2

N -

“ indices of diversity were not used for reasons yhich will be

~ \
¢ f

clarified latér.. . -

. ’ To dembnstEaCE how abundance. of. individu&ls is related to

-

a

’ "richness and evenness, regression analyses'were performed in

and richness were independedtly regressed agaiﬁst

¥ ’
'

which evenness

- - e

abﬁndance»‘&o eliminate pfoblems-oﬁ,yariance'heteroscedasticicy,

-

a~square rooty transformation of richness was regressed on.log|g
. W : ,

v

i 4

<«
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evenneéss, and abundanc

Table 1 lists mean values of richness,

A

. for each taxon examined. Table 2 illustrates how the biased.

v

'analysés (ANOVA) compare to the unbiased analyses (ANCOVA)\

Conparisons of richness or even’ess that changed in
acceptance or rejedtion of the null hypothesis that there were no
diffefencgs.among neans are circled (note that 6 comparisons.were

pbﬁ possible using ANGOVA because of failure to meet certain.

Ay

~assunptions of the model). In total, '3 of 24 possible conparisons

became:;tatistiéaliy different when bias was eliﬁinated,‘and 1 of

Al
-—

+

‘24 conparisons became statistically iddiscernible. All of the

L4 ’ R A f -
“ - o

.differences are confined to comparisons with Payne's Bay, which

”
>

was the "igsolated head" site of chapter 2. Thus; ;hese 4 changes

-
i

+: . » were all within the 14 most critical compérisons of the previous

chaptbr, since tgey were confined to coméirispns of'pgdldiffetent
Jgfowth fdfés a*d q;c Just two differentbgit;s; ‘ ; e
“A nunber df‘séatisficallylsignificant differenceé are also
seen in mean abundance (Table 2), and this is probably a - result
of?Qensity differ:nces as, shown in Tabie 2 of Chapter 2. The nost

important resulty however, is that 3 of the 4 changes found in

richness or Eyenness correSpond,to_discernible differences in

~

mean abundance. The only bhangé that does not'corréspond to:an

abundanég difference is also the only comparison that bBéecame non-

» i

discernible as a re{?it of”bihs removal. Therefé&e,'all 3uof the

.‘ﬁ— . mean values 6?—riehnes@ and evenness that became scatisticaiiy

roa
N B . -
.3

- " different once blas was removed correspond to comparisons in

. o
f N -
- , - . -
N '

- which nmean abundance was also statistically discernible.

< . . oL d t
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Table 1. Mean values for‘richness*,

-
»

3

v

evenness and abundance** in each

taxon examined at each of the sites sappled.

Each wean

is based on 15 replicate samples‘

Site ) Variabl Decapods Anphipods Isopods Copepods Total

-7 _ Richness : 0.025' ~ 0.018 '0.019° 0.033 _ 0.098
Payne's: Bay Evenness 0.849  .0:765 . 0.559 0.806 0.784

. . 'Abundance 27.9 - 58.9 49.9 /32.2 168.9

- ~ Richness 0.609 0.013 0.033  0.043 0.098
Brighton Evenness 0.900 0.842 * 0.841 0.845 0.844
Abundance 5.2 9.5 ., 39.4 32.6 86.9

Kt e e = .'q_...._'.-.._.T ________________ L ______________________
” ,Richness - 0.011 0,013 0.039 0.049 0,113

Bank Reef Evenness 0.804 0.820 0.809 0.868 0.852
Abundance 8.§ 18.2 ' 58.5 36°.9 122.4

e, e, e, ————— e e . - ——— o m an . " —— i - . - - — =

*Richnegs refers to number of speqieg,ﬁet cm” of coral sampled.
**Abundance refers to number of individuals per sample without
correction for minor differences in volume of coral sampled,

O

Bey
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Table 2. Discernible differences (I =.05) in decapod, anmphipod,

: isopod, copepod, and total crystacea richness, -
evenness and abundance. x ind{tates statistically )
discernible differences, and o indicates nnon-
discernible differences. - indicates that comparison
could not be made due to problems with ANCOVA
assumptions. Richness, evenness and abundance are
shown in the dame sequence in each box. Circled
letters are those that have changed in acceptance or

’ rejection 'using bifased ANOVA in comparison with the - -
unbiased analyses (ANCOVA). Note that parametric analysis
of evenness is problematic, and is presented here merely
to illustrate how misleading comparison of evennes’s can
be 1if no ¢torrection for abundance differences is made.

Decapods . —e- @- x X - x
+ rAmphipods - 0 0 x ©o x

Payne's .Bay Isopods -—- - = o0 - -o0

Copepods . -—- -0 0 O X 0o o

, Total - -—— o® o o x

—————— nh-—-————-—-——-——————--\-—T—-n-———i‘———-p—-q————-n-:--n———-—--—--n-——----l"

Decapods ‘ == .0 - 0o

- Amphipods - 00 o0
Brighton Isopods. : - -—— - - o0 -
) , Copepods ‘ . T - 0 0 O
, Total B -—- o 0 o

. Decapods ! ‘ ) -—-

Amphipods ' ——

*Bank Reef Isopods . ' . -—

’ ) Copepods . -

Total ° -——

_____________ mm e S e et
» ¢ )
. -
- E— o-
,
]
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“

ANOVA indicécad that the 'vblumes of coral collected were not

statistically different at

the 3 sites (F=2.15, n=45, p>0.13).

‘Linear regression asalysis showed a posic(ive relationship

(r2=0.61, p<.0001, u=45) between\rfchness add abundance (Fig. 1)

and a negative relationship (r2=0.26, p<.0002, n=45) ‘between

N

evenness and abundance (Fig. 2).

(=2

Cait



eFig.

