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FRONTISPIECE: A piIÍng of Edithburgh pier encrusted with sponges and

other sessile invertebrates

The phoLograph íncludes the sheet-Iike sponge CreLLa

sp. (black areas at the Lop and botLom of the pilíng)
which is the most abundant species in the sessile guild

on the pilings. Other sponges shown in the photograph

include
sPl ApLysiLLa Tosea (pínk mass on Lhe right síde of the

piling)
SP47 Chondropsis sp. (irregular yellow-crange areas)

SP50 Ted.ania sp.a (orange mound-Iike colonies)

SP13 CaLLyspongia sp, (grey-purple projections on

Iower right)
SP5 Red encrusting sponge (scattered red patches)

The orange colony protruding from the piiing on Lhe

upper left is the bryozoan, BI CeLLeporaria fusea

and Èhe símiIar shaped grey colony protruding frorn

the piling on the upper right is the btyozoan, B2

CeLLeponaria uaLLi'gera. The encrusting grey colon¡r

adjacent Èo and under Lhe lower end of the perspex

ruler is the colonial tunicaLe, TlB Dídenmwt sp'b'
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SUM¡,IARY

The structure and organization of two subtidal sessile

guiìds at the south.ern end of ihe Gulf of St. vincent in south

Austral ia were investigated. The guìlds were located on the

piììngs of piers at Edithburgh and Rapìd Bay.

In both sessile guì1ds the majority of specìes were rela-

tively sparse, occupyìng a smaìì percentage of the substratum

while one specìes was by far the most abundant and occupìed a

ìarge percentage of the substratum. At Edithburgh this was an

encrusting sponge, cz,eLLa sp., and at Rapid Bay ìt was an en-

crusting stony coral , CbLieia sp.

In addit jon to these two spec'ies both guì rds were na.inly

composed of various sponges, tunicates and bryozoans. The rela-

tive competitive abjlities of certain of these species as well

as two serpulid specìes were assess.ed using estimates of over-

growth ability, growth rate, life span and growth form. The

results of this assessment were discussed in relation to the

abundances of the different phyletìc groups at each site.
ïhis assessment, experimental removal of cuLieì,a sp. from

some areas of p'iììng at Rapid Bay and observations made during

the development of the sessile guild at Rapìd Bay on artific.ial
pane'ls suggested that the initjal attainment of high abundance

by cuzieia.sp.v/as due, primarily, to long rife span and resis-

tance to overgrowth and larvaJ recruitment by other species.

cuLicie sp. colonized the artificial paneìs'in very'low numbers

and the growth of new recruits was slow. cons.ideratjon of the

''t



Perch , Gcn'Listius uizonaz,ùus, ttas observed to be a major pre-

dator of ùLderwtwn sp. a.

The number, identities and abundances of species did not

show conti nuous o)^ drasti c changes i n e'ither sess ì'le guì I d over

the duration of the study period, This stable structure was

attnibuted main'ly to the fact that the majority of specìes 'in

these guì'lds had long life spans. These facts were discussed

in relatjon to recent generaìizations about fou'ling communities

mainly composed of species with short ljfe spans. Three hypo-

theses were proposed to expla'in why there were nore ìong-lived

specìes in the guì'lds at Edithburgh and Rap'id Bay than in the

foul i ng commun'iti es cons'idered by others. From the aya'i I abl e

evidence it was tentatively concluded that the ìarger size and

ìonger period of submergence of the substrata at Ed'ithburgh and

Rapid Bay favoured longer lived species.

l'ì1
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1.0 INTRODUCTION

1 . 1 Commun'i ty 0rgan i zati on

The term "commun'ity" refers to a collection of interact'ing

organìsms in a prescrìbed area or habitat (l,lhìttaker 1972, Krebs

1972, Ricklefs i973). 0ften this general definition is elaborated

according to the way in which the user imag'ines b'iologìcal

communjties m'ight function. For exarnple, some authors state

that the species in a community have a common evolut'ionary history

(Connell and 0rj,as 1964, Goodman 1975), However I will use the

term communìty on'ìy in a general sense to avoid confusion.

Communities have a "stnucture" 'in the sense that they are

composed of different species which are arranged in different

patterns. The number, identity, abundance and dis+"r'ibution of

different species in a community are commonly recognized as aspects

of ùhis structure (Krebs 1972, Caswell 1976, l4enge 1976). Theories

of communit¡r "9¡g¿nizat'ion" have been concernecl alnost exclusìve'ìy

with the processes that produce this structure (e. g., rev'iews

by Goodman 1975, Connel 1 1975, Wh'ittaker I975 , Caswel ) 1,976, Osman

and I,Jh i tl ach 7977 ) .

Many of these theories attempt to explain the development

of specìfic types of community organization and structure over

evolutionary tirne (e. 9", Hutchjnson 1959, Margalef 1963, 1969, Odum

1969, Sanders 1968, 1969, l^lhittaker 1969, I972). However, there

ìs a growing body of literature which is concerned with'identify-

ìng those factors and processes which are important in commun'ity

organization in an ecologìcal t'ime scale, that is a period.of,
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say, years or centuries, h,hich is short compared to the

time lìkel¡,to be required for specìation (e. g., Pajne 1966,

797\,7974, Dayton 1971, Grant !977, Menge 1976, Buss and

Jackson 1979, Harris 1978, Karìson 1978, Keough and Butler

1979, Osnan 1977, Sutherland 1976, 7978, Addjcott 1974,

Maguìre et al. 1968). It is the set of theories and gener-

alizations wh'ich have been derived from these studies which is

pertinent to the inyestigat'ions reported'in this thesis.

li4ost discussions of community organization on an ecologica'l

time scale emphasize the importance of predation, competition

and physìcaì d'isturbance and partìcu1ar1y interactions between

these three factors (Paine 1966, Levin and Paine 1974, 1975,

Connell 1975, 1978, Þlenge and Sutherland 1976).

l,îany 'investìgations have demonstrated that the action of

predatons amel iorates competit jon between their prey a1'low'ing

more species to co-exìst in one locality than would exist in

the absence of that predat'ion (rocky jntert'idal: Pa'ine 1966,

1969, 797!, 1974, Dayton !97!, 1975, l4enge !976, 1978, Lubchenco

1978, Lubchenco and Menge 1978, Peterson 1979; subt'idal hard

substrate: Day 1977, Russ In Press; corals: Porter 1972, I974;

tropical raìnforest: Janzen 1970). In each o-î these cases one

or more species of predators feed preferentia'ìly on one or more

"competi ti ve domi nants " . A competì tj ve don:i nant i s defi ned

as a species which is able to increase ìts share of some re-

source at the expense of most other species in the commun'ity

whjch require the same resource. In the absence of some control-

f ing factor, such as predation, which suppresses i+-s abundance

-2-



it is able to exclude other spec'ies from the habitat. It
may be able to monopo'l'ize the resources comp'lete'ly.

Lubchenco (1978) pr oposed that the ro'le a predator wì'l 'l

p]ay in community organìzation wiil depend on the competitive

abiljty of ìts preferred prey. In communities whene a competi-

tive dominant is not the preferred prey predat'ion would be expected to

re'inforce the effects of competìtive dominance. That ìs, more

species would be expected to exist in the locality .in the

absence of that predat'ion. Several investigat.ions support

this propos'ition (Day 1977, Gìynn 1976, Lubchenco lgTg).

In communities where there is no competitive dominant

predation ma.y have one of two effects. Addicott (r974) demon-

strated that predation decreased the number of species in

pnotozoan communities in pìtcher plants. Alternative'ly, Dayton

and Hessler (7974) gìve some evidence suggesting that generaìized

predation of the deep-sea benthos enhances specìes diveristy.

As far as I am aware there is no comprehensjve conceptual model

which explaìns why or under what circumstances predat.ion may

have these two d'ifferent effects 'in the absence of compet.itive

dominants. However it is worth noting that Addicott ( lg74) has

discussed the factors that may determine how community structure

wjll respond to predation and concluded that predation coulcÍ not

increase species numbers under any circumstances unless there

were strong competit'ive interactions between the prey.

Physical disturbance has also been found to play a s.ignì-

ficant role in communìty organizatjon (Dayton 197r, connel 1 lg7s,
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Osman 1977, Grant 1977, Lubchenco and Menge 1978, Glynn 1976).

In the marine commun'ities on hard substrata stud'ied by Dayton

(I97I), Connell (i975),Osman (1977),Grant (1977 ) and Lubchenco

and Menge (I978) localìzed physica'l disturbance such as wave

shock periodi cal ly c'lears areas whi ch are then ava'il abl e for
'invasion by new recruìts. After an initial rise the numbers

of species jn these areas decrease over tine as one or more

compet'itive dominants monopolize the areas. Thus these distur-

bances permit a greater number of spec'ies to co-exjst in one

locality than would be found there without any disturbance

(for further discussion see Section 4.1). Gìynn (1976) also

reports that extreme tidal exposures off the Pacific coast of

Panama devastate coral s on reef f I ats, part'icu'larly the compet'i-

tively dominant corals. This has a diversìfying effect on

the reef f I at assemb'lage.

In a series of inyestigations in the rocky intertídal

communities of the New Eng'land coastline Menge (1976, 1978a,

1978b) demonstrated that phys'ical disturbance affected the

efficiency of the gastropod predator, I'loaùs LapiLLus, and

thus modul ated i ts rol e i n commun'ity organ'izati on. At I ocal j ti es

exposed to wave shock the efficiency of this predator decreased

(Menge 1978a). Thus at these localities 'it was unable to prevent

its preferred preJ, BaLanus balanoídes and MytiLus e&,úis

whi ch u,ere competi ti ve dom'inants from monopol i z'ing the space.

However at localities where the predator was protected from wave

shock and desiccation it was able to reduce the abundance of

these compet'it'ive domi nants (Menge 1978a, b) . Thus a greater
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number of species co-existed at protected sites than at

exposed si tes.

As Menge (1976) pointed out the results of his investi-

gat'ion concur with the key pred'ictions of the models of commun-

i ty organ i zati on by Connel I ( 1975 ) and l''lenge and Sutherl and

(1976). Both models predict *,hat communities in situations of

comparatìveìy 'low environmental stress will be structured

'ìargely by predator-pney interactions wh'ile those in

situations of high env'ironmental stress will be structured

by compet'itive interactions. In partìcular Connell (1975)

majntains that predation will ìn general be more intense'in less

stressful environments and thus competitive exclusion should be

pnevented more often in these situations.

Stress has many diverse forms (for examples see Grjme 1977,

Vermeii 1978) and as can be seen from the proceeding paragraphs

the concept may encompass phenomena commonìy termed disturbance.

Nevertheless the two terms, stress and disturbance, are usually

defìned separately (Grine 1977, Vermeii 1978, [iJhittaker and

Goodman 1979). In this thesis I will use Menge and Sutherlands'

(I976) definition of environmental stress, that is "the frequency

that physì cal env'ironmental cond'iti ons approach or exceed the

physìological tolerance limits of an organism." I shall define

disturbance as any event whjch direct'ly causes the destruction

of animal or pìant b'iomass (Grime ï977, Vermeij 1978). From this

poìnt of view the intertidal environment is clearly more stressful

than the subtidal environment (Jackson 1977a). Thus accorCìng

to the models of Connell (1975) and Menge and Sutherland (1976)

-5-



predation will play a greater role in conrnunity organization ìn

the subtidal compared to the jntertidal.

Several authors have demonstrated that predators can pì ay a

significant rol e in stnucturing subtidaì sessjle corrnun'ities

(hard substrata: Day 1977, Russ In Press, Paine 1976; coral reefs;

Porter 1972, 1974 Brock 1979; benth'ic sponges: Dayton et al.

1974). Howeyer thjs does not appear to be a univensal pattern.

Predation appears to have very little influence on cornmunity

structure 'in a coral reef community (Porter 1974) temperate or

subtropìcal foul ing communities (Sutherland 1976, Sutherland and

Karlson 1977, Keough and Butl er 1979) and the ses-sì1e community

of a cryptic coral reef environment (Har'"man and Goreau 1970"

Jackson et a1.1971, Jackson and Buss 1975, Buss and Jackson lgTg).

S'ince predation js often a very important factor in the or-

ganization of intertidal comnunities (e.g. see reyiew by Paine

1977) not al'l comparisons between the intertidal and subtidal

communities investigated up to date would support the predic-

tions of the models of connell (1975) and of Menge and sutherland

(1e76).

It may be that these formulations cannot be successfully ap-

plied to comparisons between habitats. Between the intertidal

and subtida'l regions there are I i ke'ìy to be major differences in

the poo'ls of species which can potentialìy be a part of communj-

t'ies on hard substrata particularly ìf comparisons are made be-

tween different biogeograph'ic reg'ions. Thel"e ì s no guarantee

that absolute measurements of eny'ironmental stress, that is the

values of yarious environmental parameters such as 'temperature,

-6-



salinity, oxygen leyels, p.H., wil'l correspond to the subjectiye

measurements made by dìfferent specìes (l^lhíttaker and Goodman

1979). A gjven habitat may be stressful to some species but not

others (f or exampì es s ee Verme'ij 'l 978 pp . I 82 ) . Accord i ngl y

an expìanation for differences between the organization of

communities in different habitats may requìre an understanding

of evol utionary processes as wel I as ecol og'ica'l processes. Si nce

it'is not the aim of this introduction to dìscuss theories deal-

ing with commun'ity organization on an evslutìonary time scale I

shall not examine this poìnt further except to note that evolu-

tionary history may 'limit the appì ication of general'izations

based mainly upon an understanding of processes on an ecological

time scal e.

It is also significant that these subtidal conrnunities in

which predation was not an irnportant structuring agent lacked

a competìt'ive dominant, wheneas those 'in which predation was an

important organiz"ing factor d'id contain one. Thus it may a'lso

be inappropriate to make comparisons between corr¡munit'ies which

do not both possess competitjve dominants. A more thorough un-

denstanding of the effect of predators in the absence of compe-

titive dominants'is nequìred before this matter can be resolved.

In the absence of an obvious organ'izing process such as pre-

dation, physicaì disturbance or competit'ive exclusion knowledge

of the life-history patterns and/or the b'iological pecuìiarities

of the species in a community may'lead to exnlanations of communi-

ty organ'ization (e.9. Sutherland 1976, Sutherland and Karlson

1977, Jackson and Buss 1975, Buss and Jackson 1979, Buss 1976).

-7-



For examp'le, in the cryptic corai reef enyironments of

Jamajca many species co-exìst ìn a benign envinonment where

predat'ion is low. It ìs argued that they can co-exist be-

cause of the ex'istence of competitive networks (i.e. Species

A outcompetes Species ts and Specjes B outcompetes Species C

but Species C outcorirpetes Specìes A. ) (Jackson and Buss 1975,

Buss and Jackson 1979). :Along sìmilar ljnes Porter (1974)

suggests that competitiye exclusion'is retarded in the Carib-

bean coral reefs even in high density sìtuations where there

is little phys'ical or bioiogical disturbance because no one

species excels in all as.pects of interspecific competition.

Alternatively studies of continuous sponge cormun'ities on the

walls, f]oors and roofs of submerged caves in the J4editerranean

Sea suggest that the high diversjty and stability of such as-

semblages may be a result of "cooperation phenomena" (Sara

1970, Rutzler 1970). The tenn "cooperation phenonena" refers

to surviyal during overgrowth and epìzooism whìch reduces the

potentiaìly de'ìeterious effect of interspecific interactions

between sponges.

Recent eyidence has demonstrated that many foul ing conrnun'i-

ties (i.e. communìties made up of sessile organisms on hard sub-

strata in the marine subtidal zone) in tempenate and subtropìca1

localities are characterized by continuous and unpredictable

changes in the numbers and abundances of species oyer time

(Sutherland 1976, Sutherland and Karlson I 977). Sutherland and

Karlson (1977 ) propose that three aspects of the life-histories

of the spec'ies in these communities work together to produce

-8-



this variation 'in comnunity structure. These are short life
span, varjable recruitment and the unequa'l ab.ility of specìes

to jnvade occupied substraturn and resjst larval recruitment.

In these communities free space is vacated fnequenily be-

cause the life spans of most spec'ies are a year or less and is

often 'invaded by a species different from the prevìous occu-

pant. Thus community structure changes cont'inuaJly (see chap-

ter 7 for further explanation. )

conversely Frank (lg0g) suggests that the long ìife-spans

of the most abundant s pecì es i n forest cornmun.iti es nay be re-

sponsible for the "stab'ility"* of those assemblages. sìnrilar]y

connel i (1976) suggests that the 'long 'r 'ife-spans of many coral s

may be responsible for the stability of coral reefs.

Finally it 'is noteworthy that severar of the recent studies

and models concerning the process of success.ion emphasize the

ìmportance of life-hístory characteristics of indjvidual spe-

cies (e"g.Drury and Nisbet .l973, 
Horn 1976, connell and Slatyer

1977 and Noble and Slatyer InPr"ess). Insuch models knowledge of

varjous I jfe-history characteristics (e.s. reproductive capacity,

growth rate)of species adapted to grow ìn different environments

is used to pred'ict the series of species repìacements during

succession.
*Throug hout th'i s thes"i s the term stabÍlity refers to thevariability over time in the foll owi ng c ponents of conmuni ty

structure; the number of s pec'ies, the iden tity of specì es and
this will bethe abundances of species It is recogn'ized that

a function of factors extri ns i c and i ntri ns i c to the con¡muni ty.
Th is definition carries no causal connotations and is a s peci -fi c usa ge of the constancy concept of stabili ty defined by Orians
(1e75). There are many other meani ngs of stability ( e see
Margalef 1969, Holling ì973, Whitta
are not impìied hene.

-9-
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1 .2 This Stud.y

Recent 'investigat'ions suggest that thene are two factors in

addjtion to those considered in the precedìng sectìon which haye

a sìgnificant effect on the structure of foul'ing comnunjties.

These factors are substrate size and substrate age.

At several localities the length of submers'ion of pieces of

substrata has been shown to have a significant effect on the

identity and abundance of the sessile specìes establjshed on

them (Jackson 1977a, Osman 1977, Karlson 1978, Harris 1978,

Anger 1978, Russ In Press).Add'itionally Jackson (1977a) and Keough

(pers. comm.) have found that there are sìgnificant differences

in the number of recruits per unìt area ìn a giyen tine on dif-
ferent sized substrata. lvloreover Jackson (19i7a) suggests that

species with certain types of I ife histories w'ill preferentia'lly

colonize substrata of a particular size.

The foul'ing communities most often invest'igated in the past

decade have been those which developed on subnerged artificial
plat,es (e.g. Sutherland 1974, 1975, 1976, 1978, Sutherland and

Karlson 1973, 1977,Osman 1977, Jackson 1977b, Day 1977, Anger !978,

Russ In Press). The generalizations concerning the structure

and organization of fouling communit'ies in temperate and sub-

tropica'l local ities (detail ed in Section l.l ) have arisen ma"in-

'ly f rom Suthe.rl and' s (197 4, 1975, 1976) and Sutherl and and Karl -

son ' s (1973, 1977 ) 'invest'igati ons of the foul i ng communi ty at

Beaufort, North Carolina. These inyestigations were carried

out on small ungìazed ceramic t'iles (232cn in area) which were

never submerged for longer than four years. Furthetmore the
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other inyestjgatìons to which Sutherland (1976) and Sutherland

and Karlson (1977) refer in order to support their ana'lysìs

were also conducted on artificial plates. In view of the fact

that substrate size and age may affect community stnucture the

genera'lizations drawn from such studies may not apply to foul-

ing communitjes on yery large substrata such as pier pììings or

natural rock faces which haye been submerged for many years,

This dìssertation is a study of two sessjle guilds (i.e.

foul i ng communi ti es excl udi ng mobi ì e organisms; see Secti on

2.3) I ocated on the pi ì'ings of two pì ers (Edithburgh p'ier and

Rapid Bay pier) in the Gulf of St. Vincent in South Australia.

In both cases the guilds under investigation have had access

to the pilings for l5 years. In order to determine the struc-

ture, dynamìcs and some aspects of the organizat'ion of these

two sessile guilds two approaches were used.

Firstly a continual non-destructive census of each guí1d

was carried out for two years on non-manìpuìated areas of the

p'iìings. This procedure provìded data on the structure and

dynamics of both sessile guilds (Section ?.4). It also pro-

vided data concern'ing some aspects of the life-histories and

competi t'ive adaptat'iorrs of the common speci es and phyl eti c

groups whjch were found in the sess'ile guilds (Chapter 3).

Secondly, field experiments were conducted at each pìelin
order io gain ins'ights into the organìzat'ion of each sessile

gu'i1d.

At Edithburgh pìer the reoccupation of artificia'lìy cleared

patches on the p'il'ings was investigated in two f ield experìments
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with the a'im of identifying some of the factors influenc'ing

the abundance of the phylet'ic groups and spec'ies in natural

patches (Chapter 4). The role of predatjon in sessiìe guild

structure was also 'investìgated by means of a predator exclusion

experìment using cages (Chapter 6).

At Rapìd Bay pier the process of sessi'le gu'i'ld deve'lop-

ment was investjgated in order to jdentify and describe the

process by which a partìcular specìes in the sessile gu'i1d

had become so overwhelmìngly abundant (Chapter 5). Artifi-
c'ial panel s were emp'loyed for this experiment. The rol e of

this spec'ies in sess"ile guild structure uras exam'ined further

in a removal experìment on the piìings (Chapter 6). Lastìy,

the role of predation jn sessile guild structure was investigated

in a caging experiment (Chapter 6).

The results of thìs investigat'ion have also been used to

test the generalizations made by Sutherland (1976) and

Sutherland and Karlson (1977 ) about the structure and dynam'ics

of fouling commun'ities in temperate subtropìcal localities

(Chapter 7). Further, they show how life history patterns may

determi ne commun i ty stab i 'ì i ty.
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2.0 THE SESSILE GUILDS AT EDITHB URGI-I AND RAPID BAY

2.I The Study Sites

Two pìers in the Gulf of st. vincent 'in South Australia

were us ed as s tudy s i t,es .

Edìthburgh pier (137045'E 3s05's) 'is located on the west-

ern s'ide of the gulf (see F'ig. z.r). The wooden structure

seen today (Photograph 2.1) extends 173 metres in an easterly

direct'ion out from a low rocky clìff. Field work was restrict-
ed to the outer half of the pìer (see Fig. z.z) which was or.ig-

ìnal ìy built in 1900. Additions and repairs nrade to the pier
'in 1931 were the last to involve the piìings chosen for study.

The timber used for the pìl'ings has a compact stra.ight grain

and is most probably one or more of the forowi ng hrcaLyptus

spec'ies, -8. manginata (Jarrah), g. fibnosa (Red ironbark) and

E. panieuLata (Grey lronbark). Most pi'lings are roughly cyl.in-

drical in shape ranging in diameter from 30cms. to 40cms. The

sandy sea floor slopes steadi]y down away from the low rocky

cliff with depth ranging from 4.5m below Mean Lower Low l^later

(M.L.L.l^J.) at the middle of the p.ier to 5.5m at the end. To

the south of the pier lies a dense bed of the sea grass posi-

donia austraLis var. angusúø Hook. To the north and east of

the pier this gives v'/ay to algae, mainly seabenia argardhii
(Greville) and numerous razor shell s, pinna bieoLoz, Gmelin.

underneath the pìer there are ìarge numbers of pínna bíeoLoz,

and the scal I op c'l.tLønys asperrirmts (Lamarck) and moderate num-

bers of the solìtary tunicates phaLLusía d.epnessiuseuLa (Heller)

and Asei&La gerwnata Sluiter which grow out of the old dead razor

shells and amongst the occas'ional heaps of rubble seen under-
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neath the southern sìde of the p'ier.

Rapìd Bay pier (138011'E 35031'S) 'is located in a broad

norther'ly fac'ing bay on the eastern sicle of the gulf (see Fig.

2.I) . It is an 'industrìal pier employed to load I imestone from

the nearby quarry on to ships. The original wooden structure

which extends in a norther'ly directìon 'into the bay for 395

metres (Photograph 2.2) was bu'ilt in I94?. Field work was

restricted to the steel "tee head" section which was installed

in 1960. This consists of six "dolph'ins," three each side of

a central pìatform, connected by waìkwa¡rs (see Fig. 2.3). The

steel p'il ings were fabricated from two RSJ sect'ions seam welded

together pr^oduc'ing an I shaped piìing 42cm.x ?Scn. ìrn cross

sectjon (see ìnset in F'ig. 2.3). They rvere originaì1y treated

with fIame desca'ler, wire brushed, "seachrome" prìmed and coat-

ed with bitum'inous tar before imrirersion. The whole "tee head"

section stands in nine metres of water at !t4.1.1."^1. and no pì1ing

has been replaced below the low water line since the original ìn-

stallation. Sea grass beds, mainly Posídonia austraLis var. an-

gusta surround th'is part of the pier gìving way to a bare sandy

botton littered with l'imestone debris, concrete blocks and vari-

ous p'ieces o'F steel cable and rai'ling underneath the pier. To

protect the steel pi'l'ings frorn corrosion in the tidal range a

Cathodic Protection dev'ice is used. A D.C. Voltage is supp'lìed

to the steel structure from a 415/6 volt Transformer/Rectifìer.

The negatìve supply side is connected to the steel structure

whjle the positjve supp'ly sìde is connected to anodes suspended

in the water under the pier.

Although both piers are located geograohically in gu'lf
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waters Rapid Bay is exposed to wave action from the i'lorthwest

and 'is subject to oceani c swel I s . Edi thburgh on the vrestern

side of the guìf is protected from these cond'itions large'ìy

because it is sheltered by 'land from the prevail ing Southwest

winds. Conditions have been rough enough at Rapid Bay on sev-

eral fìeld trìps to make SCUBA dìving'impossible. Since this

was never the case at Edithburgh during the three years of

field work subjective impressions supoort the proposit'ion that

Edithburgh pier is the ìess exposed study site.

Both sites are moderately warm and temperate. Water temp-

enatures range from approx'imate'ly 20oC in January and February

to approx'imately 120C in July and August.

To mi n'imi ze spati al vari ati ons 'i n the phys ì cal parameters

ììght and water turbulence at each site I restricted my study

areas to those piìings not flanking any edge of either pìer.

The two central rows of pifings support'ing the outer half of

the Edithburgh pier (Rows b and c in Fig. ?"?) and the groups

of six piì'ings centra'l to each dolphin of the Rapid Bay pier

(see Fì9. 2.3) were chosen for the study. The l'ight meter

readings fron an underwater camera were un'iformly low in these

areas. I further restricted my study to a two meter wide band

of the pì'lings beginning .5m from the sea floor. Phenomena due

to sand scour at the base of the pil'ings and increasing light

intens'ity and water turbulence near the tops of the piìíngs

were thus excluded from the study.

2.2 Genera I Fi el d I'rlethods

All field work was done using SCUBA and a total of 30C
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hours was personalìy spent underwater for the three year period

of the study from Aoril 1975 to April 1978. Diving cond'itions

were in generaì 1'air to good at both sites with wave ampl'itude

rarely exceeding .5 metres and visibiliti:es of four to six metres.

conditions \¡/ere usual ly worst in late w'inter and early sprìng

(August and September) with v'isibi'ìities sometimes reduced to

less than a metre and rouçth seas making entry'into and emergence

from the water difficult, especìalìy at Rapìd Bay.

Data were collected using photograph'ic techniques. A

Nikonos II underwater camera fitted with an electronic flash

was used to photograph aìl monitoring and experimental quadrats

on the pi'lìngs. An underwater tripod was designed and bujlt
(see Photograph 2.3) to optìmize the accuracy and speed at

which the camera could be posjtioned underwater to photograph

the appropriate quadrats. The camera fitted ìnto the apex

of the tripod such that any object falì'ing within the two di-

mensional area cìrcumscribed by the outer ends of the three tri-
pod arms cou'ld be photographed at a prec'ise1y fixed distance.

This eliminated, to a 'large extent, operator errors of focus

and alignment which accrued when the camera was aimed by hand

at the area to be photographeC.

Ektachrome ASA 64 colour transparency film was used for

all data photographs. Al'l quadrats were photographed at a

distance of .8 metres with an aperture sett'ing of fB and a

shutter speed of 1/60 second.

This method of data collection yielded permanent photo-

graphic records which could be'interpreted and anal.ysed later
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in the'ìaboratory. It alsc made ít possible to non-destruct'ivel,v

census the same area, in situ, on successive dates. ltlethods for

interpretation of the transparencies are detailed jn Section ?.4.2.2.

2.3 Specìes ip the Sesglìe Guilds

In the most common'ly used definition of a foul'ing communìty

(Sutherland 1975, Sutherland and Karlson 1977, Sutherland 1978)

attention is focused on the "foundation species," "the gnoup of

critical species whìch define much of the structure of a commu-

nity " (Dayton 7972). The criteria to select these species are:

1. abiljty to attach to the primary substratum (Dayton I97I).

in th'is case the primary substratum is the pìer piìing

surface.

2. 10% occupancy of prìmary or secondany substratum 'in at least

one sample taken from the designated area (Sutherland 1974).

Th'is definit'ion excludes all totally ep'izootic and eph'iphytic

speci es and mobi I e specì es . !'4obi I e specì es were not 'incl uded j n

this definit'ion because they had little effect on the abundance

of the sessile species in the system under study (Sutherland and

Karlson 1977).

At the begì nn'ing of th'is ì nvesti gatì on ì t was not known

which, if any, mobile species at either study s'ite would have a

significant effect on the abundances of any of the sessile

species because 'it was the f irst tinie an assemb'ìage of this

type had been investigated in South Australia. Later short

term 'investigations of the effect of four common asteroids Cos-

eínaster,ías eaLønaria (Gray) , Patiz,ieLLa breuispína H. L. Clark,

Pety,ieia pezry¿ieina (Lamarck) , Iosia austraLì,s Gray, on the struc-
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ture of the epifaunal commun'ity at Rap'id Ba"v pier suggest that

these mob'ile specìes, at least, have little effect on the abun-

dance of common sessi ì e spec'ies at thi s p'ier (Keough anci Butl er

!979). However my own observations together r\,ith longer preda-

tor exclusion trials (see Chapter 6) suggest that one or more

predatory species 'includìng the magpie perch Goníistius uízon-

ari,us (Savi I le-Kent) tra¿ a s'ignìficant effect on the abundance

of various tunicate species at both piers.

The recent generalizations about fouling communities (Suth-

erland and Karlson 1977) orìginated mainlJ/from Sutherland's

wor k with experìmental plates at Beaufort, North Carolina. In

some of the earlier work (Sutherland 1974) grazing by fish ap-

peared to be an important factor in community development how-

ever in a more recent paper (Sutherland & Karlson 7977)'it was

stated that fish were only occasionally important determ'inants

of community structure. One other species, a sea-urchin, which

could have been a sìgnificant determinant of community struc-

ture was excluded from the experimental system. Although this

'is not the case for either of the South Australian communìties

I shall, for the sake of consistenc¡r define the primary objects

of my study as those two collections of species adhering to the

p'i 1 i ng substrate wi thi n the two study areas . Thi s def i ni t'ion

excl udes aì I mob i I e speci es and spec'ies onìy seen attached to

others. It wil I include al I sessile spec'ies, regard'less of abun-

dance, recorded in any of the photograph'ic samplìng schedules that

are described in th'is dissertation exclud'ing those species which

were onìy observed on artificial plates and on experimenta'lly

caged sites. The latter species are listed and discussed in
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Chapter 5 and Chapter 6 respectiveiy. I have rejected the 10%

occupancy criter'ìon because some species which always occupied

less than 107á of the space in the quadrats used jn the above

samp'l'ing schedules had a 'larger mean percentage cover than

other speci es wh'ich were d j stri buted very patchi ìy w'ithi n the

study areas and occasional'ìy occupied more than 10% of the

space in a quadrat.

