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ABS 'l'I-<J-\C 'T 

The sclepotiniaa coral distributions on two fringing 

reefs (Geoffrey Bay and Cockle Bay) of Magnetic IsZand 

were surveye~ using a line tr2nsect method. 

The community structures are discussed ~n relation 

to prevailing environmentaZ conditions. 

surveyed J the Cockle Bay rBef is less exposed and more 

heavily sed-imentec. than ·the Geoffrey Bay reef. 

The communi-ties aj~e d'ivided into "zones ll on the 

i 

evi2(:n;ee of pr:!2"Cen·to..ge C01"0.2- cover'., numbel' of spec~es per 

tra.'!see t> co lony size ~ Shannon and rl e a Vel' di 1.)e 2<8 i t y 1: nd·f, ce s 

and numerical cZassification of transects. The species 

composition and dominant species of each zone reflect the 

environmental conditions. 

:?he reZat~Zve se?)erity or the env·ironment 1.-n Cockle 

Bay is reflected in a smaZZer number of species and 

Zower values of the Shannon and Wecvar divG?sity indicBD~ 

·than ay-::; found h'i the C;eoffY'ey Ba.y co!mnuni.ty. 

The community structupcs and ~onation patterns of 

these Magnetic Island reefs are discU2sed and ~Qmpa~2d 

.with Uwse of oi;J,e1? high island f2'inf~·inq reefe . .It 

appears that Magnetic IuZand ree;Q exhibit features 

typ'Z:ca l or fl'ingingpee f8 -:.:n ve ru she Z te }'(3 d and 8 e c,'-i.me n tr? d 
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1 INTFODUC'i'ION 

1.1 AIMS OF PRESENT STUDY 

A line transect survey of the scleratinian coral 

distributions of two fringing reefs of Magnetic Island 

was undertal~en. From this survey t:he community· 

structures could be described and discussed in relation 

Two particular reefs wen:: 

chosen (Geoffrey Bay and Cockle Bay) to enable 

comparisons of two cOlrnnunities with different prcvaiJ.ing 

environmental conditions. 

1. 2 'THE STUDY J\REA 

Maqnetic Island is situateJ in Cleveland Bay approx-

imately Skm oif Townsville (Fig. 1). Cleveland Bay is 

shallow with a maximum depth of 12.5m off the south-east 

si~e of Magnetic Island, and 4.25m b2tween Cockle Day 

reef and the mainland. 

Magnetic h;l.and of· the "IIiS;h j\'iaii"llanc. Isl.:md rr 

type (Hopley, 1970) I being composed of granitic rocks 

similar ·to th·ose of i.·.he local mainland coast. Most of 

the Island I s llU:1k~r0\.1S bays h(lv(-:? :L"J. ';'oging coral roofs. 

The most conspl.cuOUS of these are Cockle Bay reef on the 

mainJ.~nd si~e of the island (south-west side) and 

reefs of G8oi~h:ey Dz.y and CocL '.0 :8ay '.'l,:o;'re chosen for "c.his 

st::udy as t\,.'O reefs \-;hielL miqht 1)2 expected to SL-tOI'7 

di f leJ:ent COFIFl'.::ni t.y s truct ures in respoil se ."to their 

diffe:;-:(':;r"l L:. c::nvi :con,:,(.~nt.u.l conch tions. 

i3ot.h bays hr:iVU t:YJ:.d.Cd.L fringi.nC] coral bull".:. pI at.fyons 



FIGURE 1 

Map of Cleveland Dav showing positions of Geoffrey Bay 

and Cockle Bay 
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backfilled with sand and coral debris. The IIfront rOGf 

ens8JTlble 'l (using thc~ spatial classification of Pichon, 

1972, 1973) of the seaward slope and crest, extends from 

o to 9m in Geoffrey Bay and 0 to 4rn in Cockle Bay (taken 

from thA Om tidal datem). The "epircef ensemble" of "c~he 

reef flat extends 150Ll lanchla::-d of the cresoL in Geoffrey 

Bay c.nd 200m in Cockle Bay. The lanCi.\<Jard fringe of th(~ 

sand flat areas are a sandy bluff in Geof~rey Bay and a 

mangrove fringe in Cockle Bay. There is no development 

of a boat channel or la.goon (back reef ensemble) in 

either bay. 

1.2.2 Environmental Factors 

Temperatu.l·~ 

3 

Data for surface sea wa~er temperatures for Cleveland 

Bay are given by Kenny (1974). Off the Townsville Harbour 

brea}zl<lat.er there is an anr:n .. lal variation fyom 20
0 

Jco "3° ..) . 
Collins (Ph.D. thesis, unpublished) found an annual 

surface temperature variation from 18° to 31° in Nelly 

Bay, Magnetic Island (adjacent to Geoffrey Bay). 

Reef flat arcus are likely to show a greater 

variation of sea water temperature than the rest of 

Cleveland Bay, bui: 1,0 data "3.5 ci.vailablo £01: this. 

Salinitv --.-------:--

Grigg (1972) gives data for annual surface salinity 

variation at onG station in open water in Cleveland Bay 

(range from 27.1 ~(oo t.O 38(/00). Collins (Ph.D. thesi3, 

unpublio~llec1) m·easurecl exce::J'cicnal extreme values of 

11 %0 1:-.0 36 (;00 in Nel J.y Bay. There are SJ11211 creeks 

empty.i.n9 into bo th N<211y Say o.nd Geoffn:-;y Day 1 whic~l 

cont~~ibute to rcd"lction of saJ.:i.nit:y on the reef flacf:; 

during heavy cyclonic· or post-cyclonic rains. 



'\\]inc1s and Swell 

Hind strength and di~ection dRtCl, are recorded at the 

Cape Cleveland and Townsville Airport weather stations 

(Bureau of Meteor:ology r Commo nvle a 1 th Government f Depart­

ment of SCience). Unfortunately no data are available 

for Magnetic Island itself which is affected by both a 

land breeze effect and the prevailing sea trade winds. 

Directional wind-roses for data from Cape Cleveland and 

Townsville Airport are given in Figure 2. 

At most times there is a steady swell entering 

Cleveland Bay from the east-nor-th-eas't, built up by the 

north-east to south-east winds shown in the Cape 

Cleveland wind-roses. This prevailing swell appears to 

be refracted along the dept·.h con·tours on the south-east 

side of Nagnetic Island, and enters Geoffrey Bay and 

Nelly Bay from the south-east, ~o that tile swell front 

is often parallel to the reef edges. 

The south-west side of Magnetic Island is probably 

more a.ffected by the north and north-west, land breezes 

shown in the Townsville Air~ort wind-roses. However, 

the fetch fo:'C build un of a north-westerlv 8\1e11 between 
~ -

the mainland and Cockle Bay reef (south-west side of 

~1agnetic Island) is only about Skm. This compares witl1 

a fetch of about lOOkm betvleen t.he GreCl.t Ba:n:ier Reef 

and Cleveland Bay from an easterly direction. 

The ~eoffrey Bay reef can tter8fore be considered 

as more exposed to the effects of swell than the 

relatively sheltered Cockle Bay reef. 

Tides 

The tidal regime 111 Cleveland Bay is semidiurnal 

with diurnal inequality (Easton, 1910), with two high 

tides and low tides in each 24h 50m period. Spring tides 

and neap tides alternats regularly. During spring tide 

4 



cIGURE 2 

Directional wind-roses for Townsville Airport and 

Cape Cleveland weather st~tions, re?resenting 

percQn~age frequencies of wind recordings from 

ei~ht compass points (at 9.00 a.m. and" 3.00 p.m.) 

Dra"ln from data supplied by the Bur.eau of Me teorology, 

Melbourne to the Department of Geography, James Cook 

UnLI;Ters i-i:y • 
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peJ:-i0ds t11e rnelln tidaJ_ ra11ge is 2. 5rrl ([Jepartment ()f

!1al~b~)llrS and £/larine, Q"lleensland, 1976) ~ During neap

tide periods the mean range i~ O.8m~ As a consequence

of ·t11e tidal range ·the reef flat areas of both Geoffre~l..
and Cock:le Ba~ls are exposed for a few I-lours dail~i during

spring tide periods, but_not during. neap tide periods.

Secliments_...--_........._--
Cleveland Bay has a sandy mud bottom composed of

sand material eroded a~ound headlands (especially Cape

Cleveland) I silt and clay brought down by major rivers

including~ the Bur.~de}cin River; and locally sanie large

particle size, carbonate deposits from reef areas

(A. Belperio, Geology Department, James Cook University,

personal communication.)

Sn1ith (1974) p~"ovides data for Geoffrey' and l\Jelly

Bay reef sediments. However, no data for Cockle Bay is

given. To enable comparisons of the sediment conditions

in Geoffre:l Bay \-J'i th t.hose in CocJcle Bay, sedirl1ent

samples from those areas were collected for analysis

(Sec,tion 2. 6) .

1. + 2 • 3 Other studies orl ~1a.gnetic Island r"2{;:f

area~s

Dtlri11g the last fifteell ye2.rs t11ere ha\re been fears

'tha·t i.:he fri11gillg reefs of r~1agl1etic Islalld were becoming

acl\7erseJ..y affected b JT silt. Bro\vrt (1972) slJ.ggesi:ed that

dj~edging Sl)oil durnped ill Cleveland Bay by tIle Tov.Jnsvil1e

11arbour Board f s ,tessel ltrl~o\vrls"Tillel1 1va's settling on !nain.--

larld b~8{:.tclles flnd 1.J1 the bays arc>und I~lag11etic Island ~

J3rO~vJ1 s'ta"tes tIl. a t:. blanJ~etin,g by d.redge Sfjoi 1 \vas causing

rnass mortali ty of coral colonios to the J2xtent that

be-t"oleen. 1961 and ].972' "more ·tttaJl 60Z, C":()12..1 ,deetth U 11ad

occurred. This'was disputed by various authorities

i~1cl uc1 ill.g t:11c 1J.'()t'lll S \7iIIe I-Iar})our Boa rt] ((fo\vn S'/iIIe 1-1 a~JJol1 r

BOGra report, 1973) ~



The r~efs of Nc~gne·tic Isl&nd have been and ClH': b'2ing 

used c..~ a study by varioi..ls reef worb:~rs including: Smith 

(1974), sediment distribution; Collins (unpublished), 

biology of corals; Isdale (unpubJ.ished) ( growth of 

POY'i "[;es i and Yamaguchi (unpublished); pop,-11a tion dynamics 

of corals. 

1.3 HEVIEW OF ECOLOGICAL REEF S'l'UDY I·1E'l'lIODOl..OGY 

1.3.1 Early studies 

Stoddart (1969) has reviewed ecologica], reef studies 

published up to that date. l't is clea:c that both the 

survey methods used and ·the ~-vayi':~ in \'lhich c0ITlIi11.:mit.ies 

ha'Je been described vary greatly from author to author. 

Many studies have been en·tirely ql1alitat.ive, involv-

ing no quantitative survey. \'~hen such surveys ha'\/8 been 

done at all, a huge variety of sampling strategies have 

been used. Un·til fai.rly recently quadrat. sarnpliJ~g bas 

been the most~ conunO:1 ffio:,·thoQ used t.o aetr:'rmine the 

abundanc~ a,le' dis·tribution of 
') 

. d';:: 1 c t.:. (u}· lC-~7 varJ_C J.rom .•.. >]ll L> Je I j - r 

corals. Quadra'l: sizes have 
2 

to 930m 

(Hiatt, 1957, at Arno Atoll, Ma~shall Islands) and so~c 
r have even chi.:lnged their quaCi.rat sizes f:L'oIn ree:r 

to reef or from biotope to biotope (see Scheer, in press, 

iC'llQ Picholl, in pre::>s). j"?urt~'l";:(,Tliore t.he:; data :cecar-ued in 

quadl'at.s, and th2 ways in \-;hic11 c~3t.irr,a.l8f3 elf cover or 

abund~nce are m2de, vary from study to study. Data 

recorded has included: ?erccntage areas covered by corals, 

numlx~r of sfk;cies or seDer a of corals p(~r quadrat r numb2r 

of colonies of ench species per quad~at, qualitative 

estimates of aLund~nce Rccor~ing to predetermined sca12s r 

and growth fonns (Stoddart; 1969). 

been u:-:-;ed to csti:lii2.te cover und a.buncLll'ce of cordls has 

been to draw a sketch of their distrj,bution within a 

quadrat as seen in plan. 



be calculated and the_nwilier of colonies counted. 

method was used by Manton (1935) and Aba (1937). 

'I'his 

The manner in ;,·;hich zonation patterns from qualitat-­

ive and quantitative studies have been described also 

varies greatly. Some authors have used geomorphological 

terms (including Lewis, 1968) and others describe Hzones" 

on the-basis of their most dominant genus or species 

(including 1"7ells: 1957). 11 Zones!! are often d8scribed as 

reef areas, but the ecological value or significance of 

these is rarely given. FurthermoJ:-e -they are too often 

identified and named afV,-;y tbeir most abundant species r 

and that particular species may be present or abundant 

only locally. 