T

l«. Plot of root transformed species numher (richness) versus
log)o transformed abundance. Samples fgom all 3 sites
were combined for the analysis. The regression is

significane (r2=0.61, p<.0001,. n=45).

-~

-

N}

7

.
N
.
.
C
o]
c
5
s
<
~
]
.
o 'i
»
*
- -
)
43 A d
¢
et \
.
.
-
L
- v
» -

' |

i “4

‘ A



t

vSpecies Number,

- > o ®
N N o

@
o)

2.4

1
250 . v
Log, § Number of Individuals

" oA



) ! . ' ) ¢ ~
] -
g -
" '
]
[ . . ~ . ‘ 3
- oy
- . ' . ‘
- \ f”'-' > ' i
qd ‘ : .
A {
) . '
f 14 i ' . ® .
A - ~ _ ]
/ - -
* - o]
Fig. 2. Plot of root transformed evenness versus root-root '
. . transforned abundance. Samples from all 3 sites were
. combined for the analysis. The regression is
statistically significant (r2=0.26, p<.0002, n=45). ..
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.DISCUSSION s
Two objects may be be most easily compared if each can be
represented by a single descriptive number. This is probably why

compoiite indices of diversity have achieved such tremgndous

popularity, and are now conmonplace in marine ecological
" [

literature. Unfortuypnately, conmposite indices are just that - a
composite of evenness and.richness. Figure 3 is a 3-dimensional

representation of the relationship between a composite diversity
&« ' : . [ T
index, species richness, and evenness. The relationship resenbles

" the Eopography of one—eighth of a sphere. All communities will

PESEENS s

'lie somewhere on the outer surface of the partial sphére, and - \_

2 -

will therefore correspond to some combination of values of

~

richness, evenness and -composite diversity. Communities X apd Y
both have similar values of a composite index of diversity,
however X 1is “much more species rich. Community Y, because it 1is

‘located further back on~the surface of.the partial sphere,-is

R

pore evénly distributed. It is apparent that compuﬁigi-x has many*
- species, but many.of them are rare. Numerous rare species

correspond to low community evenness, therefore it is possible to

have two communities with identical composiﬁe diversity values

but very different community s$tructure. ﬁésear%hers have
attempted to circumvent this by includiné values of richness
and/or eveqne;s,lwfthout considering possible sample‘bias in
;heir measure. The analysis in the present study shows that

richness and evenness' are bfased; i" the aim of this discussion

is to explain why.'

-

Problems with richness and'ébenness may arise not enly when

comparing bhmpyee collected with different sampling effért, but
. . [
i 100




N

; 1

Fig. 3. Theoretical relationship between composite diversity,
richness, and evenness for biological communities. The
figure \represents 1/8 of a sphere, which is turned
.8lightly into the page. All communities will 1lie
somewhere on the surface of the sphere, and maxinunm

) values for the 3 variables will occur at the front K
right corner .0of the cube (For.exanple Noah's Ark would
have had this value since 211 species were supposedly

° present and represented by exactly two individuals). .
Minimum values (0 or abiotic) will occur in the front
lower left corner. ‘ . N
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\ . .
also when the numbers of individuals.in the samples are very

diﬁfenent.'Because'the volune of coral collected in the present
! [ 4

study did not differ between.the sites, the inconsistent results

° . i Y

caqnof be the product of biased sampling effort., However, the
&‘l

effect of number of individuals collectéd is evident. Total

abundance was stétistically‘ﬁiéher at Payne's Ba& than at the
.Bank reef site, afid this was also the only compar’iso'n of total
taxa that produced different'fesults in riqhness and evenness
after correction for bias. A dimilar §ituation was seen wtth
dqcéphdsf where abundance at the Bank Reef'and Brighton sites was

statistically lower than at Payne's Bay. A further findinyg that

. <

supports the importance of- abundance differences is the absence

N -

of change in c0pepod evenness or richness after correction of

& .
bias. The" abundance of copepoﬂs was not ‘discernably different at

the 3 sites and this taxon did not show changes in 'richness or

[

evenness cauparisons between sites after correction for abundance

-
’

differences.

i

Why such a correction is needed 1is most easlly explained using
a comparison of two very differenc communities. Flgure 4 is a

theoretical plot of two conmmunities that differ in richness and

-

evenqess. The forms of the curves are identical to :he
Tarqfaction curves proposed by Sanders (1968). The distributions

represént extreme examples, and most communities will lie

sonewhere between .the two lines. All communities will confb:m_

to these curves In some way, aIthough precise distribution may

differ between. communities. In fact rarefaction curves have been

#

proposed as a'possibleualternattve to diversity indices’

»

(Simberloff, 1978), and the analysis suggested by ggrlbeit (%971)
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Fig. 4. Theoretical plot of two comnunities
B number will increase with number of

Numerical values placed on the axes
. scales though the choice of numbers
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showing how spdcies ~

individuals gampled.
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* 18 a modified version'mf the tefhnlquei It is easy to .appreciate
that coilegting more'individmaAS'from a commumity will éemerate
more épecies. ﬁ6weve$3 as the more common spegies are all
collecc;d,lretmnn in mpecies per unit effprg becomes less and

less since many individuals must be collected before any new

species are—added. ’

Cdmmunity k has nore spemies than community Y* when the sanples
cgnt;in equiyalent numbefs of inddvidmals. Community X is also
nore evenly distributed than Y, since fewer individuals (about
125°'in this example)need to be sampledto include most species

“(point XB along the curve for communi&y X){ With community Y, on
. . / - . .