These two collect'ions of specìes are made up of one trophic

level and are gu'iìds of sessi'le species which are both part of

the I arger, more comp'ìex comrnun'iti es wi th several trophì c I eve'ls ,

'inhabiting the genera'l pìer environment. A guìld js functional l¡r

defined as a group of species wjthin a community wh'ich have be-

come adapted to some related set of factors (Root 1974). I al-

so acknow'ledge that one or more members of the larger communi-

tìes may be ìmportant deternlinants of the structure of these ses-

sile guilds (see Chapter 6). Thus, I am concentrat'ing on groups

common'ly called "fouling commun'ities" but I shall refer to them

'henceforth as "sessì 1e gui'lds".

Due to the lack of taxonomic knowledge of many rnanine in-

vertebrate groups in Australia some of the sessile animals lack

specìfic identification. This is particu'larly tnue of the spon-

ges; of the i,000 species of Demospongia descrìbed'in South Aus-

tralia last century it is cons'idered ìmpossible to put a name to

any but a few dozen spec'ies (Bergqu'ist and Sk'inner In Prep. ). All

species have been gìven a code number and voucher specìmens have

been lodged in the marine laboratory of the Zooìogy Department

at the Un'iversity of Adelaide. In the cases where there was no

specific or generic ìdentification of species it is possib'le
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that sibling specìes were grouped together as one specìes or

that one spec'ies has been treated as two.

The members of the two sessile guilds are listed jn Table

?.1. Thi rty-f ì ve spec'ies \t,ere recorded at Edì thburgh and 56 at

Rapì d Bay. The two s'ites had 27 specì es i n common . ChLønys

asperrimus, GaLeoLaria eaespitosa, GaLeoLaría hystriæ, FiLo-

grØna intpLeæa, CYtemldoearpa ethez'idgii, PoLyeatpa penduneuLata

and Asei,d'La thon42soni are the only solìtary forms listed.

?.4 Sessile Guild Structure and Dvnamics

2 .4 .I I ntroduct'i on

The nature and number of species in a community and the

abundances of those species are the most common'ly examined

aspects of biologìcaì communities (Caswel I 1975). The trophìc

relationships between the specìes are also considered by some

(e"g . lvlargal ef 1963 , Krebs 1972, Caswel 1 1976 and May 1977) to

be an ìntegral part of any descript'ion of community structure.

The two sessile gu'ilds under investigat'ion are made up of

one trophìc level. Accordingly the obiect of this sect'ion is

to describe the first three aspects of structure for the ses-

siìe guilds wjthin the two study areas using the parameters

ciescribed i n Sect'i on 2.4.2.3. Because these parameters vary

with time it is not merely "structure" (as if it were a static

ciescription) tnat is being examìned but also "dynam'ics".

2.4 .2 lt{ethods

2.4 .2.1 Samp'l i ng Procedure

Sixteen 20cm.x 30cm. permanent quadrats on the pier
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pì'f ings were photographed at approximately monthìy intervals at

both sr'tes over a perìod of two years (see Tabl e 2.2 for the

prec'ise sampl ing dates ) .

At Edjthburgh the pos'ition of each quadrat was chosen in

the fol'low'ing manner. The surface of each p'il ìng with'in rows

b and c (see Fig.2.2) was divided'lengthw'ise into four equal

rectangu'ìar secti ons facì ng North , East, South , and l¡Jest ne-

spectively. Each section was g'iven a number and quadrats were

then allotted to any of these sect'ions using a random number

table with the restriction that there was only one quadrat

per col umn of p'i I 'ings (see F"ig. ?"?) .

At Rapid Bay eight quadrats were located on the East Arm

of the tee head and eight quadrats on the þlest Arm of the tee

head (see F'ig. 2.3) . tach of the pi ì ì ngs wi thì n the def i ned

study area on each arm was given a number and quadrats were

then allotted to any of those pilings using a random number

table. 0n each arm two quadrats were allocated to face 1,

face 2, face 3 and face 4 of the pì'lings (see Inset in Fì9.

2.3) respective'ly.

At both sites the height of the quadrats with'in the two

metre wide band (see Section 2.1) corresponded to the eleva-

tion of the diver (which was varìable and considered to be

random) on arrival at the p'iìing when the fjrst samples were

taken. So that quadrats could be relocated accurately on

successjve visjts the centre of the bottom edge (20cm. in

width) of each quadrat was marked. At Rap'id Bay th'is was

done with a knot tied in a piece of ny'lon rope strapped around

the pif ing. At Edithburgh a small wooden block was nailed to
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the p'iì ìng in the appropriate p'ìace

2.4 .2.2 Process i ncr the Sampl es

Percentage cover rather than biomass, numbers of ind'i-

viduals or productiv'ity is often used to n'ìeasure species abun-

dance in foulìng communities (for example see Sutherland 1974'

1975, 1978). The use of numbers of indiv'iduals 'is genera'lly

precìuded in such comrnunitjes due to the preponderance of

colonial forms. However,'it'is not immediately obvious why

percentage cover shoul d be favoured over the other two measure-

ments. Biomass and productivity are comnlonly used to measure

spec'ies abundances j n terrestri al pl ant communi ti es (e , g . I'lel I s

IgTI,l4cNaughton and !,lol f i97i ) . l,'lhi ttaker (1965) ma'intai ns that

productìvity (dry weìght of organ'ic matter produced per unìt

area per unìt time) is the best s'ing1e measure of spec'ies abun-

dances in terrestrial p'ìant communities because'it sìmultaneous-

ly expresses the b'iological act'ivìty of a species and indicates

the share of the environmental resources of the community it

utilizes. In this way the measure reflects functjonal aspects

of the community such as engergy flow as well as structural as-

pects.

All sessile animals and p'lants in foulìng commun'ities share

two potentì al ]y I imi ti ng resources;

(1) primary space: the substratum onto which they attach and

(?) the aquatic milieu around them from which they gaìn physi-

cal resources and onganic nutrjents (Dayton 197i).

The utilization of the space resource can be directly measured

usìng percentage cover while product'ivjty would'indicate the
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rate at which species utilized the other resources in their aqua-

tic environment. Biomass is usually highìy correlated w'ith pro-

ductivìty ìn certa'in agricultural pìant communities (Pechanec

and Pickford 1937b, l,Jells 1971), however changes in P/B ratios

during succession (Margaìef 1963, 1968, Odum 1969) indicates

that different spec'ies in certain natural communities have dif-

ferent P/B ratìos. B'iomass may therefore be a biased estinrate

of productìvity.

One aìni of this investigatìon is to determine whìch proces-

ses have a significant effect on the structure of the two ses-

s'iìe guìlds. Since competition for resources partìcu'larìy

primary substratum is known to be an important structuring agent

ìn sessile communities (e.g. Paine 1966, !97I, 1974, Dayton 197I,

Sutherland 1974,1975, 1978, Menge I976, Osman 1977, Jackson L977b)

an estimate of species abundances in terms of percentage cover

and productl'vity (or at least biomass) would provìde the most

usef ul descri pt'ion of communì t.v structure.

The estimation of productivity and biomass would have in-

volved either harvesting quadr"ats preclud'ing the use of perma-

nent plots essential for recording certa'in competitive inter-

act'ions (see Chapter 3) and community flux (see Section 2.4.2.3)

or compi'l ì ng a "bank" of standard reference photographs (hfel'ls

I97I) f ron wh ì ch the producti vi ty and/or b'iomass of col oni es 'in

a sampìe transparency could be estimated. The latter method

was attempted but the construction of a "bank" proved to be

so time consuming that it was abandoned. Therefore in this

study percentage cover has been used to measure specì es abun-

dances.
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Only those parts of a colony or ind'ivjdual which were adher-

ent to the p'i1ing surfaces were measured as cover. For all

specì es except CalLyspongía sp . , Syeon SP. , sol ì tar¡r tuni cates ,

PodocLaueLLa egLindriee, ChLamys asperrimus and algae this area

was the two dimensional projectìon of the colony or inciìv'idual

seen in the transparencies. CaLLyspongia sp. has a runner-like

growth form whjch adheres to the pi1ìng only at certain points.

The aneas of these points of contact were measured by examìna-

tion of colonies in the field. Syeon sp., PodneLauella eyLi'n-

drì.ca, and the species of algae had upright bushy growth forms

and are attached by a "stalk" to the piling. Observations made

in the field'indicated that the contact area of the "stalk"

d'id not vary 'lìnearìy with the two dimensional projections of

the colonies ìn any of these species. Although these observa-

t'ions did suggest it was positive'ly correlated w'ith coìony

s i ze there vuas cons i derab I e vari ati on i n mean contact area

between colonies of similar sizes (range of .?5cn2 - .7cn? for

a'll sizes). Accordingìy I recorded each cojony of these species

as having a contact area of .5cn2 (.08% of a 600cm2 quadrat)

a'lthough this'is likely to be an overestimate of the actua'l

mean contact area. Since all these spec'ies were very rare

(Appendices Ia and Ib) this approx'imation was not thought to

serjously affect interpretatjon of the results" For the same

neasons I recorded each individual of the scallop ChLønys as-

pez,rirmts as having a contact area of "5cn2. This was also a

rare species (Append'ices ia and Ib).

Each of the solitary tunìcates was either roughly ovoid

or spheroìd in shape with a flattened area on'its test where
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'it was attached to the pìl'ing. These areas were roughly cir-

cular with a diameter approx'imately I/3 of the total height

cf the tunicate. These areas were drawn ìn by eye on the tra-

cings of the transparencies.

The transparencíes were projected onto white paper and the

colony outlines were traced. The area occupied by each colony

was measured using a poìar compensating plan'imeter and the per-

centage cover for each species 'in the quadrat was calculated

from these figures. A series of test runs usìng ir regularly

shaped areas of various and known sizes indicated that the

planimeter was accurate to t5mm2. Thus the error involved in

measuring areas of less than 1cm2 was greater than t5%. Accord-

'ingly I used a transparent piece of graph paper divided ìnto

1mm2 squares to measure areas less than 1cm2 in size. All per-

centage cover data presented in th'is thesis was calculated using

the precedjng methods.

Most specìes could be identified easíly from the transparen-

cies due to d'istinctive colour and colony morphology. Occasional

difficultìes arose w'ith very smal'l colonies. These were surmoun-

ted either b.v reference to transparencies on subsequent dates

when the colonies had grown or by close examination of the colo-

nies in the field. There were two exceptions to this. The two

GaLeoLariø species were dìfficult to distjngu'ish, both in the

field and in transparencies. For thìs reason individual abun-

dances for these two spec'ies are not g'iven. In the results sec-

tions they have been included under one headjng, GaLeoLar.i,a spp.

(TI^J3I4). Because of their extreme'ly low abundance in both ses-

sile guilds (see Appendices Ia and Ib) this was not thought to
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affect seriously the interpretation of results.

Processing of transpanencies proved to be very tirne con-

suming and therefore only quarterly samples (marked wjth * 'in

Table 2"2) were used.

2.4 "2.3 Cal cul ati ons and Anal ysis

2.4.2.3.I D'iversity

Researchers frequently use various diversity indices to

summarise large amounts of jnformat'ion about the numbers and

abundances of speci es wi thi n a communì ty (Wi I fim 1963) . l4ost

of the common indices of species diversity (e.g.see Heip and

Engeì 1974) combine two components of diversity: 1. the nurn-

ber of species and 2. equitability or evenness of d'istribution

of indjv'iduals among the specìes. I have chosen to treat these

two aspects of d'ivers i ty separately by est'imat'ing speci es num-

ber, S, the s'implest measure of spec'ies diversity (Osman and

!,lhitlach 1977) and spec'ies evenness, J, usjng the Shannon-LJeiner

index (see P'ielou 1966a, 1966b, 1975) shown below.

H = xp'i log, pi where

pi = proportion of the ith. species,

and J = H/1ogzS.

Species number and species evenness were calcuJated for each

sampìe date at both sites us'ing the mean percentage cover data

in Appendices Ia and Ib. This gave one estimate of species num-

ber and specìes evenness, denoted S' and J' respectively (Pielou

1975) for each sample date at each site. These estimates have

been plotted against tìme for both Edithburgh and Rap"id Bay in

Fig.2"4.
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2.4.?.3.2

ficant difference between sites in the estimators of J' at

these two sampìe dates.

The Distribution of Spec'ies Abundances

The distribution of species abundances, expressed as a

percentage of the substratum occupìed and as a percentage of

the total available substratum was calculated for ail sample

dates common to the samp'ìing schedules at both sites (Appendìx Ic).

The data was grouped 'in l% class-intervals, i.e. 0.00 - 0.99,

1.00 - 1.99, etc. to 99.00 - 99.99. The class interval of I%

was chosen arbìtrari'ly. The d'istributions of species abundances

have been plotted for both EdÍthburgh and Rapid Bay on the

September 1976 and March 1977 sample dates in Fìg. 2"6. The

Sm'irnov test (Conover 1971 pp. 309-314) was used to judge

whether the distribution of species abundances of the two sjtes

at different sample dates could be regarded as the same (see

Pi el ou 1975 pp. 61-65) . Further stati sti cal compar.ison .is

detailed in the results section.

2.4"2.3.3 Percentaqe Cover

The mean and standard deviation of percentage cover was

calculated for each species at each sample date at both sites

(Appendices Ia and Ib).

The mean and standard deviatìon of percentage cover were

plotted against time for

('i) species which atta'ined a mean percentage cover carcurated

from the 16 quadrats of at least I% on at least one samp'le

date.

( i i ) Al 'l s peci es present (Total cover) .
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( i i i ) Each phy'l eti c aroup whi ch attai ned a mean percentage

cover calculated from the 16 quadrats of at least 5%

on at least one samp'le date (total cover for each

phy'l eti c Aroup. )

The total cover at Edi thburgh was stat'isti cal'ly compared to

that at Rap'id Bay on the seven sample dates common to both

sites us'ing a ttlann-f,Jhìtney U-test (Sìegel i956).

2.4.2.3.4 Communi Fl ux

Cornmunity flux, defìned by the formula

rnL
j=1

_1xit2 - xitl/
t2-t7

where xjt = percentage cover of specÍes j at time t
t?>tI measured in days
m = total number of speciesì

(Suthenland I975) was also calculated. This calculation was made

us'ing the arithnetic mean of percentage cover averaged oven the

16 quadrats and for each jndividual quadrat for standard 90 day

intervals at each site.

ldhen arithmetic means are used the resulting value is con-

sidered to be an est'imate of the total amount of space g'iven

up plus the total amount of space acquired by the various spe-

cies in the community in a given tìme period (Sutherland 1975).

Thus it is an index of the total amount of variation ìn the

abundances of alì species over time.

Examinat'ion of successive transparencies of the permanent

quadrats at both sìtes indicated that many specìes did not lose

or acquire space simultaneously in all quadrats. However it did
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suggest that in the majorìty of cases colon'ies of the same

species lost and acqu'ired space simultaneously within quadrats.

For th'is reason if cornmunìt,v flux is calculated for each indi-

vidual quadrat and averaged over the 16 quadrats the resu'lt'ing

value is an estin¡ate of the total amount of space given up p'ìus

the total amount of space acquired by colonjes and ind'ividuals

rather than species. I interpret comrnunity flux calculated in

this way in th'is situation as an index of the turnover ('i .e.,

change ìn occupancy over time) of the space resource.

The commun'it¡t fìux for each individual quadrat'is tabu-

lated in Appexdix id. The cornmun'ity fìux calculated using the

arithmetic means and the mean and standard deviation of the

communìty fluxes calculated for each'indjv'idual quadrat are

pl otted agai nst time for both s i tes i n F'igure 2 "13.

For each type of community flux statjstical comparìsons

were made between sites us'ing the Flann-ldh'itney U-test. In

each case estimates of community f'lux made on successive sample

intervals were viewed as independent and were treated as though

they represented a sample of jndependent estjmates for the

whole study period. Strictly speaking this is not the case

because the estimates for successive samp'le intervals are

made us'ing the same quadrats. However due to events such as

senescence, colonization and overgrowth the composition of

quadrats often changed considerab'ly in the jnterval between

samp'ìe dates thus the assumption of independence may not be

serjously in error.

2"4 "3 Resul ts
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2 .4 .3 .I Di vers i ty

With the GaLeoLaz,id spp. counted as one, 33 species were

recorded jn the sampling schedule at Edithburgh and 50 spec'ies

recorded in the samp'l 'ing schedule at Rapìd Bay (see Appendices

Ia and Ib). Thus one specìes at Edithburgh, aysídea fragiLís

and five spec'ies at Rap'id Bay, the Light gney finger sponge

(SP60), aotryLLoides nígrum, BotryLLoídes sP. , the Opaque orange

encrusting tun'icate (T3) and the Pink encrusting tunicate (T38)

which were defined as mernbers of the sessile guilds in Section

2.3 were not recorded in these samples. These species were ex-

tremely rare elements of the sessile guilds and contributed

very little to their physicaì structure thus their omission in

the followìng analysis was considered unìmportant.

S', the total number of species recorded in the quadrats

at one sample date, at Rap'id Bay was always greater than that

at Ed'ithburgh (Fig. 2"4A). Regrettably this difference cannot

be tested stat'isticalìy because of the nature of the data. The

curve of specìes number vs. quadrat number becomes less steep

as quadrat number increases (Fig.2.5A,B) but'it does not ever

become horizontal at ejther site. Th'is fact coupled with the

obser'vation that rare species not recorded in any of the quad-

rats on certain dates were still present wjthin the study areas

suggests that S' is an underestimate of the total number of

species in the sessiìe guild at each site. However sjnce S'

at Rapid Bay always represented less than 83% of the total num-

ber of specìes recorded durìng the sampìe period compared to

90% at Edithburgh the total number of species will be underes-
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'imated by S' more at Rapìd Bay than at Edithburgh. For th'is

reason I nraintain the evidence is suffic'ient to assert that the

sessile guild at Rapid Bay was more diverse'in terms of spec'ies

number than the sessjle guild at Edithburgh for the period of

the sampì 'ing schedul e.

Calculation of species evenness J' requìred that the diver-

sìty ìndex H'be divided by logzS where S equalled the total

number of species in the populat'ion from which the sample was

taken (See Section 2.4.2.3.1) . Fol lor,¡ing the preceding dìs-

cussion the best estimate of this was considered to be the total

number of species recorded during the samp'l'ing schedule (33 for

Edìthburgh and 50 for Rapid Bay) rather than S' .

J' , the evenness with which spec'ies abundances were dis-

trjbuted in the quadrats at one sampìe date, at Rap'id Bay was

always less than J' at Edithburgh (Fig. 2.4.8). The species

evenness vs. quadrat number curves calculated for the September

1976 and March 1977 sample dates at both sites became horizon-

tal after seven quadrats and four quadrats respectively (see

Fi g. 2.5C,D) . Thi s showed that J ' , cal cul ated usi ng 16 quad-

rats, was a reliable estimate of J at both sites. In the Septem-

ber 1976 samples the values of J'from the two s'ites are most

similar (see Fig. ?"48) and so thìs represents the case where

J is least likely to be sign'ificantly different between sites.

J', the estimator of J', v/as found to be significantly h'igher

at Edithburgh than Rapici Bay for both the September 1976 and

March 1977 sample dates (See Table 2.3). In view of this re'

sult further comparison of J'at alì sample dates, which would
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have involved a large amount of laborious calculat'ion, was not

cons'idered necessary. This result is sufficient to show that

species abundances at Edithburgh were C'istrjbuted rnore evenly

than those at Rapid Bay for the period of the samp'ling schedu'le

2.4.3.2 The Distribut'ion of Species Abundances

The distributions of species abundance at both sites

superficiaìì¡r resemble the logarithmic series. (Fisher, Cor-

bet and þJilliams 1943) where most species have minimal abun-

dance. At both sites for all samp'le dates the lolest class of

abundance (0.00 - 0.99) contajned the largest number of spec'ies

irrespect'ive of the way in which abundances were expressed (see

Fig. 2.6, and Append'ix Ic). Additionally at both s'ites there

was always one specìes whose abundance was very much greater

than all the others and over half the species had an abun-

dance of less than ?% each. The data shows that most specìes

at both sites were rare, individually occupy'ing a small

percentage of the substratum, vvith one spec'ies occupJ¡'ing a com-

parative'ly large percentage of the substratum. For abundances

expressed as a percentage of the occup'iecl substratum there was

a signifjcance difference (.05 probab'il ìty level ) between the

d'istributions of specìes abundances of the two s'ites for five

of the seven samp'ìe dates (Tabl e 2"4). 0n al I occasions the

deviation between the distributions was in the same direction.

Rapid Bay a'lways contained a greater proport'ion of rare specìes

but a snaller proportion of less rare species than Ed'ithburgh

(see Appendìx Ic). This suggests that there was a real differ-

ence between the distribut'ions of species abundance, when ex-
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pressed as a percentage of occupìed substratum, at the two s'ites.

This ìs even more l'ikel.v because the Smirnov test is conserva-

t'ive when the number of spec'ies is less than 40 in one samp'le

and the number of spec'ies i s different in each samp'le (Siegel

1956, Conover 1971) whjch was the case for each comparison.

For abundances expressed as a percentage of the total avail-

able substratum there \^,as a sìgn'ificant d'ifference (.05 s"ignifi-

cance level) between the distributions of species abundances of

the two sites for only three of the seven sampìe dates (Table 2"4).

0n the basis of this result alone I do not feel I can make a con-

clusive statement about the simjlarity or difference of the dis-

tributions when species abundance 'is expressed as a percentage

of the total available substratum. It is noteworthy, however,

that the deviation between the distributions was always 'in the

same direction as for the former comparison (Appendix Ic).

As poìnted out in Section 2.4.2.3.3 of the methods the data

from separate dates at either s'ite were not independent. How-

ever as was explained there an assumption of independence be-

tween dates may not be seriously in error. If this assumpt'ion

ìs made the seven probabilities from the Smirnov tests can be

combined to give one pr"obability (Sokal and Rolf 1969 pp. 62I-624).

The resulting figure can be regarded as the probability of obser-

v'ing the orìginal seven probabilities when there uras no s'ignifi-

cant difference between the distributions of species abundances

at the two sjtes. In both cases this probabiljty ìs far less

than .05 (for abundances expressed as a percentage of the occu-

pied substratum *'(14f 39.2, P <.005, for abundances expressed
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as a percentage of the total ava'ilable substratum *'(t+)= 33.84,

P<.005). This suggests that there was a real dìfference in the

distribut'ions of specìes abundance calculated'in either fashjon

between s'ites. A greater proportion of specìes 'ind'ividual iy

occupied a smaller percentage of the occupied substratum and the

total avai I abl e substratum at Rap'id Bay that at Ed'ithburgh.

?.4 .3.3 Percen taoe Cover

A s'ign'ificantly greater proportion (.05 sìgnificance

level) of the substratum u,as occupied at Rapid Bay than at Edjth-

burgh for the seven sarnpìe dates common to both sìtes (Table ?.5

Fìg. 2.7). Most of the unoccupied space at Rapid Bay was the

skeletal remains of ctflíeia sp. rather than bare pìf ing (see

Appendix Ib). lJith the exception of the odd bryozoan skeleton

unoccupì ed space at Ed j thburgh was bare p'i 'l 'ing .

Four phyletic groups; sponges, tunicates, bryozoans and

cnidarians (represented by one species onìy, CuLieía sp.)

oçcupied the major proportion of the space resource at both

sites. All the other spec'ies together not beìonging to these

four phyletic groups occupied less than .5% of the space on

each sample date at both sites (Appendices Ia and Ib).

The mean percentage cover of sponges ranged between 40%

and 65% at Edithburgh during the sampling period compared to

n% - 16% at Rapìd Bay (Fig. 2.8). Sponges were the most

abundant gnoup at Edithburgh.

The mean percentage cover for bryozoans was very ì ow at

Rapi d Bay bei ng a'lways I ess than I.5% conpared to Edì thburgh
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where it fluctuated between 8% and 15% during the sampfing peri-

od (Fis. 2.8).

The mean percentage cover for tun'i cates rangeci between 21%

and 5% at Rapìd Bay and L5% and 1% at Edìthburgh. The fluctua-

tion 'in mean abundances of tunicates at Edithburgh appears to

be seasonal with maximum values reached in June and min'imum

values in December (Fig. 2.8). This trend is also apparent in

the mean percentage cover for three colon'iaì tunicates at this

site (F.ig. 2.10). This is not the case for tunicates at Rapid

Bay; instead the mean percentage cover for thìs group declines

during the sampl ing period (FiS. 2'8).

CuLieia sp. was the most abundant spec'ies at Rapid Bay w'ith

mean percentage cover ranging between 55% and 75%. At all times

durìng the study ìt occupied more space at Rapid Bay than all

the other spec'ies put together. At Edithburgh 'it was very much

less abundant with mean percentage cover ranging between 2% and

6% (Fig. 2.8). Sixteen of the 33 spec'ies at Edithburgh anci 15

of the 50 species at Rapid Bay attained a mean percentage cover

of at least I% during the study period.

At Edjthburgh eight of the 18 sponge species attained

this value. CyeLLa sp. had the highest nean pencentage cover

(ranging between 20% and 25%) at every samp'le date (Fig. 2.9).

Since it was at least twice as abundant as any other sponge

in the sample on all sampìe dates it was cìearly the most

abundant sponge in the sessile gui'lcl. It was also twice as

abundant as any other species in the sample (FiS. 2.9 and

Fig 2"10) thus it was a'lso the most abundant species in the
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sessile guild. ApLysiLLa y,osea. and MycaLe sp. had similar (be-

tween 7% and l?%) mean percentage covers' consistently higher

than those of all other spec'ies in the sample, with the excep-

tion of Ct,eLLa sp. after the September 1976 sample date (Fì9.2.9

and F.ìq. 2.10). The other fìve sponge species ApLysiLLa suL-

phuz,ea, caLLyspongia sp., chondtopsis Sp., the Red encrust'ing

sponge (SP5) and Lissodendozgæ sp. considered here d'id not at

any sample date attain a mean percentage cover of more than

6% in the samP'le"

on'ìy five of the ?2 sponge species at Rapìd Bay attained

a mean percentage cover of at least 1%. Two of these, the

Green encrusting sponge (Sp+) and ApLysiLLa rosea, had h'igher

mean percentage covers (ranging between 2% and 5.3%) at all

sample dates than d'id the other three sponges (Fig' 2'11)'

hlith the except'ion of the Red encrust'ing sponge (SP5) in

March 1978 the other three sponges d'id not atta'in a mean

percentage cover of more than 1 .5% for the entj re Sampl e per-

iod (F.ig. 2.17). This suggests that the Green encrust'ing

sponge (SP4) and tLypsiLLa yosea u,ere the most abundant sponges

'in the guild at RaPid BaY.

Four of the seven bryozoan species at Edìthburgh attain-

ed a mean percentage cover of greater than I% but noneof the

sìx bryozoan species d'id so at Rapìd Bay. CeLleporar'ùa fusea

had mean percentage covers rang'ing between 4.5% and 6% which

were always hjgher than those for CeLLeponari.a uaLliget'a whieh

ranged between 2% and 4.5% (Fig. 2.10) . CeLLeporaTia pigmen-

tay,ia and the Mustard encrust'ing bryozoan (SZ¡ had mean percen-
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tage covers vrhich were a'lways less than those of the other two

Spec'ies with one exception, December 1976 when the mean percen-

tage cover of CeLLeporari'a pigmentaria was sf ightly hìgher than

that of CeLLepoz,aria ualLigera. Th'is suggests that C. fusea was

more abundant'in the sessile guild than C. uaLLígena and both

were more abundant than C. pigmentaria and the Mustard encrus-

t'i ng bryozoan (87 ) .

Three of the fìve and 10 of the 15 tunicates at Edithburgh

and Rapid Bay respect'ively attained a mean percentage cover of

greater than l%. At Edithburgh all the three tunicates, Bctt'y-

Lloides Leachí,i, DLdenmwn sp.a and ùLdemnt¡n sp'b showed a

peak ìn abundance in the winter of 1976 (Fig. 2.10). Observa-

tions made in successjve transparenc'ies of a sìngle quadrat

ind'icated that colonies of these three species settle'in De-

cember, Januar¡r and February, grow to a maximum size in June,

Juìy and August and die off in October and November. This'is

also true of PodoeLaueLLa eyLindz'iea. A seasonal trend ìn

.abunclance 'is not obvious in the graphs for Botz,yLLoides Leaehid

and ùLdenmwn sp.a at Rapìd Bay (Fig. 2.72) although colonies

of these species showed the same patterns of settlement tìm'ing'

growth and senescence as those at Ed'ithburgh. l'lone of the tuni-

cate species at Rap'id Bay attained a maximum mean percentage

cover greater than 5% and there did not appear to be any con-

si stent di fferences betu,een speci es for the samp'l e period (Fi g.

2.I2). Al j three spec'ies of tun'icate at Edithburgh did attain

a maximum mean percentage cover greater than 5% but as w'ith

Rapid Bay there did not appear to be âh¡r çentistent differences
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between specìes (Fig. ?.7I).

All specìes w'ith the exception of CuLiei'a sp. at Rapid

Bay had very large standard deviations always bìggen than the

mean values (Fìgs. 2.9, ?.I0, 2.7I, ?.I2 Appendices ia and

Ib). This indicated that the distribut'ion of these species

wjthin the study areas was extremely uneven in relation to the

size of the quadrat used. This drastica'lly reduces the power

of any statistìcal test for the s'ignìficance of the trends

and di f f erences d'i scussed above. In some cases , b.Y assumì ng

appr"oximate independance between dates one could poo'ì across

tjmes by a method such as that of Sokal and Rolf (1969 pp. 62I-

624). This amounts to takìng note of the cons'istency of the

differences thnough time although they may not be statist'ically

signìficant at one time. It would still be unwise to make too

much of the results of such a test. llere, I wish to make noth-

ìng more than the above statements about what is suggested by

the data, with the additional observation that jn no case d'id

the mean percentage cover of any species show wild and unpre-

dictable fluctuations over time, i.e. no one species domina-

ted the guilds for a period and then suddenly became very rare.

(Figs. 2.9, ?.I0, 2.IL, 2.I2, Appendices Ia and Ib).

2"4.3"4 Community Flux

Comrnunity f'lux calculated from the arithmetic means (FiS.