The total lack of standardization of survey method 

and inconsisJccncies in terminology have mean-t 1:ha-t many 

zonation patterns described are extremely individual and 

are specific to one area only. This has made ~omparison 

of different studies and generalizations about reef 

zonation extremely difficult. 

8 

'The line transect met_hod is becoming coniIflonly used Eor 

coral con~unity surveys (Loya & Slobodkin, 1971; Loya, 

1972; Porter, 1974; Done, 1977; and others, including 

tho prosen t study). 1'tH:! method enables s-!:andal'di zation 

of technique in different studies and has practj.cal 

a.dvan tage::: over quad_cut mct.hoJ.s" 

Such a mcth0d is b2sed on principles first used in 

plly tosociology (SCh(3e1-:' ( in press) . It is explained in 

de tai 1 by LOY2 (19'/ 2 I 2nd,. ll1 pn~ss) and the procedun~s 

he cl8scri.bos 2l re no'tl accepted for mOB t line t-ransec~.: 

s -tuc1ic ~~ . 

Tn 8 pro jectc~d leaqU1 0 C 8c.ch colony on a line or tape 



laid along a depth contour parallel to the shore, is 

meas'.lred. From this a percentL~ge cover and number of 

colonies of each species can be taken. As Loya (1972) 

points out, ambiguities arise when measuring corals with 

different growth forms in this way. The projected length 

of a branching species will have a different meaning to 

that of a massive colony. Therefore this method does 

not give any indication of biomass or amount of calcium 

carbonate; it merely indicates the proportion of space 

occupied by a colony. 

~s with any survey met~od used on corals, problems 

arise when defining an individual or colony uni,t.\ Loya 
--' 

(1972) took an individual as a colony which grO','IS 

independently of its neighbour (i.e. ~~len empty space 1S 

recorded between bolO ac1jacen~_ colonies). In cases r,.ibere 

an individual colony is separated into two or more 

portions by th8 death of intervening parts, Loya 

considered the separated portions as one individual. 

By plotting the cumulative number of species against 

the metre number along the transect, it is possible to 

determine the shortest length of line that is re?resent-

ative of the transect area. Loya (1972) found no 

significant increase in the number of species after the 

eighth or ninth metre, so he used 10m transects. 

In most line transect surveys the lines are spaced 

at regulJr int-ervaJs on the reef. Loya (1972) surveyed 

84 transect lines spaced at intervals of 1m on the reef 

flat, and Sm on the reef slopes. By visually placing 

each transect line within a single zone, it is possible 

to cover oJ,1 the zones of a reef without fixing intervals 

between the lines. In this manner it is possible to 

cover a reef with fewei transect lines than would other-

wise be necessary. This strategy was adopted for the 

purposes of the present study. Althouoh this practice 

:Ln-trOQUC2S a subjective elcHlen-t (defining -tbe :,~on8s) r 



it maximises the return of information per unit of field 

time. 

10 

The arnoun·t of information derived from line i:ransects 

is, for many purposes, as useful as that derived from 

quadrat sampling (Loya, 1972). Tho method is also less 

time consuming for the amount of information gathered, 

and is more easily applied to areas with uneven bottom 

topography. These factors make it particularly useful 

for underwater work using S.C.U.B.A. 

1.4 SYNTHETIC A'l"I'EMPTS 

The universal nature of zonation on intertidal rocky 

shores has been pointed out by Stephenson & Stephenson 

(1949) and Lewis (1964). Only recently have attempts 

been made -to form a similar comparative synthesis of 

coral reef ecology which is more universally applicable 

than previous individual or local studies. 

Rosen (1971) pointed oui.: a re lationship betv18e~" 

hydrological conditions (especially with respect to 

streng·th of water movement) and gro'i\Tth forms of corals 

in particular conditions. Rosen (1971, 1975) resolves 

increasing strength of Hater movement into three mutually 

perpendicular components from 110 11 , a theoretical point 

of zero water movement (Fig. 3): 

pepth - vertical component 

Direstion of wave approach - horizontal component 

Longshore effect. (ASPEct) - horizon-tal componen·t 

On this basis Rosen (1971) defined three major 

assemblages for "Lhe I·lahe (Seychelles) reefs r arrunged 

from shallow to deep water. and .from the reef front to 

the shore: 

Poci Z. ZOpOl?a Assemblage - typically aominated by 

spcGies with thick and short digitations - found in 

EXPOSED CONDITIONS. 



FIGUP-E 3 

Schematic reef model, after Rosen (1975) relating 

spatial arrangement of coral associati~ns to 

strength of water movement. Associations are: 

1. Porites; 2. Fa.viids; 3. Acropora; 4. PoaiZloporai 

5, Calcareous algae. 

Water movement is cons~dered in three mutually 

perpendicular components from 0, a theoretical 

point or zero wa·ter movement. 
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~ar0pora Assemblage - tall branching speCles -

SEMI-PROTECTED CONGITIONS. 

Porites Assemblage - dominated by massive speCles -

PROTECTED CONDITIONS. 

Rosen (1975) points out that this is only a reference 

system and that each genus may be found in a coral 

association b~aring another name, though less prominently. 
~ 

Num2rous other genera are usually present. Rosen (1975) 

also extends the nMah6 Scheme" to include a fourth coral 

as.::;ocia tion, between tha-t of AarOpOloQ and P02"i te s ~ the 

Faviid association (dominated by the Faviidae and 

l'lussidae) . A further association is added to include the 

Algal Ridge (dominated by calcareous algae, especially 

species of Porolithon) found on some Indo-Pacific reefs. 

Rosen's (1975) expanded scheme is as follows: 

Sequence of Associations 

1) 

2) Faviids 

3) !lc2'oporc 

il) Poc-iZloporCl 

5) Calc2xeous algue 

least exposed 

most exposed 

'fhe succession of assemblages I) to 5) can be placed 

within three dinK2rtsional space (Fig. 3) 0 

Picbon (1972, 1973), uses the term "ensemblc::" as 

ctefi:-led by ?icarc1 (l967): "an ensemble is a unit of the 

benthic s]Juce I in \\1hich conch-Lione are homogc:'neou:3 {or 

vary regularly within the limits of each unit) from the 

following standpoints: hydrodynamics, morpholosy, 

sec1i1TicntoJ.o~JY ,. bionomy". 

l\)JPlyinr; this concept to reefs leads to definit:ion 

the (Pichon r 1973) 

The biotopc<.:; c,f t.he scaw2.;:d slope and part of t.he 



FIGURE 4 

Schematic reef model, after Pichon (1973) f showing 

spatial arrangements of zone types: 

1. dominated by encrusting forms or forms \·;i th 

thick and short Qigi ta"tions; 

2. dominated by branching forms i 

3. dominateq by massive forms. 
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outex: reef flClt. 

"The major part of the reef flat. 

BA~K-PEEF ENSBMBLB 

The lagoon slope, the lagoon bottom and part of 

the shore slope. 
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Within a framework of these ensembles Pichon (1973), 

defines three major zone types: 

1) Zones ':fhere the dominant growth forms a2:"8 

encrusted with short and thick digitations (corresponds 

t.o Rosen f s Poci llopcJloa assemblage). 

2) Zones where branching forms are dominant 

(corresponds to Rosen f S AC.i.1 CpOl°a assemblage). 

3) Zones where massive forms are dominan"t 

(corresponds to Rosen's POl'-itG8 assemblage). 

The spatial positions of these zone types within the 

reef ensembles arc shown in }'igure 4" 

In defining the parts of his "Integrated Ecological 

1":06.81 of Coral R::e£s 11 Pichon avoid~. the use o:E generic 

or specific nnmes for zones, making the scheme perhaps 

more universally applicable thim Roscn' S modc~l, 

It. clear that t:h2 sc~ne!TIE".:s o:E Pichon i:1!ld Rosen 

vary or:. ly in minor detail 2nd ctpplication. At present 

i~hese_ d.'y +"1.1e OD:J.y two aJct.;:rclpts "Lo form a gener'al 

corrpar2 ti.ve syn th t:.:s i s of co .ral reef ec0109Y \'l:hi.ch is 

applicable on a world-wide basis. 

1" 5 QUZ\'N'I'I'I'/\TIVE n~;'\LYSIS 

Eulti var iate dl1cllysis b~chniCJucs such as Clust~r 

ilil01ysis (c1assificdtion) and P~inci9ul Components 

Analysis (ordjnation) are h2Co~inq commonly used as an 

aid to" the c.­
OJ.. oaU,. 



·techniques involve the comparison of each It i.ndi vidual n 

of a "population If vIi th every other individual on the 
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basis of a number of lIattributes l1
• In ecological studies, 

stations, transects, quadrats, etc. comprise the 

population, and environmental or ·biological observations 

made at each station are used as attributes. 

Classification is used more often than ordination 

in benthic ecology. However Hughes & Thomas (1971) 

compared the results of both classification and ordination, 

finding that they gave similar resul·ts for their data. 

Loya (1972) I Jokiel & Maragos (1976) I and Maragos (1973) 

used classification for reef coral conununi ty studies t.O 

show details of zonation patterns. Their populations 

were a series of transects and the presence I abundance or 

COVE':c of each coral species vJe:r.e used as attributes. 

Done (1977) compared the performances of measured, 

graded and binary (presence/absence) data in classific­

ation of coral survey transects. He found that graded 

and measured data gave similar classifications for his 

data from fringing reefs in the Palm Islands. This 

implies that if a coral survey is done only for the 

purpose of classification, it may not be necessary to 

collect complete measured data of abundance and cover by 

line. transect, and that graded data may be sufficient, 

It has in fact been suggosted that binary (presence/ 

absence) data could be quite sufficient for this type of 

classification (Pi chon I personal (;0mrnunica tion) . 

Tn cluster Qnc~lysis a ma·trix of similarity (or 

dissimilarity) coefficients is calculated using one of 

many possiblG similacity measures. 'l'he available 

measures are not equally suitable for all kinds of data 

(VJilliams, 1976). In particular I they vary greatly in 

their response to pairs of zero valU8S and to outlying 

vaJ. ues (isola ted val u(?S out of ~, ctlJ.e wi tb the hu1.k of t:he 

data matrix). Hat.riC(~s of presenc,:; or abundctnce from 



marine ecological surveys usually ~ontain many zero 

values and often have outlying values. 

The dissimilarity measure used in the pres~nt study 

was the "Bray-Curtis measure" (Bray & Curtis, 1957). 

This does not include pairs of zero values in the 

calculation and has the property of isolating groups 

within the popu12tion which have outlying values. In 

ecological work this property tends to accentuate the 

division of the population into clusters of individuals 

which are dominated by the same species. 
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The similarity or distance maJcrix is usually trans­

formed to a hierarchy of most ·to least similar indivi.duals. 

Williams (1976) describes various agglomerative and 

di visi ve fusion stra·tegies. The 11 Lance-Williams Flexible­

Beta 11 s trat.egy (Lance & Williams 1 1967) \Vas used in this 

study. This strategy was chosen because it produces 

dendrograms with tight clusters of individuals, rather 

than dend:cograms \Vi th a chain Ii nked configuration" 

At this stage 111. the development of ·the use of 

classification for coral surveys; the only way of check­

ing the validity of a particular classification is to 

compare it with a zonation pattern drawn subjectively 

from the ra,v data f or from vim'ling the reef itself. This 

suggests that classification is most useful not for 

determining the zona tiol} pa tt.ern of one Con-GT1uni t.y, but 

for comparing different comrrn.1nJ.ties. 

Various species diversity indices have been used in 
cOl'a1 cormnuni ty anaJ,ysis. Loya (1972) compared the 

meri ts of t.he species count i Sh"lnnon and \'~eaver I s Index 

and Simpson1s Index as ecological indicators for this 

ki.nd of study. The species count and Shunnon and WeaV9r'.3 

Inde~ were used in the present study. The species count 

takes no account of the relative impoLtance of each 

species. The Shannon and ~~aver Index, how8vcr, is 
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a more com~~lcx measure which ta.kes the relative abundcmce 

or cover of each species into account. Thus the valu~ 

of the Shunnon and Weaver Index is affected by both the 

number of species on a tra.nsect line I and the 

"equi tabili ty" or evenrwss of -the values for cover or 

abundance of each species. 