the other hand, many uore individual§ (250) must be collected

-

before most species are included (point YC).
B{/examining'spécies richngms oy evenness at-amy equivalent

numbgz mf individuals (at A for example), a meaningful éampanison

can be~made between the communities. However, if-the.numbers of

individuals in the samples being compared ate very different,

misleading results may occur. Fo; example, if the number of

- . individualb collected in a sample from community X falls on

-

-~ point XC (250 individuals) and community Y sample falls on’ point
YA (50 individuals), then the,researche; would incorrectly

conclude that community'X is less evenly distributed. This would
e - . ” “” -
beso'becgdge a nimber of rare spécies would be included in

d sample X, whereas most of the species in thé sample from

comnunity Y would be ver§ common. Aitérnacivély, if sample X was

)

sampled atpointXA(SOindividuals5andcommupityY’atyointYC

‘ e (250 itfdividualsi, more species wou}'d'be. attributed to community
N . —

Y (31 sgeci'es' as omposed to 22). 1f an attempcéwas made coA

| -
v
B \ -
P

= L 104 _ .,



- Y
‘numbers of individuals increase. Evenness is calculated by

correct for numbrer of .individuals by calcylating number of
species per unit number of lndiyiduals, further problems would be °

encounter;d. For example, sanples XA and XC from the sanme
comnunity might producé v;ny different resuICS,‘uigﬁfsamble Xc
appearing less “species rich" (.164 species/individual) than
éample XA (.440 ipecies/individual). Table 3 summariz s how these

’

community descriptors vary &ith nupnber of indiQiduls sampled. The
main point, however,ais that samples w1th different numbers of
individuals may give rise to erroneous 1nterpretationb if Ao
correctionlis enployed.

Obyiously, differences Ii_denﬁit; (individgfls per unig volune
or area) ma& be of g;eat interest peT se./A study of communigy
strﬁééufe~th;t‘correéts for density differences thhout
comsideringfwhy the differences exist will not 1ike1y Qp6{uce a

clear explanation of what ecological mechanisms are at work.

Richness, evenness, and density are all‘intimatqu related, and

must be considered together in understanding how communicies\.

differ, But if one is a direct mathematlcal function of the

4

other, as\will be the case when bias is not removed, then liccle
] . { 1

is gaiﬁed by E}ooking at any of’ chem: N

|
The regressions shown in figures | and 2 further illustrate
the problem. Both richness and evenness .are closely’reléted to
abundance, with richhess increasing and evenness decreasing as
. ‘ -~
dividing a comszi;e indéx of divergity (") by maximum possiblea

value for the same number of species (ﬂgaxl--ﬂs shown iti Plelou

e,
’

£1977);/H;ax is equivélent to logjg of gpécies.humbet.;Thﬁrefore,‘

105, ] .
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! Table 3. Example of haw species richness and evenness change as a
" «° —function of  number of individuals. Values are taken from

- ’ the theoretical plot shown in Fig. 4. J' refers to
Pielou's' {ndex " (see page 92) and J refers to Brillouin's
index (see pagé 63)

Community Number of -Number of species/ - rarej 1 . It P
o lndividuatd, wpectes | indlv  spectes o Jaax _____ Untn) __ Unexdain)
50 . 9 0.180 sqne noderate 1.00 0.35 (0.32) 0.65 (0.68)

Y 150 20 "0.133 more low 1.00 0.25 (0.23) 0.75 (0.77)

250 32 0.128 nany very low 1.00 0.23 (0.21) 0.27 (0.79)
T e 0.440  few high = 1.00 0.63 (0.61)  0.36 (0.39)
X 150 37 0.246 sone moderate 1.00 0.39 (0.36) 0.61 (0.64)

250 41 0.164 many low 1.00 0.24 (0.25) 0.76 (0.75)

e —— - —— . = — — — — ———— —— T — - ——— ——— - - —— . - .
- — S - = Yy - i e e = M . e . o e e . = - A G i - e M e . — R e s T et S e o
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as species mumber in samples from the same community increases,

i

calculated evenness for that community will generally decrease.

I
This is_b&ologically meaningful if similar abundances are being

' compared, but if sanples with very different abundances are being

examnined, analysis of richness and evenness may really be a -

reexanination of abundance in a different fornm.
’ 1

If the communities in Fig. 2 plotted as a straight line, then

. 1 -
evenness would not change as sample size increased. Such a plot
a o

is unlikely, however, since all communities possess at least a

few rare species. Thus, although maximunWpossible evenness at any
\ g .
point along the curve is very close t& 1, this value wili usually

e —
only be attained very close to the base of the curve. Hinimal
evenness, however, necessarily decreases as number of individuals

increases since more and nmore rare species will be included. In

s

comparing the two theoretical communities X and Y (Table 32,
community X will alwa&s have more species than conmunity Y at an
equivalent number of individuals. Because X contains more

species, ninimal posgiblé evenness will be numerically larger in

-

X than ;nY The range of maximum and minimum evenness will be

- —

N
less for community X, sinfce minimun evenness £ts nuch lower in Y

(except a} very large numbers of individuals, where t he .

difference becomes much less pronounced)., In Fig. 4, it is

possible that with 50 individuals, community Y may be found to be
. w - ‘

. - .
more evenly distributed than community x. However, in view of the
overall shapes of the curves, such samples  -would not be

representative of the communities and obtaining such a result

would therefore be improbable. Thus, it is conceivable that

evenness could be higher in'a sample from Y, but this would be

o
.
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the exception rather than the rule.
e

Researchers select sanple size either by logistic constraints

or by finding a siﬁ?le size (volume or area) that will include

P
"most species". In some instances it is impossible to take

samples large enough to include most&species in the entire
comuunity (e.g. organisms found in isolated or discréte habitats
such as coral heads, commupities distjibuped over a vast area

such as pelagic fish or zooplankton). A researcher seldom can
sanple in such a manner that most species will be incluhed'at alll ‘
sites (at least not consistently so) while maintaining a gonstant
sanpling effort: Seasonal and spatial variation may further
conplicate this. Obviously any ;E;ber_of factors can result in

9 '

comparisons that need correetion for bias, but few studies

-,

consider this.