2.73) di d not di ffer s'ignr'f i cantìy between s i tes (Mann-lnlhi tney

U-test N1=8, N2=7, U=27 P=.478), indicating that the total a-

mount of variation in the abundances of the species in the ses-

sì'le guilds at Rapid Bay and Ed'ithburgh was the same. Sìmi-
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larl¡r community flux calculated for individual quadrats (F'ig.

2.I3) did not differ s'ignìfìcantìy between sites (l4ann-Whitney

U test N1=8, ll2=7, U=20 P=.198) indìcat'ing that the rate of

turnover of the space resource was equivalent at both Rapid

Bay and Edithburgh.

It is noteworthy that for every samp'le interval at both

sites community flux calculated using the arithmetic means is

considerably lower than the mean of community flux calculated

from individual quadrats (Fig. 2.I3). Since the two types of

community flux were derived from exactìy the same data there

'is no stat'ist'ical test readi'ly ava'ilable to assess the sig-

n'ificance of this djfference. However the figures do suggest

that wh'i'ìe a great deal of substratum may be "chang'ing hands"

'in each quadrat'it need not be accompan'ied by an equivalent

amount of variation in spec'ies abundances averaged over a

number of quadrats.

2"4"4 Discussion

Both sessi'le gu'il ds contaì n a "domi nant" (Cz'eLLa sp. at

Edithburgh and cuLieia sp. at Rapid Bay)'in the sense that

one species is by fan the most abundant (l^Jhittaker 1965).

Since abundance has been measured in terms of the utilization

of a vital resource, the primary substratum, these two "domi-

nant" species occupy niche space potentia'ìly occup'ied by the

other species in the guilds.

As pointed out jn Sect'ion 1.1 of the Introductory chapter

many hard substrate communities in the marine environment con-

ta'in a "compet'itive dominant" which is able to monopol ize the
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primary substratum in the absence of certa'in disturbance fac-

tors. Whether the two "domìnant" species at Edithburgh and

Rap'id Bay fall 'into this category cannot be determìned from

the preceding descript'ions of guì1d structure alone. This

quest'ion ìs addressed in the follow'ing chapter of this thesis.

The sessi"le guilds at both sites were not characterized

by contìnuous and drastic changes in the number of specìes,

the list of species and the abundances of species. The guiìds

at Edithburgh and Rapid Bay were cons'istent'ly domìnated by

creLLa sp. and cuLicia sp. respectìve'ìy and no spec'ies wh'ich

attained a mean percentage cover of at least I% on one sample

date completely disappeared from the sampìe quadrats for the

two year period at either site. Most of these species at both

sites showed minor fluctuations in mean percentage cover for

the two year peri od (F'igs. 2.9 , 2.70 , 2 "lI, 2.I2) .

In th'is respect both gu'il ds were unl i ke the foul i ng com-

munities studied by Sutherland (I974, 1975, 1978) and others

(see Sutherland L976, Sutherland and Karlson 1977) from wh'ich

the present generalizations about fouling communit'ies in tem-

perate and subtropica'l localities originated. In these com-

munitjes large fluctuations 'in the number of species and abun-

dances of species occur frequentìy and catastnophic sìough-offs

from the substratum are a more or less annual event.

The community flux, calculated from arithmetic means and

on the scale used by Sutherland (1975), ranged between .1 and

.3 at both sites for the two year period. Community flux cal-

culated from arithmetic means jn the developìng fouling commun-
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ity at Beaufort that was not man'ipulated (Sutherland 1975)

was greater than .5 in the maiority of cases for a perìod of

?% years. Conparison of community flux between the South Aus-

tralian sessile guilds and Sutherland's fouling community is

quest'ionable because of differences ìn sample size and quadrat/

p'late area. In Sutherland's investigatìon arithmetic means

were calculated from four p'lates of 232cn2 'in area cornpared

to 16 quadrats of 600cm2'in this jnvestigat'ion. Larger quad-

rat number could produce lower estimates of thìs parametelif

exchange of space between specìes is not s'imultaneous and in

the same dìrection in each quadrat. Similarly larger quadrat

s'ize could produce lower estimates'if colonies or ìndividuals

of the same spec'ies are not acquiring or los'ing space simulta-

neously in each quadrat. However, Sutherland and Karlson (7977)

maintain that the observed changes in the structure of the foul-

'ing community at Beaufort were not a function of spatia'l scale.

If this is so, then the low values of community flux jn the two

South Austral'ian gu'ilds compared to those values for the foul-

"ing community at Beaufort support the proposition that the to-

tal amount of variation ìn the abundances of all species over

time in the sessile guilds at Ed'ithburgh and Rapid Bay ìs less

than that in the fouling community at Beaufort.

Localìzed spatia'l changes can be averaged out over'large

areas (Spight 1974). The low values for community flux cal-

culated from the arìthmetic means from 16 quadrats compared to

the mean of community flux calculated for the individual quad-

rats suggests that thi s ì s occurri ng at both sessì'le gui'lds i n
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this study. The mean of community flux, calculated for indivì-

dual quadrats and usìng Sutherland's scale, ranged between .2

and .45 at both sites. Although the data for indjvidual p'lates

in Sutherland's work are not available community flux for indj-

vidual plates would be greater than or equal to the values cal-

culated from arithmetic means from four plates. Thus ìt is very

ìike'ly that, on average, the turnover of the space resource'in

the South Austral ian sessì'le guilds is lower than that 'in the

fouling community at Beaufort.

At both s'ites the standard deviations associated with the

means of commun'ity fìux calculated for indiv'idual quadrats (FiS.

2.I3) ane reasonably large and often greater than 50% of the

mean value. This suggests that changes in community structure

were not spatial ly uniform at e'ither site wh'ich was expected

considering the extreme unevenness in the distrjbution of spe-

cies at each site.

In summary there is less change'in the structure of the

sessi'le guilds at Edithburgh and Rapid Bay oven time than in

the structure of the foul ing commun'ity at Beaufort from which,

among others, (see Sutherland 1976), generalizations about foul-

'ing communities have arisen. A similar observatjon has been

made at another Austral'ian pier at Portsea, Victoria (Harris

1978 unpublished). The explanations for thìs difference are

d'iscussed in Chapter 7.

Aìthough the sessile guìlds appear sinilar ìn terms of

dynamìcs their structure is d'ifferent in a quantitative sense

when the identity of component species is'ignored and even more
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so in a qualitative sense when the jdentity of the species is

taken ìnto account.

The sessile guild at Rapìd Ba¡r is more djverse in terms

of species number but less diverse'in terms of species even-

ness than the sessíle gu'ild at Edìthburgh. This is a rather

curious fact jn the 'lìght of observat'ions made in hard sub-

strate communities of the marine environment ìn other areas.

In the rocky intertidal zones of the west coast of America

and elsewhere a high level of dominance (low species even-

ness ) 'is usual 1y corre'l ated wi th I ow speci es number and vi ce

versa (Paine 1966, 1971, 1,974; Dayton 197I, I975; lrfenge

1976 and Lubchenco and Menge 1978). Studìes of hard substrate

communities on rocks and plates in subtidal zones suggest a

sim'ilar correlation (e"S. Osman 1977, Sutherland 1975, Russ

In press). However in both cases thìs pattern was observed

either in commun'ities containing many of the same species at

different localities or as a result of experimentaì manìpula-

tion of the same community ìn one locaììty. 0f the 64 spec'ies

recorded at Edjthburgh and Rapid Bay only 27, less than one

half, were recorded at both sites (Table 2.7). Furthermore

two phyìetic aroups had markedly different abundances at both

sites. Sponges and bryozoans were far more abundant at Ed'ith-

burth than at Rapid Bay (Fig. 2.8). A'lso the dominant species

at each site is relat'ively rare at the other (F'iS. 2.8 for Cu-

Lieia sp. and Fig" 2.9 and Fig. 2.11 for Cz,eLLa sp")

Species from different taxonomic groups often exhib'it

characteristical'ly different life history patterns (Jackson
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1977a, I977b, In press) thus from the outset jt seemed unlike-

ly that a'lì the organizational processes at Edithbungh and

Rapid Bay wouìd be similar. Considerat'ion of the difference

'in the structure of the two sess'i 1 e gui I ds i n combi nati on wi th

the nesults of Chapter 3 suggested that different experimental

procedures were requìred at each site to investigate commun'ity

organìzatìon. The details may be found in the introductory

sections of Chapters 4, 5, and 6.
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TABLE 2. 1

Sponges

Species in the sessile guilds at Edithburgh
pÍer and Rapid Bay pier. A species presence

in a guild is indicated by "X".

Edithburgh Rapid Bay

SPl
SP2
SP14
SP3
SP3O
SP2O
SP47
SP13
SP49
SP5O
SP5 1

SP1 8

SP33
SP54
SP46
SP5
SP55
SP36
SP4
SPB
SP56
SP7

SP57
SP58
SP59
SP6O
SP62
SP63
SP64

ApLy stlLa rosea Schulze
ApLysiLLa suLphuz'ea Schulze
ApLysiLLa sp.
Dysidea fragiLis MonLagu
CreLLa sp.
MgeaLe sP.
Chondropsi.s sp "

CaLLyspongía sp.
Lissodendpryæ sP.
Tednnia sp"a
Iedania sp.b
fueiníasP.
Sycon sP.
Mauve spiky sponge
Royal blue spiky sponge
Red encrusting sponge
Brown/maroon encrusting sponge
Light grey/green encrì¡sting sponge
Green encrustíng sponge
Grey volcanoe sponge
Coral volcanoe sponge
Large orange sponge
Cream lumpy sponge
SlaLe-grey lumpy sponge
Red fÍnger sponge
light grey finger sponge
Mauve honeycombe sponge
\{hite Lendril sponge
Gelatinous sponge

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
X
X
X
X
X
X
X
x

X
X

X

Solitary TunicaLes

T28
T10
T40

C\emidoeanpa ethez,i,dgi,i. (He rdman)
PoLy eanpa peduneuLa¿a HeIIer
Aseidia thompsoni Kott

x
X

X



TABLE 2.1 (continued)

Colonial TunÍcaLes

T11
T15
T20
T13
T5
Ti9
T34
TI2
T9
T18
T32
T25
T8
T37
T23
T39
T38

Bryozoans

Edithburgh Rapid Bay

X
X
X
X
X
X
X
X
À

X
X
X
X
X
X
X
À

v
X
X
X

X
X

x

X
X
X
X
X
X
x

X

B3

BotnyLLoid,es Leaehii (Savígny) X
Bott yLLoides nigtwn Herdman
Botz,yLLoides s,p.
BotryLLus sehLosseyzl (patlas )
PodoeLaueLLa eyLindyiea (Quo)' and Gaímard) X
PycnocLaueLLa Címinuta (KoLL)
CLaueLina baudinenszs Kott
Dídemntrn patuLwn (Herdman)
Didenmwn s,p .2 X
Didenmwn sp.b X
ApLidiun austnaLiensis (Kott)
Atapazoa fantasíann. (Kott)
Stolonì.ea austz.aLis Ilíchaelsen
PoLy syneraton oz,bi¿ylyq KoLL
Chesnut encrusting tunicate
Opaque orange encrusting tunÍcate
Pink encrusting tunícate

CeLleporaria fusea (Busk)
C eLLepoz,ay,ia uaLLigez,a Harmer
CeLLeporaria pigmentaria (Idaters )Snittina naigíi (Audouin)
Ct yptosuLa paLlasiana (MoII)
Biflustz,a p erfnagiLlis l{cGiLI ivray
Mustard encrustin g bryozoan

CuLieia sp.

GaLeolar.ia eaespitosa Savign¡z
GaLeoLay,í,a hy str.i.æ Morch
Fì,Logr,øna impLeæa Berkley

MlB ChLønys aspernirm,ts (Lamarck)

B1
B2

B4
B5
B6
B7

Cnidarians

J5

Serpulids

TI,i3
Trd4
TW2

Mo I lus cs

AIgae
A14
417
A16

X
X
X

X
X

Zonaria augustata Paperfuzz
Rodymenia austy,aLis Harvey
ErythnoeLoniwn muelLez.i Sander

X

x
X
X

X



TABLE 2.2 Samplíng schedule for permanent quadrats at
Rapid Bay and Edithburgh. An asterisk (ir¡
indicates the samples whích vtere processed.

(See Sectíon 2.4 .2.2)

SAMPTE DATES

Edíthburgh Rapid Bay

t6/ 12/7s

20 /or /7 6

26/02/76

14/ 03 /7 6

17 /o4lt6
78/os/76

20/06/76

t7 /07 /76
26/08/76

2s / 09 /16
30/r0/76
06/12/76

rr l07 /77
08l02/77

18/ 03 /77

t8 / 04/77

14/05 /77

rt/06/77
20 / 08 /77

26 /09 /77
22/r0 /77
2t /rr/77
27 /12/77

20 /01/7 8
J.

0t/03/78

&

20/0s/76
-L

14/06/76

22/01/76

04/oe /7 6

ts/10/76
28/12/76

2910r/77

2e/03/77

06 /os /77
20 /06/77
30 /08/77
29 /09 /77

02/rr/77
04/12/77

J



TABIE 2.3

Date

September 1976

March 1977

TABIE 2

ED:
%c0.:

%CT.:

dcf:

SampIe
Date

June 1976
September 1976
December 1976
March 1977
June 1977
September 1977
December 1977

Estimator 3' tS.D.

Summary of Mann-hlhitney U-tests comparing the
esLimator of species evenness, .î' , b"t*""o
Edithburgh and Rapíd Bay on the Septenber 1976

and March 1977 sample dates. The P value is for
a one tailed test.

Mann-ldhitnev U-test
Statistics

píd Bay Nl N2 U PEdí

.7 4 t.23

.76 t.20
.4e

.39

11

l6
!.20
! .I7

99 <.01

<.001T2 12

4 Summary of Smirnov LesLs comparing the distributions
of specíes abundances beËween Edithburgh and Rapíd Bay.

Edíthburgh RD: Rapid Bay
abundances expressed as a percentage of the occupied
substraLrum

abundances expressed as a percentage of the Èotal
available substratum
maximum difference between the cumulative frequency
distributionsof species abundances at each site.

The P value is for a one Lailed Lest. A .05 significance
Ievel- was used.

Number of
specíes in

sample
Smirnov Test Statistics

%CT.
ED RB dcfP

31
31
32
30
30
30
29

4t
JI
35
36
35
40
JI

.32

.31
"25
.25
.34
.31
.30

.025
< .05
> .10 ns
> .10 ns
< .05
< .05
> .10 ns

28
34
22
22
J¿
30
26

> .05 ns
< .05
> .10 ns
> .10 ns
< .05
< .05
> .10 ns



TABLE 2.5

Date

Summary of the Mann-hlhitney U-tests comparing the
percentage of substratun occupied at Edithburgh
with that at Rapid Bay for the seven sample dates
common to both sites. The P value is for a

one tailed ÈesL.

Mann-I{hitney U-test Statistics
N1 N2 PU

June 1976

September 1976

December 1976

March 1977

June 1977

September 1977

December 1977

76

T6

I6

16

I6

I6
76

T6

T6

ú
I6

ß
76

76

58

43

35

21

33

37

33.s

<.01

< .001

<.001

< .001

< .001

< .001

<.001



PHOTOGRAPH 2.1 Edíthburgh pier

PHOTOGRAPH 2.2 Rapid Bay píer

PHOTOGRAPH 2"3 The Nikonos II underwater camera,

the electronic flash and the Lripod

used to photograph the quadrats.
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F]GURX 2. ] A

FIGURE 2.I B Edithburgh píer from above

FIGIJRE 2.1 C, Rapid Bay pier from above

Map of the GuIf Region of Souch

Australia showing the posiLion of
Edithburgh and Rapid Bay.
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FIGURE 2.2 The outer half of Edithburgh pier showing

the position of the rows and columns of
píIíngs used in the study.
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FIGURE 2.3

Inset:

The Lee head section of Rapid BaY

pier. The síx central pilings of
each dolphin are indicated by smaII

recLangles.

Cross-sectíon through a piling showing

the posítion of the four faces. The

oríentation of the cross-section is the

same as for the rest of the figure.
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FIGI]RN 2.4. A

B

Open circles (0) Edíthburgh

CIosed círcles (l) Rapíd Bay

S' , the number of species recorded

in the 1ó quadrats, at Edithburgh

and Rapíd Bay.

J' , species evenness calculated for
the 16 quadrats, at Edithburgh and

Rapid Bay.
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FIGI]RE 2.5 Specíes number vs. quadrat number

for Edithburgh and Rapid Bay on

A. September 1976

B. March 1977

Species evenness vs. quadrat number

for Edithburgh and Rapid Bay on

C. September 1976

D. March 1977

Arrows indicate point at whích curves

become horizonLal. Open círcIes (0)

Edithburgh, solid circles (l) Rapid Bay
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FIGURX 2.6 The distributions of species

abundances at Rapid Bay and

Edíthburgh for the September 1976

and March 1977 sample dates.

Numbers on the X-axis correspond

to the Iower limits of the 17o class

intervals.
A. September 7976, abundances expressed as

a percenLage of the total available
substratum

B. September 1976, abundances expressed as

a percenLage of the occupied substratun

C. March 1971, abundances expressed as a

percentage of the total avaíIable

substratum

D. March 1977, abundances exPressed as a

percenLage of the occupied substratum
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FIGURX 2.7 The percentage cover of aII species

present (totaI cover) at Edithburgh

and Rapid Bay. Means are indicated
by open cirfces (0) for Edithburgh

and open squares (tr) for Rapid Bay.

Vertical lines are standard deviations
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FTGURX 2.8 The percentage cover of each of the four
major phyletíc groups at Edithburgh and

Rapid Bay

Bar: mean

Líne: sLandard deviation
Black: sponges

Spots : bryo zoarrs

Open: tunícates
Stripes: cnidaríans (CuLie¿a sp.)
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F]GURE 2.9 Mean percentage cover (spot) and standard

devíation (rzertícal line) for the eight
sponge specj-es at Edithburgh which

attained a mean percenlage cover of at
Ieast I% on one sarrple date

SP1 ApLysiLLa ?oseq,

SP30 CreLLa sp.

SPI3 CaLLyspongia sp.

SP47 CTtondropsís sp.

SP20 MyeaLe sp.

SP5 Red encrustíng sponge

SP49 Lissodendotgæ sp.

SP2 ApLysì,LLa suLphu.vea
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FIGURX 2. 10 Ilean percentage cover (spot) and standard

deviation (vertical line) for the four
bryozoan species, three tunicates species

and CuLieia sp. at Edithburgh which atLained

a mean percentage cover of at Ieast 17o on

one sample date

81 CeLLeporaria fusca
B2 CeLLeponaría uaLLigera

B7 Mustard encrusting bryozoan

83 CeLLeporaz.ia pígmentaria

T11 BotryLLoides Leachíi

T18 DLdemnwn sp.b

T9 Dùdenn'nøn sp . a

J5 Cv.Lieia sp.
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FIGURE 2.11 Mean percentage cover (spou) and standard

deviation (vertical line) for the five
sponge species and CuLicia sp. at Rapid

Bay which attained a mean percentage

cover of aL least 1% on one sample date

SPI ApLysiLLa rosea

SP30 CreLLa sp.

SPI3 CaLLyspongia sp.

SPs Red encrusting sponge

SP4 Green encrustíng sponge

J5 OUL1,9LA sp.
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FIGURE 2.12 Mean percentage cover (spot) and standard

deviation (vertical Iine) for the ten

tunicate species at Rapid Bay whích attaíned

a mean percentage cover of at least 1% on

one sample date

T11 BotryLLoides Leaehii

T9 Didenmwn sP . a

T23 Chestnut encrusting -tunicot¿,

T32 ApLidiwn austz'aLiensi;s

T19 PyenoeLaueLLa dimínuta

TI2 ÙLdemrnon PatuLun
T13 BotryLLus sehLosseY'i

T25 Atapazoa fantasíana
T40 Aseidia thontpsoni

128 C'nemidpearpa etheridgiì.
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FTGURX 2.13 Cornmunity flux calculated using the arithmetíc
means of percentage cover averaged over the

16 quadrats (open circles {0} ) and the means

of com¡nunity flux calculated using individual
quadrats (open squares {tr}) at Edithburgh

and Rapid Bay. Vertical lines are sLandard

devÍations. Both types of community flux
have been calculated for standard 9O-day

intervals.
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3.0 COMPETITIVE INTERACTIONS IN THE SESSILE GUILDS

3. 1 Introducti on

l4iIne (1961) defines competìtion "as the endeavour of two

(or more) animaìs to gain the same particular thing, or to gain

the measure each wants from the supp'ly of a thing when that sup-

ply.is not sufficìent for both (or all)." This endeavour is

generally thought to take one or both of two generalized forms;

"ìnterference" and "expìojtation" (Park 1954). Interference

competition occurs when the utilization of the resource by the

indiv'iduals or colonies of one species is detrimental to the

exjstence of individuals and colonies of anothen specìes. Ex-

p'loìtative competition occurs when utjlization of a resource

by one spec'ies creates a resource shortage for the other. This

endeavour has various direct and indirect results such as the

death of an'individual during a competÍtjve encounter or a re-

duction in the reproductive potentìal of a given population due

to the shortage of a vital resource.

In hard-substrate communities in the rnarine environment

competìtion for attachment space and access to the water column

takes p'lace in a variety of ways. In situations where the space

resource is nearly ful ìy occup'ied organ'isms adiacent to each

other may crowd, undercut and crush (Conne'll i961b, Paine 1971,

Dayton 197i), overgrow and smother (Dayton 1971, Stebbing 1973a'

b, Paine !976, Jackson 1977b, Qsman 1977, Anger 1978' Russ In

press), overshadow (Lang lg7!, Dayton I97l) or po'ison (Bryan,

Ig73, Jackson and Buss I975, Al-og'ily and Knight Jones 1977)

the'i r nei ghbours . The abi'l 'i ty f or such competi t j ve 'i nterfer-
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ence, regardl ess of the mechani sm, 'is thought to pl ay 'in impor-

tant role in the acquis'itjon of the space resource (Paine 1966,

Dayton 797L, Connell L975, Jackson and Buss 1975, Buss and Jack-

son i979). Additional ìy the efficiency with which a sessile

spec'ies can exploit newly available free space by rapìd vege-

tative growth (Goodbody 1965, Jackson I977b, In press,Karlson

1978) and/or heavy larval recruitment (Jackson I977b, In press,

Sutherland 1974) is also considered 'important. Furthermore the

longer lived a species and the better able it is to resjst lar-

val invasion and/or competitive interference from established

organisms the better its chance of monopolizing the substratum

(Sutherland 1975, I978, Karlson 1978).

There i s l'ittl e di ff j cul ty 'in quanti fy'ing di rect i nterfer-

ence competi ti on i n foul 'ing communi ti es when the predom'i nant

mechanism is overgrowth and smothering. Instances of over-

growth can easi'ly be recorded' even on one sample date, by care-

ful examination of colony interfaces and/or removing 1íve ind'i-

viduals and colonies to reveal the dead remains of other or-

gan'isms. Such observations have been used to rank spec'ies in

dominance h'ierarchies (0sman 1977, Russ In press, Buss and

Jackson I979). However, when alternative mechanisms for jnter-

ference competition are used quantificat'ion is likely to prove

more difficult since it would not always be clear jf the ac-

quisition of space by one spec'ies was at the expense of another

unless successive observat'ions could be made at the same site.

In assess'ing the overall compet'itive ab'ility of a sessile

species compared to others in the same comrnun'ity, its capacity
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for explo'itative competition will also be relevant. Estimates

of growth rate and recruitment rate wjll indicate the potential

of a species to exploit newly available free space and estimates

of life-span wi'l'l indicate how long the species would be like'ly

to monopolize it provided 'it could resìst invasion by other

species.

The morphology of a species is considered to be a critical

factor ìn the efficìent utilizatìon of primary substratum in d'if-

ferent phys'ica'l environments and under d'ifferent competìt'ive con-

djtions (Jackson In press, Dahl 1973). For example some sessile

speci es wh'ich are 'incapable of overgrowi ng and ki I l'ing thei r

ne'ighbours are , neverthel ess , capabl e of avoi di ng de'l eteri ous

competitive interference by virtue of an arborescent or stoloni-

ferous growth form (Osman 1977, Jackson I977b). Thus growth

form wil'l also be relevant to a description of the competitive

status of a species.

The aim of the chapter ìs to quant'ify, as far as possible,

the competitive abilities of the spec'ies in both sess'ile guilds.

In particular I seek ins'ights'into the competitive strategies

of the "domìnant" spec'ies and of the dìfferent phyletic groups.

3.? Methods

3.2"I i nterference Comoe ti ti on

3 .2.L .I 0verqrowth

Examination of successive transparencies of the permanent

quadrats used in the sampl'ing schedule of Secti on 2.4.2.I re-

vealed that a considerable amount of overgrowth was occuring at
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both s'ites (for exampìes see Photographs 3.1, 3-2,3'3,3"4,

3.5, 3.6). There was no evidence of undercuttìng, d'irect

crowd'ing, crushìng and overshadow'ing. There was also no

obvi ous evi dence of po'isonì ng between organ'isms adjacent to

each other. However this d'id not exclude the possibility

that an organ'ism be'ing overgrown by another was not jn part

ki I I ed by the secret'i on of al I el ochemi cal s by i ts domi nator

as wel I as be'ing smothered.

The amount of overgrowth occuri ng i n each of the perman-

ent quadr ats used ì n the sampì'ing schedul e of Sect'ion 2.4.2"I

was calculated for each samp'ling 'interval at each s'ite by meas-

uring the amount of live tissue present in a quadrat whjch was

covered in the following three months. It is expressed as a

percentage of the total area of the quadrat and was cal cul ated

for a standard period of 90 days (Appendix IIa). The mean of

the figures calculated for a given sample jnterval was viewed

as an estimate of the amount of competitive jnterference oc-

curing in the sessile guìld for that period of time. Ïhe mean

and standard deviation of overgrowth were plotted against time

for al'l sample jntervals at both sites. The overgrowth at

Edithburgh was statisticalìy compared to that at Rapìd Bay on

the sìx sample intervals common to both sites using a Mann-l^lhit-

ney u-test. Further statistical comparison'is detajled'in

Sect'ion 3.3"1.1.

3.2 "1.? Compe titive Hierarchy

The 'interference competi ti ve abi I'ity of a spec'ies at each

site was assessed usìng a competitive hìerarchy based on the
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overgrowth records from the 16 permanent quadrats. For all

pairwìse interact'ions where overgnowth occured the wjnner

was reconded. If the nurnber of observations for a gìven spe-

cies pair was equal to or exceeded fìve, the competitive re-

lationship between the two specieS u/as assessed in the follow-

ing manner. The nulì hypothes'is was that the two species were

equaìly likely to wìn a competìtive encounter. The binomial

test (Siegel 1956) was then used to test whether the observed

outcomes of competi ti ve 'i nteracti ons were cons'i stent wi th thi s

null hypothesis (O.OS significance 'level ). If the null hypo-

thes i s \^/as re.j ected , the s pec'i es wh i ch won the ma j ori ty of en-

counters was said to be competit'ively dom'inant; otherw'ise the

paìr of species were designated compet'itively equal.

Th'is method had one major shortcomìng. No attempt was made

to measure the speed at whìch overgrowth occured between any

two species thus the relatjve defensive capacities of indìvi-

dual species were not accounted for. Two species which are

overgrown by the same set of species at different rates are

obv'iously not competitively equivalent even if both are equa'ì-

ìy 'l'ikely to overgrow each other. Th'is aspect of the over-

growth interactions reported ìn the results section'is consi-

dered in the discussion.

Lastly, whenever possible, it was noted if overgrowth al-

ways resulted 'in the death of the overgrown colony.

3.2.2 Expl oi tative C omoeti ti on

Ideal ìy as i ndi cated 'in Secti on 3. I est'imates of growth

rate, recruitment rate, I'ifespan and desc¡iptìons of form are

- 50-



necessary to def ine the capac'ity of a speci es f or exp'l o'i tati ve

competi ti on.

Due to the scarcity of free space jn both communitjes there

were few opportunìt'ies in the transparenc'ies of the permanent

quadrats described in Section 2.4.?.1 to measure the growth rates

of different Species under opt'ima1 conditions. Furthermore mea-

surement of the increase 'in area of most colonies was complica-

ted by the fact that colonies of the same species often fused,

occas'ional1y dìvided, were often part'ia1'ly overgrown and wene

frequently not completeìy included in the transparency. For

these reasons estimates of growth rate Were not made by ca'lcu-

lating'increases in area over time of the colonies seen jn the

penmanent quadrats . The fol I owi nE al ternati ve was used.

At Edithburgh a ìarge number of artific'ialìy cleared patches

were made during the study period as detailed in Section 4.2.1.1.

A varjety of species invaded these patches through the vegetatìve

extension of colonies adjacent to the patch and by larval re-

cruitment. This prov'ided an opportun'ity to measure the rate at

which a colony utas able to grow over unoccupied substratum. At

Rapid Bay opporùunities to make a similar measurement urere pre-

sented by the clearance of large areas of CuLiciq sp.in the

experimental quadrats described in Section 6.2"1.1 -

The d'istance the leading edge of a colony travelled before

it abutted another colony Was measuned. The rate of growth in

mm/day was calculated by dìi,iding this figure by the tjme taken

to travel the distance. The growth rates of individual colon'ies

are presented 'in APPendix IIb.
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It is worth noting that the grorvth rate of a specìes cal-

culated in thìs fashion 'is I ikely to be a funct'ion of coìony

sìze, season, locaìity and intrinsic djfferences between the

ind'iv'idual colonies measured. I have made no attempt to iden-

tìfy the sources of the variation between 'independent measure-

ments for one spec'ies because the sampìe size was too small

(see Appendix IIb, Table 3.4 and 3.5). Therefore these est'i-

mates are crude and will probabìy blur the more subtle differ-

ences between species. However, in the absence of controlled

f iel d man'ipul at'ions to produce more accurate estimates, they

wìll serve to identjfy the grosser differences between certain

specìes and phyla.

The recruitment rate (number of :colonjsts/unit time/unit

area) wi I I be a functi on of the su'itabi I'ity of the substratum

available to the larvae, the size of the populat'ion of repro-

ducing adults, the number of young produced per adult, mortali-

ty factors prior to settlement and temporal (seasonal and be-

tween years) variation 'in reproductive pattenns. Many newly

settled colonies could not be detected, let alone identjfied,

'in transparencies untjl they reached a s'ize of at least 9mm2.

Add'itional ly durìng dives fish were often observed graz'ing on

newly settled colonies that were onìy 4mm2 'in size (DLdemnwn

sp.èìn part'icular). Thus it appears certa'in that many new re-

cruits of various species were being removed before they could

be detected in transparencìes particularly as the intervals be-

tween SUccessjve transparenc'ies were approx'imate'ìy three months

long. For this reason I felt that recrujtment rate measured jn
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transparencies could lead to variably b'iased estimates of the

actual recruitment rate for d'ifferent species and could be rath-

er mislead'ing if used as an 'indjcation of a species potentìa1 to

acquire new space through the medium of dispersive larvae. Th'is

aspect of the specles competitive abiljty was not accounted for.