FIGURE 5 

Map of Geoffrey Bay showing positions of line 

transects (nu~iliers 101 to 113) and sediment 

sampling sites (numbers GSl, GS2 and GS3) • 

PLA'I'E 1 (following page) 

Aerial photograph of Geoifrey Bay_ (Photograph 

supplied by the Surveyor-General) Queensland and 

reproduced by arrangement with the Queensland 

Government) • 
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Diagrawm~tic profile of the Geoffrey Bay reef

sho\:vi:ng lJositj~OllS o.f line transec·ts (numbers 101

·to 113) a11d sediIne11t sarnpling sites (nulll1?ers GS 1,

GS2 a11d 883) •



l"IGURE 7 

Map of section of Cockle Bay showing positions 

of line t.ransec·ts (numbe:Ls 201 to 211) and 

sediment sampling sites (numbers CSl, CS2 and 

CS.]) • 

PLATE 2 (following page) 

Aerial photograph of Cockle Bay. (Photograph 

supplied by the Surveyor-General, Queensland and 

reproduced by arrangement with the Queensland 

Government) , 
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FIGURE 8

Diagrarrunatic profi.J_e of the Cockle Bay

reef showing positions of line transects

(numbers 201 to 211.) arId sediment sampling

sites (numbers CSl,·CS2 and CS3) ~



2 I'1i\ TERIALS AND I·mTHODf~ 

2.1 POSITIONS OF TRANSECTS 

The transects in each bay were posi tioned at. right 

angles to a chosen line running perpendicular from the 

24 

beach edge to the raef front (see Figures 5, 6, 7 and 8). 

Hund sighting compass bearings were taken in order to 

return to the site on each collection day_ 

Each transect line was positioned so as to fa11 with­

in a single, vi sually homogeneous area,' f30 that each of 

the major areas, reef flat, crest and seaward slope, 

~ere ~epresented by three to five transects. 

2.2 SAMPLING PROCEDURES 

Sampling of reef flat transects was done on foot 

during periods of low spring t.ides of O. 2m or less, 'rh.e 

remainder \J'ere surveyed using S.C.D.B.A. 

At each transect position a 30m fihreglass tape was 

laid parallel to the shore line and along an even depth 

contour. Th~ projected di~tanc8 of every live coral 

colony on the line was recorded along with the species 

r~3.rne • 

Portions of ccl(x~i2s not immecEc~te:L:{ iden·tified to 

species \v-ere chiselled off ar,d placed j,n individually 

labelled plastic bags: These sp8cimens were later tagged 

with 2:11b()s~,il'..,~ t.<.tpe :Labels anJ. hleachecl in a calcium 

hYPocholorite bath for identification. 

l\.ssis t;:1l~C'e \'1i tl1 ic1en·ti f ic3. tion W("J.S g-i'iTen by r::ofessc)J." 



M. Pibhon (Department of Marine Biology, James Cook 

University) and Dr J. Veron (Australian Institute of 

Marine Science). Because many species collected in the 

Magnetic Island area show unusual growth forms, it was ,not 

always possible to assign a definite species name. In 

such cases an individual code letter was assigned to 

specimens falling into a single species group, for the 

purposes of numerical analysis . • J . 

2.4 DA']'A PROCESSING 

The initial results from the line transects were in 

the form of genus and species names, and size readings 

in cm, for each 30m transect line. For the purposes of 

data processing a three digit number was used to identify 

each transect~ the first is an area code ("1" for 

Geoffrey Bay and 112 II for Cockle Bay) followed by the 

numbers nOl" to 1113" corresponding to the position on 

the reef. 

Each species was identified by a further three digit 

code number. The species numbers were the san~e as used 

by Dr Terry Done (Department of Marine Biology, James 

Cook University) for processing similar data (Done, 1977). 

The raw data were then coded for input to the James 

Cook University's Dec. System 10 computer. Various 

computer programs were used to convert the raw data to 

various matrices and summary tables. A full list of 

programs and theic uses is given in Appendi~ 1. Many of 

these programs were kindly prc~ided by Dr Terry Done. 

The Shannon dnd We3ver diversity indices (Shannon & 

Weaver, 1~49), Hie and H'n were calculated according to 

the following formulae: 



s 
H'c log", 

<.;, 

i-=l 

where s the total number of species on the 

transect line 

H'n 

p_ the porportion of the recorded 1i0e 
J, 

coverage on the transect line 

contributed by species i. 

s 
L 

i=l 
loge p-

l 

v\7he}~e s -- the total number of species on the 

transect line 

Pi = the proportion of the total nwnber 

of individuals on the trans~ct line 

belonging to EFecies i. 

2.5 HIERl'>.RCHICAL CLUS'l'ER ANALYSIS 
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Numerical classifications of the ·transect lines 'de:::-e 

made using the program package CLUS'I'AN Ie (documentation 

Wishart, 1975). The transects were used as the 

"population H and the cover in Clll or the nUlnber of 

individuals of eac:1 species on each line I \'lere used as 

continuously varying numerical att.ributes. 

Various combinations of dissimilari ·ty measures and 

fusion strategies were tested: 

). 

The II Squared Euclinian Distance" dis simila:ci ty 

measure was tested with the nNeurest Neighbour n , 

"Furthest Neighbour" and "Group Average" fusion 

strategies. The "Dray--Curtis"'dissimilC1.rity 

measure '-las tested \-...,i t11 "Group Averaqe r< and 

I1L,mc0-Nilliarns Flc:;~ible beta;' fusion strategies. 

The most satisfactory results I'Jere obt.cl.illed u:=3ing the 
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combina t~ion of tIle Bray-Curtis met.ric measure (incol:-rectly

nanled ~che 1
I Can})e:r-ra .tvletric" in CLUS'rp.~N Ie Wisl1art, 1975)

and the Lance-Williams Flexihle beta fusion strategy.

T11e ma,trix of values for dissimilarity or Udistance 11

l;e-twE.en individuals is calculated tlsing "the Bray-Cur'tis

measure (Bray & Curtis, 1959) as follows:

d· ·1J =

+

\¥her.~e d, · =: the distance bet\v-een indiv·idual i1J

and individual J ~

x == the values of each of k attributes

for the indi"liduals l- and j .

Individuals are fused into groups or clusters using

the Lance-t'lilliams Fle}~j_ble beta stJ:"a-cegy (Lance &

Williams, 1967) in the following manner:

if individuals i and j are to be fused into a group

k, the distance between another group h and the

group )c is calculated as follo\'''s:

= + + Sc1 ..lJ

\"lhere d 11k == the dista11ce betwee11 groups 11 and k.

dhi :::: the distarlce be t\~leen grouI'> h and

individual i etc ..

B<l f the value of k~ 1..1sed for this stl.ldy

was rt = -O.25~r;
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2. 6 SEDIMEl\JT SAMPLIJ.\1G AND A.NAI!YSIS

T11ree samples of bottom sedilllen t \~lere collec·ted from

each locality (Geoffrey Bay and Cockle Bay) using S.C~U.B.A.

300ml samples (equivalent to approximately 300g of dry

sediment) were taken from the reef flat, halfway up the

seawa.rd slope, and the base of the slope (Figs. 5, 6, 7
j

and 8). Large pieces of shell and coral rubble (lcm

diame"ter arld above) were not included, as the distrib1ltion

of such particles was uneven, and a much larger sample

size would have been required to obtain a representative

sample.

By its very nature the sampling technique was not

random, nor comprehensive, but it was felt that three

such samples would give some indication of sediment

conditions in each bay.

The percen+tage weig-ht of each sample falli11g into

various grain size groups \vas determined using a procedure

developed by A. Belperio (Geology Department, James Cook

U11iversi ty) for the "Three Bays Mlll tic1isciplinary Project It(

according to principles reviewed by Carver (1971, Section

II, Size Analysis) ~ Particles were separated into the

following grain size classes:

~ -3 ¢ (phi scale)mm' (=10 . TIl)

)- 2.057 - > -1.04

2.057 to 0.455 -- 1.04 to 1.14

0.455 to 0.251 - 1 .. 14 to 1.99

0.251 to 0.0635 - 1.99 to 3.98

o.. 0635 to OeOO4 - 3.98 to 7.95

< 0.004 - < 7 ~ 95



Large grain sizes were separated using sieves of 

different mesh sizes. The sl..lspended sediment washed 

through the finest of the sieves \'las separa·ted into the 

two finest grain size classes in a settli.ng column using 

sinking velocities calculated according to Stoke's Law 

(Appendix 1 for details of procedures) . 
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'1'11e mean, skewness and sorting coefficients of each 

sample were calr::ulated using a graphical computation 

technique described by Carver (1971) (Appendix 2 for 

details of coefficients used) . 
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3 RESULTS AND DISCUSSION 

3.1 SEDIMENT ANALYSIS 

T3ble 1 gives the mean, sorting and skewness figures, 

and the percentage weight of clay for each of the six 

sedimen·t sarr.ples. 

Sortjng values are all similar, except for the Cockle 

Bay reef slope (CS2) and for the base of the reef slope 

(CS3) samples, which show a <;;rceater sort:ing range. rrhese 

t\olO samples also have high posi ti ve skevmess. Skewness 

from the mean particles size implies an excess of fine 

particles (positiv~ skewness) or an excess of coarse 

particles (negative s]~ewness). Thus these bvo sub-tidal 

samples from Cockle Ba.y (CS2 and CS3) have an excess of 

fine particles. This is reflected in their high percent­

age clay values. 

The mean grain size, sorting and skewness of the 

Geoffrey Bay samples are similar to those given by Smi·th 

(1974) for stations in Geoffrey Bay. 

The hlO reef flat samples are similar except that ths 

Cockle Bay reef flat sample (CSI) has a slightly smaller 

mean grain size than the Geoffrey Bay reef flat sample 

(GS1), \.\rr..:..::;~ has a grea.Jcer excess of coarse particles. 

The general similarity bet,·,·='en the reef flat samples 

reflects a similarity of hydrodynamic and sediment 

conditions on· the reef flats of the two Bays. 

The sub-tidal samples from each Bay, however, differ 

greatly. The Cockle Bay sub-~idal samples (CS2 and CS3) 

have a much smaller grain size, greater excess of fire 

pnrticlcs and higher percentage clay content than the 
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TABLE 1 

Values of mean, sorting, skewness and percentage 

weight of clay for each of the six sedimen't samples. 

-- ~'& 
Ul \J..l 0 
+l o ·rl ~ ill .,. +l m tr> 4-l 

01 ~ ~ Ul ::l (!) rJ 0 
~ 0 01 ::l L1 ,.Q ~ .).J 

(!) ~ 'rl ·rl '8. ~ (J) ,.-{ s:: +J 
r-l (J) rl+l ill 'r-! '& 8 .d .j.J Il) .J) ..G 

~~ 
Pi ,,.1 ~ ::l .j.J ;;. , ::l::l U 0> :>; 

~ ~ 
ro rl J..l I':: (!)(I}.8.-i 1o-l 'rl «l m ~ (JJ m 0-,-1 .!< -rl m (JJ GJrl 

U}Z U) p, ;;s :> U}~ U)Qm:> p., :;: u 

GEOFFREY GSI reef flat 1.23 1.56 -0.200 1.5 

BAY GS2 reef slope 0.75 1.86 -0.050 2.3 

GS3 base of slope 0.33 1. 34 +0.025 1.2 

COCKLE CSI reef flat 1.54 1.82 -0.050 1. 2 . 

BAY CS2 reef slope 3.34 2.44 +0.225 7.8 

CS3 base of slope 1. 58 2.46 +0.275 4.1 
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sub-tidal samples from Geoffrey Bay (GS2 and GS3). This

reflects the reduced wave action and turbulence in

Cockle Bay as compared to Geoffrey Bay. There may also

be more suspended sediment in the Cockle Bay area due to

the particularities of the local hydrodynamic conditions.

3.2 SPECIES COBPOSI'rION AND COIV.tPARATIVE ABUNDANCF

OF SPECIES ON THE GEOFFREY AND COCKLE BAY

REEFS

A list of coral species recorded from the surveyed

areas is given in Table 2. Full tables of the total

cover and number of colonies of each species on each

reef are given in Table 3 (Geoffrey Bay) and Table 4

(Cockle Bay) .

78 species belonging to 33 genera and 14 families

were recorded during the line transect survey. 69 specie~

were recorded in Geoffrey, and 42 species were recorded

in Cockle Bay. 33 species (42% of the total number

recorded in the study) were cammon to both reefs. 36

species (46% of the total) were recorded only in Geoffrey

Bay and 9 species (12% of the total) were recorded only

in Coclcl'3 Bay.