In nost instances rare species are of less interest than

species that are common oOr intermediate in abundance. From the

~

e

explanation above, however, it is apparent that rare species may

-

strongly influence richness and evenness. One method of avoiding

this problem is the covaraince analysis shown in chapter 2. This .-.
/\
is similar toatechnique used byGotell#landAbele(1983)in

[

lookiné at effects of area on species richness. Note that similar
[ .

problems can arise with species-area relationships if corrections

are not made for abundance differences. Hurlbért (1971) proposed

-

a method based on expected number of species (E(s)) which is

similar to rarefaction, as.explained by Simberloff (1978). All of

\

these méthods can be used to get around the problen of abundance

and density differences; and allow a very useful description of

¢
i
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community structure in terms of richness. Problems with analysis

of evenness are less easily resolved, and therefore ecological

interpretation of evenness remalns somewhat subjective when

[

density differences exist. Richness and evenness are among the

most interesting and enlightening concepts'in community ecologyﬂ

4

but their potential in describing and interpreting cbmmunity

patterns will only be realized if they are used with discretion.’

o

(// et )
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Appendix. A: A list of all sgecies collected, and the nunmnber of
. . - ’ individua?é taken at” each site. :
. _ A
s Sites
Family . Species - 1 2 3 4 5 6
. "
(Amphipods) : ' ",
Anphilochidae- Ampliilochus sp. a 8 39 40 28 27 31
Anphilochidae Amphilochus sp. b 8 ° 3 2 6 "1 5-
Aoridae Microdeutopsis sp. ° 2 370 "0 1 1 2
Cerotidae Undetermined sp. 0 1 0 0 0 1
Colomastigidae Colomastix sp. 7 12 . 2 2 2 4
Isaeidae . ?Megamphopus sp.’ 86 41 138 90 203 153
Leucothoidae Leucothoe sp. 7 71 25 4 -2 15
. Leucothoidae Leucothoélla sp. 24 188 65 48 43 25
Leucothoidae Leucothoides sp. o-—— 0. 0. "3 0 0
Phoxocephalidae Phoxocephalus sp. 0 0 1 5 0 2
Cammaridae - Maera sp. 0 157 0. 1 0 3
Undetesrmined Amphipod a - 0 1 0. 0 1 o
Undetermined Amphipod ' b 1 0 0 0 i} 0
Undetermined Amphipod ¢ - 0. 1] 0 0 0 1
(Decapods) . :
-Alpheidae - Alpheopsis sp. 2 3 0 2 2 0
Alpleidae " Alpheus amplyonyx 0 0 .0 3 \o 0
Alpheidae Alpheus cristulifrons 2 20 2 5 0 1
Alpheidae Alpheus formosus 1 12 6 4 2 6
Alpheidae Synalpheus brevifrons o 5 0 0 0o 0
Alpheidae, Synalpheus obtusifrons 0 17 7 2 .1 3
Alpheidae "Synalpheus pandionis 3 6 0 6 0 4
Alpheidae Synalpheus paraneptunus 25 0 74 i 1 39
Alpheidae -Synalpheus sanctithomae 0 11 0 0 0 0.

]

1
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Appendix A (comt.): A list of all species collected, and” the number of. -
individuals taken at each site. '

L S D G0 D o G S P D T S S T D S R S i - — U WA R A N D D M W . G e - -

. Sites
Family -~ Species - L -1 2 3 4 5 6 .
. _ . : :
(Decapods cont.) ; \ -
Alpheidae Synalpheus townsendt 2 81 0 4 0 1
Alpheidae’ Undetermined  sp. - 1 5 4 4 9 2,
Gnathbphyllidae Gnathophyllum sp. 2 0 0 .0 . 1 0
Hippolytidae Lysmata rathbunae 4 3 12 15 5 3 -
Hippolytidae Thor sp. a 0 638 b 6 3 2
Hippolytidae Thor sp. b. 1 31 4 4 3 0
‘Hippolytidae Undetermined a 0 34 2 1 0 >
Hippolytridae Undetermined b 0 .3 0 0 T2 0
Palaemonidae. | Brachycarpus biungiculus 5 5 1 . 8 \ 2
Palaemonidae Neopondites sp. ] . 0 0 0 1 0 )
Palaemonidae Periclimenaeus schmidti? O 7 -0 0 2 1
Palaemonidae Periclimenaeus sp. a . 1 9 0 1 1 1
Palaeuonidae Periclimenaeus sp. b 0 2 ] 0 0 1
Palaemonidae Periclimenes americanus? 0 Y 0] 2 1 0
Undetermined Becapod a 1 58 2 2 6 10
Undetermined Decapod b 0 1 0 0 0 0
‘Undetermined "Decapod ¢ 0 8 0 0 0 0
Undetermined Decapod d 0o 0 0 o - 1 0
Undetermined Decapod e 0 0 2 0 0 1]
(Euphausiid) S,
Undetermined ~Euphausiid a . -l 0 0 0 0 0
(Mysids) . ) S . .
Mysidae Heterouysis dispar? 0 2 1 - 2 0 1
Mysidae Heteromysis formosa? 4 0 0 . 0 2 0
’ 0 0 1 4+ 0 0 0

\

W

Undetermined Mysid a
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Appendix A (cont.): A list of all species collected,  and the number of
‘ individuals taken at each site.' '

- — —— ——— — - —— —— —— T ————— —— —— - —— o — —— ——— - — A — " — - —— i —— — — ——— ———