Estimates of life span were made by examination of succes-

sive transparencies of permanent quadrats and from observations

made during the periods spent working at both field sites. The

f"igures listed in Table 3.4 and Table 3.5 in Section 3.3.2 are

equal to the range of the life spans of colonies/indiv'iduals

seen for that species during the time spent working at each

site. Th'is range does not jnclude colon'ies/indjviduals which

obviously died due to factors other than senescence.

A qualitative descriptìon of the morphoìogy of each species

'is gìven using Jacksons' (In press) termjnoìogy as reproduced in

Tabl e 3. I

3"3 Results

3"3"1 Interferen ce Comoeti t'ion

3"3.1.1 Overgrowth

The mean of overgrowth recorded in the 16 quadrats at Rapid

Bay was always lower than the mean of overgrowth recorded ìn

the i6 quadrats at Edithburgh in each samp'le interval common to

both s'ites (Fig. 3.1). Overgrowth at Rap'id Bay was signif i-

cant'ly I ess ( .05 probab'il j ty ì evel ) than overgrowth at Edi th-

burgh for each of the three sample intervals from September

1976 until June 1977 (taOle 3.2). If the s'ix sampìe inter-
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ValS common to both sjtes are treated as six'independent sam-

pl es gi vi ng si x 'independent estimates of overgrowth 'in each

sessile gu'ild for the l8 month pe¡iod in questìon (an assump-

tion that may not be seniously in error as discussed jn Sec-

t.ion 2.4.2.3.4) then overgrowth at Rapìd Bay was signif icantly

less than at Edithburgh (Mann-whitney u-test Nl=N2=6, U=3, P=

.oo8).

At both sites the standard deviations around the means

are ìarge (tSOZ of the means) jndicatjng that there was con-

siderable variability between quadrats 'in the amount of over-

growth that was occuring. Exam'ination of the overgrowth data

fo¡ind'ividual quadrats also shows that the range in values

between samp'l e i nterval s for one quadrat was large i n rel ation

to the mean values (Appendix IIa). Qvergrowth was not spatiaì-

ly or *amporol! uniform when measured on the scale of a 20cm

x 30cm quadrat at either site.

3.3.1.2 Competi t i ve Hi erarchv

At Edi thbilrgh there were I 089 poss'ibl e pai rwi se i nterac-

tions where overgrowth could occur but only .]64 of these were

observed. 0f these onìy 56 involved five or more observations'

These have been compiled into contact matrjces for interactions

within phyla (Figs. 3.2A ,3.34, C) and between phyla (Figs.

3.4A,C, 3.54, C, E). The 'left-hand number jn each cell equals

the number of wins for the species in that column. The right-

hand number equals the number of wins for the species'in that

row. In each cel I an arrow po'ints towards the superior spec'ies

or a cross jndicates competitive equ'ivalence. The species repre-
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Sented in these matrices include all those spec'ies in the sess'ile

guììd whjch attained a maximum mean percentage cover of at least

l% on one sampìe date in the sampì'ing schedule outl'ined in Sec-

tion 2.4.2.1 . Omission of the rarer species l^ras unavo'idable but

I consider it to be unimportant because they are lìkely to play

only a m'inor role'in the structure and organizat'ion of the ses-

sÍ ì e gu'il d due to the'ir exteremeìy I ow abundance.

There was not a clearly defined linear hìerarchy between

the sponge species (FiS. 3"2A). For example ApLysiLLa rosea

was superior to CreLLa sp. and Ì,lycaLe sp. but CreLLa sp. and

MycaLe sp. were equiValent. However the following generaliza-

tions can be made. The Red encrusting sponge (SP5) was inferior

in s'ix out of sìx pa'irwise comparìsons indicating that it was

a poor interference competitorin relation to the other sponge

species. CaLLyspongia sp. and ApLysi,LLa y'osea were superior

in four out of five and thnee out of five comparisons respec-

tively. Both were equìvalent in the remainìng comparisons. My-

eaLe sp. Was superior once and equivalent twjce 'in three com-

parisons . Cz.eLLa sp., ApLysiLLa suLphut'ea,ànd Chonàr'opsí.s sp.

wêFe,:supen'iorin some of the compari sons i n wh'ich each was i n-

volved and inferior in others. Even though al1 possible combi-

nations between these sponges were not reported there is suf-

ficient evidence to suggest the ApLysiLLa xosea and CaLLyspongia

Sp. were the best interference compet'itors in relation to the

other common sponges . MyeaLe sp., CveLLa sp., ApLAsíLLa suL'

phurea and Chondropsis sp. rank intermediately while the Red

encrusti ng Sponge (SP5) ranks I owest. LissodendoyAt sp. I,{as
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only involved in one pa'ir-wise comparjson wi th CveLLa sp' and

Scored equiValentìy. Its status'is, therefore, uncertain but

it is likelY to be intermediate'

There was no cl ear ci rcular set of compet'it'ive rel ation-

ships (A superior to B superior to C supe¡ior to A) amongst

these sponges (Fig. 3.24) although the overall pattern of spe-

ci es i nteracti on i s netl i ke ( see Buss I 976) '

0n1y one pair-wìSe comparjson was made between tun'icates

(Fìg. 3.34) and four pair-wìse comparisons were made between

bryozoans (Fig. 3.3C). In both cases there was 'insufficient

ev.idence to detect compet"itive h,ierarchies of any sort between

the common species within the phylum'

Tunìcate species were superìor to sponge spec'ies in nine

out of ten companjsons (Fig. 3.44) and superior to bryozoan

specì es i n s'ix out of s'ix compari sons (F'ig. 3.54) . Sponges

spec.ies were superior to bryozoan specìes ìn nine out of l3 com-

par.isons and equivalent in four comparisons (Fig' 3.4C). Sponge

and tunicate spec'ies were superior to Q,úùeia sp'and GaLeoLayia

spp" in all comparisons (Fjg. 3"5C,E). These results indicate

that tunicates are the best interference competitors in the ses-

sile gu.ild with sponges the next best and bryozoans' cuLieia sp'

and c,o.LeoLatía spp. the worst. The compet'itive relationsh'ip be-

tween bryozoans , cuLicía sp. and GaLeoLaria spp. was not estab-

lished. hjhen substratum is in short supply tunicates will over-

grow sponges and tunicates and sponges w'ill overgrow bryozoans'

GaLeoLaria sPP. and Culicía sP'

It is noteworthy that a superior species does not always

- 56-



overgrow an inferior species in every competitive encounter

(Figs. 3.2A, 3.3C, 3.44,C) thus the precedìng statement must

be viewed as a general'ization rather than a descrìption of an

inevitable sequence of events.

Additionally it was noted that tunicates d'id not alwa.ys

smother the organìsms they overgrew especially if the over-

growth occured two months or less prior to the senescence of

the tunicate co'lony. 0n several occasions in the l6 permanent

quadrats after a tun'icate colony had sloughed off old sections

of prev'iously covered bryozoan and sponge colonies recornmenced

growth.

At Rapid Bay there were 2500 possibìe pair-wise interac-

t'ions where overgrowth could occur but only 98 of these wene

observed. 0f these only ì4 involved five or more observations.

Twelve of these have been compiled into a contact matrix (Fig.

3.64) and the remaining two are referred to below.

The spec'ies repnesented in these l4 comparisons did not

include all those species 'in the sess'i1e guild which attained

a maximum mean percentage cover of at least l% on at least one

samp'le date jn the sampl ing schedule outl jned in Secti on ?.4"2.1 .

Two solìtary tunjcates Cvtemidocarpa etheridgií and Ascidia tVnnrp-

soni and three colonial tunicates , ApLidi.um austraLí.ensís,

Didenmun patuLun and Botz,yLLus sehLosserzl were omi tted.

Only one wìthin phylum interaction was observed often enough

to be tested for s'ignif icance. CneLLa sp. was dom'inant to the
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Red encrusting sponge (SP5) wh'ich it overgrew in six out of six

overgrowth interactions. No conclusions could be made about

the competi ti ve rel ati onshi ps of speci es w'ith'in phyl a at Rapi d

Bay.

Excludi ng CuLicia sp.and C,aLeoLaria spp. on'ly one between

phylum 'interaction h,as observed often enough to be tested for

sìgn'ificance. In this case Atapazoa fantasùarw. was superior

to the Green encrusting sponge (SP4) which it overgrew jn sev-

en out of seven overgrowth interactions. If all the observed

pair-wìse interactions that did not 'involve five or more obser-

vations are considered tunicates ovengrew sponges, sponges over-

grew bryozoans and tunicates overgrew bryozoans in 35 out of 36,

four or of four and 22 out of 22 occasions respect'ively. Al-

though these data are pooled from almost as many different spe-

cies-pairs as individual observations it suggests that the com-

pet'itive relatìonships between tunicates, sponges and bryozoans

follow the same general pattern as observed at Edithburgh.

CuLi.eia sp. Ì^ras inferior to two sponge specìes and equ'iva-

lent to one (Fig. 3.64) . Cl1Lieia sp. was also inferior to four

tunjcate spec'ies and one bryozoan species (Fjg. 3.64). Addition-

alìy in l6 and l9 other overgrowth encounters with sponges and

tuni cates respectì ve'ly ì t was overgrown.

GaLeoLaria spp. were inferior to three tunicate species and

one bryozoan species (FiS. 3.64). In five and three other over-

growth encounters wjth Sponge species and tunicate spec"ieS res-

pectively ìt was overgrown.
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The precedìng evìdence ìndicates that CuLicía sp. and

GaLeoLav"La spp. are poolinterference cornpetitors which are

overgro\4/n in the maiority of competitive encounters, if not all

'in the case of GaLeoLaria spp.with the other species in the

sessì1e guild at Rapìd Bay. The competit'ive nelat'ionsh'ip be-

tween CuLiei-a sp. and GaLeoLaz'ia spp. could not be assessed

from the data presented here.

Tn summary, when free substratum is'in short suppìy at

Rapìd Bay tunicates will overgrow sponges and sponges and tuni-

cates wjll overgrow bryozoans, CuLici.a sp. and GaLeoLaria spp.

3 "3.2 Exp I o'itati ve Competi t'i on

3.3.2. 1 Growth Rate

Only those species l'isted in the prev'ious section of the

resul ts were i ncl uded 'i n the fol I owi ng assessment of abj ì i ty to

exploit the prìmary substratum. Assessment of all spect'es at

both sites, apart from being impossible for the very rare spe-

cies, would be pointless since the interference abil'ity of the

spec'ies not included in the previous section would not be de-

fined. Additionally pair-wise comparisons of growth rates cor-

respond'ing exactìy to those pajn4ise comparì sons reported for

interference 'interactions were made for all species using a

Mann-hJhitney U-test. The results of these tests ane reponted

in the text or have been compiled into contact matrices (Fjg.

3"?8,3.38,D, 3.48,D, 3.58,D,F, 3.68). In each cell an arrow

points towards the species which had a sign'ifjcantly faster
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growth rate than the other or a cross jndicates that the growth

rates were equivalent. A one tailed test and a .05 sìgn'ificance

level were used.

At Edìthburgh the growth rates of sponges varied s'ign'ifì-

cantly between species (Table 3.3). ApLysiLLa rosea had a sì9-

nificantly sìower growth rate than other sponges 'in all five

pairwjse comparisons (Fig. 3.28) . CaLLyspongia had a sign'if i-

cantly faster growth rate than ApLysiLLa rosea and npLysiLla

suLphurea and a growth rate equìvalent to Cz'eLLa sp. and the

Red encrustìng sponge (SeS¡ (fig. 3.28). Both ApLysiLLa rosea

and CaLLyspongia sp. ranked highly as interference competitors

in relatìon to other Sponges but did not have the correspond'

ingly highes! growth rates (Compare Fig. 3.24 and 3.28 and

see Table 3"4)" The growth rates of sponges in the remaìn'ing

pairwise comparisons were equìvalent (FiS. 3.28) despite the

fact that MycaLe sp. had a mean growth rate considerably high-

er than the others (table 3.4). The Red encrusting sponge (SfS¡

had a signjfjcantly hìgher growth rate than ApLysiLLa suLphuz'ea

to wh i ch j t was compet'i t'i vel y equi va I ent ( compare F'i g. 3. 2A and

3.28) . Qbv jously amongst the sponge spec'ies cons'idered here a

faster growth rate i s not necessari'ly correl ated wìth superi or

interference capacity or vice-versa.

The growth rates of tunicates and bryozoans respectjvely

also varjed s'ignificantly between species at Ed'ithburgh (Table

3.3). As can be seen from a comparison of F'ig. 3'34 and Fig.

3"3C w.ith Fig. 3.38 and Fig. 3.3D respectjve'ly faster growth

rate was not neeessarily correlated with superior interference
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ab'il'ity for within phyium cornparisons of tunjcates and

bryozoans.

Tun'icates had s i gni f i cantl t¡ faster growth rates than

Sponges in four out of ten conparisons and faster growth rates

than bryozoans in sìx out of s'ix comparìsons (Fig. 3.48,3.58).

Sponges had faster growth rates than bryozoans in 12 out of 13

comparisons (FjS. 3.4C). Tunicates and sponges had equivaient

growth rates in six out of ten occasions (Fig. 3"48) and on the

one occasjon when a sponge did not grow s'ignificantìy faster

than a bryozoan the growth rates were equjvalent (Fjg. 3.48).

These comparì sons i ndi cate that 'in the sess i'l e gui I d at Edi th-

burgh the common sponge and tunicate species are able to explo'it

newly available free space by vegetative growth more rap'id'ly

than do the bryozoan spec'ies. Th'is genera'l'ization is supported

by the fact that mean growth rates of all sponge and tunicate

specìes are greaterin every jnstance than the mean growth rates

of bryozoans (fa¡le 3.4). A]though no one tunicate species had

a sign'ificant'ly greater growth rate than all other sponge spec'ies

to which jt was compared al'l tunicate species had higher mean

growth rates than all sponge spec'ies except MyeaLe sp. (Table 3"4)

Thìs suggests, as do the pairwise comparisons of growth rates

between sponEe and tunicate species in Figure 3.48' that the

common col oni al tun j cate spec'ies i n the sess i 1e gui I d at Ed'ith-

burgh are, on average, able to exploit new'ly available free

space by vegetatìve growth as well as,if not better than,the

common sponge species.

-61-



ctLLieia sp. had a signifjcantly s'lower growth rate than

both CaLLyspongia sp. and ùLd.emnwn sp. a (F j g. 3. 5D and 3.5F) .

All sponge and tunicate species had larger mean growth rates

than the mean growth rate for Culùcía sp. with the except'ion of

the sponge ApLysiLLa rosea (Table 3.4). Th'is evidence suggests

tha*" CuLieia sp. was unable to expìoit free Space by vegetative

grov\,th jn the sess j1e gujld at Edithburgh as rapidìy as the

common sponge and tunicate spec'ies.

Although a direct measurement of the growth rate of C,q.Leo'

LarLa spp. was not made it can be safely assumed due to its sol-

itary I ife form, deterministic gro\^/th pattern, and extremely

small s'ize that its capacity to exploit newly available free

space by vegetatìve growth was far leSS than any other colonial

speci es i n the sessi I e gujl d wj th the poss ib'le exception of

Pod.oeLaueLLa cyLindríca. For this neason its growth rate has

been taken as zero in Table 3.4 and Table 3'5'

At Rap.id Bay the growth rate of tun'icates vanied signjf i-

cantly between species (Table 3.3). The growth rates of spon-

ges di d not di ffer s'ignjf i cantly between speci es (faUl e 3.3)

and the growth rates of the two bryozoan specìes were equiva-

I ent (Mann-l^lhi tney U-test Nl =N2=3, U=3 , P= " 35) '

It is worth noting thal cTeLLa sp. was superior to the

R.ed encrust"ing sponge (sP5) in terms of overgrowth (Sectjon

3.3.1.2) despite the fact that they had equivaient growth rates.

(Table 3.3). This was also the case at Edìthburgh (Figs.3.2A,B).

Since no overgrowth interaction between tun'icate Species

was observed often enough to assess stat'istical'ly at Rapìd Bay
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(Section 3.3.1.2) I felt a comparison of the growth rates of

these species would not contribute sign'ificantly to understan-

ding the competitjve relationsh'ips between the more common spe-

c'ies at Rapid Ba"v.

Excluding comparisons involving GaLeoLaria spp. only one

'interphy'letì c compari son i n the sect j on on 'interf erence compe-

t'ition was reported which did not'involve CuLíeiq sp. In this

case the Green encrusting sponge (SP4) had a greater growth rate

than the colonjal tunicate Atapazoa fantasiana (see Table 3'5

Mann-Whitney U-test, Nl=6, N2=5, U=2, P<.05) although the latter

v\,as superior to the Green encrusting sponge (SP4) in terms of

overgrowth (Section 3.3.1.2). However the range'in mean growth

rates of the Sponge Species and tunicate spec'ies listed in

Table 3.5 overlap considerably suggest'ing that there was no

clear cut difference 'in the abilities of these two phyletic

groups to exploit newly ava'ilable free space by vegetative

growth 'in this sessiì e 9uild.

The mean growth rates of the two br.yozoan species d'id not

over lap wìth the range in mean growth rates of the sponges and

tunicates species listed in Table 3.5. This suggests that they

were unable to exploìt newly available free space as rapìdly as

the sponge and tunicate species.

At Rapid Bay cuLieia sp. had a s'ignificantly faster growth

rate than all of the eight species to which it was companed (Fig.

3.68). It was, however, inferior to all these spec'ies in terms

of overgrowth except the Green encrusting sponge (SP4) to which
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it was equivalent (FiS. 3.64,8). Additionally the mean growth

rate of CuLicia sp. was greater than the mean growth rates of

all other spec'ies included in the analysis of competitive abil-

ìty (Table 3.5). Thus the evidence suggests that CuLicía sp.

was able to expìoit newly ava'ilable free space by vegetatìve

growth more rapidly than the other more common spec'ies in the

sessjìe guild at RaPid BaY.

For the same reasons listed earlier the ability of GaLeo-

Laría spp. to exploit newly available free space by vegetative

growth was assumed to be far less than that of the common colo-

nial species in the sessile guild at Rap'id Bay.

Five of the nine species common to both sessile guilds and

included'in the previous analysis had equivalent growth rates

at both sites (Table 3"6). The Red encrustìng sponge (SP5),

BotryLLoid.es Leachii. and Didemnum sp. a had s i gni f i cant'ly h'igh-

er growth rates at Edjthburgh wh'ile cuLieía sp. had a sign'ifi-

cantly hìgher growth rate at Rapid Bay. Although the mean

growth rate of CveLLa sp. at Edìthburgh was at least double

that at Rapid Bay the Mann-l,Jh'itney u-test did not indicate

there was a s.ignif icant difference. The very smal I samp'le

s'ize at Rapìd Bay (mean growth rate was calculated from only

two figures) ìs worthwhile considerjng ìn relation to this

outcome. Despite this the comparison in Table 3.6 shows that

some species may not be able to exploit free space by vegeta-

tive growth at the same rates in different localities.
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3.3.2.2 Li fespan

The majority of species which were considered at both

s'ites had rel at'jvely I ong I i fe-spans (greater than one year;

see Tables 3.4 and 3.5). Three colonial tunicates at Edith-

burgh and four colonial tunicates at Rapid Bay were the onìy

annuals with a maximum colony life-span of ten months' Colo-

nies of most specìes'included in this anaìysis lived far long-

er than the time period of the sampfing scheduìes'in Section

2.4.2.1 thus their life-spans cannot be accurately estìmated.

They are recorded as hav'ing life-Spans greater than a certain

known mi nimum (Tabl e 3 ' 4 and 3. 5) .

certai n easily identjfiabl e colonies of MycaLe sp. , cv'eLLa

Sp., CeLLeporarLa fusca, CeLLeporaz'ía uaLLígera and CuLieia sp.

have monopolized areas of piìings at both sites from June 
.l975

until June lgTg indicating that these specjes at least have

life spans of more than four Years.

3.3.2.3 Growth Form

Most specl es which were consi dered i n th'is sect'ion had

sheet-1ike growth forms (Tables 3"4 and 3.5). Since these

specjes were the common species the greater part of the oceu-

p'ied substratum at both sites was covered by 1ow, essentially

two-dimensi onal, encrustat'i ons .

At Ed'ithburgh a greater number of specìes included 'in the

list had growth forms which produced vertical growth (mounds

and vines see Tables 3.4 and 3.5). Thus the sessile guild at

this site would be expected to have a larger three-dimensional
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component than the sessiìe guild at Rapìd Bay. Visual ìmpres-

sions whíl e dìving support this proposition.

All of the sponges reported here, wjth the exception of

CaLLyspongia sp. have been observed to produce fl at encrusta-

tions through vegetative growth that are considerably th'inner,

vert'ical ly, than the parent colonies. These encrustat'ions are

usual]y produced when free space ìs made ava'ilabl e next to a

co'lony and the s'ide of the colony adiacent to the free space

is damaged and torn in the process. These encrustations thìck-

en and take on the typical growth form of the colony after

they have grown over the newly formed free space. Many of the

growth rate estimations made for sponges involved these encrus-

tations and casual observations suggest that they grew very

much faster than the thickened portions of the colonies.

Two species of bryozoans, ceLLepoyay,ia fusea and ceLLepo-

yaria uaLLígeya had variable growth forms. Both spec'ies begin

growth as small flattened d'iscs and at some time commence fron-

tal budding (see Banta 1972) which produces vertical fronds (see

Frontispiece and Photograph 3.6). Massive dome shaped colonies

up to 50cm in diameter can be produced by this budding process.

Casual observat'ions suggest that vertical growth cornnences onìy

when the substratum becomes crowded and colonies of other spe-

cies begin to abutt the bryozoan colon'ies.

3.4 Di scussion

Aìthough a greater proportion of the substratum was occu-

p'ied at Rap'id Bay than at Edithburgh (Section 2.4-3-3) the
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amount of overgrovúth was less at Rapid Bay. Thus ìt appears'

superfìcially, that competjtion for space was less jn a situa-

tion where'it was in shorter supp'ly. However this proposit'ion

is based on the assumption that space ìs competed for only by

the process of competìtive interference. Since many specjes in

both sessile guilds could exp'loit available substratum by the

vegetat'ive extens'ion of establ i shed colonies this assumpt'ion

may not be correct.

As expl ai ned i n Secti on 2.4.?.3.4 the mean of communi ty

flux calculated forindividual permanent quadrats (i.e. space

turnover expressed aS a percentage of quadrat area/9Q days) is

an estimate of the total amount of space acquired p'lus the to-

tal amount of space gi ven up by i nd'ivi dual organi sms over t'ìme.

Qbv'iousìy a proportìon of the space turnover will be due to the

overgrowth of one organìsm by another" Although the mean of

overgrowth calculated for indivìdual permanent quadrats is al-

so expressed as a percentage of quadrat area/gQ days'it js an

estimate of the total amount of substratum exchanged between

organi sms over t'ime . Thus trvo uni ts of commun j ty f I ux cal cu-

lated folindividual permanent quadrats aì e approx'imately equi-

valent to one unit of overgrowth.

If this fact is taken'into account the means of cornrnunity

flux for individual quadrats (Fig. 2"13 Section 2.4.3.4) can

be compared to the means of overgrowth (FiS. 3.1 Section 3"3.1..l).

V'isual 'inspection of these two f igures suggests that approximat'e-

ly one half or less of the space turnover at Edithburgh and ap-

-67 -



proximately one quarter or less of the space turnover at Rapid

Bay was due to overgrowth.

The total amount of space occupìed at each site showed

I 'i ttl e vari at'ion duri ng each sampì e i nterval (Fi g . 2. 7 Secti on

2.4.2.3.3) compared to the amount of space turnover each sample

interval (FiS. 2.13 Section 2.4.3.4). Thus approximately half

of the space turnover was due to organ'isms loos'ing space and

half was due to organisms acqu"iring space. Qbviously exactly

one half of the space turnover due to overgrowth must be due to

organisms loos'ing space and the other half due to organisms ac-

quiring space. Thus approx'imateìy one half of the space turn-

over not due to overgrowth (i.e. a quarter or more) at both

sites must have been due to established organisms and new re-

cruits acquìring space by vegetative gnowth. The remain'ing pro-

port'ion of the space turnover was due to established organisms

giving up space due to senescence, physical disturbance or pre-

dation.

Clearly competition for space in both sessììe guilds in-

vol ved exp'loì tation by vegetat'ive growth as wel I as i nterfer-

ence in the form of overgrowth interactions. The 'importance

of vegetat'ive growth in the structure and dynamìcs of the ses-

s'i1e guild at Edithburgh is evaluated more ful]y in Chapter 4.

Further discussion of the role of vegetative growth in the or-

ganization of both sessì'le 9uì1ds may be found in Chapter 7.

Despite the preced'ing considerations the reason why the

amount of overgrowth at Rapìd Bay was less than that at Edith-

burgh is stìll not obvious. Qne l'ikely explanation is that a
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larger proportion of the substratum at Rapid Bay than at Ed'ith-

burgh is occupied by organ'isms which rareìy overgrow others but

are capable of retard'ing or inhibiting completely overgrowth

by organisms adjacent to them. The following discussion about

the competitive status of the "dominant" spec'ies in each ses-

s'ile guild suggests that CuLíeía sp. may be such an organism.

However no definite conclusion can be made w'ithout further ex-

peri mentati on .

Ne'ither of the "domi nant" speci es i n each sess j I e gui'ld

was the dominant compet'itor in terms of overgrowth. At Edith-ir

burgh the sponge CveLLa sp. was competitively inferior to three,

equ'iva'lent to four and superìor to four of the species to which

it was compared. At Rapid Bay the stony coral CvLieia. sp. was

compet'itively inferior to all except one of the species to which

it was compared.

However both species showed several other characterist'ics

which together partìy exp'lain how they majntain h'igh abundances.

Fjrstly, both species were able to exp'loit bare substratum by

vegetat'ive growth very well. Cr.eLLa sp. had a growth rate that

was significantly 'lower than another species only once in the

comparisons made at Edithburgh and atLíeia sþ. had a signifi-

cantly faster growth rate than all other specìes to which it

was compared at Rapid Bay. Secondìy, both spec'ies had long

'l 'ife-spans . Thi rdl y r ôs the f ol 'low'i ng evi dence suggests , Cv'eLLa

sp. and CuLieia sp. inhibited overgrowth and larval invasion.

The abiìity to monopoìize space is a functjon of resistance

to overgrowth (Karlson l97B) and to larval invasion (farlson 1978,
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Sutherland 1974, 1975, l97B) as well as growth rate and life-

Span. Although both Cy,eLLa sp. and CuLieia sp. were often over-

grown by other specìes I rarely sa1a an ent'ire cojony of Cv'eLLa

sp. bejng overwhelmed at Edì thburgh and I never saw an ent'ire

colony of CuLicia sp. being overwhelmed at Rapid Bay. In the

cases where a colony of CYeLLa sp. uJas completely overgrown the

colony was Small and always covered less than 100cm2 of the

substratum. The greatest proportion of the substrate occupied

by CreLLa sp. was covered by very large colonjes which were equal

to or gneater than 2,500cm2 in area. At Rapid Bay al'l piìings

(including some wooden ones outside of the study area) had a

v'irtuaì'ly unbroken cover of the skel etal remai ns of CttLicia sp.

and the I ive sect'ions were nevelisolated from each other. At

Rapid Bay visual impressions suggested that the sessile 9uiìd

consisted of a more or less continuous background of CuLíeia sp.

upon which were superimposed dìscontinuous patches of other spe-

c'ies. Inspecti on of Successi ve transparenc'ieS of the perman-

ent quadrats Suggested that species grew over CreLLa sp. and

Culieia sp. much more slowly than over bare Substratum. Addj-

tionally a large number of stand offs where the edges of two

adjacent col oni es ceaSe growth on contact were observed between

each of these Spee'ieS and other competitively superior Sponge

and tunicate species at both s'ites. Thus despìte the fact that

both species could be overgrown the precedìng observations sug-

gest that both had the abiìity to retard and in some instances

completely inhibit overgrowth. Whether these two species are
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able to retard overgrowth better than any of the other sponge

or tunicate species requires further investigation.

Dur.ing the study period I never observed a bryozoan or a

GaLeoLaria spp. settled on top of a l'ive co"lony of sponge or

CuLíeia sp. in any quadrat at either s'ite. However both bryo-

zoans and GaLeoLar"La spp. colonized bare Substratum in hìgh

numbers at both sites (for Edithburgh see Section 4.3..].2 and

for Rapid Bay see Sect'ion 5.3.2). Tunicate and sponge species

were occasionally observed settled on top of live colonies of

CreLLa sp. and CuLicía sp. but casua'l appraìsal of the trans-

panencies of the permanent quadrats Suggested that they colo-

nized bare substratum more heavily. These observations suggest

that both spec'ies were resistìng larval invasion.

In summary aì 1 of the preced'ing ev'idence suggests that

cz'eLLa sp. and cuLicia sp. maintain h'igh abundance in the ses-

sile gu'ilds at Edithburgh and Rapíd Bay respectiveìy not be-

cause of superior overgrowth abiìity but as a result, at least

'in part, of the combined effect of rapid vegetat'ive growth, long

ìife span and the abil'ity to inhibìt overgrowth and larval settle-

ment. Karlson (1978) has suggested that the colonial hydroid

Hydtaetinùa ech'Lnata Fleming has attained high abundance on

pier pilings at Beaufort for simjlar reasons.

Consideration of the competitive status of the common sponge

spec'ies at Edithburgh (Fig. 3"2A,8 and Table 3"4) does not clear-

ly ìndicate why CveLLa sp. is the most abundant of those sponges.

CYeLTa, sp. ranks intermediateìy as an interference competitor

and'its growth rate is equìvalent to most of the sponges to
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wh'ich it was compared. Although it may be longer l'ived than

most of the other common sponges (Table 3.4) it is noteworthy

that the sponge MyeaLe sp. which has an equivalent growth rate

and overgrowth capac'ity as cz'eLLa sp. (Fig. 3.2A,8) may be as

ìong f ived. However it is approximately half as abundant as

cz,eLLa sp. (Fig. 2.9 Section 2.4.3.3), One possible explana-

tion for this ìs that MycaLe Sp. ìs more prone to mechanical

d'isìodgment by wave actìon than CreLLa sp. When I was creatjng

patches with'in colonies of these two species as described in

Section 4.2"2.I a great deal more care was needed to avoid dis-

lodging the MyeaLe sp. colonjes than the CreLLa sp. colonies.

The I atter appeared to have a denser structure and adhered more

fi rmly to the pi 1 i ngs.

It i s I i kely that the competi ti ve rel ati onshi ps between

sponges'in the sess'i'ìe guild at Edithburgh were even more com-

p'ìicated than indicated by the results of the overgrowth inter-

acti ons due , for examp'l e, to the ex'i s tence of speci f i c mechan-

i sms whi ch al I ow survi val duri ng ovengrowth ( i . e. "co-operatì ve

phenomena" see Section l.l). 0n two occasions when I removed

CreLLa sp. colonies at Ed'ithburgh there were lìve portions of

the Red encrusting sponge (SP5) underneath. This suggests that

the Red encrusting sponge was not smothered easily. Addition-

aììy some areas of the pilings at Edithburgh were covered wjth

densely interwoven masses o]Ê Chondnopsis sp. and the Red en-

crusting sponge (SP5). When I broke these masses up by hand I

found ìive portìons of sponge at lower levels.