'These figures do not represent the total !'mmbers of

species present on t'1e par:ticular reefs. '1'he line transect

survey method is not in'tended to supply a full species

list for an area. It is likely that other speci,es will

be present outside the transect areas at other places

along the reefs. Furthermore ( uncommDn £3pecies ':'Ihich are

present in the vicinity of a transect will only be

recorded if ,the transect line happens too fa,11 on colonies

of those species. ~['he Dumber of species that are present

'bui.-: not rec,")rdecl f hOvI0'.:e::c,. is like ly to be small r

especially if the transect Ilncs are of sufficient length

211d are weI]. spaced over the reef&



TABLE 2 

Full list of species recorded on th'e Geoffrey Bay 

and Cockle Bay transects (in taxonomic order) T 

showing presence in each bay. 

r(j :u 
(j) (l) 

'0 :>, ro 
H rtl ~ 
0 p:j 0 
0 0 
(j) :,.. Q) 

H (l) H 
H 

jj 

» 
rtl 
cc 
<l) 

(]) 4-1 (1).-1 
Ul 
JJ 

·,..1 
U 
CJ 
r~1 
U) 

312 StyZocoenieUa guentJ1fn.~i (Bassett-Smith, 1890) 

805 P8CJriJlIOC01?O cont1:gu.a (Esper I 1797) 

809 Stylophora pistiUata (Esper, 1797) 
" 

933 Seristopora caliendrum (Ehre~erg, 1834) 

800 PocIUopora dconicm'rds (Linnaeus, 1758) 

885 Aoropora (wuminata (Verril, 1864) 

890 Acropora arcuat.a (Brook, 1892) 

882 Ao!'opOl'a: eahinata (Dana, 1846) 

886 A CY'OpCl'a hebes (Dana, 1846) 

705 A al?Oporu h,,~r;,iZi8 ( Dana, 1846) 

883 AC1?OpOra ra';7bleri (Basset.t-Smith, 1890) 

884 Acropora l~a'"::fy:..er"& (Brool~ , 1392) 

891 Acropora sp. t~ 

892 IwropoT'c sp. B 

H93 AC1'opc:'ra sp. C 

876 Non -:;1:P0l'Cl rCL'7:0sa Bernard, l887 

897 Man t:i TJO Y'C!. sp. A ( foliose) 

898 j\Jo!zT;f£porQ sp. B ( foliose) 

899 MontipGl~a sri. n (foliose) ..... 

930 Mont1)orc ~:J 1.1 . D ([ohost" ) 

931 1.!mztip01>a 51).., E (folios0) 

75G Pavon", eacrtw] (Forskal, 1775) 

7<33 l?acflyscriE' speciOBa (Dana, 1846) 

463 t-)o.')a~t·n<ll'Yj :10 co &'un-:r1Q (Dand, 18'},6) 

fJ 4-1 () .!.:! 
r:.: 0 ~ 0 
(]) (!) (j) 0 
Ul l:J Cf) U 
(l) Q.) 
H r:.: ~! s:: 
III ·rl III ·rl 

X 

X 

X X 

X X 

X 

X X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X 

X X 

X 

X X 

X 

X 

X X 

X 



739 Fun-Wia a:... -c1:nifo]~mis (Qtwy & Gaimclrd, 1833) 

74J P))"ngia funge: tes (Linnaeus, 1758) 

544 llerpoZitJia limox (Esper, 1797) 

804 PoZyphyUia taZpina (Lamarck, 1816) 

784 PorahaZorm>tra l~obusta (Quelch r 1886) 

877 Goniopora coZumna D2.na, 1846 

197 Cor.iopo'l'a somaUensis Vauqhan, 1907 

878 Goniopora Lr:;neUa (Quelch r 1886) 

879 Goniop01"a "tenuidens (Quelch, 1886) 

008 Porites austJoaZiensis Vaughan, J.918 

932 POl?ites horizontaZata Hoffmeister, 1925 

194 Porites Zohaw Dana, 1846 

556 POY'ites mayepi Vaughan, 1918 

889 Por'ites muy']~ayensis Vaughan, 1918 

8-75 Pori-tes soUda (Fqrsk';'1., 1775) 

881 Por-i-tes sp. (massive) 

888 Pori tes v~Zridis Gar<liner, 1898 

713 CaZaustrea fU1Y;atc: Dana, 1846 

724 Favia favus (forskaJ. I 1775) 

727 Pavi.a speciosa Dana J 1846 

730 Favites abdita (Ellis & Solander, 1786) 

731 Favites acuticoZ Us (Ortmann, 1889) 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

936 Favi"tes bennei;tae (Veron l Pichon & YJijsman~·Bes"t, 1977) z 

732 Favites chinensis (Velri1J., 1866) 

935 FaV1>tes fZ9;,~·uosa (DEmar 1846) 

736 F'avites pentagona (Esper, 1794) 

737 Favites Vi2?enS Dana, 1846 

186 (;oniastrea aspera Verrill, 1865 

745 C;cmiastY'ea favuZus (Dana, 1846) 

746 ConiastY"ea paZ-auensis (Yabe, Sugiyanla & Eguchi, 1936) 

7·18 GcniastY'ea pect-inota (Ehrenberg I J.834) 

795 P[a-,'-:ym}i"a daedaZp.o (Ellis & Solander r 1786) 

797 P[atygYl?a pini (Chevalie::-:, 1975) 

796 PZ"atug~/Pil. sinensis (EJ.<;:ards & Haime I 1849) 

751 HyJnophora ('~cc.sa (Pal1ils t 1766) 

774 f!ordastiY!a. vaZeneienes1.~ (Eawanls & Haime, 1848) 

757 Lcp ta;;tpca "{;j'ansversa Klun~linger I 1879 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

34 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 



5Hi Cyp7w,strea s(m:n:Ua (Forskal, 1775) 

777 MoseZ~a Zatis tel /-ata Quelch, l8B1 

880 CaZaxea as treo. hI. (I.amarck, 1816)" 

766 Mel~uUna ampZiata (Ellis & s'olancer I l786) 

762 LobophyU'i,a corymbosa (Fcrsk;;'l, 1775) 

763 Lobophytlia hemprichi (Ehrenberg, 1834) 

274 SymphyUia rec·ta Dana, 1846 

719 EC1-21:nophyUia as;/era (Ellis & solander, 1786) 

937 Ecll1>wphyUia echinata (Saville-Kent, lJ71) 

781 Oxypora Zaeel?a (verrill, 1864) 

77B MiJcediurn EZaphap,totwn (Pallas I 1766) 

023 Pec:tinia Zactuca (Pallas, 1766) 

009 TU7'birzal'ia aUY'icvlaris B'8rnard, 1896 

820 'l'U7'b1:naria peZ"!;ata (Esper, 1797) 

887 TV.2?b-inal'ia sr:. A 

527 'J. :n-,bh7aria stephonsoni Crossland, 1952 
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TA.BLE 3 
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885 

890 

882 

886 

705 

883 

884 

891 

892 

893 

463. 

513 

516 

724 

727 

730 

731 

936 

732 

935 

736 

737 

739 

List of species recorded in Geoffrey Bay (in 

alphabetical order), showing total values recorded 

for each species on the 13, 30m transect lines. 
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lH ~ ~ 1-1 
0 ~ ;:l en 0 0 

0 (!) ~ Q) () (.\ 
1-1 a> .r! a> 
Q) en -.-1 .-l s:: .-l H 

~ .~ 
u Cd 0 !lj 
Q) .jJ .-l .jJ ~ 

~ ~ 
0 g s 

Z.-l en u u 

Acropo1"a acvJ'ninato 3 9 394 

Acropora arcuata 1 2- 132 

Acropora eahinata 1 4 42 

Aal~Op01?a hebes 3 7 98 

Acropora humiUs 1 1 17 

ilcropo.t'(l: ramhZer1: 3 4 72 

Acropora l?ayneri 2 9 257 

A Cl?OP01'Q sp. A 2 5 222 

Acr'opol~a sp. B 2 3 94 

AC'Y'opora sp_ C 1 1 15 

Coscino.1"aea co Zz,lJ?lnG- 2 4 91 

Cyphas tJ'ea rm:erophthaZma 2 3 49 

Cyplzastrea se)?ailia "I 14 107 

Favia favus 4 12 126 

Favia speeiosa 7 8 80 

Favi /;C$ aadito 2 2 66 

Fam:tes aeut"ico l Us 1 1 10 

Favif;c[J oenn.ei;i:;aa 1 1 lJ. 

" '. 1.4 a vt. 7;0 B ehincl!sis 1. 1 14 

Fc:.vitc[J IZc:ruosa 1 1 25 

Pap'i t:r~j par; i:(foona . ~ 
1 1 22 

l!cwi t3C uircns 1 1 16 

Fzengi({ a::.din i i02'mi$ , 1 8 J. 



880 GaZa..vea ast1'eata 2 .... 18 .!. 

J.86 Goniast1'ea aspe1'a 7 33 249 

745 Gom:astrea favuZus 3 3 16 

746 Goniastrea paZauens'l:s 2 ') 
.J 32 

748 Goniastrea pectinata 2 2 41 

877 GcniopoY'a columna 2 2 33 

197 GoniOpOl?a somaZiensis 1 1 ~. 

878 Gc,niopora teneUa 1 5 89 

879 Goniopora tenuidens 2 3 47 

544 llerpoZitha Zimax 1 ]. 11 

751 Hydnophora exesa 2 3 74 

757 Leptastrea transversa 2 2 21 

763 LobophyUia hemprichi 2 3 52 

774 Montastrea vaZencienes'z: 3 4 29 

876 lvlon ,ti po 1'a ramosa 8 52 487 

897 Montipora SPA A (foliose) 1 1 83 

898 Mon-tipora SPA B (foliose) 2 3 41 

399 Montipora SPA C (folioSE!) 3 4 99 

930 Montipora SPA D (foliose) 2 5 151 

931 Montirora SPA E (foliose) 4 12 269 

777 Mosel-yo. ZatisteUata. 2 3 15 

778 Myaedium eZephantotwTl 1 1 22 

731 OtcyporQ ZacerQ 2 3 149 

733 Pachys(;ris speciosa 3 6 130 

784 ParahaZom1:tra robusta 1 1 6 

02.3 Pectz>nia Za.ctuca 1 1 26 

795 PZatyuu)~a daedaZea 3 6 92 

797 PZatygyra p-z..m. 4 6 37 

796 Plaiygyra 
. . 

s-z..nens~s 7 28 231 

800 PociZZopora dam·tcm>nis 2 4 51 

804 Po Zyph!J Z7.ia taZpino. 3 4 (}9 

008 Por1:tes aus tra Z1.>:mai.s 7 9 89 

932 POl'ites hO!'izontala.i:a 1 1 9 

194 POl'ites l.obata 6 H 87 

55G POJ!iteD mayeY'-i 1 1 2 

889 ?ol'ites mur'Y'rTU el1s is 1 1 13 

875 Pori ten ,c;oU&-, -, 4 24 L 



88J. POl'i.tes sp. (massive) 

888 Porl: tes V!:-1"t d i oS 

805 PsC{m177ocora con t·/: cuc{ 
,J 

933 Seriatopora calienclY'um 

312 sty lococm:e lla guentheri 

809 S'tylop7wra pis ti l l.ata 

274 SYl1rp hUllia l'ecta 

009 TI,:1°b1:naria aur': cu lari. 8 

820 Pwobinmoia peltata 

1 1 

1 1 

1 1 

1 1 

1 1 

4 7 

2 4 

(" ) 10 

1 1 

2 

3<= ,) 

1 

15 

,)n 
..)0 

10 

110 
~? -,_. 

132 

10 



TABLE 4 

List of species recordGd in Cockle Bay (in 

alphabetical o~der), showing total values recorded 

for each species on the II, 30m transect lines. 
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885 Aeropor-u: acv.minata 

713 CaZaustl'i9a furca.ta 

516 Cyphas trea sCY'aiZia 

719 Ec:hinophyUia aspeY'Q 

937 Echi-r70phyUia echirIa"ta 

727 Favia sp8ciosa 

732 Fa.vites chLnensis 

935 Favitcs .rle:::-J..oca 

186 GOl1io.sh'ea ('[8pe1'('( 

715 Gonios-t-Y'GCI fa1.ndus 

763 LobophyZl1:a ,?II:!mpJ>icht 

7GG r:8T'ulina mr:pliata 

898 l'!O'l1i;~p,j"l'a sp. B (foliose) 
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1 3 

8 69 

2 23 

1 J2 

18 121 

6 74 

2 16 

1 9 

4 70 

17 136 

20 155 

t} 15 

34 705 

2 2..1 

3 !;() 

7 79 

8 lOS 

4 44 

127 2886 
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930 Mont1:pora SD .. D (foliose) 1 1 19 

777 I<'os" lya lat'is te lla-ta 2 ? 23 -' 

778 l.'fy (J e cl i u~n elaphantotum 1 1 25 

731 ();,;yp01'a Zacel~a 1 1 15 

733 Paahyserts spec-iosa 1 1 4 

756 Pavona cachiD 1 1 7 

023 Pectinia Zactuca 1 1 36 

795 pz,atygyra daedaZea 1 1 6 

797 Plu..tygyra pLnL 1 1 47 

796 PZat'ygyro 
. . 

0i-nenS1-S 2 3 76 

008 Porites aus'traZienS1:S 2 3 25 

194 P(Jri. tes lobata 5 6 46 

556 P01'itcs l7laym'?: 5 15 96 

889 PO~f'ites m7A7l l laycnsis 2 2 4 

875 Po~{'i tes soZ-&da 4 5 115 

933 E.;; l'ia ·topora co. Z ie n(lu'WI! 1 1 8 

809 Stylophora pistiZZata J. 1 5 

274 SyrrphyUia }?(;cta 4 14 287 

009 Tw"binar'ia Quriculal"i s 8 24 290 

887 Turbinmoia sp. A ? 6 54 J 

527 Turb1:naria stephonsoni 1 1 18 
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The number of species recorded on each reef indicates 

a generally greater diversity of coral species on the 

Geoffrey Bay reef than on the Cockle Bay reef. 'I'his 

reflects the relative extremeness of the envi:ronrr.ci"lt. .1.:1 

Cockle Bay. Both reef flat areas can be regarded as 

envi:::-onment.ally ex·tYEn1<':: and v1ill t.herefore have few 

species. The sub-tidal area of Cockle Bay, however, can 

also be regarded as environmentally extreme with regard 

to sediment conditions. Hence the smaller nurrul:>er of 

species in Cockle Bay than in Geoffrey Bay. 