Family Species - 1 2 3 4 5 6
"(0stracods) - . . , - -
Undetermined _Ostracod a. - - 14 46 17 6 27 58

\ . & . v - - ,

: " Nebalia sp. - 9 0 1 0 0
(ILsopods) ) . , .
Anthuridae Chalixanthuta lewisi 30 44 284 27 22 . 51
Anthuridae . Eisothigtosg teri - - -39 1 55 1 43 46
Anthuridae Minyanthura corallicola 2 2 198 9 545 206
Anthuridae "Undetermined 'sp. 0 0 1 0 0 0
Apanthuridae Apanthura.-sp. =~ . .0 0 1 7 1 3
Apanthuridae Mesanthura paucidens S0 1 0 0 1A 0
Apanthuridae Mesanthura pulchra 0 3 2 -1 0 4
Cirolanidae Cirolana minuta . 3 3 3 0 8 4
Cryptoniscid lar¥a . 0 1 0 1 1 1.
Gnathiidae Gnathia rathi 11 12 38 27 57 102
Janiridae - Carpias minutus 147 3 125 108 152 126
Joeropsidae Joeropsis personatus -0 0 16 0 0 0
Stenetriidae Stenetriun patulipalma 49 7 102 217 43 56
Stenetriidae ° Stenetrium spathulicarpus 32 0 0 0 0 0
Undetermined ~Isopod a R 0 0 0 0 2 0 .
.Undetermined. Isopod b ) T 0 - 2 0 1 0 1
Undetermined Isopod ¢ 0 0 0 - 1 0 0
Undetermined Isopod d \ 0 1 2 1 0 0
Undetermined Isopod e 1 —0 0 0 1 2
Undetermined Isoped f 0 0 0 0o - 2. 3
-
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{' Appendix . A (cont.): A list of all species collected, ,and the number of -

! individuals taken at each site. \
I - ottt e e e o e e s e e e e
. Sites 3 ,
Family Species - 1 2 3 4 5 6
" (Tanaids) T : - g
N Apseudidae .-Apseudonorpha sp. - 1l .67 109 83 32
. . | Cycloapseudes indecorus? 0 9 0 0) 0 0
-t ' Paratanaidae .- ?Heterotanais sp. a . 74 133 99 25 .57 47
R - Paratanaidae ?Heterotanais sp. b (/A 21 4 23 26 52 46
I Paratanaidae "?Heterotanais sp. ¢ ‘21 5 21 11 26 6
"Paratanaidae ?Heterotanais sp. d .0 0 (o I 1 0 0
Paratanaidae Leptochelia savigni . 0 2 - 0" 0 o -0
Paratanaidae Tanaid a ] 0 0o -. 0 1 o 2
| Sphyrapidae Undetermined LT 146 70 120- 118 74 121
= (Caprellid) . ' o
" Undetermined ° Caprellid a - 0 2. 2 0 3 10
(Cumacean) ~ « -, - : .
Undetermined Cumacean a ' ' 1 4 .1 21 0
y . (Copepods) , o :
. . Artotrigidae -~ Acontiphorus sp. ' nov.. Il 0 31 4 24 11
’ Asterocheridae Asterocheres sp. ’ 146 179 70 32 59 197
Asterocheridae Scottocheres elongatus -7 43 ‘ﬁﬁ 5 4 6
. - Pteropontius sp. nov. . 0 4 7 0 0 2
: , Diosaccidae. Anphiascus -paracaudespinosis 74 33 120 69 127 61
! ) .~ - Diosaccidae . Amphioscopsis sp. 6 11 28 24 37 18
] . Diosaccidae - Undetermined Sp.- 55 5 52 22 57 10
i -
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Kppendix A (cont.}: A list -of all species collected, and the nunbei of

- ——— o — —————— T — Y —— —— ——— — ——————— ——_— — — " ——— ———— ——— i " - —— i - — M —=e & e

,individuals taken at each site.

Copeppd

»

. . ¢
. Sites
Family S?ecies 1 2 3. 4 5 6
(Copepods cont.) . .
Ectinosomatidae Pseudobradya sp.’ 18 20 13 29 14 3
Ectinosomatidae Undetermined sp. 12 11 4 3 7 13
Ectinosomatidae Undetermined sp. - 6 6 9 4 5° 6
.Laophontidae Laophonte bulbifera? 13 8 14 5 6 9
Laophontidae Paralaophonte adriatic? 4 8 23: 7 23 16
Laophontidae Phyllopodopsyllus sp. 20 10 ZQ\ 6 24 13
Lichomoglidae Undetermined sp.'b 3 0 0 2 1 11
Lichonoglidae Undetermined sp. ¢ 0 1 .5 0 6 0
Peltidae Pertidinum perturbatum 9 0 -29 7 131 26
Peltidae Undetermined sp.: . | 10 11 6 58 31
Porcellidium Porcellidiud trisetosum 1 9 11 0 9 32
Siphonostomatoid Undetermined sp. | 2 3 0 0 6 0
Tetragonoceptidae Undetermined sp. a: 2 6 5 3 4 3
Thalestridae Dactylopusia platysoma 0 0 1 0 2 0\
Thaléstridae Phyllothalestris mysis? 0 1 0 1 0 0
" Tisbidae’ . Tisbe sp. a -, 12 "7 8~ 20 12 9
Tisbidae ?Tisbe speo b : 10 12 14 10 21 15
Undetermined Copepod a 2 1 12 4 11 1
Undetermined Copepod b 2 1 -3 3 S - 2
Undetermined Copepod ¢ 0 0 1 0 0 0
Undetermined Copepod d - 2 1 4 2 5 1
Undetermined e 11 18 0 0 0 0
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Appendix A (cont.): A list of a1108pecies collected, and the number of !
. ' indivijduals taken at each site. )