-72-



Furtherr:ore al though overgrowth interactions between spon-

ges occured frequently ìn the ì6 permanent quadrats at Edith-

burgh competitive stand offs were also observed. Accord'ing to

Burton (1949) Sara (1970) and Ayìing (.l978) competjtive stand

offs are very characteristìc of sponge aSsemblages. An adequate

explanation for the numbers and abundances of sponge species in

the sessììe guild at Edithburgh will obviously requjre a more

thorough ì nvesti gati on i nto thei r compet'i t'ive mechani sms and

I ìfe h'istories than 'is presented here.

Nevertheless consideration of the competitive status of the

different phyletìc groups at each site does provide insights in-

to the reasons for their various abundances.

Aìthough the co'lonjal tunicates were the best jnterference

competìtors at each Site they were not the most abundant group

at each site (Fig. 2"8 Section 2.4.3.3).

At Edìthburgh these species were able to exploit free space

by vegetatìve growth as or more rapid'ly than .other phyletìc gnoups.

However, due to their short annual life-spans, they were unable

to hold 'it for more than approxìmately ten months. Although

sponges were frequently overgrown by tun'icates and did not have

as rapid growth rates they had much longer life-spans. This

fact 'in combination with the observation that sponges were not

aìways killed by the tunicates which overgrew them is the most

likely explanation for the fact that sponges are more abundant

than tunicates in the sessi'le gu'ild at Ed'ithburgh (Fig. 2.8

Section 2.4.3"3).
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At Rapid Bay sponges and tunicates had very sim'ilar abun-

dances (Fig. 2.8 Section 2.4.3.3). At this site these phyìetjc

groups were able to expìoit free space at equ'ivalent rates but

not all tun'icate species were annuals. 0f the l7 species of

colonial tunicates recorded at Rapid Bay (Table 2"1 Section 2.3)

'inspectìon of successive transparenc'ies of permanent and experi-

mental quadrats indicated that only eight had l'ife-spans of less

than one year. These were BotryLLoides Leaehii', Botz'yLLoides

nigrum, BotryLloídes sp., BotnyLlus sehLosseri, PodocLaueLLa

eyLindr"Lca, Di,denntun S P. â , ùLdenmun sP" b , Atapazoa fantasiana

and PyenoclaueLLa &Lmínuta. This is likely to be part of the

explanat'ion for the s'imilarjty of the abundances of tunicates

and sponges at Rap'id BaY.

Bryozoans Were inferjor interference competìtors and were

unable to exploit newly available free space as rapìdìy as spon-

ges and tun'icates at both sites. I would expect them to be the

least abundant phyletìc group with the except'ion of GaLeoLavía

spp. in both sessjìe gujìds. This is clearly the case at Rapid

Bay (Fig. 2.8 Section 2"4.3.3). However at Edithburgh they are

at least as abundant as tun'icates for the period of the sampling

schedule (F.is. 2.8 Section 2"4.3.3). The longer life-spans of

bryozoans compared to colonjal tunjcates at th'iS site must be

partly responsible.

Since the recruitment rates of the spec'ies in both guilds

have not been accounted for in this chapterit is possible that

bryozoans may be able to exploit free space by vagìle larvae as

wel I i f not better than the other phyì et"ic groups . Th'is woul d
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explain why they are more abundant at Edjthburgh than at P.apìd

Bay where free substratum is in shorter supply. It would also

expla.in v,,hy they are more abundant than mìght be expected at

tdìthburgh on the basis of the results presented'in this chap-

ter.

GaLeoLaría spp. Were al so i nf erì oli nterf erence competi tors

at both sites and were unable to exploit newly available free

space be vegetat'ive gr owth. As expected from this resu'ìt they

were very rare in both sessiìe guilds (<t1%) see Appendices Ia

and Ib). However as was suggested for bryozoans these species

may be able to exploit free space by vagjle larvae as well if

not better than many other species in both sessile guilds.

The role that larval recruitment p]ays'in the competitjve

repertoire of bryozoans and GaLeoLania spp. and also in the

structure of both sessile gu'ilds is considered further jn

Chapters 4 and 5.

In this chapter I have treated growth rate and overgro\^/th

abil'ity as independant aspects of compet'it'ive abil ity. However

growth rate is often positively correlated with overgrowth ab'il-

i ty "in foul i ng commun'i ti es contai ni ng both col onì al and sol i tary

forms (Qsman 1977, Jackson 1977b). The relative overgrowth

abilities and growth rates of the three maior phyletic groups'

sponges, tunicates and bryozoanS, at Edithburgh certaìnìy showed

thi s correl ati on . However the competi t'ive rel ati onsh'i pS between

sponge species at Ed'ithburgh and between C'uLLieia sp. and other

spec'ies at Rapid Bay indicate that superjor overgrowth ability

i s not necessari ly comel ated wi th a faster growth rate. Thus
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overgrowth ability is likely to be a functjon of other charac-

teri st'i cs as wel I as rapi d growth rate.

At Edithburgh the two sponges which were the best over-

growers , ApLysiLLa rosea and CaLLyspongi'a sp. 'in relation to

other sponges did not have encrustìng growth forms. The edges

of the colonies of both these spec'ies were usually elevated

above those of potentìa1 Sponge competitors. CorrespondinglY'

colonies of the Red encrusting sponge (SPs) which was the in-

ferior sponge competìtor were nruch thjnner than the colonies of

all the other sponge species. The edges of the colonies of thjs

sponge were usua'ìly lower than those of any potent'iaì sponge

compet'itor. These observations suggest that greater colony

heìght may be an advantage 'in overgrowth interactions between

these sponges. Similar observations have been made for pìants

in marine communjties (Dayton l97l) and terrestrial communities

(Horn 1974) and for corals (Lang 1970).

Observations at Rapid Bay a'lso suggest that greater colony

heìght may be an advantage "in overgrowth interactions. Inspec-

tion of successive transparenc'ies of permanent quadrats 'indica-

ted that Aúieía sp. v{as lower than any organism which overgrew

it. This was partìy a result of the fact that the latter were

actua'lly grow'ing on dead portions of CuLicia sp. skeleton which

were continuous w'ith the live portions. Although these obServa-

tions are suggest'ive I cannot determ'ine from the results if the

other Species at Rapìd Bay would have overgrown CuLieia sp. less

frequently'if they had not been sì'ightly elevated in respect to

it. However, the following observat'ions suggest that the in-
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pierin Victoria respectively. Ayìing (1978) suggests that

this phenomena allows damaged sponge species to regaìn rapìdìy

lost space in habitats which are exposed to moderate but loca-

lized disturbance. Experimentaì confirmat'ion of my own obser-

vations seems worthwhile in view of the potential usefulness of

such species for test'ing the adapt'ive significance of morpho'logy

in foul ing communit'ies (see Jackson In press).
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TABIE 3.1 Six basic growth forms of colonial-

animals taken from Table 1 in
Jackson (In press)

Growth
form Definition

Runners

Sheets

Mounds

PIaLes

Vines

Trees

Linear or branching forms lying
paraIIeI to the subsLratum;

more or less continuously
encrusting
Two -dimens ional encrustatíons
more or Iess completely attached

to the substratum

Regular or irregular massive

encrusLations wíth vertical as

weII as lateral growth; usually
attached Lo substraLum along

most of basal area

Flattened, foliose forms more

or Iess parallel to the substratum

and projecting into the water

column from a limited zone of
basal attachment

Linear or irregularly branching

erect, semi-erect, or climbíng

forms, with one or more restrict-
ed zones of atLachment to the

substratum

Erect, usually regularly branchíng

forms, with a restricted zone of basal

attachment to the substratum



TABTE 3.2 Summary of Mann-Whitney U-tests comparing

overgrovnth at Edithburgh with overgrowÈh

at Rapid Bay for the six sample intervals
common to the sample schedules at each

s ite
N1=N2=16

Mann-\{hitney U-test Statistics

Samp Ie Interval U P

June 1976-September 191 6

September 1976-December 1976

December 1976-March 7977

March 7971-June I977

June 1977-September 7971

September 1977-December 1977

r20

57

B1

34

99

93

0.2<P<0.3 ns

< .01

< .05

<.001

0.1<P<0"2 ns

0.05<P<0. 1 ns

TABLE 3.3 Summary of Kruskal \daIlís one-way ANOV comparing

the growth rates of different species wíthin
phyleLic groups at Edithburgh and Rapíd Bay

Kruskal-\^iaIIis
one-way ANOV Statistics

Síte
Edithburgh

Edithburgh

EdÍthburgh

Rapid Bay

Rapid Bay

et o1c

Sponges

Tunicates

Bryozoans

Sponges

TunicaLes

H

2r.31

6 .903

12.542

4.34

12 " 1859

d.f
7

2

5

3

4

. 001< P<. 01

. 02<P<. 05

. 02<P<.05

"2<P<.3
.01<P<.02



TABLE 3.4 Growth rate, Iife span and growth form

for selected species at Edithburgh. See

Section 3.3.2.7 for the rationale for
selectíon.
N: Sample size from which growth raLe

has been estimated

Species
Growth rate

i(S.D. )mm/day
Life span

yearsN

Growth
form

Sponges

SPl ApLysiLLa yosea

SP2 ApLysiLLa suLphtt,ea

SP30 Cr.eLLa sp.

SP20 MyeaLe sp.

SP13 CaLLyspongia sp.

SP47 (nondnopsis sp.

SP49 Líssodendoryæ sp.

SP5 Red encrusting sponge

Tunicates

T11 Botz,yLLoides Leaehii
T9 Di,detnnun sp.a

Tl8 Di,denntwn sp.b

Bryozoans

81 CeLLepoz"az,ia fusea
82 CeLLeporari.a uaLliger,a
83 CeLLepoz,aria pigmentayia
84 snittina raigíi.
86 BifLustna pez,fragiLLis
87 Mustard encrustíng bryozoan

0ther
J5 CuLi.cia sp.

"1W3/ 4 GeLeolaria spp.

0.28(0.13)
0.4e (0.02)

0.66(0.30)
1. 18 (0.73)

0.68 (0. 12)

0.61 (0.21)

0.63(0.12)
o .67 (o . 14)

1 . 11 (0 .53)

o.9o(0.4s)
1.4s(0.46)

0. 17 (0.06)

o. 11 (o. os)

0. i4(0.06)
o. 18 (o .07 )

0.18(0.09)
o.08(o.os)

>4

>4

>2.5

1"5-2.0

i.5-2.0
>2.5

Mound

Mound

Sheet

Sheet

Vine

Sheet

Low Mound

Sheet

Sheet

Sheet

Sheet

Sheet/Mound

Sheet/Mound

Sheet

Sheet

Sheet

Sheet

9

2

13

8

3

4

2

I

11

8

9

8

6

/)-a <

2-2.5
>4

>4

:,) (

>, q

>2.5

>2.5

6

6

6

0.8

0.8

0.8

0.3(0.11) 3

0.0(See

Section 3.3.2.1 )

Sheet

Solitary
>4

>1



TABTE 3.5 Growth rate, Iife span and growth form for
selected species at Rapid Bay. See Section 3.3.2.I
for the rational-e for selection
N: Sample síze from which growth rate has

been estímated

Species
Growth rate

i(S.D. )mm/day
Life span

yearsN
Growth
form

Sponges

SPI ApLysiLLa rosea. 0.21(0.16)
SP30 Cy,eLLa sp. 0 .21(0.04)
SP13 CaLLyspongia sp. 0.46(0.14)
SP5 Red encrusLing sponge 0.40(0.17)
SP4 Green encrusting sponge 0.47 (0. 11)

TunÍcates

T11 BotryLLoides Leaehii 0.44(0.16)
T9 Di-denmun sp.a 0 .51 (0 .21)

T25 Atapazoa fantasiana 0.21(0.07)
T19 PycnoeLaueLLa dini.nuta 0 .61 (0 .21)

T23 Chestnut encrusting tunicate 0.55(0.21)

Bryozoans

86 BífLustz,a penfragilLís
87 'Mustard encrusting bryozoan

Other

J5 CuLicia sp.

1\,13 / 4 GaLeoLaría spp.

Section 3.3.2.7)

0.16(0.07)
0. 12 (o . 04)

0.3e)

See

0.8

>1

1.5-2.0
>2.5

Mound

Sheet

Vine

Sheet

Sheet

Sheet

Sheet

Sheet

Sheet

Sheet

Sheet

Sheet

4

2

2

4

6

2-2.5
>4

>2.5

>2.5

>2.5

6

4

5

9

4

0.8

0.8

0.8

J

J

1.04(

0.0 (
9 >4

>1

Sheet

Solitary



TABLE 3.6 Summary of Mann-I^Ihitney U-tests
comparing growth rates of specíes

between Edithburgh (ED) and Rapid

Bay (RB)

SampIe
Size

ED RB

Mann-l{hitney
U-test Statistics

UPS ecres

SPl ApLysiLLa rosea 9

SP30 CreLLa sp. 13

SP13 CaLLyspongi,a sp. 3

SP5 Red encrusting sponge 8

Tunicates

T11 BotryLloídes Leaehií 4

T9 Dídenmun sp " a 6

Bryozoa

86 Biflustra penfragilLis 8

87 Mustard encrusting bryozoan 6

0ther
J5 CuLieia sp. 9

4

2

ô
L

4

11 .5

16 .5

1.5

3.5

>. 05

>.05

>. 05

.024

.008

.033

4

6

3.0

3.0

3

J

11.0

3.5

>.05

>.05

3 0 <.05



PHOTOGRAPH 3.1 The sponges ApLysiLLa rosea (SPl) and

CaLLyspongia sp. (SP13) and the colonial
tunicate Didentnwn sp.a (T9) overgrowing the

bryozoan CeLLeporaría pignentaria (B3)

at Edithburgh

PHOTOGRAPH 3.2 The colonial tunicaLe BotrA|Loides Leaehíi.

(f tt) overgrowing the sponge CreLLa sp.

(SP30) at Edíthburgh

PHOT0GRAPH 3.3 The colonial tunicates Ðidettmwn sp.a

(T9) and ùLde¡rmwn sp.b (T18) overgrowing Lhe

Red encrusting sponge (SP5) at Edíthburgh
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PHOTOGRAPH 3.4 The sponge CreLLa sp. (SP30) overgrowing

the sLony coral CuLieia sp. (J5) aL

Rapid Bay

PHOTOGRAPH 3.5 The colonial tunícaLe PAenoeLapeLLa dimirruta

(T19) overgrowing the sponge ApLysíLLa suLphtæea

(SP2) at Rapid Bay

PHOTOGRAPH 3.6 The colonial tunicaLe BotryLLoides Leaehii
(f rt) overgrowing thebr¡ozoan CeLLeporaria fusca
(B 1) at Rapid Bay
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FIGURE 3.1 The means and standard deviations of

overgrowth (percenÈage of quadrat/90 days)

recorded in the 16 permanenË quadrats at

Edithburgh and Rapid Bay for aII sample

intervals
Edithburgh: open círcles (0)

Rapid Bay: closed circles (f)
Vertícal- lines are sÈandard deviations

Points on the
sample interva

graph are positioned in the centre of eachl.



O>-

:l
c-
-t--oL3õ
+t

(!
a
L
CJ

o
r)
s
ï
F

=oE.
()
v.
lrl
O

2

0

I

6

lr

2

D J FMAMJJ FJJ
1

1976

S ONDJ FMA
1977

S OND
1978



FIGI]RE 3.2 A Contact matrix for overgrowth

interactÍons between sponge species

at Edithburgh. In each ceII an arrow

points towards the superior species

or a cross (X) indícaLes compeLitive

equivalence. See Section 3. 3.I "2
for further details.
Contact matrix for paír-wise
comparisons of growth rates between

sponge specíes at Edíthburgh. In
eachcell an arro\d points towards the

species which had a signíficantly
faster growth rate than the oLher or

a cross (X) indicates that the growth

rates were equívalent.
See Section 3.3.2.1 for further details
SP1 ApLysiLLa losea

SP2 ApLysiLLa suLp\Lttz,ea

SP30 CyeLLa sp.

SP20 MyeaLe sp.

SP13 CaLLyspongia sp.

SP47 CLtondropsis sp.

SP49 Lùssodendoryæ sp.

SP5 Red encrusting sponge

B
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FIGIIRE 3.3 A Contact matrix for overgrowth

interactions between tunicate species

at Edithburgh

ConLact maLríx for pair-wise comparÍsons

of growth rates between tunicate species

at Edithburgh

Contact matrix for overgrowth interactions
between bryozoan species at Edithburgh

Contact matrix for pair-wise comparisons

of growth rates between bryozoan species

at Edithburgh
See captions to Figures 3.2 A. and 3.2 B.

for further details
T11 BoyttyLLoídes Leaehì,í

T9 Di,denmtnn sp . a

T18 Didemnton sp.b

81 CeLLeporania fusea
82 CeLLeporarí.a uaLLígera

83 CeLLeporaria pigmentaria

84 Smitti.na raigíi
87 Mustard encrusting brYozoan

B

I

D
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FIGURE 3.4 A

B

Contact matrix for overgrowth interactions
between tunicate specíes and sponge species

at Edithburgh

Contact matrix for pair-wíse comparisons

of growth rates between tunicate species and

sponge species at Edithburgh

Contact matrix for overgrowth interactions
between sponge species and bryozoan species

al Edíthburgh

ConLact matrix for pair-wíse comparisons of
grolvLh rates beLween sponge species and

bryozoan species

See captions to Figures 3.2 A. and 3.2 B.

for further details
T11 BoytryLLoides Leaehii

T9 Didenmun sp . a

T18 Didemntnn sp.b

SP1 ApLysiLLa roseq.

SP30 CreLLasp.

SP20 MyeaLe sp "

Spß CaLLyspongiasp.

SP47 Chondz,opsis sp.

SP5 Red encrusting sponge

81 CeLLeporaria fusea

BZ CeLLeporaz.ia uaLLigera

83 CeLLeporaria pígmentania

84 Smittina raigií

c

D
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FIGURE 3.5 A

B

Contact matrix for overgrowth ínteractions
between tunicate species and bryozoan species

at Edithburgh

Contact matrix for pair-wise comparisons of
growth rates between tunicate specíes and

bryozoan species at Edithburgh

Contact matrix for overgrowth interactions
between a sponge specíes and CuLieiasp.

and beLween a sponge species and GaleoLaz,ia

spp. at Edithburgh

Contact matrÍx for pair-wise comparisons

of growth raÈes between â sponge species

and CuLieia sp. and between sponge species

and GaLeoLav,ia spp. at Edithburgh

ContacL matríx for overgrowth interactions
between a tunicate species and CuLíeia sp.

and between a tunicate species and Gq,LeoLaria

spp. at EdÍthburgh

ConLact matrix for pair-wise comparisons of
growth rates beLween a tunicate species and

CuLieía sp. and between a Lunicate specíes

and GaLeoLar,ía spp. at Edithburgh

See captions to Figures 3.2 A. and 3.2 B.

for further details
T11 BottyLLoides Leaehì,í

T9 Dì,denmu¡n sp.a

TlB Didenmtrn sp.b

SPl ApLysiLLa rosea

SP20 MYeaLe sp.

SP13 CaLLyspongia sp.

81 CeLLepoz'ayia fusea

82 CeLLeporania uaLLigera

86 BifLustra perfragiLLis
87 Mustard encrusting brYozoan

J5 CuLicia sp.

lxß/4 C'aLeoLaria spp.

c

D

E

F
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FIGIIRE 3.6 A

B

Contact matrix for overgrowth interactions
at Rapid Bay

See caption to Figure 3.2 A. for further detaíIs
Contact matrix for pair-wise comparisons of
growth rates at Rapid Bay

See caption to Figure 3.2 B. for further details
SPl ApLysiLLa ?osea.

SP13 CaLLyspongía sp.

SP4 Green encrusting sponge

T11 BottgLLoides Leaehii
T9 ùLdenmwn sp.a

T23 Chestnut encrusting tunícate
T19 PyenoeLaueLLa díminuta

T25 Atapazoa fantasiana
86 BifLustna perfnagiLLís

B7 Mustard encrusting bryozoan

1\,t3/ 4 tuLeoLaria spp.

J5 CuLieia sp.
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4.0 THE REOCCUPATION OF PATCHES OF BARE SUBSTRATUM IN THE SESSILE

GUILD AT EDITHBURGH

4. I Introduction

Patchiness is a corrnon attribute of natural communit'ies in

which space is limited (t^Jhittaker and Levjn,1977). However

the exact definit'ion of a patch will depend upon the charac-

teristics of the commun'ity under consjderation. In generalized

terms a patch is a bounded but connected discontinuìty in a homo-

genous reference background (Levin and Paine 1974). In hard sub-

strate communit'ies in marine envjronments patches may beg'in as

unoccup'ied holes or breaks in sessile fauna and flora covering

a two-dimensional surface (Dayton 1971, 1975, Paine 1966, 1971,

1977 , Grant 1977 , Karl son I 978) . The reference background of

sessi 1 e organi sms may consi st of a monocul ture ( Pai ne I 966, 1 971 )

or a m'ixture of species (Grant 1977, Karlson l97B). Alternative-

ly a patch may be seen as an ìsolated p'iece of substratum sur-

rounded by areas unsuitable for occupation (fraUitat island) (Os-

nan 1977, 1978, Jackson 1977a). In e'ither case the communjties

can be viewed as spatial and temporal mosa'icS of small interrela-

ted systems (Levin and Paine 1974). Although patchiness js not

confined to marine communìties on hard substrata (for other exam-

p]es see Dayton 1975, tlJhittaker and Levin 1977, Connell 1978)'

many 'investigations of the phenomenon leadjng to explanations

for community structure have been undertaken in th'is environment.

Much of the work in rocky jntertjdal systems has concentrated

on the processes responsible for the formation of patches of bare
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substratum. Localized distrubance in the form of wave driven

ìogs, wave shock and/or the foragìng activity of certa.in pre-

dators creates holes 'in the sessile communities coverjng the

rocks (Dayton 1971, 1975, Paine 1966, 1g7]l, Grant 1977). Theo-

retical formulations relating the sizes and ages of such patches

to d'ifferent degnees of disturbance (Levin and paine ]r974, l9i5)

are based on the patterns found in these communitjes. However,

it is clear from these models that an exp'lanation for patterns

of species abundances based on the dynamìcs of patches also re-

quires a knowledge of events within patches.

As pointed out ìn Section l.l the reoccupation of patches

in the rocky intertidal usually ends when one or more',compe-

titive domjnants" exclude the early occupants of a patch through

various methods of competitive interference (pajne 1977). It
fojlows that if the level of disturbance in a given locality de-

creases the abundance of these competitive dominants w'ill rise

and the number of specÍes co-existing in the local'ity will de-

crease. This has been confjrmed in several experìmental inves-

tì gati ons ( Fa"i ne I 966 , 1971 , 197 4) .

The concept of patchiness has also been used 'in investiga,

tions of the organization of sessile communit'ies jn the subtidal

(0sman 1977, sutherland 1974, .l975, .l978 sutherland and Karlson

1977). In particular Suthenland (1974) proposed that it was ap-

propriate to view the fouling communìties on the pier p.ilings

at Beaufort, North Carolina as beìng composed of a mosaic of

smaller patches with differing species composition and develop-
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mental history.

In a series of ìnvestigatìons at this locality Sutherland

(1974, 1975, I976, 1978) and Sutherland and Karlson (1977) used

smal l ceram'i c ti l es (232cn2 i n area ) to s'imul ate the natura j

patches of bare substratum Which were frequently formed on the

pilìngs either by the graz'ing of the urchin Az,baeia ptmetuLata

(Lamarck) or the senescence of adult organ'isms. These studies

showed that the jdentìty and abundance of the spec'ies which in-

vaded these p"lates depended largely on which larvae were in the

plankton when the plates were first submerged (Suther'land 1974).

Moreover the specìes which initially invaded the plates'inh'ibited

further col oni zati on resu'lt'ing i n a "stabl e po'int. " "l4uì t'ipl e

stabl e poì nts " are I oca'l 'ized patches of d'ifferent spec'ìes compo-

sition, within the same hab'itat, which pers'ist for some period of

time wìthout changing (Sutherland i974). Thus the relative

abundances of different species on the p'ier p'il ings at any given

time was a funct'ion of the relat'ive abundances of different

.larvae jn the p'lankton during the in'it'ial formation of al I

those patches which make up the spatial mosaic of the community.

Unoccupied substratum was avajlable in both the sessile

gu'ilds under investigat'ion in th'is thes'is (Secti on 2.4.3). How-

ever a sìgnifìcantly greater proport'ion of the substratum was

occupied at Rapìd Bay than at Edithburgh (Section 2.4"3). In*

spection of F'igure 2.7 in Section 2.4.3 shows that approxìnatelyone

quarter and one fifteenth of the substraturn was unoccupied at

Ed'ithburgh and Rapid Bay respectively during the two year period

of the non-destructive census. Additionally, examination
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of transparencies of the permanent quadrats and caSual observa-

tions'in the field indicated that patches of bare substratum at

Edithburgh ranged'in size from one square centimetre to one square

metre, whereas at Rapid Bay patches of bare substratum were com-

paratively smaìl (less than 25cn2). In most cases they were

simply the dead skeletal remains of cuLieia sp.

These observat j ons suggested that the factors 'i nf I uenc'i ng

the reoccupation of patches of bare substratum at Edjthburgh

woul d be of cons'iderabl e s'ign'if i cance to the overal I structure

of the sessÍìe guild while those at Rapid Bay would have less

significance. Accordingìy I dec'ided that it was only worthwh'i'le

to'investìgate the process of patch reoccupation in the sessìle

guì1d at Ed'ithburgh. I used a different experimentaì approach

to ìnvestigate potent'ial ly important factors in the organ'ization

of the sessi'le guild at Rapid Bay (see Sect,i,ons 5.'l and 6.1).

The reoccupation of bare substratum was investigated ìn the

sessile guild at Edithburgh using artificial'ìy cleared patches

on the piìings. in view of the follow'ing evidence artificial

plates were not used because it could not be assumed that the

organ"isms surrounding the patches at Edithburgh had no effect

on the events tak'i ng pì ace wi thi n the patches . Fi rst'ìy i t ap-

peared likely that patches of bare substratum would be partially

reoccupied by the vegetative growth of adiacent colonjes. Casual

obsenvations before the experiment was set up suggested that most

of the colonial species in the sessi'le guÍld at Edithburgh were

capable of rapìd vegetative growth onto unoccupied substratum.
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It has sjnce been reported that patches of bare substratum in a

number of sessile communjt'ies ane partly reoccup'ied by vegeta-

tive growth (e.S.ep'ifauna of cryptic habitats'in coral reefs:

Jackson 1977a; epibiota of old p'ier pi'lings: Karlson 1978, Harris

1978; sponge communit'ies on rocks: Ayl ing ì978). Secondly aduìt

organì sms surroundi ng settì ement pì ates have been found to i n-

fluence the recruitment of species onto the pìates (Goodbody

.l961, Sutherland and Karlson 
.l973). In addition to these con-

siderations'it may also be inappropriate to use small and isola-

ted substrata to sinulate patches on a large pìece of substratum

because different species may settle preferentialìy on different

sized substrata (Jackson 1977a).

Two fìeld experiments were carried out. The first was de-

signed to assess the importance of larval availability ìn the re-

occupation of bare patches; the second was"des'igned to demonstrate

the effect of initjal sjze and posit'ion of a patch on its reoccu-

pation. The results of both experiments are used to indicate the

extent to which some factors 'influence the identity and abundance

of speci es found i n i nd'ivi dual patches , and further to 'identi fy

some of the factors lvhich are ìmportant'in the organization of

the sessì I e gu"il d at Edì thburgh.

4 "? Ivlethods

4 "2.1 Experiment I

4.?.1 .1 Expe rimental Desicn and Field Methods

Twenty artificial patches 20cm x 30cm were created on the

pil ings within the circumscribed study area. The position of
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each patch was chosen using the method described jn Section

2.4.2.1. The sessile organisms were removed usìng a knife and

a chiseì and the newìy exposed wood was scrubbed vigorousìy

wjth a stiff brush to ensure comp'lete removal of particles of

live tissue. Each patch was then outlined with orange nylon

rope nailed to the p'iì ing. The 20 patches were d'ivjded into

four groups of five patches each. Each group was created at a

di fferent time as fol I ows : 26/U76 February group, 18/5/76

May group, 26/8/76 August group, 6/12/76 December group. Each

patch was phctographed at appnoxìrnately monthìy 'interval s for

one year after initial formation. The experimental des'ign and

sampling schedule is surnmarized in Table 4.1. The choice of

patch size was based on experìmental convenience and the obser-

vat'ion that patches between 5O0cm2 and 700cm'in area djd occur

natural I y on the p'i ì i ngs .

TABLE 4.1 Experimental desígn and sampling schedule for Experiment I.
CL: date of ínitial clearance of patch

X: photograph taken of patch

t976 1971

18-34-31-33-21-40-30-35 - 36- 36-28-28-3r-26-28 - 70-37-26-26

FMAMJJASONDMonth

Interval in
days

February group

May group

August group

December group

CIX X X X X

CIX X

XXX
XXX
CtX X

XXX
XXXXXX
XXXXXX
CIX X X X X

XX
X XXXX
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4.2.1 .2 Calculations and Anal sl s

4 .2.1 .?-.1 Percenta e Cover

The percentage cover due to the vegetat'ive growth of colo-

n'ies adjacent to the patches and due to the growth of new re-

cruits on the patches was calculated for each spec'ies on each

sampì e date for each patch.

For each of the four groups of patches the mean and stan-

dard dev'iation of percentage cover lÁ,ere plotted against time

for

l) All species present (Total cover)

2) Total cover due to the vegetatìve gr"owth of colonies

adjacent to the patches

3) Total cover due to the growth of new recru'its on the

patches

4) The vegetat'ive growth of colonies adiacent to the

patches for each of the three following phy'letìc

groups: sponges, tunicates and bryozoans

5) The growth of new recruits on the patches for each

of the three followjng phyletìc groups: sponges,

tunicates and bryozoans.

Additionally for each of the four groups of patches the mean

and standard dev'iation of the percentage cover for each species

was plotted on the sampìe dates approximat'ing as nearly as pos-

sible to three, s'ix, nine and l2 months after the initial c]ear-

ance of the patch.

Statistical tests are detajled as necessary ìn Section 4.3".l.1.
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4.2.I.2.2 Colon'ization Rate

The number of new recruits on any patch was measured by

counting the number of colonies or indivjduals present .in 
a

patch which were not present on the preceding sample date.

This was done by comparison and inspection of successive trans-

parencies of a given patch. As was pointed out in section 3.2.?

many newly settled colonjes could not be detecteC, let alone

identified, 'in transparencies until they reached a size of at

least g mm2. Also many net,J recruits may be removed by pre-

dators before they are detected. However although these fac-

tors could lead to variously b'iased est'imates of the actual re-

cruitment rate for dìfferent spec'ies they should not seriously

affect the detect'ion of temporal differences in the seasonal

peaks of larval abundance of different species or phyletìc

groups.