The number of species that. are common to both Bays 

indicates an overall degree of siHlilarity with regard to 

species composi·tion on the two reefs. Abundant species 

con@on to both reefs include Montipcra ramosa, Favia favus 3 

Goniasirea aspera and Turbina~ia auricuZaris. 

Acropora species which are fairly abundant i~ 

Geoffrey Bay are almost totally 2bsent in Cockle Bay; 

one colony of .4. acumirta to. \vas the only 11 Cf'Op01'a recorded 

in Cockle Bay. Other ranose species, SLyl.ophoro. p·~s-ti7..Zata. 

0.nd Poc'~ 7.. top OPO: dwnicOl'i1.is , in part.icula:c f are similarly 

sparse in Cockle Bay. Many of the delicate foliose species 

with small corallitos such as foJiose UcntipoPQ specl0s, 

PachyseY'is SP6(Y~O'3a a\1(} O;:;;ypor'o 7..o.ce1'(1 are more abundant 

in Geoffrey Bay than in Cockle Bay. There is, however, 

a greater abundance or some large polyped species 

including Gonior;ora "tc;>rtUidens ~ 8ymphy! Zia 1"3 C to and 

funeitesj in Cockle Bav than in Geoffrey Bay. 

It is generally considere~ that coral species with 

large fleshy polyps 2nd those with active ciliary or 

t.entacu12r ac·tions .0':1'8 mGj~e fuvclm~ed in si:,ty conditions 

thaD mos t: species ':lit.h small polyps (E(tl~dgOS, i9 72; 

PiCJlon, 1973 r and LUYil,. 197Ga). Hubbard & Pocock (1972) 

describe the fGllui.,,}.Ci fOUT Ili2chanisms for sediment 

~ejoction by rccen~ sclerat~ni~~ corals: 



Dirtension of polyp by stomodeal uptake of water 

Tentacular cleaning action 

Ciliary cleaning action-

Mucous entanglement. 

It is noticeable -that many of the species i:.ha-t are 

part_icularly abundant in the Cockle Bay transects have 

such adaptations to resist siltation. Similarly many of 

the species conspicuously rare or absent in Cockle Bay, 

but common to Geoffrey Bay, are not resistant to 

siltation. 

3.3 DISTRIBUTION OF VARIOUS SPECIES I1ITHIN 'l'RE 

TRANSECT LINES 

Stylophora pistillata is poorly represented in 

Cockle Bay. It is a small polyped species that is 

intolerant of Cockle Bay's silty conditions. 

In Geoffrey Bay this species is distributed on the 

lower seaHard slope of the reef (F'ig. 9.1). Loya (1976), 

describes Sty lophopa pis ti l lata as an Y' s-trategist, able 

to maintain itself in unstable environments tby having 

a high growth rate, good regeneration potential, short 

lifespan, and high popUlation turnover). Loya found that 

IIJhen compe ti tion for space occurs I this species is out-­

competed by others. Its lack of ability to compete for 

space may explain its presence only on the lower reef 

slope. 

10 species of !1 CY'opOJ'a Here recorded in Geoffrey Bay; 

only one colony o~ one species in Cockle Bay. Distrib-

u tiuns ofths b-w mo~,t proal.inent sp2cies, 'ivi th respect 



FIGURE 9 

Distributions of various species within the Geoffrey 

Bay t~ansect lines, (Graphs of cover in em on each 

30m transect line ) in relation to diagraminatic 
profiles of the reefs. 
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Pori i;e SaLtS tra l -i ensi s 
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Symphyllia recta 

Turbinaria auricularis 
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to cover F (A. CioUlniiu~ta and JL l~a!)ne'»i} ct:::-e given (Figs. 

9,.2 and 9. 3). 1\11 the J. 0 ACl'opo:ea species are typically 

dist.ributed on the middle and lOv-ler slope of the Geoffrey 

Bay reef. 

Acropora is not generally found in heavily sedimented 

situations (e.g. Cockle Bay). ~he slope area where 

AC1'opo!'a is preser~t in Geoffrey Bay is the steepes·t part 

of the reef. Corals thus situated muy be less prone to 

the effects of siltation (Loya, 1972). 

B.canching AC1"OpOY>a species also require moderate 

water agitation (see discussion of reef schemes of Pichon 

and Rosen f sect.ion 1.3.3), which explains -their presence 

on the reef slope of Geoffrey Bay. 

3.3.3 Montipor~ l'amosa 

In both Geoffrey and Cockle Bays, Montipora ramosa 

is the species with the highest recorded cover. In Cockle 

Bay i·t densely COV·3rs ve.ry large areas of "t:he inner reef 

flat (Fig. 9.4). It was recorded as covering 21%, 43% 

a!1d 32% of lines 201( 202 and 203 respectively. These ,yGre 

the highest recorded percentage covers of any single 

species Oll any of the t~·c<nsect. lines. 

In Geoffrey B~y Montipo~a ramosa is abundant on the 

inner reef flat, but also extends as far as the reef 

crest area, al~t:hough wi·th reduced .:.over. 

Gn the inner reef flat areas the attachment bases of 

this species are densely packed and many branches inter-

lock. 'rhi::1 ml..:~.:ms tha t val UGS obtainGcl from the line 

transect SUl"'v0J.1 for numbers of indi v-iduals of ;·:on -t-i.rOl·~ 

Y'cv/108C1 are mere reprc sen ta ti ve of -the numbej: of "beds a 

of this spCC}.es < Branch leng·ths f measured from t.he a ttach-

rnent b21Sf-~S Lo the extreme tip::::" J0.rely exceed lOCf!!, 

implyinq Ul?.t the actual ave tage colony size is sma)..1 
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(Clbout lOcm diamet_er). 

Much of the reef flat areas of Geoffrey and Cockle 

Bays has a non-stabilized ~ubstrate composed of shifting 

coral· rubble. Mon t-iPON2 i'amosa is the only species which 

is able to become abundant in these unstable areas. Other 

species only rCClch any significant level of cover and 

colony size where there is a firm substrate for 

attachment. 

From work done on the reef flat of Nelly Bay and 

elsevlnere r M. Yam2.guchi (personal communica-tion) has 

found that Montipora ~amosa exhibits an extremely fast 

growth rate and exceptional powers of regeneration. He 

also thinks that these species may not reproduce sexually, 

b·~t ':'ncrease in numbers of individuals by regeneration 

of whole colonies from broken fragments. Yamaguchi 

sugges ts that Mon tipoJ'G l"amOSa is able to maintain high 

cover on reef flat areas with non-stabilized substrate 

because of its fast growth rate and ability to regenerate 

from broken fragments. 

Because of the sheltering of Cockle Bay the rubble 

substrate is probably not shifted around by wave and 

swell action as much as in Geoffrey Bay. This might 

explain the much higl-Jer coverage of Man tipo~Fa l'amosa on 

the inner reef flat of Cockle Bay. 

3.3.4 Foliose Non*ipo~d species ------ --.-'--~----"~ 

~ Foliose lJ'cm t·i.po i'a species ,.,;ere recorded ill 

Geoffrey Bay, Rnd 2 in Cockle Bay. Distributions of 

Mon t:1:PO roo sp. D and t;on -t-ipQj~a sp. E are given in Figure 

9.6. All 5 species 2re present on the reef slope tran­

sects only. 

The slJc=.::ets or ]J:O!dves of foliose !\;'ont{po2>O speci,~s 
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often form a funnel shape. 1~is colony configuration may 

be ,adopted to optimize light utilization. A funnel con­

figuration however is definitely sub-optimal where high 

sedimentation rates prevail. ~lis may explain why fewer 

species and lower cover of foliose Montipora species 

were recorded in Cockle B~y. 

3.3.5 ?achyseris specbosa 

The distribution of Pachyseris speciosa (Fig. 9.7) 

is t1pical of many of the delicate foliose species with 

small polyps (e.g.Oxypora ~acey.a). The sensitivity of 

such corals to siltation explains their general paucity 

in Cockle Bay. 

3.3.6 Goniopora tenuiJens 

Goniopora tenuidens is the most prominent species 

with respect to cover on the reef slope area of Cockle 

Bay (Fig. 9.8). Some very large colonies (greater than 

1.5m in diameter) were recorded. The polyps of Goniopora 

tenuidens are long and thin and extend during the daytime 

as well as at night. By remaining continually distended 

it passively avoids accumula'tion of sediment on the 

polyp. Active tentacular action is also likely. 

Adaptations to survive ln silty conditions allow 

Goniopora tenuidens to attain large colony sizes and to 

dominate the reef slope area of Cockle Bay. 

3.3.7 Porites species 

Distl-ibutions of Porites so"l1:da and P. "[obata 

are given in Figures 9.9 and 9.10. Both species are 

distributed throughout the reef areas. Colony sizes 

on the reef flat are generally small, 3 to 4cm. However t 

colonies up to 1m in diameter are present on slope areas. 
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Polyps of POJ~i'(;es are able to actively reject. sediment: 

parti cles by tent.dcular manipula 1.:.ion (Hubbard & Pocoe)::, 

1972) < Porites species are thus able to withstand sil·ty 

condi 'cions . 

The d1stribution of Porites australiensis is given 

in Figure 9.ll. This species is similarly distributed, 

with smaller colonies on the reef flat than on the slope. 

'l'here is I hO'NE!Ver 1 a distinct area of "microatolls II of 

P. aus'/;raliensis on the inner reef flat in Geoffrey Bay 

(transects 101, 102 and 103). M'icroatolls develop when 

a coral (especially POl~ites species) is sufficiently 

wall adapted to the reef flat environment to attain a 

large colony size. Upward growth of the colony is 

1imi ted by eXI,osure during 1m'1 tides. 'l'hus most grow·th 

is oriented to horizontal increase in colony size. 

Death of the top part of the colony often occurs, cmd in 

this manner an atoll-shaped colony is developed. 

3.3,8 FaviiCia;3 

'rhe distribution of three particularly abundant 

Faviid species, Favia favus, Gonia$t~ea aspera and 

PZatygyra sine~sis are glven in Figures 9.12, 9.13 and 

9.14. Favia favus is only found on the reef slopes, 

whereas Coniast~ea aspera and PZatygyra sinensis are more 

typical of the outer reef flat and crest. 

'The abundant faviid species have fairly similar 

distributi0ns and cover in both Geoffrey and Cockle Baysr 

although there is a greater number of less important 

species in Geoffrey Bay. This again reflects the greater 

selectivity of species caused by the severity of the 

environment in C08kle Bay. 

In both Geoffrey and Cockle Bays SyrnphyZlia reota is 



parti.cularly importan t In thE: out:er reef flu'c and cre:::;t: 

areas (Fig, C).15). On the outer reef flat, colonies are 

often distributed around the edges of pools which remain 

partJy filled at low spring tidc~. Nearer the upper 

slop2 [ la.rge spherical colonies arc mOr2- comrn()n, 

expecially in Cockle Bay_ 

3 _ 3.10 r;}uy.binalia auricu Zal' is 

Distributions In Geoffrey and Cockle Bays of 

Tupbinaria auricularis are give~ in Fig. 9.16. This 

species is distribub.?d from tlle ollte,1;:' reef fla't down tu 

the base of the slope. 

C 1 
J .1.. 

Colony sj,ze recordings 'hl.riec1 fron~ lcm to 45cm. On 

the reef slopes there Kere some well developed stacked 

plai:,e colonies. Hany recordings of this species I hO'i"ieve:c; 

were of small colonies, 2 to Scm in diameter. 'l'hose 

smaller colonies were often at~ached to species of coral 

rubble partly buried in sediD2r:.t, 0 

3.4 ANALYSIS O~' TP)\NSECT CHARACTERISTICS 

Values for the n'~'.rr:Ocr of speci(~s., number of gene:c.J" 

percentage coral cov~r 1 number of cclGnies, li'82:,'l, m3~~hnD.m 

and minimum colony size I the st2..nc1ard d2viatj.on frO!'l~ the 

mean colony size and the Shannon and Weaver div2rsity 

indices H'c and H'n, are given for each 30m transect line 

in Table 5 (Geoffrey Bay) and TabJe 6 (Cockle Bay). 