: \ Sites

. Family Species 1 2 3 4 5 6
- (Copepods cont. ) . . ’ ) D

Undetermined -Copepod f 0 4 3 1 2 "9

Undetermined Copepod g 1 1 1 3 4 4

Undetermined Copepod h 0 6 0 0 0 0

Undetermined " Copepod 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 Copepod 1 1 11 2 2 1 0

- Undetermined, Copepod m 2 7 o 1 3 0

Undetermined Copepod n 3 1. 1 ] 1 0

. ’ Undetermined Copepod o 0 0 0 2 1 0

- - Undetermined Copepod .p 0 0 0 0 2 0

: Undetermined Copepod q 2 0 1 6 0 1]

v Undetermined Copepod r 0 0 1 0 0 0

! Undetermined Copepod s 1 0 ‘0 0 0 )

Undetermined Copepod ¢t 1 o <0 1 13 0

Undetermined Copepod u 0 0 0 0 1 0

Undetermined Copepod v 0 0 0 0 5 0

Undetermined Copepod w . 0 0 0 1 0 R )

o
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Appendix B: Values of H, Hpay, J,:’%taf individuals,

" and species count for the 3 sites examined in Chapter 2.
Site: Sample Species H ~  Hmax J - Number of
' Number Number - individuals

--———-——-—-——-———-————-s-————-.————_-_—_———————

(All taxa combined)

Bank Reef oL__ . 31 1.131 1.344 0.842 148
Bank Reef 02 28 0.988 . 1.299 0.761 132 )
Bank Reef 03 .29  1.052 1.335- 0.788 169
Bank Reef - 04 (24 - 1:032 1.271 0.812 168
Bank Reef 05 24 1.028 1.203 0.855 87
‘Bank Reef . 06 24  1.041 1.,106° 0.94) 45
Bank Reef 07 23 - 0.973 1.118 ~0.870 . 52
Bank Reef 08 22 1.002 1.172 0.855. 83
Bank Reef 09 30 1.108 1.316. 0.842 126
Bank Reef 10 34 1.160 1.377 0.842 ' 155
Bank Reef . 11 32 1.243 1.349 0.921 ° 143
Bank Reef 12 34 1.162 1.327 0,876 101 -

. Bank Reef 13 - 30 1.092. 1.405 0.791 .103
Bank Reef 14 33 1.213 1.394 0.870° 198
. Bank Reef 15 .« 33, l.166 1.333 o0.862 133 F
Payne's Bay 01 . 22 0.822 1.225 0.671 140
Payne's Bay 62, 10* 0.757 1.824 0.919 31

- Payne's Bay 03, 43 1.077° 1.515 0.711 284 -

. Payne's Bay 04 19 0.782 1.138 0.687 92 .
. Payne's Bay 05 26 1.105 1.277 0.865 133 -

*  Payne's Bay 06 . 32  0.898 1.431 0.628 383
Payne's Bay <07 . 27 1,024 1.217 0.841 75
Payne's Bay 08 32 0.949 1.385 0.685 203
Payne's Bay 09 - 21 0.981 1.188 0.826 111 0

\ Payne's Bay 10 31 1.092 1.345 0.812 150
- Payne's Bay 11 200 0.888 1.178 0.754 117
Payhe's Bay = 12 38 1.204 1.453 0.829 225
Payne's Bay 13 37 1.207. 1.368 6.882 ° 115
Payne's Bay 14 20 0.908 1.113 0.816 65
Payne's Bay . 15 42 1.202 1.540 0.781 440
Brighton ‘ool 25 0.817 '1.238 0.660 104
\Brighton 02 28 1.107 1.214 0.912 . 70,
Brighton 03 24 § 0.720 1.242 0.580 122
Brighton © 04 26  1.049 1.243 -0.844 99

Brighton ~ 05 "23  .1.064 1.159 0.918 - 67 -
Brighton 06 + 23. 0.981 1.115° 0.880 51 .
Brighton 07 28" 1.121 1.288 0.870 120
Brighton 08 36 1.122 1.395 0.804 1564 -
Brighton 09 12 0.755 0.844 0.895 25
Brighton . 10 21 1,015 1.248 0.813 52
Brighton 11 29 1.100 1.288. 0.854 109-
Brighton 12 ‘27 . 1.133 1.276 0.888 120
Brighton 13 © . 25 1.057 1.2046 0.878 79

°‘ Brighton 14 13 0.802. 0.970 0.827 58
Brighton 15 .16 0.948 1.051 . 0.902 67

*Outlier omitted from ANCOVA .
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Appendix B (cont.): Values of H, “nax, J, total-
.individuals and species count, for the 3 sites _examined in
Chapter 2.

D —— A — D A D D D -y D D D . —— W T WD D WD R e S WD ey WD G G D ML T S D WA TS S YH Y D R mm e e m My e A e e