Colonization rate was expressed as the number of new re-

cruits/600cm2/30 days. For each of the four groups of patches

the mean and standard deviation of the colonìzation rate for

each species was calculated for each sample interval. (see

Append ix I I Ia ) Addi ti onal 'ly the mean and standard devi at'ion of

colonizatjon rate for each of the following phyìetìc groups,

sponges, tunicates, bryozoans and GaLeoLayia spp. weìe p'lotted

against time for each group of patches.

4.2.I"2.3 Interference Competi ti on

The amount of overgrowth occurjng in each patch was calcu-

lated for each sample interval using the method described in

Section 3.2.1.I. Tt is expressed as a percentage of the inj-
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t'ial total area of a patch and was calculated for a standard

period of 90 days. Thus it is expressed'in the same units as

overgrowth 'in the undistur bed guild was expressed (see Sect'ion

3.2.r.r).

For each of the four groups of patches the mean and standard

deviatjon of overgrowth was p'lotted agaìnst time.

A compet'itive hierarchy based on the overgrowth records from

all of the twenty patches was also constructed. The methods de-

scribed jn Section 3.2.1 .2 were used. The results are dep'icted

'in a contact matrix which was described and explained in Section

3.3.1.2.

4.2.2 Experiment I I

4.2.2.1 Expenimental De¡lgn and Field [lethods

Forty-seven patches were cleared at the same t'ime, 20/4/77,

usìng the method described for Experìment I. The patches were

d'ivi ded 'into two groups . In one group a'l'ì patches were com-

p'leteìy surrounded by llycaLe sp., in the other group a1'l patch-

es were compìetely surrounded by Cz,eLLa sp. Each group was made

up of patches of three different sizes: lOcm x lOcm, 25cm x ?Scm,

50cm x 50cm. Each patch was photographed at approxìmate'ly monthìy

intervals for ll months after injtial formation. The experimen-

tal desì gn, repl i cate number, and samp'ì 'ing schedul e i s sunmari zed

in Tabl e 4"2.

All patches were cleared in posìtions such that at least 20cm

of sponge tissue bounded them on all sides. Sponge colonies were

selected at randorn wìthin the study area. To mark a patch's
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starting size a nail was driven'into each of the four corners.

The replicate numbers for the largest patches, 50cn x 50cm'

were small because there were few colonies of either species

of sponges exceeding the patch sìze. Casual observations made

in the first experiment suggested that the growth rate (dis-

tance travel ìed by the grow'ing edge of an isolated co'lony in

a g'iven time) of ltycaLe sp. was approximately tw'ice that of

CreLLa sp.

TABLE 4.2 ExperimenLal design and sampling schedule for Experiment ÏI
Cl: date of initial clearance of paÈch

X: phoLograph taken of patch

Year 1977 1978

Month

MyeaLe sp.

ItyeaLe sp.

MyeaLe sp.

CreLLa sp.

CreLLa sp.

CreLLa sp.

AMJJASOND JFM

PaLch size

InÈerval in days 26-28 -70 -37-26'26-30-3I-28-21

No. of Surroundíng
" patches species

10cm

25cm

50cm

10cm

25cm

50cm

10cm

25 cm

50cm

10cm

25cm

50cm

x

X

x

x

x

X

10

10

4

10

10

J

ctx
ctx
CLX

ctx
cLx
CTX

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

X

X

X

v

X

X

X

X

X

X

X

x

X

X

X

X

X

X

X

X

v

X

X

!.222 Cal cul at'ions anci Analys i s

The mean and standard deviation of percentage cover due 'uo

the vegetative growth of the sponge colonies adiacent to the
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patches was calculated on each sampìe date for each of the six

groups of patches. These data were plotted agaìnst tirne and

are presented in F'igure 4.8 in Section 4.3.2.

Additionally a power curve with the equation y=¿*b, where

y=percentage cover due to vegetat'ive growth of the sponge colo-

nies and x=timejn days, was fitted to the mean values for per-

centage cover in each group of patches, The coefficients of

determination (12) for these curves (Appendix IIib) show that

they fit the data well. This curve lvas then fitted to the data

for each individual patch and the time'in days for the patch

to be half covered by the vegetative growth of the surrounding

sponge was read from the curve ìn each case (Append'ix IIIb).

This value vúas taken as a measure of the rate at which a patch

'is occupìed by the vegetat'ive growth of the sumound'ing sponge.

Clearly the nature of these data precludes parametric ana'ly-

ses (see Appendix IIIb). A suitable non parametrìc two-way an.

alysis of variance was not available, and therefore I proceeded

directly to pairwise comparisons between treatments. A Mann-

IrJhitney U-test (Siegel 1956) was used to compare the rate of

occupat'ion of

I ) lOcm x lOcm patches surrounded 6y MycaLe sp. and

lOcm x 'lOcm patches surrounded by CreLLa sp.

2) As above for 25cm x 25cm sized patches

3) As above for 50cm x 50cm sized patches

4) I Ocm x I Ocm and 25cm x 25cm patches surrounded by

MyeaLe sp.
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5) lOcm x lOcm and 50cm x 50cm patches surrounded by

MgeaLe sP.

6) 25cm x 25cn and 50cn x 50cn sjzed patches surrounded

by lulyeaLe sp.

7) l0cm x lOcm and 25cm x 25cn sìzed patches sul"l"ounded

by CreLLa sp.

8) lOcm x lOcm and 50cm x 50cm sìzed patches surrounded

by CreLLa sp.

9) 25cm x 25cm and 50cm x 50cm s'ized patches surrounded

by CneLLa sp.

The results of these tests are summarized in Table 4.4.

Additionally for each of the sjx groups of patches the mean

and standard deviation of percentage cover due to the growth of

net,rr recruits on the patches h,ere calculated for each specjes at

each sample date (Appendix IIIc). These quantities are present-

ed in Table 4.5 for the four following phylet'ic groups: sponges,

tunioates, bryozoans and GaLeoLav"La Spp., l6l days and 329 days

after the initial clearance of the patches for each of the six

groups of patches.

4.3 Resul ts

4.3. I Experiment I

4.3..l .1 Percentage Cover

Species reoccup'ied patches by vegetative growth of establish-

ed colonies and by colonization from the plankton (fig. 4.1 ). in
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al I four groups the average percentage of space covered by vege-

tat'ive growth was greater than that covered by growth of colonists

on al1 sampìe dates (Fig. 4.1). After one year space covered by

vegetatìve growth was at least three times as great as that occu-

p'ied by colonists except in the February group (faUle 4.3). There

was no significant heterogeneity between groups for the percen-

tage of space covered by vegetatìve growth, growth of colonists

or totaì growth after one year (see Table 4.3). There was, how-

ever, a sign'ificant difference between the percentage of space

occup'ied by vegetative growth and that occupied by growth of

col oni sts after one year (t^Ji I coxon matched-pai rs si gned-ranks

test (Siegel, 1956) on pooled data from the four groups, sample

si ze=20, T=-6, P< .005) .

Sponges covered the greatest proport'ion of reoccupied space

at all times after initial clearance of patches in all groups

(Figs . 4"2 and 4" 3) . Addjtionaj ly they j nvaded patches almost

exclusively by vegetative growth of established colonies except

'in the February group where approxìmateìy 'l /3 of the area covered

by sponges was due to growth of colonists (Fig. 4.2). Tunicates

and bryozoans represented a much smaller proportion of the re-

occupìed space 'in al1 groups (Figs . 4.2 and 4.3). Bryozoans in-

vaded patches almost excl us'iveìy through col oni zat'ion j n al I

groups while tunicates invaded patches both by colonization and

vegetative growth of established colon'ies (Fig. 4.3).

Sponges showed a steady increase 'in average percentage cover

in all groups durìng the one year perìod to a maximum of between
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45% artd 60% in the last 50 days (f ig. 4.2). Bryozoans showed a

sjmilar steady increase in mean percentage cover in all groups

for the first seven months (FjS. 4.3). This increase continued

in the February and December groups to maxima of 9.25% and ll.6%

at the end of one year. In the May and August groups the mean

percentage cover of bryozoans decreased from max'ima of 4.77%

and 7.38% to 3.92% and 3.83% respectively by the end of the year.

Peaks ìn percentage cover of tunicates occurred during the July-

Aug.-Sept. periods of the two years spanned by the experiment

(FjS. 4.3). As po'inted out in Secti on 2.4.3 the four species of

col onial tunicates, PodoeLaueLLa cyLindtiea, BotryLLoides LeachLí,

ùLdetn,"twn sp.a and Didenmum sP.b, in the sessi]e guild at Edith-

burgh are annuals. Colonies of these species settle jn

Summer, reach a max'imum size during Juìy, August and September

and reproduce and d'ie off during Octo ber and November of each

year. The sum of the means of percentage cover for the four

specìes not be'longing to the three major phyla'in this com-

munìty d'id not exceed 1% at any t'ime except in the February

group. In this group a maxìmum of 3.6% was reached in the first

four months, falling to 1.5% at the end of one year.

These results show that in this sess'ile guild bare patches

of the size used jn the experiment were reoccupied mainly by

the vegetative growth of sponge colonies adiacent to them. Colo-

n'izing bryozoans, tunicates and sponges plus the vegetative growth

of tunicates contributed to this process of reoccupation but made

up only a smaìl proport"ion of the total cover.
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The mean percentage cover for indiv'idual specìes three, sìx

nine and l2 months after ìnitial clearance of patches (Fjg. 4"4)

shows that no one spec'ies occupìed a h'igh percentage of space ìn

one group and not in another. ItlgcaLe sp. and Cz'eLl.a sp. were

the cormonest species in all groups by the end of the one year

period. CreLLa sp" was the "dominant" species in the sessile

gui ì d at Edi thburgh ( Sectj on 2.4 "4) . It occupi ed between 20%

and ?5% of the substratum for the two year period of the non-

destructive census (Fig. 2"9, Section 2.4.3). MycaLe sp. to-

gether with ApLysiLLa roseq. was the second cormnonest species in

the sess'i1e gu'ild at Ed'ithburgh (Secti on 2.4.3). These two spe-

cies each occupied between 7% and 12% of the substratum durìng

the two year period of the non-destruct'ive census (F'ig. 2.9,

Section 2.4"3). As po'inted out in Section 3"4 both CreLLa sp.

and MyeaLe sp.formed 'large sheet-l'ike colon"ies on the piìings.

Add'itionally both species were long-lived and had rapid growth

rates ( ra¡l e 3. 4 Secti on 3. 3 .2) .

The large standard deviations for percentage cover show that

there is considerable variability in specìes composition and abun-

dance within groups. For exanpìe one patch jn the August group

vúas completely covered by CreLLa sp. six months after clearance.

In the same group 70% of another patch was covered by MyeaLe sp.

at the end of the one year period. Casual obseryations up to

two years after initial clearance of these patches revealed that

these particular patch composìtions pers'isted. creLLa sp. was

never seen 'in the lulyeaLe sp. patch.

-9 3-



4.3.1 .2 Col oni zation

Evìdence for seasona'lity in larval abundances can be found

in the colonization records for the four groups (Fig. 4.5).

Peaks in the colonjzation curves for sponges, tunicates, bryo-

zoans and GaLeoLaria spp. occurred durìng the Dec.-Jan"-Feb.-

l'larch period of 1976-1977. These peaks are most pronounced in

August and December groups despì te the fact that the mean per-

centage of bare space available for colonization in the May

group in the middle of this period was 8% more than that for

the August group. There was no indication in the data for in-

d'ividual spec'ies of a different seasonal trend (Appendix IIIa).

Sponges showed an overall decrease in colonizatìon rate for

the two year period spanned by the experiment (F'ig. 4.5). in-

spect'ion of Appendix IIIa suggests that thìs was mainly due to

a differences between years in larval availability for ApLysi,LT,a

Toseq) I'hyeaLe sp. r: CreLLa sp., and the Red encrusting sponge

(SPs) . ChLøngs aspernirru.s did not colonize any patch and cuLicia

sp. colonjzed one patch in the February group on aìì sample

dates and one patch in the December group on one sanrple date

(Appendix IIIa). The patch 'in the February group had previous-

ly been occupied by CvLLicía sp. and was also bounded on all

sides by it. It'is possible that the polyps of thìs spec'ies

appearing'in the patch should not have been recorded as colonists

since colonies of thr's spec'ies have been observed to extend a

runner of soft tissue on the end of wh'ich develops a polyp. Un-

fortunately this \¡,as not realized during the course of the ex-

periment and this patch was not exam'ined cl osely i n the fi el d.
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No evidence of these runners can be distinguìshed in the trans-

parencìes. In either case the appearance of this species within

a patch appears to be correlated with the presence of an adult

co'lony adjacent to the patch or previous occupancy of the pi'l-

ì ng substratum by th'is species.

The large standard deviations on the colonization curves

for the four phylet'ic groups 'in Fig. 4.5 and the large standard

deviations of the means of the colonization rates for indivi-

dual species (Appendjx IIIa) indicate that there was considerable

variabjlity in the number of colonists belonging to different

specìes and phyletic groups between patches withìn groups. Dif-

ferences in the percentage of bare substraturo between patches

would account for some of this variation. Inspection of suc-

cessjve transparencies of the permanent quadrats descrjbed in

Sect'Í on 2"4"2"1 and of the patches 'in Experiment I and II of

this chapter suggested that nejther bryozoans nor GaLeoLavia

spp.were able to settle on top of ljve tissue. Colon'ists of

these two groups a'lways appeared on bare substratum or the non-

lìving skeletal structures on remains of other organìsms. Spon-

ges and tunicates were occasionally observed to settle on live

tissue in these quadrats and patches. However casual appraisa'ì

of the transparencies suggested strongly that bare wood was the

much preferred substratum. In addition to this some specìes ap-

peared to settle aggregat'iveìy. For example in the February

group l9 colonies of DidenmLrn sp. settled on one patch in the

first month compared to 2,2, I and 0 colonies in the other four

patches. Overall lBl colonies of thìs species settled jn thjs
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patch for the rest of the experimental period compared to three

in another patch in the same group which showed the same percent-

age of bare substratum for the corresponding sample dates.

4.3.1.3 Interference Compet'it'ion

Partial and total overgrowth of colonjes was observed 'in all

groups (Fig. 4.6). The large standard deviations indicate con-

siderable variab'iIity in the total amount of overgrowth between

patches within groups. Rates of ovengrowth ìn any patch depend

ìarge'ly on the juxtaposit'ion of specìes of different overgrowth

capacìty. The precedìng results demonstrated that there was con-

siderable variation'in the species composition of different patch-

es. For the February group average overgrowth reaches a max'imum

at the end of the one year period when average total percentage

cover is 70%. For the l4ay, August and December groups average

overgnowth reaches a max'imum sìx to seven months after patch

clearance. The average total percentage covers at this time

were 38%, 76% and 50% respectìve]y. After this overgrowth de-

creases. There does not appear to be a clear relat'ionship be-

tween maximum overgrowth and total percentage cover from these

results. Thjs is most likely due to the extreme variabiìity of

species composition between patches.

It'is also noteworthy that only for the February and Decem-

ber groups does the mean abundance of overgrowth lie above the

range of mean overgrowth values calculated from overgnowth records

in the permanent quadrats (compare Fig. 4"6 with Fig. 3.1 ). The

maximum mean overgrowth values of the May and August groups lie
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wel I wi thi n the range. Therefore there \{ras no convi nci ng evi -

dence that compet'itive interference became more intense during

the reoccupatìon of oatches than it was in the sessiìe gu'ild as

a whol e.

Species 'interactions where overgrowth occured were obseryed

for 98 d'ifferent paìrs of spec'ies. However only 42 of these

pairwìse 'interactions were observed five or more times. These

42 pailwise interact'ions have been comp'iled into a contact ma-

trix (FiS. 4.7).

Tunjcate species were dominant to btyozoan spec'ies and GaLeo-

LarLa spp. in all cases. They were either dominant to sponge

spec'ies (three cases) or equivalent (five cases). Sponge spe-

cies were also dominant to GaleoLaî¿d spp. in all cases and they

were either dominant (seven cases) or equ'ivalent (three cases)

to bryozoan species.

These results suggest that tunicate specìes will usual'ly

overgrow sponge species, bryozoan spec'ies and GaleoLar,ía spp.

and sponge species wj I I usua'l1y overgrow bryozoans and GaLeoLaz,ia

spp. when bare substratum is in short supply. Thisconclusion is

also in good agreement with the competìtjve hierarchy construc-

ted from the overgrowth records from the permanent quadrats at

Ed'ithburgh (Section 3.3. I .2.).

Complete exclusion of bryozoans by sponge djd occur ìn one

patch. Eighteen colonjes of bryozoans (four different species)

were overgro\^/n in the first six months after clearance resuìting

ìn a patch monopolized completely b.y one colony of creLLa sp.

Partial overgrowth of colonizing bryozoans and GaLeoLaria spp.
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occured in the majority of patches (note the fall 'in percentage

cover for bryozoans in the May and August gnoups ìn Fì9. 4.3).

However the one-year period of observation was not long enough

to observe complete exclusion.

4 .3 .2 Exper j ment I I

Small patches were reoccup'ied b¡r the vegetatìve growth of

surround'i ng sponge more rap'i d'ìy than ì arge patches (F'ig. 4. B

and Table 4.4). Add'itjonally patches of the same size were

reoccupied more rapidl y by ltlycaLe sp. than by CneLLa sp. (FiS.

4.8 and Tabl e 4 .4) .

No colonìsts were observed in the lOcm x l0cm and 25cn x 25cn

si zed patches surrounded by l,lyeaLe sp. (Tabl e 4.5 and Appendix

IIIc). Bryozoans and GaLeoLaz"La spp. did colonize the 50cm x

50cm sized patches surrounded by MyeaLe sp. (fa¡le 4.5). How-

ever inspect'ion of successive transparencies indicated that they

were overgroh,n compìete'ly by the end of the experimental period

(also see Table 4.5, Appendix IIIc). Similarly the bryozoans

which colon'ized the lOcm x lOcm sized patches surrounded by

Cz,eLLa sp. were overgrown by the end of the experimental period

(Table 4.5 and Appendix IIIc). The mean percentage cover for

colonizìng tunìcates, sponges and bryozoans increased over the

experimental period in the 25cm x 25cm and 50cm x 50cm sized

patches surrounded by CveLLa sp. (faUle 4"5). Even so inspec-

tìon of success'ive transparencies of these patches indicated

that the vegetative extension of the sumound'ing CreLLa sp. colo-

ny grew over some of these colonists. After an initial increase

the mean percentage cover of GaLeoLaria spp. decreased 'in these
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two groups of patches (Table 4.5 and Append'ix IIIc). Inspec-

tion of successive transparencies indicated that this occured

because individuals were overgrown, the colonization rate of

the group decneased and established indivjduals, whjch were not

overgrown, had reached maximum size and could not acqu'ire space

by vegetative gnowth.

These results demonstrate that patch size and the growth

rate of the spec'ies surround'ing a patch can i nfl uence wi thi n

patch events in the sessíle guild at Edithburgh. In particu-

lar they jndicate that species which invade patches using dìs-

persive larvae will be much less abundant in small patches and

patches surrounded by fast growing spec'ies than 'in large patches

and patches surrounded by slow growing specìes. However, 'in the

case of poor competitors such as the bryozoans and GaLeolaria

spp., this difference in abundance will eventually decrease as

they are overgrown by sponges and/or tunicates.

Although the conclusions made from this experiment were

derived from observations of patches surrounded by one or the

other of the sponges, MycaLe sp. and CreLLd sp., I think that

jt will aìso apply to most patches found within the sessile

gui'ld at Ed'ithburgh for the following reasons. Firstly, well

over half of the occupied substratum at Edi'uhburgh is covered

by sponges (Fig. ?.4, 2.5 in Sect'i on 2.4.3.3) and each species

is capable of vegetative growth (fa¡le 3.4 Sect'ion 3" 3.2.1 and

casual observations). Thus rnost patches formed in the sessile

guild will be bordered by sponges which will invade thern by

vegetatìve growth. Secondly, all the common sponge spec'ies are
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capable of overgrowing bryozoans and GaLeoLaz"Lø spp. (Fjg.

3.4c, 3. 5c, Secti on 3. 3.1 .2; Fi g . 4.7, Secti on 4. 3. I .3 ) .

4.3.3 Summary of Resul ts

The results of Experiment I and Experiment II show that the

following four attributes of patches will influence the ident'ity

and abundance of species in them.

1. Position in space.

This w'ill determine which species can reoccupy a patch by vege-

tative growth of adult colonies. Addit'ionalìy the distrìbutìon

of colonists in space is not uniform for some species.

2. Age.

The abundance of spec'ies occupy'ing patches changes over tìme.

Given the probabìe competitive relationshjps between tunicates,

sponges, bryozoans and GaLeoLaz,iø spp. a bare patch formed in

this community wÍì1 eventually be monopol'ized by sponges and/or

tun'icates. Bryozoans and GaLeoLarLa spp. will be overgrown and

excl udecl.

3. Time of clearance"

Seasonal and between-year variations in larval availability wilì

partialìy determine the colonization rate of individual species

and phyletìc groups onto patches.

4" Initial size of patch.

This will partia'lly determine the proportion of a patch occu-

pied by the vegetative growth of colonies adiacent to the patch

compared to that occupìed by colonists. Colon'ists wjll occupy

a greater proportion of the substratum in'large patches than in

smal I ones.
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4"4 D'iscussion

4.4.1 Reoccupation of Patches and Models of Succession

The model for classical succession proposes that certain

spec'ies will invade newìy available free space fjrst (Odum 1969,

Horn 1974, ConnelI and S'latyer 1977). These "ear1y successìonal"

species grow and mature quickìy, have hìgh reproductive rates,

d'isperse widely and are poor interference competitors (Horn

1974). These characteristics enable such specìes to invade

free space quick"ly and to reproduce before being competìtìvely

excl uded by "late success'ional " species which are ìong-l ived,

have low reproductive rates and are good interference competitors

(Horn 1974). Additionally, the "earìy successional " spec'ies modj-

fy the local env'ironment such that it becomes more suitable

for the recruitment of the "late successjonal " specìes (Odum

1969, Horn 1974, Connell and S'latyer 1977).

At tdithburgh pier certa'in species repeatedly colon'ized some

.patches very heavjly (Section 4.3.1 "2). The mechanism respon-

s'ible for th'is could not be determjned from the experiments.

If it u/as an example of active aggregative settlement rather than

habitat selection or spatially varìable settlement due to poor

dìspersa'l of larvae from nearby adults, then these colonists

could be thought of as preparing the substratum for later arri-

vals (Anger 1978). However, since the later arrivals were the

same species it would not prov'ide evidence for the occurrence

of classjcal succession. There was no evidence in any patch

that the vegetative growth of established colonjes into a patch
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was facjlitated in any way by those species already present.

Additionaìly, no one species oì^ group of species always invaded

patches first. Instead the results show that the ident'ity of

specìes first invading a patch wilì be determ'ined mainìy by

temporal and spatiaì heterogeneity in the distribut'ion of

pì ankton'ic j arvae and the j dent j ty of the col oni al spec'ies

capable of vegetatìve growth next to the patch rather than the

age of the patch. Succession in the classical sense was not

observed.

Two alternative models for successìon presented by Connell

and Slatyer (1977 ) propose that both late and early successional

species may invade newly available bare space simultaneously al-

though the latter type ar"e likely to do so in greater numbers.

Once these early occupants are established they may either in-

h'ibit comp'ìete'ly furtherinvasion by any species ("inhibition

modeì ") or only 'inhìbit further ìnvasion by the early succession-

al specìes whìch cannot tolerate reduced levels of resources

( "tol erance model " ) .

In the marjne subtidal the pattern of species replacements

on newly submerged artjficia'l plates has been found to conform

to either one or the other model at a particular ìocaì'ity. Ai

Beaufort, North Carolina, the pattern conforms to the inhibition

model (Sutherl and 1974, 1975, 1978). The spec'ies which init'ial ly

colonized the plates ình'ibited further colonjzation. Thjs re-

sulted in the formation of multiple stable points (see Section

4. I ) . At other I ocal i ti es the pattern conforms to the tol erance

model (e. g. 0srnan 1977 , Jackson 1977 a, Anger 1978, P.us s In press).
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In these cases many ìnitial colonists could not jnhibjt further

colonization and were often overgrown b¡r 'later colonists.

As po'inted out jn Section 4.3.1 .? bryozoans and GaLeoLav'ia

spp. never settled on live t'issue. Hence, as the percentage of

bare substratum 'in a patch decreased, these species would be

less able to jnvade by larva'ì recruìtment. Tunicates and sponges

were observed to settle on live tìssue but bare wood appeared to

be the preferred substratum (Section 4.3.1.2) therefore the

same reasoning applies to these spec'ies. These observations are

in good agreement with the inhibition model. However, since the

greatest percentage of space'in patches was occup'ied by the vege-

tatjve growth of established colonies these observations alone

are not adequate to determine which of the two models, if eìthen,

best fits the observed patterns of patch reoccupation.

Any specìes occupying a patch will resist further invasion

by the vegetat'ive growth of adiacent colon'ies on]y'if the adia-

cent spec'ies ìs competitively inferior. Thus the earìy occu-

pants of a patch may or may not inhibit further invasion de-

pend'ing on the ident'ity of the species withjn and immediate'ly

surrounding the patch. Bryozoan species and GaLeoLavLd spp.

did not, in most cases,'inhibit the invasion of sponges and

tunicates; thus the patterns of reoccupat'ion in some patches

conformed to the tolerance model. 0n the other hand, tun'icate

spec'ies and certain sponge species often did'inhjbit the jnva-

sion of other sponge species (see Fig. a.7); thus the patterns

of reoccupat'ion j n other patches conformed to the i nhi bì ti on

model ,
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Both patterns of patch reoccupation often lead to mu'ltip'le

stable poìnts (see Section 4.1 ). However, 'it is patch position,

not larval availabilìty that wìì'l determine which species will

monopo'ìize a patch. The two most common points are those which

are compìeteìy monopoìized by either MyeaLe sp. or CYeLLa sp.

Other stabl e po'ints ex'ist. These are usua'lly no greater than

400 cm2 in area and are sìmp1y areas that have been occupied by

one cslony of sponge. Larger areas up to ?,500cn2 may be occu-

p'ied by BotryLLoides Leaehíi, but these monopol'ies are short-

lived (5-6 months) compared to sponge monopolìes (between ì

and 5 years). Events within patches were directional on'ly 'in

the sense that coloniz'ing bryozoans and GaLeoLarLa spp. would

in most cases eventuall.y be overgrown by some spec'ies of sponge

or tunicate.

The observatjon that bryozoan specìes and c'aLeoLaz"La spp.,

the most common colonists of patches, were so often overgrown

by sponges and tun'icates supports the early successional and

late successional roles pnoposed for small colonial or solitary

specìes and 'large colonial spec'ies respectiveìy in space-l'im'ited

communities in the marjne envjronment (Jackson, 1977b, In press).

However the species in this sessile gu'ild do not all fit neatìy

into the classificatìon system which lists characterjstjcs typi-

cal of ear'ly and late successional types (Horn 1974). A major

characteristic is ability in interference compet"ition; ear'ly

successional types are poor interference competitors and late

successionaì types are good 'interference competitors (Horn 1974).

However, the best jnterference competitors 'in th'is sessj le gu'ild,

the coloníal tunicates, had some of the characteristics of ear'ly
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successional spec'ies. These are a short f ife span (less than II

months) and very rapid growth to maturit-v (Table 3.4, Section

3.3.2). A patch occupied by sponges wh'ich are much longer

lived than the tunicates (Table 3.4, Section 3.3.2) wj11 not al-

ways resist invasion by tun jcates. Add'itional l), tun'icates did

not a'lways compl ete'ly kil l the spec'ies they grew over, particu-

larly ìf overgrowth occured within two months of the senescence

of the tun'icate coìony (Section 3.4). Also, two of the bryo-

zoan species, CeLLeporaria uaLLigera and CeLLeporaz'ia fusea, had

very long life spans (over four ¡rg¿¡s see Table 3.4, Section

3.3.2) which is usualìy taken to be a characteristic of late

successional species. Yet the"v are very poor interference com-

pet'itors (Section 3.3.1 and Table 4.7, Section 4.3.1.3) and ìn

most patches did not resist overgrowth by sponges or tunicates.

4.4"2 Sessile Guild Structure

As pointed out in Section 4.1 naturally cleared patches in

the sess'i1e gu'il d at Ed'ithburgh ranged i n si ze from approxi -

mately one square centjmetre to one square metre. However,

the patches of bare substratum that were observeci in or adiacent

to the permanent quadrats (Sect'ion 2.4.2.1) were never larger

than two thousand square centimetres during the two year perìod

of the non-destructive census. Thus it can be assumed that most

of the bare substratum in the sessi"le gu'ild occured in patches

that were smaller than the largest patches in Experiment II.

Accordingly the results of Experiment I and Experiment II demon-

strate that most of the free space available in the sess'ile gu'i'ld

at Edjthburgh during this perìod would have been reoccupied by
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the vegetatiye growth of established sponge colon'ies. Larval

recruitment would have played a relatively minor role in the

reoccupation of bare substratum.

In many benthic communjtjes most of the substratum whìch is

cleared by physicaì and/or bioìog'ical disturbances is reoccupìed

by larval recruits (sutherland 1976), Establ'ished sessile organ-

isms have lìttle direct influence on the fate of newly available

free space in such communities. This was clearly not the case

for the sessile guild at,Edithburgh, where the established guild

had considerable influence over the fate of newly cleared sub-

stratum because of the rap'id vegetatìve gnowth of colonies next

to bare patches. Members of the gu'ild may have had other in-

f'luences, e.g. by consuming approaching larvae or by releasing

short-lived larvae which settle very near to the parent colonies

or ind'ivìduals, but they were not neasured. Casual observations

suggest that such ìnfluences were minor compared to that due to

vegetative growth.

However, it should be noted tlrat it is not on'ìy because scne

species possess great capacity for vegetatìve growth that the ex-

tension of neighbouring colonìes is an 'important mode of reoccu-

pation of cleared space. An addjtional necessary condition is

that the frequency of d'isturbance 'is appropriate. The results

of Experiment II indicated that the proport'ion of a patch occu-

p'ied by larval recruits will increase as the patch size increases.

Additionally the results of Experiments I and II indicate that,

after an initial peak, there is a decrease in the proportion of

a patch occup'ied by bryozoans and C,aLeoLarùa spp. which invade
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patches by dispersjve larvae. Thus, 'increases in the frequency

of patch formation and in the s'ize of patches would have two re-

lated effects. Firstly, larval availabil ity would have a greater

effect on the structure of the sessi'le guild. Second'ly, bryo-

zoans and C,aLeoLaria spp. would be more abundant and sponges

less abundant than presently observed. Thus, despite the pres-

ence of many spec'ies which are capable of vegetative growth, the

established sessi'le guild would have much less influence over

the fate of newly cleared substraturn if disturbance levels were

to increase dramat'icaììy.