3. ~" 1 

rl'hE~rc is a grea'ter nun'ber of species a_nd genCj::-a on 

the reef slope, tranf~ccts thall on the re'.~:i' crest or- reef 

flat tr'::lll~;eclsf i.e. ther8 i::, un :i..ncrca:,:e in LU1:1ber of 

spc:cies , .. hen movi.ng llOrizon't:'ll1.y irO:l1 t.be inner reef flat 

of water) from ~he roof cre~t to the bnse of the reef s10?c. 
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Transect line data for Geoffrey Bay. 

~ ,J::: 
S u~ u~ 

0 '.-I Ul .r! {!} 

H .r:: '0 .J:; 'CI 
H 4-l ~ r-:: :> c 
OJ (IJ Q) 0 (J 0 0 >:: 
·9 Ul s::: N N 0 P.. N 0 0, H - H -

'" Ul fj) 0 'M • .-j +J VI 'n +J (f) ~) :r. Q) ~ 
~ (lj QJ r-1 .,...; .r-! (,1 Ul !lJ L~ (!) > I> 
c N '''''; rJ .' +J ~j H H H fd X (lj X 

0 U ).( a :>-, (lj >< :>.. ill H >< (!) H (!) ill (!) 0 
ill C QJ 0 .-1 r.: .,...; r-: c .Q 0 C § 0 ~ '0 3;'0 
~ '.lJ P.. () 0 0 ~ :> 0 0 f.j u 0 u r-:: >=: 

.,..! tn {!} () r-i B OJ ,-I M r-l 'd H co H 
rl (i) 0 '1:) 0 0 ~ QJ C C 0 ~ C 

44 \I.-l L" fj.-j U 0 U ~ U ~ (() :>.. to :;'·i 
+J 0 0 fTJ 0 C '0 (f) H L~ r-i .w .!J 

U +-, Q) • .-j i-J ~) r.:: CJ m r.:: '8 
0 ro r-:: .,.j C 'M 

QJ ~j l-( ~, H tJ1~ m t:i' ;3 G ·rl :> § 'n :> 0 Ul 0 {!} 

[f; () OJ QJ )..1 (i) r;j '0 ttl S U () 0 J::: H ~ !--I 
C ,.n '§ () Ql .0 N (I) r~ /·1 ,.-I ill C!J • .-1 ill m C fI1 s::: Q) 

rt @ H ~ E QJ N rtJ QJ s::: r-:: 0.. N X s:: Pol N n:l S to :> 
H :::> C) 0 ::J ;> '''''; .p ~ • .-1 .r-! (0 'n co ·d m -Joo{ .C: "'-: .c: . .-1 
E-l ~~ Z rl, U Z ~ Ul U} (Ij Z ~ ~ (j) z--- ...... (f) W Cl (jj Cl 

101 3 3 5.73 20 8.GO 4.59 1 (008) 19 (876) 0.773 0.886 

102 4 5 44.20 15 9.60 5.03 2 (796) 19 (796) 1.287 1,287 

103 
,. 
J 7 5.S0 20 8.70 3.94 2 ( 796) 15 (876) 1.001 1. 400 

104 7 9 5.93 25 7.12 3.77 2 ( 513) 14. (274) 1.669 1.50 L1 

105 5 5 6.27 20 9.4Cl 5.40 2 (796) 22 (796) 1.360 1.100 

106 6 " 4.00 14 8.57 4.20 3 (796) 17 (727) 1,440 1.'15J. I 

107 7 8 3.93 111 8.'13 4.61 4 {l86} 21 (009) 1.812 1.909 

108 G 10 c· ...,"< 
-) ............. 26 6.04 4.25 2 (009) 18 (797) 1. B79 1. 977 

109 12 20 20.56 32 20.56 17.86 6 (BB6) 83 (897) 2.G09 2.853 

110 17 2Ll 35.23 46 22.98 20.15 2 (516) l1S (885) 2.823 2.981 

111 13 30 2,1. 07 L~6 15.69 12.30 1 (80S) 65 (781) 2.950 3.202 

112 18 20 24.03 (,,0 18.03 1 /1.15 2 ( 556) 65 (7Gl) 2.531 2.442 

113 13 -0 .L __ 26.13 35 2/.. ·10 22. L10 ..., 
(-380) 107 (890) 2.373 2.773 .<. 
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TABLE 6 

Transect line data for Cockle Bay . 

..c: .>::: 
f.i o~ o~ 

0 .r-! U) ''; Ul 
)..1 .c '(l 

~ 
'(l 

!-l "-l ;: .:: ~ 
(iJ (iJ (iJ 0 (I) 0 U ;:: 

,.Q c0 r:: t~ N 0 ~ N 0 p., !-l - !-l -
@ tr: 0 o .r! .,-j +J UJ .,-1 .j.J ()) OJ ~T. OJ ::r: 

rd (!J r-i .,-j .,-j IfJ Ul (iJ UJ U) :> :> 
r.: ?- ~ .,-j m r.: 4J ~-[ !-l N ~ m x to :< 

OJ lJ H 0 >. rJ ;>., :>; C!J H :>; (!J N QJ OJ Q) 

~ OJ ;:: ill 0 .-1 r.: .,-1 s:: r.: .~ 8 ~ .Q 0 3: '(l ~ 
;:: (iJ p., 0 0 o~ :> 0 0 0 

~ 
u r.: s:: 

·rl i:J' (f) U r-i 0 GJ r-i r-l :3 r-l 'd H 'V H 
r-l C.l 0 'Cj 0 0 r.: OJ 0 s:: 11) 

~ 
s:: 

'H <;~ ty. 1;-1 U U U ~ U ;:J :>-: cd i? ·iJ 0 0 r;:j 0 s:: 'lJ UJ .-1 tfJr-l .jJ 

() .j.J <1J .,-j ~ OJ 3~ (1J 11) 
~~ 

0 rj ;:: .,O! ~ oM 
OJ H H ;:: H IT> ~ rG tfI ~ 8 -" :> 'r-! :> 0 [j) 0 81 
UJ (iJ Ul ill H ;1) cO tcJ cO ~ u 0 E u u ;:: N C N 
§ q .Ci 0 ill ~g H (j) ;:: H -r! OJ OJ ''; Q) Q) ;:: OJ s:: (iJ 

2 r~ H > Q) N (jj GJ r.: ;:: n, N X r: O!N n:l ~~ (jj :> 
H ;:l S CJ 0 ;:J :> .,-j .j.J :> .~! ''; U1 -rl m ·rl r.fJ 'r! ..c: .,.~ ~ .r-! 
£-< Z /~ 0.. 0 Z r< r.fJ (J1 n:l :8 --- ~ {;1 ::<:~ '-' r.fJ lJi Ci (J) C.l 

201 2 2 21. 63 3S 18.54 28.72 2 (186) 163 (876) 0.121 0.293 

702 3 3 43.17 73 17.74 19.03 1 (876) 90 (876) 0.053 0.145 

203 2 2 32.90 26 37.96 115.04 3 (876) 606 (B76) 0.087 0.271 

204 3 3 2.50 S 15.00 10.04 6 (186) 33 (274) 0.942 1.055 

205 9 11 8.70 19 13.74 11.41 3 (757) 47 ( 797) 2.079 2.132 

206 G 8 14.23 33 12.94 12.22 3 (875) 65 (274) 1.799 1. 670 

207 15 19 16.83 50 10.10 10.01 1 (745) 50 (796) 2.349 2.634 

208 10 15 14.17 4J 10.37 10.00 2 (eeg) 46 (009) 2.193 2.197 

209 6 8 23.F30 29 24.52 27.35 3 (879) ll4 ( 879) 2.18~~ 1.597 

210 10 11 5.73 18 9.56 9.88 2 (516) 44 (879) 2.064 2_293 

211 10 J'" _J 8.50 25 9.45 7.34 2 (009) 29 (762 ) 2.156 2: .191 



54 

7h8 m:.i1lber of sp~ci0:3 on the reef flat 18 probably 

controll~d by regularly occurring extremes of environment; 

due. t.o t.he c. ffects oftide·s rand OCCCtS ional "cCitas ·trophic" 

changes. due to the influence of weather. 

uti.on. of numbers of species is similar to that. found by 

Loya (1972). Altho1...~gh reduction of li.ght inb-}Dsity with 

depth generally has an effect on species numbers (Wells, 

1957), low light intensities are unlikely to affect the 

nurr~er of species at even the deepest of the Geoffrey 

Bay transects (9m), despite very poor average water 

clarity. Loya (1972) suggested a limit of 30m as the 

deptll c~t. ~/Jhich species nUInbers start being limited by 

light jntensity at Eilat (whe~e average water clarity is 

exceptionally high). 

There is a higher perccn~age cover of livG coral 

on t.he reef slope transects tllan on the reef flat and 

reef Cl:es t. This increc.se in coral cover with depth is 

probably caused by the same factors as the increase in 

nurnbers of species \'lith depth (i. e. beca.use of ex·tre!':'Le-· 

ness of environment on the reef flat). The Imver limi c. 

of coral cover is reached at the base of the slope where 

the flat muddy bottom of the Bay provides no suitable 

substrate for corc:d. groivth. 

The number of colonies f the average colony SiZE: and 

the maxir:mHl colony size arE: illl markedly grcClter on th2 

reef slope transects than on the reef flat and reef crsst 

transects. Again these diff0rencss can be explalnea by 

the increase in envi:conmE.'n'~~a:t. stabili ty \·;it.b depth. 1''.'-i2 

minimum colony size, unlike +":112 maX.Hl1um coloEY size, 

shows no pattern of c~ang8 with dept~. Thus an increase 

in range of colony si;cc \'lith depth is j:eflect.cd in thc~ 

high values for st~nd&~0 deviation from the mean colo~y 

sjzc, in tho reef sl002 transects. 

The 8h·3.n1'.on 3.n(( WeCl.ver c:i-vc'rs1. t.y in.dices II' c c:.cc1 H' r, 



ctlso shO\·! an incre~s(.:o 'di th depth. Again it is, as one 

would expect, due to the increase of environmGntal 

stability with depth. Loya (1972) found at Eilat that 

the highest values of Hie and H'n were iecorded on the 

steepest sections of the reef slope. He suggest~d that 

5S 

this was because settling sediment 

area where the substra-te is steep. 

1 C' 
-~ spread OVCj~ a 'tlide 

It is interesting to 

note that the two indices, Hlc (calculated on cover 

proportions of each species) and Hln (calculated on the 

proportions of numbers of individuals of each species) , 

have markedly similar values throughout the transects. 

This reflects the fact that the increases in species 

nnmber, nwnber of colonies, percentage c~v~r and colony 

size wit:h depth, closely follow each ot:.her> 

As in the Geoffrey Bay transects there is an 

1.ncre2lse in the number of species wi th depth. The 

ab~30lut.e nmnber of species per transect in each are2. 

of the reef r hO\\'ever t is 10\\7er -than in Geoffrey Bay I 

reflecting -the fact that the tot.al number of species is 

] ess in Cod::le Bay. 

The inner reef flat transects (201, 282 and 203) 

shm'l 11i9h percentage cover val nes! due mainly to the 

~cnse beds of Nontipora ~amosa. Also the problem of 

ci(~fin:i.ticn of individuals of Montipol'O l'amosa rreviously 

mentioned (section 3.3.3), confuses th~ values for 

numb<'-':Ls of colonies and ave'cage colony size for ·these 

Apart- from the innc:r reef flat which is so do;nill;::.t:.ed 

by ~ 8ing12, well adJpteCi snecies. the other ,. , reef flat-:-

transects (204 to 207) have lower percentage cover values 

t112ln most of t!H~ reef slop;::; tr:::.l1s,-";ci:-s,. ~'tl.'L!l-Otl~(:; this ~s 

l 0 5S m2rk~J than in GGuffr2Y Bay. 
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There is no clear lJattern of changes in number of 

coloni~sr average colony size or ma~imum colony size, as 

is shown in Geoffrey Bay. Nevertheless I th(~re are 

increases in the Shannon an~ Weaver diversity indices from 

the inner reef flat to the reef slope. The values of H'c 

and Hln do not fallow each other as closely as they do 

in Geoffrey Bay. This is probably because of the lack of 

any clear pattern of increase in number of colonies and 

colony size with depth. 