Site Sample Species H Hpax J Number of
NunberNumber : individuals
.(Isopods) ’
Bank Reef 01 11 0,773 0.930 0.831 67
Bank Reef 02 12 . 0.616 0.976 - 0.631 83 ’
+_ Bank Reef 03 - - 10- 0.675 0.910° 0.742 81
Bank Reef, 04 9 0.717 0.889 0.807 109
Bank Reef 05 ' 10 0.749 0.829 0.903 33 B
Bank Reef' 06 ~ ~ 5 ,0.504 0,518 0.973 12
. Bank Reef 07 ° 10 0.676 0.787. 0.859 33
Bank Reef 08 6 0.564 0.689 0.819 42
Bank Reef 09, 10 0,661 0.879 -0.752 54
Bank Reef 10 14 - 0.705 1.018 0.693 74
Bank Reef 11 8 0.724 0.804 0.900. 54 ! o>
Bank Reef 12 13 . 0.768°- 0.936 0.821 43
Bank Reef 13 9 0.648 0,847 "0.765 56 .
Bank Reef 14 1t 0.742 0.930 0.798 67
Bank Reef 15 13-  0.808 0.987  0.819 69 ;
Payne 's Bay 01 3 0.123 0.430 0.286 35
Payne's Bay 02- 2 0.121 0.221 0.548 7 .o
Payne's Bay 03 9 0.496 0.901- 0.550 142 N
Payne's Bay 04 6 0.298 0.625 0.477 - 55
Payne's Bay 05 3 0.167 0.4l 0.406 22 :
Payne's Bay 06 6 0.534° 0.668 0.799 32 .
Payne's Bay 07 7 0.423 0.715 0.592 31 .
Payne's Bay 08 6 0.289 0.726 0.398 88 .
Payne's Bay 09 4 0.412 0.540 0.763 - 39
Payne's Bay 10 4 0.229 0.543 0.422 41
. Payne's Bay 11 , 3 0.268 ‘0.435' 0.616 . 4l
Payne's Bay 12 8 0.427 0.799 0.534. 50
—~- Payne's Bay 13 1 6  0.425 0.651 0.653 26
_Payne's Bay 14 1 0.000 0.000 . 22
. Payne's Bay 15 | 8, 0.449 70.845 0.531 113
Brighton 01 9 0.471 0.868 0.543 76 )
Brighton .02 9 0.691 0.766 0.902 25
‘Brighton 03 ! 0.561 0.766 0.732 " 34 )
Brighton 04 ) 0.573 0.671 0.854 33
Brighton ds- .+ .9 0.742 0.815 0.910 39 -
Brighton 06 9 0.655 0.794 0.825 32
Brighton © 07 10 0.743 '0.877 0.847 53 v
Brighton 08 11 0.749 0.927 0.808 65 . ‘
_Brighton 09 3 0.373 0.386 .0.966 14 C
Brighten . 10 6 0.576 0.622 0.926 19 ) -
Brighton | S S 10, M0.721 0.864 0.834 - 46
“Brighton 12 ¢ 9 0.701 0,828 0.847 44
Brighton 13 . - 11 0.783 '0.909 .0.861 53
Brighton 14 5 . 0.512 0.608 0.842 32
Brighton . 15 5 .-0.503 0.592 0.850 25
D e AN WP W ER WD emb b - - - - - - O W A W - S S YD WD WES VR WD AR W T S D e W W W B wm v - - - ap
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Appendix B'(cont.):—Valuks of ﬁ, Hpax, J, total

o ' tndividuals and species ‘count for the 3 sites examined in
Chapter 2. N
Site Sample Species H Hmax @ J Number of
Number Nunmber individuals-

. - W - D - - D S P S M VD WP WD D A S = W P wh D W W S WS v P EE A G WS S T S wE WD W S WD W —— " B S w v o = - -

(Anphipods) :
0.336 0.432 0.778 37

Bank Reef 01

Bank Reef 02 0.309 0.406 0.761 20
Bank Reef 03 0.396 - 0.538 0.736 37
) . Bank Reef 04 0.000 0.000 . 1
‘ Bank.Reef 05 0.296 10.410 0.722, 21
. Bank Reef 06 0.365 \0.464 0.787 12
Bank Reef 07° 0.232 (0.33% 0.699 7
Bank Reef 08 0.349 '0.369 0.946 11
Bank Reef 09 0.280 0.417 0.671 25
Bank Reef — 10 0.362 0.417 0.868 25

Bank ‘Reef 11 0.447 0.562 0.795 18 A
Bank Reef 12 0.259 0.259 1.000 3
Bank Reef 13 0.402 0.480- 0.838 15
Bank Reef 14 0.368 0.381 0.966 13
. Bank Reef 15 0.329 0.422 0.780 28

. Payne's Bay 01 0.284 0.563 0.504 71 .-
—_— Payne's Bay 02 0.404 0.468 0.863 13
Payne's Bayy 03 0.483 0.716 0.675 49
Payne's Bay 04 0.140 .0.200 0.700 5
Payne's Bay 05 0.569 0.606 0.939 31
Payne's- Bay 06 0.317 0.755 0.420 239
Payne's Bay 07 0.296 0.326 0.908 6
) Payne's Bay 08 ’ 0.431 0.635 0.679 @ 52
: - Payne's Bay 09 0.307 0.427 0.719 32
Payihde's Bay 10 0.602 0.754 0.798 51
Payne's Bay . 11 0.440 0.634 0.694 51

‘0.697 0.732 0.952 101
0.691 0.779 0.887 27
0.552 0.592 0.932 15
0.609 0.803 0.758 139

Payne's Bay 12
. Payne's Bay 13
Payne's Bay 14
Payne's Bay 15

[N
.—o—-ubNNNmunubb-L\w\;c»\oa\ur\lu\.nuouuw\A&\»uw»umuwuu&\uw;\uw

Brighton ‘01 0.306 0.369 0.829 11
Brighton 02 0.366 0.425 0.86! 8
‘' Brighton 03 0.356 0.356 1.000 5
Brightan 04 - (0.403 0.425 0.948 8
Brighton | 05 0.278 0.344 0.808 8
Brighton . 06 0.159 0.159 1.000 3
s Brighton 07 0.264 04422 0.626 28
» Brighton 08 0.576 0.686 0.840 17
Brighton 09 0.151 0.151 1.000 2
_Brighton ° 10 0.106 0.233 0.455 9
, Brighton 11 " 0,189 0.221 0.855 7 t
’ . Brighton 12 0.440 V.451 0.976 11
o Brighton 13 0.232 0.332 0.699 1
. . Bfighton - 14 0.000 0.000 . - 14
: Brighton 15 0.000 0.000 - . 4 ,
someseesee= """"""."""‘E“"’“""/‘,“'"""".’ “““““  Sntntnd bt
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Appendix B (cont.): Values of H, Hp,x, J,

individuals and species count for the 3 sites examined in
Chapter 2.