It is easy to envìsage such an increase. Casual observations

ìn the field suggest that the asteroids Patiri'elLa breui.spina

H.L. Clark, Tosia austv'aLis Gray and Pettdeia uernieina (Lamarck)

(see Section 6 "3.2.5), wave turbulence and the senescence of old

colonies are responsible for the formation of bare patches of

substratum. Thus an increase in the numbers of asteroids, the

frequency of rough weathen and/or the number of senescing colonies

could lead to hìgher levels of disturbance. An 'increase in the

number of senescing co'ìonies could be brought about by an'in-

crease jn the proportion of the substratum occup'ied by short-

lived species. MosL of the species'in the sessiìe guild at

Edithburgh are long-lived and most of the substratum 'is covered

by perennials (Table 3.4, Section 3.3.2"2 and Section 2.4.3.3).

In summary, the establìshed sessjle gu'ild at Edithburgh ;

strongly i:nfluences the fate of newly c'leared substratum through

the vegetat'ive growth of establ ished colonies" This s'ituation

is not only a result of many species'in the gui'ld being capable
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of rap'id vegetat'ive growth but also a result of the prevail ìng

levels of disturbance. These levels are determ'ined by factors

external to the guiìd (weather and predators) and by character-

istics of its component specìes, especial ly 'longevity. If any

of these factors changed such that the levels of disturbance

increased the established sessjìe guild would have less in-

fluence over the fate of newly cleared substratum and larval

colonization would p'lay a more important role in the structure

of the guild.
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TABTE 4.3

Total growth

Vegetative growth

Growth of Colonists

February

11.23(2o.ss)

4s.06 (1s.39)

26.11 (20.68)

lfay August

63.60(33.21) 86. 33(16. 64)

s4.86(41.02) 79. Bo (2r.28)

8.74 (8.31) 6.so (7.48)

Kruskal-l,ilaIIís
Statistic
HP

5.3f >0.05 ns

3 . 12 >0.05 ns

5.60 Ð.05 ns

The means and standard deviations (parenthesis) of
the percentage cover due to total growth, vegetative

growth and the growth of colonists one year after
ínitial patch clearnace for the four groups in
Experiment I. A summary of the resul-ts of a Kruskal-tr¡allis

one-way ANOV comparing Lhe percentage of space covered

between the four groups of patches for each of these

three ís Íncluded. For the May and December groups

sample size=5; for the February and August groups

sample síze=4; ns: not signíficant at the .05

signifÍcance leveI.

Time of Clearance
cem er

62.60(2s . 38)

47 .3e (37 " ss)

1s .20 (L2.94)



TABTE 4.4

trtyeaLe sP.

MgcaLe sp.

MgeaLe sp.

MyeaLe sp.

ÌtgcaLe sp.

MycaLe sp.

CreLLa sp.

Cz,eLLa sp.

CreLLa sp.

of patches compared

10cn vs . CyeLLa sp.

25cm vs . CreLLa sp.

50cm vs . CreLLa sp.

10cm vs . M,yeaLe sp.

10cm vs. MyeaLe sp.

25cm vs . ItyeaLe sp.

lOcm vs . Cz.eLLa sp.

10cm vs . CreLLa sp.

25cm vs . CreLLa sp.

Summary of results of Mann-\dhitney U-LesLs comparing

raLes of patch occupation by surrounding sponge between

groups of patches ín Experiment II. In each case the

first named group vras overgrown more rapidly than the

.second.
Nl: sample síze of first named group

N2: sample síze of second named group

The P values are for a one tailed test

Groups

10cm x

25cm x

50cm x

10cm x

10cm x

25cm x

10cm x

10cm x

25cm x

10cm

25 cm

50cm

25 cm

50cm

50cm

25 cm

50cm

50cm

l0cm

25cm

50cm

25 cm

50cm

50cm

25cm

50cm

50cm

x

x

x

x

x

x

x

x

x

Mann-l,ilhitney
U-test Suatistics
NIN2UP
10 10 1 <.01

10 10 3 <.01

4 3 0 .028

10 10 '10 <.01

10 4 0 <.01

10 4 1 <.05

10 10 10 <.01

10 3 0 <.01

10 3 3 <.05



TABTE 4.5 The means and standard deviations (parenthesis)

of percentage cover due to the growth of colonists

belonging to each of the following phyletíc groups:

Sponges, Tunicates, Bryozoans and GaLeolaria spp.

in the six groups of patches in Experíment II.
OnIy the values 161 days after patch clearance

(20/09171) and 329 days after patch clearance

(24103/18) are given.

Surrounding
spec]-es

Sample
s ize ans

0.0

6.31
(1 . s6)

0.0

0.0

0.0

eo spp

0.0

0.0

0.01
(0 .01)

0.0

0.0

0.0

Pa tch
s aze

Percentage cover after 161 days

Sponges rca tes ans

Percentage cover after 329 days

spp. Sponges cates

CreLLa sp. 10cm x lOcm 10 0.0 0.0 0. s4
(1.48) 0"0

0"0

7 .73
(6. 7o)

2.16
(s .43)

0.48
(0.47)

0.0

0.0

0.0

0.0 0.0

CreLLa sp. 25cm x 25cm 10

CreLLa sp. 50cm x 50cm 4 0.0 0

0.11
(0.36)

.29

.41)
0. 15

(o .42)

B5

3t)

I
(r

0
(o

94
42)

0
(o

3
(s

r .00
(3.07)

06
0B)

0. 09
(0. 14)0

Mycale sp.

Mycale sp.

Iulycale sp.

lOcm x l0cm

25cm x 25cm

50crn x 50cm

10 0.0

t0 0.0

0

0

0

0

0

0

0.0

0.0

0. 15
(0.20)

0.0

0.04
(0.04)

0.0

0.0

0"03 0.0



FIGURE 4.1 Change in percenLage cover after initial patch

clearance. Graphs show mean and standard deviatíon

(vertical line) of toLa1 cover (X), percentage cover

due to vegetative growth (r), and percentage cover

due to gro!ùth of new recruits (l) for all four

groups in Experíment I on aII sample dates
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FIGI]RE 4.2 The growth of new recruiLs and vegeLative growth

for sponges after initial patch clearance. Bar

diagrams show mean (bar) and standard deviatíon (Iine)

of percentage cover due to vegetative growth (solíd

bars) and due to growth of new recruits (open bars) for
aII four groups in Experiment f on aII sample dates.

Month of patch clearance indícated by tk, Iast sample

Laken indícated bV (l).
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FIGI]RE 4.3 The growth of new recruíLs and vegetative growth for
bryozoans (top four diagrarns) and tunicates (Iower

four díagrams) after initial patch clearance for all-

four groups in Experíment I on all sample dates.

For meaning of symbols see capLion to Figure 4.2.
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FIGURE 4.4 Bar diagrams showing the mean (bar) and

standard deviation (Iine) of percentage

cover for individual species on sample

dates correspondíng as nearly as possible

to 3, 6, 9 , and 12 months after initial
patch clearance Ín all four groups in
Experiment I. Species code numbers(see

Table 2.1) are given on the X-axis.
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FIGI]RX 4 .5 Colonization rates for major groups. Bar

diagrams show mean (bar) and standard deviation
(Iine) of the number of colonists/600cm2/30 days

recorded each sample interval in aII four grouPs

in Experiment I on aII sample intervals. Sponges,

solid bar; bryozoarrs, spotted bar; tunicates, open

bar; GaLeoLarLa spp., striped bar. Month of patch

clearance indícated by ?,, Iast sampJe indicated by l.
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FIGURX 4.6 Bar diagrams showing Lhe mean (bar) and standard

deviatíon (Iine) of overgrowth (percentage cover

of live tissue overgrown/90 days) in all four
groups in Experiment I on all sample intervals
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FIGURX 4.7 ConLact matrix of competitive interactions for
species pairs where the number of observations

were greater than five. Arrows point in the

direction of the dominant of each two species pair.
An asterisk indícates competitive equivalence.

Species code numbers are listed in Table 2.1.

For further explanatíon see Lext of Section 3"2.I.2.
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FTGI]RE 4. B Mean and sLandard deviation (1ine) of percentage

cover for the vegeLative growth of surrounding

sponge tissue after inítiaI patch clearance ín
aII six groups in Experiment II on aII sample

dates
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5. O DEVELOPMENT OF THE SESSILI GUILD AT RAPID BAY

5. 1 Introductì on

The word development is commonly used to describe the

grovlth to rnaturity of an ind'ividual organ'ism- Theories of

commun'ity organization where an analogy ìs made between the

community and an indiv'idual organism (e. g. Clements 1916'

1936, Tansley 1935, l'4argalef 1963, 1969, Odum 1969) have

been dìscredited by a number of authors (e.9. Colinvaux 1972,

Ricklefs 1973, Horn 7974). Nevertheless the term commun'ity

development ìs frequently used to refer to the process of

colon'ization and the pattern of changes ìn species compos'ìtion

and abundance on previously unoccupied artificial and natura'ì

substrata i n the subti dal reg'ion of the mar j ne env'i ronment

(e.g. Goodbody 1961, Sutherland and Karlson 1973' !977 '
Jackson I977a, Osman !977, Anger 1978). Succession in its

broadest sense (e"g. Connell and S]ayter 1977' Noble and

Slayter In press) is synonymous with this definition. Accord-

ingly the term community development encompasses the variety

of models postulated to explain the mechanisms underìying

succession (e. -q. Odum 1969, Horn 1974, Connell and Sìayter 1977,

Noble and Slayter In press) and does not necessarjly'imply that

the communìty under investigation is some kind of organic entity

that has emergent propert'ies greater than the sum of its parts.

Community development on hard substrata is the marine

environment'is acknowledged to be a result of a hìghly comp'lex

combìnation of biologica'l and physical factot s. These are habitat
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selection by vagile larvae (Meadows and Carnpbeìl 7972,

Crisp 1964, Jackson 1977a), seasonal abundance of colonizers

(Sutherland 1974, Osman 1977), competìti,ve interactions between

establ ished adults and between adults and cojonìzìng larvae

(Goodbody 1961, Sutherland 1974, 7977, Osman 1977, Anger Ig7B,

Russ In press) and d'isturbance by phys'ical factors and/or

predators (Sutherland 1974, Osman 7977, Anger 1978, Karlson Ig7B,

Russ In press). Desp'ite this investigations in different local-

ìtìes have shown that there is often a small number of key

factors which determ'ine the patterns of species replacement

and the final stable commun'it.v structure (if this is a

reality whjch can be identified) on an indiviclual piece of

s ubs tratum .

Grazing fish have been shown to be of critjcal ìmportance

in the development of foul'ing communities "in several localities

(e.g. Day 1977, Russ In press) by preventing monopolization

of space by a domìnant competitor which they se'lectively remove,

In other localities the seasonal'ity of larval abundance has been

shown to be a key factor in community deveìopment (Sutherlanc 1974,

Osman 1977). As expìa"ined in Section 4.1 Sutherland (I974, 1975,

1978) demonstrated that diffenences in the order of larval

recru'itment onto artificial plates at Beaufort resulted in

communities of different structure on different plates (i.e."muìtipìe

stabIe points").

In Sectjon 3.4 I suggested that CuLicia sp. maintaìned high

abundance in the sessile guild at Rap'id Bay as a result of the

combined effect of three characteristics: rapid vegetative
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growth, 'long 'life span and the 'inhib'it'ion of overgrowth and

larval settlement. However I cannot assume that these were the

on'ly factors or even the key factors responsible for this

species first ach'ievìng h'igh abundance in this guild. In

part'icular I must acknowledge the possìbììty that rap'id

vegetative growth was a result rather than a part'ia'ì cause

of extremely high abundance. In Chapter 3 the growth rates of

CuLicia sp. were measured in bare patches surrounded by 'large

expanses of this species. It 'is highìy 'ì'ikely that the number

of new poìyps that a co'lony can produce js pos'itively correlated

wjth its s'ize. Thìs proposition is given suppor"t by Jackson's

(In press) analysis of morpholog'ical strategies'in colon'ial

sessi I e an'imal s. Thus a newly settl ed col ony of CttLiei''a sp -

may expand and fill new space much more slowly than the large

established colonies seen on the pìlings today (see Photograph 6.1)

Additionally the bare patches maìnly consisted of the remains of

CuLieia sp. skeleton" It 'is possible that thjs facil itated the

vegetative growth of CuLieíø sp. across these areas. The

colonies of CuLicia sp. which fjrst settled as the p'i'l'ings would

have had to grow over the origina'l bituminous tar surface.

lllith this in mind I offer three alternative hypotheses which

describe how CuLieia sp. may have reached such h'igh abundance

'in the sessi'le guild at Rap'id Bay after the p"il ings of the pìer

were driven in October and November 1960.

(1) cuLieia sp. colonìzed the new p'il"ings sporadica]ly

and in lower numbers than other species but rapidly increased
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'in abundance due to rapìd vegetat'ive growth. it has since

maintained high abundance due to the three characteristics

listeC in Chapter 3.

(2) cuLicia sp. col oni zed the new p'il'ings sporadi cal ly

and'in low numbers anci only slowly'increased its abundance by

moderately slow vegetative growth, and continued low levels of

colonization. It has eventualìy achieved hìgh abundance through

long life andresistanceto overgrowth and larvae invasion. This

hypothesis is analogous to Karlsons (7978) explanation for

the h'igh abundance of the colon'ial hydroi d Hydraetinia eehinata

in the fouling community on pier pì1ings at Beaufort.

(3) cuLieia sp. colonized the pìl ings in h'i9h numbens

immediately after they were driven due to a seasonal or chance

peak in the recruitment of th'is species during construction of

the p.ier. Th.is gave ri se almost immedi ately to rel at'ivel y

high abundance which was increased due to vegetative growth and

mainta'ined due to the three characterist'ics l'isted in Chapter 3.

In this case the structure of the sessile guilct at Rapìd Bay

could be viewed as one of several "multiple stable points"

ana'logous to those observed by Sutherland (1974) at Beaufort

äs a"tificia'l substrata. This view would be appì icable if

CuLieia sp. was unable to invade and establish high abundance

on pilìngs which had not been driven during the peak irtjts

recruitment because they had been heav"ily colonized by d'ifferent

s pec'i es .

I acknowledge that there may be further alternatives but

I feel these vrere the most l"ikely three poss'ibil it jres in view
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of my own observationsand the observations made in other

fouling communities. They are also crude descriptions of the

poss'ible developmental pattern and are concerned mainly

with the mechanisms by which the most abundant species in the

sess'iìe guild at Rap'id Bay has acquired so nuch of the space

resource. The role that predation may have played in this

process 'is indicated by the experìments reported ìn Chapter 6.

To distinguish between these alternatjves the development

of the sessi'le guild was jnvestigated using large artific'ial

pane'ls simulating the original piling surface. Two groups of

long'term panels were submerged at different times of the year

to test the effect of d'ifferences in the sequence of larval

recruitment. One group was installed at the beginning of the

season in whìch the p'ier pi'lings were orig'inally driven, the

other sjx months earlier. A series of short-term panels were

also used to record the colonìzation rates of different species

onto the originaì pìling surface at d'ifferent times of the year.

5.2 Methods

5"2"I Lonq-Term Panels

E'ight experimental panels were :submerged at Rapid Bay on

March 28, I976 (March group) and another eight were submerged

six months later on 0ctober 2, 1976 (October group). In each

group two panels were allotted to each of the four piling faces

(see Inset 'in Fì9" 2.3). The pane'ìs on faces 1 and 2 were con-

structed of flat pìeces of asbestos cement (5rnm thick) 40cm x 60cm

'in size (Fig. 5.1). Those on faces 3 and 4 were constructed of

three separate sections of asbestos 60cm in length and attached
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together by rope (Fig. 5.1). The central section of these

panels was 18cm wide and the two outs'ide sections were 15cm

wide. This des'ign permitted these paneìs to be fittec srrugly

into the concave faces of the pilìngs (FiS. 5.1). All paneìs

were strapped to p'il ings wi th'in the study area usì ng rope

and pieces of wire were fixed around the central sect.ion of

the pane'ls on faces 3 and 4 to prevent the outside sections

foldjng over on top of them (FiS.5.1). Before immersìon

each panel was gìven two I ibera'ì coat'ings of bitumjnous tar

paint to simulate the original pìl ing surface.

This field experiment was restrìcted to the West arrn of

the pier to facilitate relocation of panels and minimize the

t'ime spent dìving. The panels were tied to the pi'lings 'in pa'irs;

pane'ls for faces 1 and 2 together and panels for faces 3 and 4

together. Pairs of panels were allocated to piìings at random

w'ithin the study area using the method described in section 2.4.2.r.

Each panel was photgraphed at approximately three monthly

intenvals (see Table 5.1 for exact sampììng schedule) at a

distance of 0"8 metres with an aperture of f8. photographic

sampl"ing was stopped after April 13, 1978 but the paneìs have been

left in place and casual observations have been made on them sjnce.

unfortunately after the first 12 months of immers'ion some of the

paneìs in the March group felì off the pif ings during thervúinter

of 1977 (see Table 5.1)" By April 13, 1978 onìy three panels were

left in th'is group; one on each of face 1, face 3 and face 4.

An area 30cm x 30cm central to each of the pane'l s as faces 1 and 2
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TABLE 5.1 Sampling schedule for
J.ong-term panels
S: Date of Submergence

Number of panels phoLographed
March group OcÈober groupDaLe

28/03/16
0e /06 /7 6
os/oe/76
02/10/16
17 /12/16
2e/03/77
20 / 06 /77
2910e/77
20/0t/78
t3/04/78

S

ö
B

B

B

I
B

S

8

8

8

I
6
4
3
J

and an area 30cnr x 10cm central to each section of the panels

on faces 3 and a (FiS. 5.1) was used for recordìng the deve'lop-

ment of the sess ì'ìe gu'i1d. The abundances of spec'ies w j thi n

these areas were calculated from the transparencies usìng the

method described in Sectìon 2.4.2.2. They were expressed as a

percentage of the 900cm2 area on each panel.

Not all of the species wh'ich colonìzed these lono-tern¡

panels and could be seen in the transparencies could be accurately

identified. The two problematjcal groups were the bryozoans

and the encrusting coralljne red aìgae.

A total of 35 d'iff erent speci es of bryozoans (excl ud'ing

species 81 to 87) were recorded on the short-term paneìs. Nineteen

of these (all encnusting cheilostomate specìes from the follow'ing

seven genera ; trlembr.anipora, ELectra, inlatersipona, Cz,epí-dneantha,

Miez,oporeLLa, Sehizopoz,eLLa and l,\ueroneLLø) were cepable of

formi ng co'l oni es I arge enough to be detected 'in my transparenci es

but I could only ìdentify them by examination undera low poh,er

d'issectìng m'icroscope. For this reason any bryozoan colony which
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could not be identified as 81, 82,83, 84,85, 86 or 87

was recorded under the heading "other bryozoan." This cate-

gory'is likely to include severa'l or all of the 19 bryozoans

jdentified on the short-term panels. Regrettabì¡t the indjv'idual

abundances of these spec'ies on the long-term panels could not

be determined on any sample date.

S jmi I arly the col on j es of coral I i ne red a'lgae coul d not

be jdentified to the species level in the transparencies. I

attempted to collect some of the colonies from the edges of the

long-term panels outside of the areas used for recording specìes

abundances but, because they were so brittle, it proved lmpossible.

Since these spec'ies vì,ere not seen on the short-term paneis I can

on'ly suggest that they were the same as those specìes seen oR

small stones and other p'ieces of litter beneath the pier and

as epizooites and epiphytes within the pììing study area. These

specìes still await jdentificat'ion and have been lodged in the

Botany Department at the University of Adelaide. Any colony of

coralline red algae seen on the long term panels was s'imply

recorded under the head'ing "coralIine red algae."

Because of these 'identification difficulties I have made no

attempt to estimate species number and diversity fron the data

derived from the transparencies. The mean and standard deviation

of percentage cover for each species and the two categories "other

bryozoan" and "coral'line red algae" were calculated for each series

of panels on each sample date (Appendix IVa). The mean and

standard deviation of percentage cover v/ere pìotted aga'inst t'ime

for:
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(1) specìes which attained a mean percentage cover

of at least !% on at least one sample date 'in either series

(2) all species present (total cover)

( 3 ) s kel eta I renla i ns of bryozoans and GaLeoLar'ì'a spp .

which had been smothered and killed by overgrowth

(4) each of the following s'ix phyletic groups which were

recorded on the I ong-term Panel s

(a) serPulids

( b ) bryozoans

( c) tuni cates

(d) sponges

(e) cnidarr'ans

(f ) coral I i ne red a'l gae

A Mann-l,Jhìtne¡r U-test was used to compare the abundances of

individual specìes which attained a rnean percentage cover of at

least I% on at least one sample date jn either group between

the two groups of pane'ls 3, 6, 12, 15 and LB months after submer-

gence. The results of these tests are summarized in Table 5.4.

5.2.2 Short Term Panel s

E.ight short term panels were submerged for approximate]y

two month'ly'intervals from l'larch 28, 1976 until Qctober 3, 1978

(see Tabl e 5.2 for exact schedule). Two panels in each two

monthly groups were a'llotted to each of the four p'if ing faces.

The des'ign of the paneìs v,/as exactly the same as that described

for the I ong-term paneì s. The short-term pane] s were al so

restricted to the I'lest arm of the p'ier and each one was randomìy
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TABLE 5.2 Sampling schedule for
short-term panels

DaLe Date DuraLion of Number of panels
submerged collected submergence days recovered

28/03/76
03/06/76
t4/08/7 6

20/r0/76
28/12/76
28/02/77
2e /04/71
20/06/77
2s/08/77
02/7r /77
0310r/78

03/06/16
14/08 /7 6
20/r0/76
28/12/76
28 /02/71
2e /04/77
20/06/71
2s/08177
02/tl/77
03/0r/78
10/03/78

67
72
b5
69
62
b1
52
65
69
69
66

7

4
I
I
I
1

8

B

B

B

I

allotted to a pifing within the study area us'ing the nethod

described in Secti on 2.4.2.1. Panels were tied to the pil"ings

in the manner depicted'in Fig. 5.1 and each two monthly group

was allotted a new set of randomly chosen p'ilings.

After col I ecti on , panel s were p'l aced i nto I arge pì asti c

bags, taken back to the laboratory and stored'in a refrìgerator

until examjnation. After the panels had been exam'ined they were

scraped clean with a knife and brush, given a new coat of bitumi-

nous tar and resubmerged under the pier approximately two months

after collect'ion. I used two groups of eight short-term panels

which were submerged on successive sample jntervals.

An area 60cm x 30cm in size on the panels from faces 1 and 2

and areas 60cm x 10cm in size on the sections of the panels from

faces 3 and 4 were searched for colonists. On'ly colonists of spec'ies

or speci es groups ( i .e. , other bryozoans and coral I i ne red a1 gae)

wh'ich were recorded in the transparenc'ies of the 'long-term paneìs

(Table 5.3 lists species) were counted. I have jncluded some notes

in Sectjon 5"3.2 about other colonists observed on these panels.
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Al I species could be ident'if ìed by eye with the

exceptìon of some bryozoans which had to be scraped off the

paneìs and examined under a binocular nicroscope. colonies

of the colonjal tunicate Didenntwn sp.a first appeared on

the panels in the August 14, 1976-0ctober 20, 1976 sample

'interval but due to their small s'ize they were not identifìed

as such and were not counted for this two monthly period.

This omissjon was corrected in subsequent sample'intervars.

On'ly one speci es) PaenocLaueLLa díminuta, that was recorded

on the long-term pane'ls and also on the short-term pane'ls did

not recruit as dist'inct individual colonies. Th'is species forrns

'large col oni es made up of thousands of zoo'ids (5cm i n ì ength )

( see Photograph 3. 5 secti on 3. 2.r.1) . The zooi ds are connected

to each other via a complex network of stolons adhering to the sub-

stratum. I could not detern:ine if the colonies that wene

seen on both the "long-term and short-term pane'ìs were the

nesult of the merger of several colonists or not. Therefore

the colonizat'ion rate of thìs specìes has been recorded as a

percentage of the area exam'ined on each panel on which the colon'ies

occurred.

The number of colon'ists within the 1800cm2 area on each

panel was calculated for a standard interval of 60 days. The

mean and standard deviation of the colonization rate (no. colonist/

1800cm2/60 days) of each specìes, the "other bryozoan" categor-v

and each phyletìc group was calculated for each samp'le jnterval

and p'lotted agai nst time.
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5.3 Resul ts

5.3.1 Lons-Term Panel s

In June 7977 the mean of total percentage cover reached

maxima of 98% and 92% on the lrlarch and October groups of panel s

respect'ively (Fig. 5.?). This occured 15 months after sub-

mergence for the March group andnjne months after submergence for

the Qctober group. After thìs peak the means of total percentage

cover decl ined on both groups of pane'ls (fig. 5.?). At the same

time the mean percentage cover of dead skeletal remains increased

on both groups of Panels (fig. 5"2).

GaLeoLaz.i4 Spp. Ì^,ere the f irst species to be detected on

the pane'ls in both gnoups (Fis. 5"3 and Fìg. 5.44) but at three

months after submergence they occupied only a small proportion

of the space resource in both groups (Fig. 5.14). In the March

group GaLeoLayia spp. reached a maxìmum mean percentage cover of

2!% after nine moths but this decreased to 1"3% after 24 months

(F.ìg. 5.3 and Fìg. 5.44 to H). In the October group GaLeoLa?ia sPP.

only reached a maximum mean percentage cover of ?.7% after s'ix

months. For the remaìn'ing 12 months of obs,ervations made on

this group the mean percentage cover of GaLeoLaría spp. remained

below I% (Fig. 5.3 and F'ig" 5.44 to H). GaLeoLaria spp. were

significantly more abundant on the paneìs of the i'larch group

than the panels of the October group after n'ine, 15 and 18 months

of submergence respectively (Table 5.4) but were equally abundant

on both groups of panel s three and 12 months after Submergence

(Table 5.4). Another species of serpuìid, tiLograna impLeæa,

was observed on the panels of the t4arch group 18 months after
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submergence and on the panels of the October group six nonths

after submergence but ibmean percentage cover \^,aS less than

I% in both cases (APPendix IVa).

Tunicates and bryozoans were recorded in both groups of

panels six months after submergence (Fig. 5.3). In both groups

the mean percentage cover of tunicates jncreased rapidly to

reach a maximum of more than 60% by June 1977, 15 months after

submergence for the Mar"ch gnoup and nine months after submergence

for the October group (Fjg. 5.3). After this date the mean

percentage cover for tunicates decljned in both groups to less

than 10% by April 1978 (Fjs. 5.3). In both groups of pane'ìs

the mean percentage cover of bryozoans increased more Slow'ly

than that of tunicates but it did not show the same rap'id decline

after reach'ing a ínaximum (F'ig' 5.3) . In the lvlarch group bryozoans

reached a maximum mean percentage cover of 36% in January !978,

21 months after submergence and j n the october group they reached

a maximun mean percentage cover of 28% in June !977 nine months

after submergence (Fig. 5.3). In April 1978 the mean percentage

cover of br¡rozoans was 34?á and 19.61[ in 'uhe lriarch and october

groups resPect'ive1Y.

sponges were not observed on any of the panels of the March

group until April !g78, 24 months after submergence (Fjg. 5.3).

In contrast sponges were recorded on sofne of the panels of the

gctober group six months after submergence (fig. 5.3) but they

did notattain a mean percentage cover of greater than 1% un*"il

Apri 1 !g78, 18 months after submergence ( Fi g ' 5'3) '

"Corall ine red aìgae" \^/aS reccrded jn both groups of paneìs
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'in January and April 1978,21 and 24 months after submergence

for the i4arch group and 15 and 18 months after submergence for

the October group (Fig. 5.3). This category dìd not atta'in a

mean percentage cover of greaten than 16% on e'i ther sampl e

date 'in either group of Panels.

The stony coral CuLieía sp. was recorded on some of the

pane'ls 'in each group only on the last sample date, Ap¡il 1978

(Fig. 5.3). 0n this date the mean percentage cover for c'uLieia

sp. was I.62% in the l'larch group and 0.28% in the October

gr0up.

A total of 14 tunìcate species were recorded on the long-term

pane'ls (Table 5.3). However on'ly four of these, Atapazoa fantasíana,

Didetrm.wn SP.ô, BotzyLLoides sp. and PyenocLaueLLa diminuta altained

a mean percentage cover of greater than I% on at least one sample

date in each group (Appendix IVa). From nine to 18 months after

submergence jn the March group and from six to 15 months after

subrnergence i n the October group , PyenocLaueLLa diminuta was the

most abundant spec'ies (Fig. 5.48, C, D, E, F). It achieved a

maximum mean percentage cover of 6C% in the March group jn June 1977,

15 months after submergence and a maximum mean percentage cover of

54% 1n the October goup in September 1977, 12 months after sub-

mergence" Although this species never completely rnonopo'l ized all

the space on every panel it invaded all panels'in both groups and

achieved a maximum percentage cover of more than 50% on seven of

the eight paneìs in the March group and five of the e'ight paneìs
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in the October group. It occupied space on the panels of both

groups for appnoximately one year (Fìg. 5.48, C, D, E, F) during

which I observed ìt grow'ing over many of the bryozoan colonjes

and GaLeoLarùa spp. individuals which had previousìy settled

on the panels" At ihe end of the one.year period the colonies of

this specìes began to slough-off reveal'ing prevìous'ìy covered

bryozoans and GaLeolanta spp. which appeared to be dead when

exami ned i n the f i el d. Th'is expl ai ns the correl at1on between

the decline jn total percentage cover and the increase'in the

dead skeletal remains 'in both groups of paneìs (fiS- 5.2). Pyenc-

cLaueLLa diminuta was significantly more abundant in the Ociober

group than the itlarch group six months after submergence but nìne,

12,15 and 18 months after submergence it was equally abundant

in both groups (Table 5.4).

Atapazoa fantasiana and Botz'yLLoides sp. did not attain

a mean percentage cover of greater than 5Íá on any sampì e date i n

either group of panels also they were equally abundant in both

groups of panels for all samp'le clates during the first 18 months

of submergence (Table 5.4) . Didemnwn sp"a achieved a mean per-

centage coven greater than 57á on two occas'ions in the Octoben group,

nine and 18 months after submergence (Fjg. 5.48, F). it was more

abundant in the October group than the I'4arch group sìx, nine and

18 months after submergence and equaì'ìy abundant in both groups

12 and 15 months after submergence (Table 5.4).