In Geoffrey Bay the differences in the values of 

the transect characteristics bet,veen the reef flat and 

crest area: and the reef slope area, can be explained by 

the fact that the reef flat is more environmentally 

extreme than the subtidal slope. The whole of Cockle Bay, 

hmveT,ler I can be regarded as en,vironmentally extreme, due 

to the ever present and dominant influence of high 

sedimentation ra·tes. This also explains why the 

differences between the reef areas, with respect ·to Jehe 

characteristics discussed, are less marked in Cock.le Bay 

than in Geoffrey Bay_ 

3.5 CLUSTER ANALYSIS OF TP.l\NSECTS 

Figures 10 to 15 are hierarchical classifications 

(presented as dendrograms) .of the transects for Geoffrey 

Bay I Cockle Bay and bo·th bays combi.neCi. 

The DaGes on the horizontal axes are labelled with 

the transect numbers. The vertical axes bear the s~ale 

of th8 diss~milarity measure. 

When interpreting such dendrograms, it must be 

remembered that the absolute positions of transects on 

the horizontal axis are irrelevant. It is the relative 

positions ar:c1 th\~ levels at which transects or groups of 

·transcc ts arc fused \-1i th others vlhich arc importa.n"t. The 



FIGURE 10 

The 13 Geoffrey Bay transects classified on the 

cover values of each of the 69 species attribvtes. 
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FIGURE 11 

The 13 Geoffrev Bav tr2nsects classified on the 
~ ~ 

colony number values of each of the 69 species 

attr·ibutes. 
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FIGURE 12 

The 11 Cockle Bay transects classified on the 

cover values of each of the 42 species attributes. 
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FIGURE 13 

The 11 Cockle Bay transects classified on the 

colony number values of each of the 42 species 

attributes. 
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FIGURE 14 

All 24 transects from both bays classified on the 

cover values of each of the 78 species attributes. 
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FIGURE 15 

All 24 transects from both bays classified on the 

colony number values of each of the 78 species 

attributes. 



62

UI

--------~------ f
I J 1------........----------· tl~l
I f I r-,---- ~ ZIIl "l-l" •.----- L ~_-_ III I CO

_~_[ ------------..-...-..--~ 0~l j
-~-------------........---- --- 6B ~

----~---~I

L
,..........-------~'----------_-..--.----

"'--_--....--------.-...--.-

---.
Z~ I

I
l~? I ()
\~J

Le~l
922 r

o

9~ll
I

~J:' l

--~l
l__~ ~~~__~~

I «

1

l r{ r------- 6'Zll

------1

I ~----...,. r-"--= :::
L_ ----~--"-~l -----

[-------
.... il'l "J ('~

t'J :it ~:.
,~ r: I- ~'l M ~~~1-. ~ ~.I

- -- ~'

oJ ~ , ~(l ... I'~



transects fused at t~e lowest level are the least 

dissimi:ar (or most similar). The ~~ecies which cause 

particular groups to cluster together are listed as 

dominant species of each zone (section 3.6). 

3.5.1 Geof:Erc:::y Bay rrransects 

G3 

Both. the cover matrix clas3ification (Fig. 10) and 

the abundance rna~rix classification (Fig. 11) for Geoffrey 

Bay shov] iJ clear grouping of the transects into b,.'o 

clusters or groups: "A" the reef flat and crest tran­

sects (101 to 108) and "B" the slope transects (lOS to 

113) . 

It is noticeable t.hat the point dividing the two 

groups (between transects 108 and 109) is exactly the 

senne as ::1'18 division pI:eviously character i ze.d by changes 

in values of the transect char-act_eristics (section 3.4). 

~"i'i thin the cJ uSi:ers ~:;here. are further subdi vis ions in t~o 

pairs and groups of three transects. with so few 

transects, however, it is difficult to characterize these 

SUb-groupings. 

3.5.2 Cockle Bav Transects _.------_ .. _----

In the Cockle Bay classifications (Figs. 12 and 13) 

-there are Uu.-sa !l1.Jin clus·ters~ "c" the ir:ner reef flat 

t.ransects (201, 202 and 203) t liD" the ou·ter reef :flat and 

crest tran~)(3cts (204 to 207) and "T:: H the slope traEsects 

( 2 0 8 i:O 2 11) . The }.nner reef flat transects are well 

scparate6 from the rest. This is as a result of the 

isolation of individuals with outlying values hy the 

Bray-Curtis wctric ~0JSUre. In this case the outlying 

dissiCc1i1ilCi ty nleZl.S:t~rf2, l101d8ver r merely accentual-es the 

[act l:hcd:: t:hc imwr reef flat tra;1sects of Cockle Bay 

acc a qui te d.istinc t gJ:oup. 
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As previously mentio11ed (section 1.4), a·~". tJ1e

present st~ge in the develop~ent of the use of classific­

ation as an aid to interpJ-e·ting ecological data.. i·t is

not po~sible to accept a particular classification without

comparing its results with the results of more traditional

anal~y.sQs• Jfhe re'su 1 ts of classif icati on of tJ:"ansect..:s { and

other findings already dis~ussed (section 3.4), are

entirely complementary. Each of the clusters of transects

shown in the dendrograms have their own distinctive

species composition J dominant species, diversity indices,

and number and size of colonies. In the simple cases of

these partic'L11o.r indi'lidual reefs r the classification of

transects is OI11y backing up ~"hat it is possible to find

out wj.t110ut the D.se of multivariate a11alysis. A use

of classification likely to provide t111expected i11Sights 1

is for the classification of transects from different

reefs.

3.5.3 All Transects

Figures 14 and 15 are dendrograms from classificat­

ions of all the transects surveyed in Geoffrey and

Cockle Bays.

In all cases the transects, clustered together in

the classifications of transects for each of the two

individual Bays, remain in the same groupings as the

combined Bays Clclssifications. frhis means tllat the

l!bei.:\·lee11-tranSGct,H s.imilarities \~litllin each cluster are

gre.dter tlla.11 the sin1ilari ties bet\veen trarlsects from an

equivalent area on the other reef~ The reef slope

·trallSE~cts of ea,cl1 B~~l (groups nEll and nE u
) 1 hO\v8Ver I are

li11}-:Gcl toget11er a1: a lovJe~ level t.l)an either is lin]<.ec1

. wi tJl. o·the.r gl~OllYS fronl t116 salT1e reef co 'l111is in11)lies a

grea.Jcer lIbetv;1eell-grollr~I; S ilnilari ty of tl"le reef. slorJe

transects of (1J.fferel1t~ .rcefs r thaI1 t118 sinl.ilarit~{

bc·t~VJeeD. tl1c rf~ef sl()l)e <..lllQ o·ther grouF)s (foy" instance

tl1,e re(~f ili..1 tl, front tIle saE1e reere



In bot.h the combin,"Cl BClY;=; clb.3~:ifications (cover 

and numbsr of colonies) "e", t:he gr'oup of inner r<?-f:-;f 

flat trans2cts of Cockle Bay, forms a separate cluster, 

vlitil fusi0l1 to other clus'':.ers on1-y at a high level of 

di ssimilari ty. Again ,this extreme isolaJcion can be 

attributed to outlying values of llontipora ramosa, 

enhclllC(!d by the Dray-Curtis measure. 'I'his group is not 

ai: all closely linked wi.th transc~cts from a similar 

posiJcion in Geoffrey Bay 1 which reflects a markedly 

different ecological structure of the two zones. 
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The only difference between the two combined Bays 

classificatio;Js is the lin:<age of 1ID" (the group of outer 

reef flat and crest transects of Cockle B~y) with other 

In the abundance Matrix classification (Fig. 

15) r the group is Illost closely linked vli,th II A" (:che reef 

flat and crest transects of Geoffrey Bay). In the cover 

matrix classii'ic3.tion (Fig" 14) ne n is most closely 

linked \·lith ;IE" z:.nd "E" (tb.2 reef slope transects), 

3.6 ZONATION PATTERNS WITHIN 'rEE COl';jHUNITY 

Both reefs, from the lower limits of coral growth 

(the bases of 'c.he reef slopes) to the lc.n(lward lind ts of 

·:or.3.1 r;rroVlth (tl!.2 l.andvl.::nJ limits of the inner reS! f flats) 

can 1,)0 l.egarcJe:d a.:; being sing:Le coral ree,f: "colflrnuni tieS II • 

'rheS2 (.'omnlUni tics can be sub-::Li vided in-c.o various "zones \I 

on t118 basis of the evidence al.ceacly discussed. The 

'::liUl, different uefin5.t~ions .. and often v;ithout any 

signific2nce as far a~ ecological units are concerned. 

For the purposes of this study the zones described 

arc subd1vision:; of the reef communities ".'hieh can be 

defined on the basis of the following characteristic 



Percentage coral cover 

Colony size 

Nuffi0er of species per transect 

Species diversity. 

6(; 

Each zone has its own characteristic species composition, 

spatial distribution of specie~ and dominant species. 

The II zones" are related to the £ollmving environ-­

mental factors (which in turn determine particular 

values of the ecological parameters of each zone) : 

Strength of water movement 

Substrate nature and substrate slope 

Sediments and sedimentation 

Exposure by tides and relatea variations 

of temperature and salinity. 

3.6.1 Geoffrey Bay 

Two zones can be described for the Geoffrey Bay 

ree f conununi ty ; 

The Reef Flat and Crest Zone (transects 101 to 108) 

a. Environmental characte~istics: 

a gradient of decreasing strength of water 

movement from the reef crest to the inner 

r8(::f flat 

substrate of solid concreted coral reck, 

with areas of sand and areas of non-

stabilized coral ~ubble which gets shifted 

aroun~ by WAve action during storms 

substrate sloper horizontal or nearly 

horizontal 

coarser sedimeIl ts -than 011 '~:he Reef Slope 

Zone=: 



re~r111ctr, perJ.odl.c emersion during loVJ spring 

tides a~d exposure to desiccation and 

extremes of salinity and temperature 

b. Ecological characteristics: 

10\\7 percentarje coral cover (3.93% to 6.27~~) 

small average colony size (6.04cm to 9.40cm) 

low number of species per transect (3 to 10) 

lower values of HIe and HIe than on the Reef 

Slope::; Zone because of Jaw species numbers 

dominant species: Montipora ramosa - especially 

on areas with non-stabilized substrate, 

Gcrdost;y'ec. aspcra and Platygyra 0inens1:s 

throughout, Porites austraZiensis micro-

a-tolls on the inner n~ef flat, and Symphy Z-Z-ia 

recta on the outer reef flat and crest 

other less dominant species include: Goniastrea 

f a v u. r us, P 7, a -{; Y fI Y rap 1: n i ~ Pori t e s sol ida -' Po r i t e s 

lobata and 'l'L~Y'bFinaria aUl~iculari8 

a. Environmental characteristics 

a gradient of decreasing strength of water 

movement from the crest to the base of U18 

reef slope 

solid steep substrate with pockets of fine 

sediment 

never exposed during low tides, so not 

subjectc:d to the same range: of ex"cremes 

of t0rnpcrilture and salinity as the Reef 

Plat ~~d Crest Zone 

b. Ecolosi2al char2cteristics: 

high percentage of coral cover (20_5G~ to 

IJrg2 avera~0 colony size (15.69cm to 29.28cm) 

11 i.ql, number or specie,s per trcms2ct_ (19 tD 30) 
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highel~ va.hle;:; of H ~ C Q.nd n 1 n t.han on the 

Reef Flat and Crest Zone 

dominant species: Acropora raynepi~ AcropoPQ 

aauminata and Montipora sp.E (foliose) 

other species include: 9 fUrther species of 

Acropora> other foliose Montipora species, 

Turbinaria auriauZaris J Pachyseris 8peciosa~ 

Pavia favus J ,'] ty ZopJ-z01o a pis t'& Z7,a i;a and 

Cyphastrea seraiZia 

For the Cockle Bay cOIllL"Tlunity three major zones are 

suggested by the data. 