't
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Site Sample Species H Hmax J Number of
Number Number individuals
(Decapods) ' S
Bank Reef 01 4 0.375 0.443 0.847 7
Bank Reef ° 02 ¢3 0.259 0.259 1.000 3
Bank Reef 03 6 0.311 0.676 0.460 35
Bank Reef 04 2 0.151 'B.i51 1.000 2
Bank Reef 05 o3 0.270 0.270 1.000 4
Bank Reef. 06 4 - 0.356 0.356 1.000 5
Bank Reef 07 1 0.000 0.000 1
Bank Reef 08 3 0.260 0.295 0.881 5
Bank Reef 09 2- 0.159 0.159 1.000 K}
Bank Reef 10 6 0.461 0.626 0.736 20
Bank Reef 11 4 0.381 0.425 0.896 8
Bank Reef 12 2 0.121 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 0.881
Payne's Bay 0l 8 0.690 0.759 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 05 8 0.735 0.794 0.926 47
Payne's Bay 06 . .-nend “0.731 0.914 0.800 56
Payne's Bay 07 4 0.418 0.506 0.826 10 ,
Payne's Bay 08 9 V.762 U.838 0.909 29
Payne's Bay 09 7 0.567 0.631 0.899 14
Payne's Bay 10 11 0.771 0.912 0.845 43
Payne's Bay 11l 3 0.361 0.451 0.800 11
Payne's Bay 12 8 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 135 9 0.626 0.95Ft 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 0.000 0.000 . 4
Brighton - 04 ) 02317 0.608 0.521 32 ’
Brighton 05 . 2 0.151 0.15F 1.000 2
Brighton 06 1 0.000 0.000 1
Brighton 07 3 ., 0.295 0.295 1.000 5
Brighton 08 6 0.518 0.536 0.966 10
Brighton 09 0 0.000 0.000 0
Brightin 10. 2 0.159 0.159 1.000 3
Brighton 1 1 0.000 0.000 1
Brighton 12 2 0.140 0.200 0.700 5
Brighton 13 _ 0 0.0000 0.000 . 10
Brightotr= 14 0 . 0.000 0.000 . . 0
Brighton 15 0 0.000 0.000 - ,. 0
 — \0
‘ . 121
o -
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Appendix B (cont.): Values of H, Hpay, J, total
' individuals and species count for the 3 sites examined in
Chapter 2. -
Site Sample Species H Hpax J Number of .
Number Number individuals
(Copepods% -
Bank Ree 01 13 0.722 0.918 0.786 37 ,
Bank Reef 02 10 0.717 0.797 0.900 26
Bank Reef" 03 9 0.641 0.701 0.914 16
Bank Reef_; 04 12 0.782 0.941 (.831 56
'‘Bank Reef 05 8 0.483 0,749 0.645 29
Bank Regef 06 11 0.709 0.739 0.959 16
‘.- Bank Reef 07 9 0.636 0.636 1.000 , 11
" Bank Reef 08 10 0.629 0.792 0.794 25
Bank Reef - 09 15 0.835 0.983. 0.849 " ' 44
Bank Reef 10 11 0.788 0.867 0.909 36
Bank Reef 11 15 . 0.937 1.023 0.916 63
Bank Reef 12 16 0.858 © 1.013 0.847 48
Bank Reef 13 16 0.8p5 "0.932 0.917 .29
Bank Reef 14 16 0.906 1.076 0.842 87
S Bank Reef 15 . 14 0.849 0.912 0,931 31
Payne's Bay Ol 6 0.518 0.536 0.966 10
Payne's Bay 02 _ "1  70.000 0.000 0.000 1
Payne's Bay 03 16 0.746 0.057 0.706 72
\ Payne's Bay 04 6 ‘0.448 0.536 0.836 10
Payne's Bay 05 © 10 0.495 0.829 0.597  33.° .
Payne's Bay 06 9 0.655 . 0.847 0.773 56 - .
Payne's- Bay 07 12 -0.754 0.856 0.881 28
Payne's Bay 08 3 0.368 0.766 0.480 34
Payne's Bay ' 09 7 0.540 Q.698 0.774 28
Payne's Bay 10 8 0.612 0.667w-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
Payne's Bay 13 - 12 0.759 0.856 0.887 28
Payne's Bay 14 4 0.366 0.425 0.861 8
.Payne's Bay 15 16 0.804 1.088 0.739 99
Brighton 01 9 0.647 0.661 0.979 13°
Brighton 02 9 0.639 0.781 0.818 28 |
Brighton - 03 11 0.289 0.942 0.307 79
Brighton 04 11 0.739 - 0.823 0.898 26,
Brighton 05™ 9 0.682 0.728 0.937 18
Brighton - 06 11 0.716 0.727 0.985 15
Brighton 07 12 0.796 0.885 0.899 34
Brighton 08 11 "0.567 0.922 .0.61S5 62
Brighton _ 09 7 0.551 «0.,551 1.000." 9
Brighton 10 11 0.745 0,795 0.937 21
Brighton 11 16 0.783 1.026 0.763 55
o ) Brighton 12 12 0.779 0.950 0.820 60
Brighton 13 11 0.729 0.772 0.944 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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