The Inner Reef Flat Zone (tra~sects 201 to 203) 

a. Environmental characteristics: 

very little water movement 

flat, non-stabilized coral rubble substrate 

(thjs is shifted around by wave and swell 

action to a lesser extent than in Geoffrey 

B2ty) 

exposed during low spring tides and subjected 

to dcs:i.ccat:ion and extremes of temperaturE: 

and salinity 

b. Eco:! C>~; iC21 characte.:cisi::ics: 

hiqh percent.asc cover (21.6Y.!; to ~3.17%) 

,~m(1].l ave::aqe colony sj.ze, but. with large 

onl) 2 O~ 3 specjes per transect 

v,~ry 10 .. " valu(:;s elf ETC E:.nd H' l~ due to 1m-,' 

complete domiriation by ~ontirora ~am08a 



Outer Reef Flat and Crest Zone (transects 204 to 207)

a. El1\'ironrnen'tal (;baracteristics:

zone in Cockle Bay with most water movement

. (There is I hO\J'le"Ter, weaker vlo.i:er lllovenlent

than on the equivalent position in Geoffrey

Ba)7)

flat and near-fla't solj-d substrate with

Sa11d)~ poc}cets

coarser sediments than on the Reef Slope

Z011e

at least the upper part of the zone is

exposed during low spring tides

b~ Ecological characteristics:

lower percentage cover than on the Inner

Reef Flat Zone (2.5% to 16883%)

average co]ony size lOelcrn to IS. Oem

3 to 19 species per transect

higher species diversity values (H'c and

II' n)' than on the Inner I~eef Flat Zone due

to higher nw11ber of species anel qrea·teJ:­

equi tabili.ty

clorni11&nt species in.clllde: Platygyr'o., sin.ei'Zsis~

Lt71.1ophy Zliu helll"p:pic71,ii., TU14binay~ia a~.£"i.-71..:cularis

dnd Fo~itC3 Zobata

Ree~_Sl0EE-,~oi1e {transects 208 to 211}

a.. Erlvi rCJnrnental c11aracterist.. ics:

li ttle 'w"ateJ: luoverne11t

steep substrat.e

118cl':JY sedinte11tatioll vlit11 fj.ne, hi~fl1 clay'

content. sedimeI)'~

110t exposc=d during 10,\-J t~ides

b. Ecological characteristics:

silnilar~ L)erc~~r..t'l~Je (;(}':..re:c to t11c O'Lrter I~eef
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F16~ Zone (5.78~ to 23.80%) (This is much 

lower than on the equivalent ZOne in Geoffrey 

Bay) 

average colony size 9.45cm to 24.62cm 

nurnber of species per "tra.nsect (8 to 15) 

and values of Hlc and Hrn are similar to the 

Outer Reef Flat and Crest Zone 

dominant species: Gonioporatenuidens 

otht~L' spf2cics include: POY"ites mayer"i,:! Fav'z:a 

j ' T' , . "CVUS., Ul'[)'l.-nQY'1..a auricularis and Mcrulina 

70 
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4 GENEIU\L CONCLUSIONS 

The reef communities of Geoffrey Bay and Cockle Bay 

are sub~ivicied into the following zones: 

Geoffrey Bay 

Zone 1 

Zr::me 2 

/'one I 

Zone 2 

Zone 3 

Reef Flat and Crest Zone 

Reef Slope Zone 

Inner Reef Flat Zone 

Outer Reef Flat and Crest Zone 

H.cef Slope Zone 

The characteristic ecological parameters of each 

zone directly reflect. the influence of the prevailing 

environmental factors. 

The two communities differ both environmentally 

and ecologically. Cockle Bay is less exposed and mOJ.-e 

heavily scdifilcnted {especially on the Reef Slope Zone I 

thall GeoI h:ey Ba.y. The :cela Live extremeness 01: the 

env:l ronmc~n toe C·:JCkle Boy is reflected in the smaller 

number 0 C s}x,ci.es and lowe.r species diversity of Gorals 

t.hGtn in the C;(~offrey Bay community. Loya (1976a) found 

a simililr difference in species Dumber and diversity 

vlhcn CO[llpar ir!~J a heavily sedimentcd communi ~cy with a 

18S.C
; scdimentc'cl cOlli~rlUni ty on the fringing reefs of 

Puert~ Hico. 

1 i: i.oS pcss ib:L,2 to relate ··the qro\:Jth forms of the 

dOTi:i n<lnt sPGcic?~; of each zone of t.he two communi ties to 

thl2 syn1.::hcti,~ [1:(x1els of Rosen (1.971 1 1975\ and Pichon 

(1973} {::~22:C}~ t.e..' section 1. 3.3) . In particular the 

Qc.>,·,d.n,-:J) t (jrC\,'C·, J:0rm.s of eilch zone reflect i:h2 stren']th 

or v.'·=) L,,;1.' Hl()\"~ITK':lt in the nLann(;r put for\-larc1 by Rosen an(~ 
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by Pichon. The only exception .J.. +-1' 1-0 ~.1~S is the dominance 

of MontiporQ pamosa on reef fl~t areas with non-stabilized 

subs·crate. But, as has been pointed out (section 3.3.3), 

Montipora ramosa is the only species Lhat is sufficiently 

well adapted to maintain high coverage in such areas, by 

way of active regeneration. 

Jl'h<2 I{cef Slope Zone of ·the Geoffrey Bay comrnuni ty 

is dominated by branching Acropora species. According 

to Eosen's and Pichon's models, this reflects moderate 

water movement. The Reef Flat and Crest Zone of Geoffrey 

Bay is dominated by the massive species, Goniastrea 

aspera~ Platygyra sinensis and Symphyllia recta. In 

Cockle Bay, the Outer Reef Flat and Crest Zone is 

dominated by Symphyllia recta and Goniastrea a8pera~ and 

the Reef Slope Zone is domin.lted by Goniopora tenuidens. 

Thus n11 ·the zones except the Reef Slope Zone of Geoffrey 

Bay are dominated by massive species. These zones 

correspond to Rosen's Porites assemblage and Pichon's 

zone-type dominated by species with massive growth form. 

This reflect.s reduced strength of water movement. 

No areas of either reef are sufficiently exposed to 

wave action for development of a zone corresponding ~o 

Rosen I s POc! -{ L. ZOP01'(I; as semblage and Pichon 1 s zone···type 

dominated by species with thick and short digitations 

(Acpopu.f'U hum1:.lis for instance). 

7\ qencraJ. comparison of the community structure and 

zl)nation pattenls of these; two Nagnetic Island reefs 

wi th 0 UWl: published st·u.dies on fringing reefs is 

difficult. Although there is a great wealth of liter­

ature on high island and coastal fringing reef morphology 

and ecolcgy, there have been few studies of similarly 

s:,eltercd and sedimel'lted I'eefs in the Indo-Pacific. 

llOl:pholo':j icc:lly t:he r1a.gnetic Island reels elL ffer 

frorn n;'lny Otll(!,L reefs that have been st.udied. In 
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par-t.icular, thB V'2r-U.cal extent of the cCffiITluni ties is 

small (the reef slopes extend to 10m in Geoffrey Bay and 

only 4m in Cockle Bay). This compares with lower depth 

limits of SOm at Tuliar, Malagasy (Pichon, 1971), 30m at 

Eilat, Red Sea (Loya, 1972) and SOm at Mauritius, 

Mascarene Archipelago (Faure & Montaggioni, 1976). 

Furthermore, there is no formation of a lagoon or moat 

area in either GeOffrey Bay or Cockle Bay, as has been 

described at Mauritius and other islands of the 

Mascarsnes (Faure, 1975, Faure & Montaggioni, 1975). 

Morphologically, perhaps, the most similar reefs recently 

studied are those at Mah~r Seychelles (Lewis, 1968; 

Braithwaite, 1971 and Rosen, 1971) where the reef flats 

on the exposed side of the island extend approximately 

SOOm from a sandy bei1ch r and -the reef slopes ext.end to a 

muddy sand base at 10 to 15m (Braithwaite, 1971). At 

Mah~ there is a similar clear division of the coral 

community into fore reef, reef edge and ba.ck reef with 

no lagoon or moat development. The details of the 

zonation and assenililage organization, however, are quite 

different from Magnetic Island; at: Mahe there is greater 

development of seagrass beds and exposed PociZZopora and 

Acropora assemblages (Braithwaite, 1971) 0 

r1any of the fringing reefs for which studies have 

been publishe~ are from open ocean island localities and 

5ho'N feat1..1J:Cs determined by far gr8ater exposure ·than i:3 

found at Magnetic Island~ such as the exposed PociZ[opora 

and JICl',"J!'''::iJQ assemblages at Haile (Braithwaite, 1971). Of 

the fringing reefs that have been studied, the most 

comparable to Magnetic Island in terms of exposure and 

possibly sedimentation are : the N.W. side of Maer Islan& 

i;.iurray Islands (Hayer f 191B) I Gaua: NeVi £Iebrides (Baker, 

1925) and the Bay of Batavia. (UmbgrovB, 1940). Unfortun-­

ately these early stuaies do not include any quantitative 

su:cvcys. Furthermore the d8scriptions are limited to the 

reef flat and crest areas onJ.y. 
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At all three of these areas, inner reef flat zones 

of MontiporQ ramosa are described. Abe (1937) also 

describes such a zone at Iwayama Bay, Palao. The posiJcion 

and degree of shelter of these Montipora ramosa zones is 

directly comparable to the Inner Reef Flat Zone of Cockle 

Bay I and the Mont1:pOY'a ramosa dominated areas of the Reef 

Flat ~nd Crest Zone of Geoffrey Bay. Baker (1925) also 

found a dominance of Porites (fragosa) on some areas of 

the reef flat at Gaua, and describes a Goniastrea 

(peetinata) zone on the extreme reef edge. Mayer (1918) 

describes the outer reef edge and slope at Maer Island 

as being dominated by branching Acropora and Montipora 

(presumably foliose). Thus there are some similarities 

between these reefs and the reefs of Geoffrey and Cockle 

Bays. D2tai .. Led comparison r hovlever ( is difficult 

because of the ladk of quanti tative data and descrip{:~ions 

of the reef slope areas. 

In conclusion it seems that the general pattern of 

zonation defined for these Magnetic Island reefs is, on 

a world-wide basis, charactcrisfic of fringing reef 

communities in very sheltered and heavily sedimented 

cond .. l.tions. 
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APPENDIX I 

List and descriptions of computer programs used for 

data processing: 

FRED. 1"4 

SUBH2\T. 

COVA. 1"4 

SPESUM 

Written by Brad Cooper (Computer Centre, 

Jarnes Cook Dni versi ty) and the author to 

replace Dr Terry Done's program, COLINA.F4. 

Converts the raw data to a list of transect 

numbers followed by cover readings for each 

species on that line. 

Written by Terry Done and adapted by the 

aut:1or. 

Draws from date. files made by FRED.F4 "to 

create rectangular matrices of total cover 

and numbers of colonies of each species on 

each line. 

Ivri tten by 'ferry Done and adapted by the 

author. 

Plots centred histograms of cover distrib­

ution of chosen species on all transect 

lines. 

Written by Terry Done 2nd adapted by the 

author. 

Hakes a smmr:ary table of data for 8aCI! 

species. 

COLISP-o F4 - Ivrj.tten by Terry Done and adapted by the 

aut~hor . 

l·1akes a st1L'.mary table of ir..fonna-tion about 

each transect line. 



APPENDIX 2 

Details of the procedure used for determining 

sediment particle size distributions: 

(1) The whole sediment sample (300ml) Vlas air dried 

in an oven at 70 0 for 12 hours. 

(2) The sample was gently ground using a pestle and 

mortar to separate conglomerated particles. 

(3) A sub-sample of 50g was removed (see Carver r 1971, 

p.52 for details). 

(4) The sub-sample was shaken well and soaked for at 

least 12 hours in lOOml of Calgon solution (4g per 

litre of Sodium hexa meta phosphate). 'I'his was 

to disperse the clay fractions. 

H2 

(5) The sub-sample Vias washed through a stack of SJ.eves 

with about 1 litre of water. Sieves withche 

following mesh diameters were used: 

2.057 -3 x 10 m 

4.547 10 -4 x m 

2.5LS -4 
}~ 11 In 

6.350 -5 x 10 111 

(G) E2,ch sieve and its COi1ten ts 'dere pven dried ci.nd 

the trapped sediment was weighed. 

(7) The suspension which was washed through all the 

Sleve~; was placed .1.!1 a set.tling column 45cm long 

by Scm diameter. 

(8) The column was :eft to stand for 60 mins maintained 



o rxt a temperature of 21 . 

(9) The top Scm of suspension was removed by pipette. 

(10) (8) and (9) were repeated twice. 

(11) The suspension remaining In the col urnn (a) and 

the removod suspension (b) were each dried and 

weighed. These gave values fOL the size classes: 

-5 -6 6.3 x 10 m > (a) > 4.0 x 10 m 
-6 x 10 m > (b) 

83 



APPENDIX 3

Details of coefficients used for grapllical

computation of mean, skewness and sorting of sediment

samplf:S:

f\1ean

84

Mean :=

Sorting

Sor"ting =

SkeylneSS

(¢ 1 0 + ¢ 3 0 +. ¢ 5 0 + ¢ 7 0 ..}- ¢ 9 0 ) / 5

~1cCamm011 (1962)";'~

(¢ 85 + ¢ 95 - ¢ 5 - ¢ 15) / 5.4

~1cCarnrnon (19 6 2) *

Sk¢ = [¢ 25 + ¢ 75 - 2 (¢ 50)J / 2

Krumbein & Pettijohn (1938)*

Where ¢x is the xth percentile interpolated from a graph

of grctin size range (ill ¢ ul1.i ts) plotted agaillst

cumulative percentage weight in each grain size group~

Conversion of- linear grain sizes -to the ¢ scale ~vas j(')l"lC

using a table given by Page (1955).

* References cited by Carver (1971).
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