All the bryozoan soecies from 81 to 87 and the "other bryozoans"

category were recordeC on the panels of both gnoups and attained

a mean percentage cover of at least 7% on at least one samp'le date
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in both groups. [rJith the exceptìon of the other bryozoan cate-

gory S^¿ttína naigít and BifLustna perfnagiLLis were the onl-v

two bryozoan specìes to attain a mean percentage coyer of great-

er than 5% in either group of pane'ls. (Fjg. 5.48, C, D, t, F,

G, H) Considering on'ly the period of submergence cor¡ron to

both groups (i.e. the first l8 months) smittina røigii attain-

ed a maximum mean percentage cover of 6.33% in the Î,larch group

l2 months after submergence and one of 13.09% in the October

group n jne months after^ submergence. BifLustna pez,f,z,agilLis

atta'ined a maximum mean percentage cover of ?.3% and 9.96% tn

the l'ilarch group and Cctober group respectively l8 months after

submergence. This specìes increased its abundance in the fol-
'lowing three months in the March group to achìeve a nax'imum

mean percentage cover of 33.?6%. Neither of these two b!"yozoan

species attained a percentage cover of greater than 50% on any

'long term pane'ì at any tjme and in most cases it was considerabl.v

less. The "other bryozoans" category attained a mean percentage

cover of greater than 5% only on two occasions. In the October

group its mean percentage cover was 5.64% and 5.51% after nine

months and l2 months of submergence respectively. Final'ly there

was no consistently s'ignificant d'iffer^ence between the abundan-

ces of any bryozoan species on the two groups of pane'ls (ta¡le

5.4 and also see F'i9.5.48, C, D, E, F) during the first l8

months of submergence.

The preceding evidence indicates that no one specìes consis-

tently monopoìized or was consistent'ly more abundant on the paneìs

of one grcup and not the other. Furthermore the development of
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the sessile guild on the panels of both groups followed the same

general pattern. GaLeoLayia spp. were the first spec'ies to uti-

lize the space prov'ided by the panels jn both groups followed

by encrusting bryozoan and tun'icates which rap'idìy became nore

abundant. In both groups the same specìes of tunicate was the

most abundant species for approx'imately one year dur"ing the

first l8 months of submergence. hlhen it sloughed off during

the summer months of late 1977 and earìy l97B "coralline red

algae" and CuLLeia sp. colonized pane'ls in both groups. It
'is worth notìng that the inyasion of coral I ine red a'ìgae and

CuLicía sp. occured after a longer period of submergence in the

March group than the 0ctober group. Although the same general

pattern of sessiìe guìld development occured on both groups of

panels it occured in a shorter time peniod'in the October group

(Fig. 5.2 and Fis. 5.3).

5.3"2 Short Term Panels

Serpuì'ids, bryozoans and tunicates showed a seasonal trend

in larval availability with peaks occurring in the warm months

of the year from September to April (Fig. 5.54). Serpuìids colo-

nized the short tern panels most heaviìy during these months

with mean colonization rates often well over 400 colonists/

l800cnr2 /60 days (Fi S. 5. 5A). Tunicates achireved maximum rnean

colon'ization rates of between 100 and 250 colonists/1800cm2/

60 days durìng these months (fiS. 5.54). Bryozoans did not

achieve mean colonjzation rates of greater than 80 colonists/

l800cm2/60 ciays during these months. The mean colonjzation

rates of all three phyletjc groups dropped to below 30 colonists
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/1800cm2/60days at least once during the w'inter months of 1916

and 1977.

Graphs for the colonization rates of the three 'Índividual

serpul'id spec-tes GaLeoLaria hystz.Læ, GaLeoLaria caespitosa and

PíLogr,øna irnpLeæa indicate that each species had peaks of lar-

val ava jlabil ity during the \\,armer months of the year but not

necessariìy of the same magnitude and'in exactly the same two

months each year (fig. 5.64). GaLeoLaz,ia hysttiæ attained maxi-

mum mean colonizat'ion rates of 269.6 and 490 colonists/1800cm2/

60 days during November 1976 and December 1977 respectìvely.

GaLeoLaria eaespítosa attained max'imum mean colonization rates

of 149 and 
.]45 

colonists/1800cm2/60 days November 1976 and De-

cember 'ì977 respectivel.v. Fi.Lognama inrpLeæa attaì ned maximum

mean colonization rates of 538 and I 72 during April 1977 and

December 1977 respectively. The mean colonìzation rates of all

three species dropped to less than ? colonjsts/1800cm2/6C days

between peaks ( Fi S. 5. 6A ) .

Only four of the colonial tunicates which were recorded on

the longterm panels colonized the short term panels. These were

Botz,yLLoides Leaehii, BotryLLoides sp., Di'dernnum sp.a and

PyenoeLaoeLLa díminuta. BotryLLoides Leachii and BotryLLoides

sp. colonìzed the short term panels extermely rarely (Fjg. 5.58)

with mean coìonizatìon rates always less than 2 colonists/

l800cm2/60 days. PyenocLaueLLa díminuta colonized a short term

pane'l once only. One patch of this spec'ies coveri ng 5"78%

of a panel from face 4 was recorded in the December ì977-February

1977 time interval. In contrast ùLdenmwn sp.a colonized short
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term pane'ls ver¡r heavily and showed increases in larval abun-

dance during the warmer months of the year (Fig. 5.5C). It

attained a maximum mean colonization rate of 240 colonists/

l800cm2/60 days during January 1977 and a minimum of 0 colonists/

lB00cm2/60 days during Aprì1-May-June of 1976 and lvlay-June-

July of 1977 (Fig. s.5C).

Wjth the exception of CeLLeporcnia pígmentaria and the l4us-

tard encrusting bryozoan (87) all bryozoan species recorded on

the long term pane'ls colonized short term panels. Stnittirn raigi'i

and Biflustz,a penfragi,LLis had peaks of larval availability ìn the

warmer months of the year (Fig. 5.68, C). smittina naigii had

maximum mean colonization rates of 52 and 22 colonists/l800cnf/

60 days durìng March 1977 and December 1977 and BifLustra pet'-

fr.agiLLis had maximum mean colonjzation rates of ll and l4 colo-

n'ists/l800cm /60 days dur"ìng December 
"l976 and September 1977.

Both species had low mean colonìzatjon rates of 2.5 colonjsts/

l800cm2/60 days during the winter months of 1-q76 and 1977 (Fig.

5.6C) . CelLeporav"La fusca and CelLeponatia uaLLi-gerq were re-

corded on short term panels in late 1977 and ear'ly ì978 on'ly.

(Fig. 5"6C, D) and their mean colonization rate du¡inE thi:s peri-

od was extremelJ/ low; less than one colonist/l800crn2/60 days.

CryptosuLa paLLasíanq colonized short term panels on most sample

intervalS but the mean colonizat'ion rate of this species was

a'l ways I es s than i " 3 col oni sts/l B00cn2 /60 days. There was no

good evidence of a seasonal trend. The "other bryozoans" colo-

n'i zed panel s on al l sampl e j nterya l s w'i th the mean col oni za -
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nization rate ranging between 30 and nine colonists/1800cm2/

60days(Fig.5.6D).ThereWaSnoobviousseasonaltrendin

the colonization rate of this group, probably as a result of

grouping together a large number of species which had different

seasonal trends in larval abundance'

The standard deviations of the colonization rates of all the

spec.ies discussed were usually quite large (greater than 50%

of the mean value) indjcat'ing that there v\'as consider able va¡i-

ab i I 'i ty i n the number of col oni zers between paneì s '

cuLieia sp. and the "corall'ine red a'lgae" d'id not colonize

an¡r of the short term Pane'ls '

AnumberofotherorganìsmsWereseenonthesepaneìs.These

i ncl uded seven spec'i es of cyclostomate bryozoans , ni ne s pec'i es of

che.ilostomate bryozoans, small and delicate creeping hydroids'

tiny spirorbìds, an occasional small b'ivalve or barnacle and

small tufts of algae. Anyone or all of these species may have

colonized the long-term panels but I never detected the'ir pres-

ence jn the transparencies. This indicates that they occup'ied

only a very small fractjon of the space resource on these pan-

els jf any at all and their omission in this analysis of ses-

s'i 1 e gu i I d devel opment was cons i dered un'important '

E¿. Di scus si on

The high abundance of PycnoeLaueLLa diminuta in both groups

of long term panels was remarkable in view of the fact that jt

colon.ized only one short term panel on one occasion. This in-

dicates that the larvae of this spec'ies recruited on to the long

term panels ìn preference to the short term panels. The mech-
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anisms underlying this select'ion cannot be deternined fron the

observations I have made but the period of substrate submens'ion

appears to be a critical factor. If th'is were not so then thjs

species would have recruìted onto the long term paneìs of both

groups at approximately the same date. Instead PyenocLaueLLa

diminuta was first recorded in the March group three months be-

fore it was recorded in the October group (six and n'ine months

after submergence respectively). One possìbìe expìanation "is

that some compound i n the bi tum'inous tar pa'int i nh j b'ited settl e-

ment of th'is species and it leached out of the panels after ap-

proximately sìx months. Another is that the presence of serpu-

lids and/or bryozoans on the long term paneìs fac'ilitated the

recruitment of this species. The larvae of PgenocLaueLLa. dimin-

uta may not be able to recruit successfully onto a smooth sur-

face such as that offered by a newly submerged panel. The rough

surface of the calcareous tubes produced by adult GaLeoLaria spp"

may have provided a more sujtable substratum.

The results also indicate that the period of suhstrate im-

mersion was a critical factor in the recruitment of Culieia sp.

and the "coralline red algae." Neither was recorded on any short

term panels and both colonized the long term paneìs in the l4arch

and October groups after the senescence of PyenocLaueLLa dininuta,

Again the mechanisms responsjble for th'is cannot be determined

from the observations I have made. Additionally it ìs possible

that the appearance of the stony coral cuLieía sp. ìras causa'l'ly

connected with the appearance of the "coralline red a'lgae." Coral-
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line red algae can provide suitable substrata for colonization

by corals (Birkeland 1977).

Further experimentai investigatìons are needed to determ'ine

whether the invasion of PyenocLaueLLa dininuta, CuLieia sp., and

the "corall'ine red algae" onto bituminous tar covered surfaces

at Rapid Bay is facjlitated by previous occupants or not. Des-

pite this the development of the sessile gu'ild on the long term

paneìs was clearly dìrectional in both groups (Fig. 5.3). Up

until the time when PyenoeLatselLa dininuta sìoughed off it re-

sembled those patterns of development jn the fouling comrnunjties

studied by Anger (1978) and Osman (1977). In both these .investi-

gati ons sol i tary speci es whi ch i ni tial ly coì on'i zed the substratum

i n hi gh numbers v'Jere I ater overgrown and surpassed j n abundance

by co'lonial species. At Rapid Bay GaleoLania spp. which were the

first specìes recorded on the long term panels (Fig. 5.4A) were

surpassed in abundance by both bryozoan and tunicate species dur-

ing the course of the development of the sessile gui'ld in both

groups of these paneìs (Fig. 5.48, C, D, E, F, G, H). Addit'ion-

alìy I observed a ìarge number of C,aLeoLar"La spp. being overgrown

by the vegetative extension of both tunicate and bryozoan colo-

nies but never the reverse during the course of the experìment.

All the species wh'ich were recorded on the'ìong term panels

had peaks of Jarval abundance'in the sun¡mer months or showed no

particular seasonal trend (F'ig. 5.54, B, C; FiS. 5.64, B, C, D).

Th'i s suggests that the t'ime of j ni ti al substrate avai I abi f ity

would not be a key factor in the pattern of development of the

sess'i1e guild at Rapìd Bay. The similarity of the development of the
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sessile guild on both groups of long term panels supports this

proposition. Furthermore comparison of the 'identity of recruits

between short term and long term panels suggests that CvLieia sp.

did not become the dominant spec'ies in the sessile guild at Rapìd

Bay as a result of a heavy period of recruitment after the pil-

ings were first drjven. As v'ras argued earl ier in this discus-

sion the'length of substrate immers'ion appears to be a critical

factor in the recruitment of c'uLicia sp.

Additionally casual observations suggest that CuLicia sp.

typìcaìly has very low levels of recruitment. During the four

J/ears that I have been diving at Rapìd Bay I have never seen any

evidence of a heavy spatfall of cuLieia sp. onto any piece of

substratum under or near the pier desp'ite the high abundance of

this species in the sessi'le guild. Further observations are re-

quired to rule out the possibility lhat CuLieia sp. has occass'ion-

al perìods of heavy recruitment that are often spaced more than

four years apart.

I have made casual observat'ions of the long tern panels in

both groups since April 1978 and CuLicía sp. has only slowly in-

creased its abundance. 0n the last visjt in August 1979 CvLicia

sp. did not occupy more than 40% of the space on any pane'I. 0b-

viously the new'ly settled colonies of cuLieia sp.were unable to

extend rapid'ly over the long term paneìs.

In summary, the evidence presented in thìs chapter and in

Chapter 3 suggests that CuLicia sp. has attajned high abundance

in the sessile guild at Rap'id Bay by a process of slow accumula-

tion permitted by'ìong life, resistance to overgrowth and resis-
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tance to larval invasion. This is similar to the conclusions

arrived at by Karlson (1978) to explain the hìgh abundance of

the colonial hydroid Hydractinia eehi.nata on pìer p'il ings at

Beaufort, North Carol 'i na.

The resul ts presented i n thì s Chapter al so demonstrate that

I aryal recnui tment p'lays an 'important rol e 'in the compet'itive

repertoire of GaLeoLaria spp" and bnyozoans at Rapìd Bay. Des-

p'ite theìr extremely'low abundance in the sessile guild on the

pìlings (Appendix Ib and Fig. 2.8 Sectjon 2.4.3.3) inspect'ion

of the transparencies of the long term panels indicated that

oyer a hundred larvae from both groups had recruited onto each

of the'long term panels during the fjrst three months of sub-

mergence. Additionally GaLeoLatia spp. and bryozoans attained

high colon'ization rates on the short term panels (Figs. 5.54,

5.64). These observations, the results of the experiments re-

ported in Chapter 4 and the assessment of competìtjve abiììty

reported'in Chapter 3 suggest that these groups have an "oppor-

tunistic" competitive strategy. 0pportunistic species have

"h'igh dispersibil ity, reduced 'long term competitive abif ity and

a propensity to occupy ephemeral or highly d'isturbed habitats"

(Vermeij 1979). Both bryozoans and C,aLeoLarLa spp. were poor

interference competitors and were unable to expìoit free space

by vegetative gnowth as well as most other spec"ies ìn both ses-

s'iìe guilds (Chapter 3). However the vagile larvae of both

groups rapidìy invaded unoccupied substratum in both sessr'le

guí'lds. Moreover C,aLeoLaria spp. and bnyozoans were more abun-

dant on substrata that had been recently cleared (i.e. a newly
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formed patch as in Chapter 4 or a newly submerged pane'l as in

this Chapter) than on substrata which had not been cleared for

many years (e.9. the pi'lings of Edithburgh and Rapìd Bay piers

see Chapter ?).
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TABLE 5.3 SpecÍes recorded on the long Lerm panels

Sponges
SPI ApLysiLLa ?osea Schulze
Sp2 ApLysiLLa suLphutea Schulze
SP20 lfucaLe sp.
SPß CaLLyspongia sp.
SP33 Sgcon sp.
SP7 Large orange sponge
SP5 Red encrusting sponge
SP4 Green encrusting sponge
SP54 Mauve spíky sponge
SP57 Cream lumpy sponge

CoIoniaI Tunícates
T13 BotryLLus schLosseri (PaIIas)
T11 BotryLLoides Leaehii (Savigny)
T20 BotryLLoides sp.
TI2 D\denmun patuLwn (Herdman)
T9 Didenmam sp.a
T1B Dddenmwn sp.b
T5 PodpeLaueLLa eyLíndríea (Quoy & Gaímard)
T19 PgenoeLaueLLa climinuta (Kott)
T25 Atapazoa fantasi.ana (Kott)
T31 PoLysyncraton orbieulwn KoLL
T23 Chestnut encrusting tunicate
T39 Opaque orange encrusting tunicate

Solitary Tunicates
T7 PhaLLusi,a depressiuseuLa (HeIIer)
T28 Cnetnidoeanpa etheridgíi (Herdman)

Bryozoans
81 CeLLepoz,aria fusea (Busk)

86 BifLustna perfragiLLis lTcGlLlivray
87 Mustard encrusting brYozoan
B0 "0ther bryozoans"

Cnídarians
J5 Cvlieia sp

Serpulids
T\13/ t+ GaLeoLaria spp.
T\tz FiLograma impLeæa Berkley

AIgae
414 Zornria augustata Paperfuzz
417 Rodymenia austraLis Harvey
CR "Coralline red algae"



TABTE 5.4

Ilonths after ímmersÍon
of panels: 3

Sample Sizes: 8,8

GaLeoLaria spp. NS(29)

Atapazoa fantasiana
Didenmtun sp . a

BotryLloides sp.

Py enoeLaueLLa diminuta

CeLLeporaria fusea
CeLLeporaria uaLLíg era

C eLL epo r.aria pi gnentaria'

Smittina raògìi
CtyptosuLa paLLasiana

Bi fLustra penfz'agíLLis

MusLard encrusting brYozoan
t'other bryozoan"

CuLi,eía sp.

Coralline red algae

Summary of resulLs of Mann-Whitney U-tests comparíng

species abundances between the two groups of long Lerm

panels. The value of the statistic "U" for each

comparison is listed in the Labl-e ín parenthesis. The

sample sizes for al-I comparisons a a given sample date

are given at the Èop of the Lable.

NS: no signifícant difference
O: abundance ín OcLober group significantly

greater than abundance in March group

M: abundance in March group significanLly
greater than abundance in October group

A significance level of .05 and a one tailed
Lest was used.

Species

TVt3 / 4

T25

T9

T20

T19

B1

B2

B3

BI+

B5

B6

87

BO

J5

CR

6

8,8

NS (27 . o)

NS (28.0)

o(12.0)

o (4. o)

NS (22. s )

o(12.0)
NS (28.0)

o(11.0)
NS(31.s)

o(8.0)
NS (32.0)

NS (24.0)

9

8,8

11(0)

NS (28.0)

o(4.0)
NS(31.s)

NS (24.0)

NS (29.0)

NS (28.0)

NS(24.0)

NS(2e.0)

NS (20.0)

NS (26.0)

NS(28.0)

NS(26.0)

18

4,9

M(1.0)

NS(ls.0)
0(3.s)

12 15

8,8 6,8

NS(16.s) M(o)

NS(ZS.s) NS(21.0)

NS(2s.0) NS(i8.0)

NS(31.0)

NS(28.0)

NS(28.0)

NS(24.0)

NS(30.0)

NS(27.0)

M(7.0)

NS(20.0)

NS (20.0)

NS(17.0)

NS (22.0)

NS(12"0)

NS (20.0)

NS(22.s)

NS(12.0)

M(6.0)

NS(r1.s)

NS (21.0)

NS(e.0)

NS(12.s)

o(2.s)
NS(12.0)

NS(1i.0)

NS(14.s)

NS(i"0)

0(0)

NS(B.o)

NS(12.0)

o(2.s)NS (14.0)



FIGIIRE 5.1 The design and dímensions of the

panels in the long term grouPs and

short term series
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FIGI]RE 5 .2 Change in percentage cover after the two

groups of long Lerm panels were subrnerged.

Graphs show mean (spot) and standard deviation
(Iine) of total live cover (0) and Lotal

dead cover (f) at three monthly inLervals.
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FIGI]RE 5.3 Bar diagrams showing the mean (bar) and

standard deviation (line) of percentage

cover for the following six phyletic
groups on both groups of long term panels

at three monthly intervals afLer submergence.

serpulids:. horlzontal stripes
bryozoans: spots

tunicates: open bars

sponges: solid bars

cnidarians: diagonal stripes
coralline red algae: vertical waves
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FIGURE 5.4 Bar diagrams showing the mean (bar) and

standard deviation (Iine) of percentage

cover for individual species on both

groups of long term Panels at three

monthly intervals after submergence.

The species corresponding to the code

numbers on the X axis are Iisted in
Table 5.3

A 3 months

B 6 months

C 9 months

D 12 months

E 15 months

F 18 months

G 21 months

H 24 months
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FIGURE 5.5 A

F]GURE 5.5 B

FIGURX 5.5 C

Bar diagram shorving the mean (bar) and standard

deviaLion (Iine) of the colonization rates
(no. colonisLs /7800cnz/60 days) of

serpulíds: horizontal strípes
tunicates: open bar

bryozoans: spots

on the short term panels for each two monthly

period of submergence

Graph showing the mean (spot) and standard deviatíon
(line) of the colonization rate (no. colonists/1800 cnzl

60 days) of BotryLLoides Leaehii (f) and BotryLLoides

sp. (0) on the short tern panels for each two monthly

perÍod of submergence

Graph showing the mean (spot) and standard

deviation (line) of the colonization rate
(no. colonists /t800cn2/60 days) of Dídemnum

sp.a on the short term panels for each

two monthly period of submergence.
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FIGI]RE 5.6 Graphs show the mean and standard deviation
of the colonízatíon rate (no. colonists/1800 cnz/

60 days) of the following individual species on

the short term panels for each two monthly period
of submergence

A. FiLogratna inrpLeæa (f)
Gq.LeoLaria eaespitosa (a)

GaLeoLaría histyíæ (0)

B. Smittina raigii (O)

Cz,yptosuLa paLLasíana (0)

C. BifLustra pez,fragiLLís (0)

CeLLeporaz,ia fusea (0)

D. "Other Bryozoans" (f)
CeLLepoz.aria oaLLigera (0)
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6.0 FUNCTIONAL ROLTS OF PREDATION AND CULTCTA SP. IN THE SESSILE
(JUILD AT RAPID BAY AND OF PREDATION IN THE SESSILE GUILD AT
ED ITHBURGH

6. I Introduction

As was pointed out jn Sectìon l.l of the'introductory chap-

ter predation may have a considerable effect on comnunity scruc-

tune but this effect will vary in degree and nature'in different

situations. Numerous experìmental investigat'ions have demon-

strated that predation'increases diversity ìn communities where

a dom'inant competitoris preyed upon in preference to other spe-

cies sharìng a I imited resource (see Sect'ion '1 .l ). Examp'les of

general jzed non-selective predation increasìng communìty diver-

sith (e.g. Dayton and Hessler 1972) are rare. However jt is

commonly recognìzed that non-selective predatìon can stabilize

competition between two spec'ies if the inferior competitor has

a higher reproductjve rate (Addicott 1974). Non-selective pre-

dation has also been shown to reduce commun'ity diversity (Day

1977). Addjtionally ìn sjtuations where predation is selec-

tive but not on the doninant conpetit'ion it has been shown to

decrease diversity (Glynn 1916, Lubchenco 1978).

When I first commenced my investìgat'ion of the sessile

guìlds at Rapid Bay and Edithburgh in late 1975 one of my pri-

mary concerns was to identify from amongst a very'large number

of possibilities those factons and processes whjch pìayed a sig-

nificant role in the structure of these gui'lds. Since predatìon

had been shown to be an important structuring agent in a variety

of sessile conmunities in the marine env'ironment at that t'ime

(Paìne 1966, 1969, 1971,.l974 Dayton 1971,1975'in the intertidal;
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Sutherland 1974, Porter 1972,1974 and Dayton et al . lgig'in

the subtidal ) it seemed probable that predat'ion would a'ìso play

a rol e 'in these two gui I ds .

I had also been ìmpressed during the first months of dìving

at Rapid Bay by the hìgh abundance of the stony coral CuLieia sp.

on the pi I i ngs ( see Photographs 6. I and 6.2) . Subject'ive impres-

sions then suggested that th'is specìes res'isted larval invasjon

and overgrowth by potentìaì competìtors keeping their abundance

extremely low.

Thìs chapter reports on tlo field experiments. The experi-

ment at Rapìd Bay was des'igned to evaluate the functjonal roles

of pnedators and an extremely abundant sessìle organism in ses-

si'le guild structure. The experiment at Edithburgh was designed

to eyal uate the functi onal rol e of predators i n sess i'l e gui'ì d

structure.

6.2 lt'lethods

6.2.1 Predator Exclusion and CuLieía sp. Removal Experiment at Rapid
Bay

6"?.1.1 Experimental Desìgn and Field Methods

Forty-eight rectangu'lar quadrats, 20cm x 30cm, were randomìy

allocated to pì1ings within the study area on the East arm of

the tee-head in the manner described jn Sectjon ?.4.2.1. They

were diy'ided into two groups of 24 quadrats each. A1'l co'lonies

of CuLieia sp.were cleared from the quadrats of one group at

the beginning of the experiment using a hammer and chisel. It
was extremely difficult to remove completely all of the skele-

tal port'ions of these col oni es f rorn the ori gi naì p'i ì 'i ng surf ace.
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Howeyelin all cases all the live portions of the colonies and

at least .Scm of the underìaying skeletal structure were remoyed.

Any regrowth of ctLLi.cia sp. hack into these quadrats was remoyed

after the quadrats had been photographed on subsequent samplìng

dates. Each of these two groups were divided 'into three groups

of eight quadrats each representing the following thnee treat-

nents.

l) exclusion quadrats; predators were excluded from the quadrat

by enclosing it in a plastic mesh cage.

2) control quadrats; quadrats were partìa'lly enc'ìosed i n pl astìc

mesh but predators stì I I had access to the quadrat

3) uncaged quadrats; no further manipulatìon of the quadrat.

If it can be assumed that the experimental side effects due to

the presence of the plastic mesh were the sane for the exclusion

and control quadrats then differences in the composìtion of the

quadrats between these three treatments arising during the course

of the experiment could be attributed either to the absence of

predat'ion (comparison of exclusion and control quadrats) or the

presence of the mesh (comparison of control quadrats and uncaged

quadrats). This assumption is partiaì'ìy tested by the water

flow experiment detailed in Section 6.2.1.3 and is considered

further in the discussion, Sect'ion 6.4.

In each group of ejght, two quadrats were allocated to face l,
face 2, face 3 and face 4 of the pil'ings respect'ive1y. The de-

sign of th'is experiment is summarjzed in Table 6.1. There is a

total of s'ix separate treatments with eight replicates for each

treatment.
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TABLE 6.1 Design and sampling schedule of the predator
exclusion and CuLi.cia sp. removal experiment

at Rapid Bay

Uncaged
quadrats

Control
quadrats

ExcIus ion
quadrats

CuLi,cia sp
removed

CuLieia sp.
not removed

8 replicates B replicates 8 replicaLes

8 replicates 8 replicates 8 replicates

Sample dates : 29/03/76, 28/07 /16, 13/7I/76,
ro/03/77, 29/09/77, 13/04178

The exclusion and control cages were constructed of t4 x 14

inch black plastic mesh (plastic diameter = I /16 lnch. ) This

material d'id not corrode and was therefore more suitable for a

long term field experjment in the marine envjronment than gal-

vanized w'ire which corroded after about l0-12 nonths. It was

also relatively inexpensive and did not tear easi'ly. The nesh

size \^/as sufficient to excl ude al'l potentiaì predators 'inc'lud'ing

the smaller species of nudi,branchs which could penetrate the

next larger s'ized mesh (4 x >, inch) .

The des'ign of the cages is illustrated in Figure 6.1. The

top and bottom ends of the control cages were left open to allow

crawling and swimming predators free access to the quadrat. Cas-

ual obseryations during dives suggested that the fish, crabs,

molluscs and echinoderms seen on and around the pÍlings were
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were able to move in and out of these control cages without any

trouble. Each cage had a rectangular metal frane which was

hìnged to metal straps that were bolted around the p'iìings

(F'ig. 6.1). A latch at the top of each cage connecting the

metal frame with the upper metal strap held the cage closed over

the quadrat (F'ig. 6..l). A quadrat could be exposed for photo-

graphs by undoing the latch and swinging the cage back on jts

hinges lìke a door. The bottom side of each cage was approxì-

mately one metre above the ocean floor.

The cages were consìderably larger than the actual quadrats

and enclosed rectangular sect'ions of p'i'ling approx'imately 40cn x

60cm in dimension on all faces (rig. 6..] ). Each quadrat was

central ly located 'in this area and thus its centre was pos'ition-

ed approx'irnately 
.l.3 metres above the ocean floor. Uncaged quad-

rats were pos'it'ioned at the same heìght.

The experjment was begun in March 1976 and lasted for two

years until Aprì1 1978. Quadrats were photographed (for details

of method see Section 2. 2. ) and cleared of cuLieüa.sp.at ap-

proximately four monthly intervals for the first year and at ap-

proximate'ly s'ix monthly interval s for the second year. The exact

sampl'ing schedule may be found in Table 6.I.

0n each sampling vÍsit the mesh of the cages was cleaned

inside and out with a knife and a stiff brush to prevent a bui'ld

up of f oul i ng organ'isms. Records were kept of predators wh'ich

managed to find their way onto exclusjon quadrats and any s'ignì-

fjcant effects they were thought to have caused were noted. Cas-

ual obseryations were made on predator-prey interactions in the
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und'isturbed sessìle guild and are reported in Section 6.3.2.5 of

the resul ts.

6.2..1 .2 Calculations and Anal.ysis

The mean and standard deviation of species nu¡nher and of

percentage cover for each specìes was calculated on each sample

date for all s'ix experimental treatments. The percentage cover

data for the last two sampìe dates common to all sjx experimen-

tal treatments i s I i sted 'in Appendix Va.

The mean and standard devjation of percentage cover was plot-

ted aga'ìnst time for

I ) Species whose abundance differed sìgnificantly betrveen experi-

mental treatments

2) Al I so1 itany tunicate species

3) CtLLíeia sp.

4) Unoccupí ed substratum

5) All spec'ies together excluding cuLieia sp. (total coyer

ninus CuLicia sp")

6) Each of the follow'ing phyletic groups.

a) sponges

b) bryozoans

c) col onial tunicates

d) sol i tary tuni cates

The mean and standard deyiation of specìes number was also plot-

ted against time.

S'ince thìs experjment had a 2x3 factorial des'ign (Cochran

and Cox 1957) it was particularly desirable that the data be
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analysed using a two-way ANOV so that ìnteraction between the

two fixed factors (cuLicia sp. removal and caging) could be

identified. As a result of the extreme patchiness in the dis-

tribution of species in relation to quadrat size the percentage

cover data d'isplayed a most unusual d'istribution (note ìarge

standard deviations in Appendix Va). Attempts to norma'l'ize it

using, for examp'le, the arcsine transformation (see Zar 1974

pp l85-l85) were not successful. Additìonally the variances of

these data were heteroscedastic more often than not, â Situation

whi ch was not marked'ly improved i n the trial transformat'ions.

Since two bas'ic requirements of parametric ANQV, that js homo-

scedastricity and normality, were not met I had to resort to non-

parametric methods.

A Kruskal-l^Jallis one-way ANOV (S'iegel 1956) was used to test

whether the percentage cover of a g'iven spec'ies or species group

was homogenous between caging treatments within either the CuLieia

sp. remoyed or CuLíeia sp.not removed groups. If that test show-

ed heterogeneìty a nonparametric multìpìe comparisons test (Zar

1974 pp. 156-157) was used to'identify sign'ificant differences

between pa'irs of the three caging treatments. I{ann-l^lhitney U-

tests were used to identify significant differences ìn the per-

centage cover between the CuLicia sp. removed and CVLieia sp. not

removed treatments w'ithin each of the three cagìng treatments.

Th i s serì es of compari sons permi tted i denti f i cati on of i nterac-

t'ions between the two treatment factors, cag'ing and CuLieia sp.

removal, as well as indivìdual factor effects.

Al I preced'i ng stat"i s ti cal anaì yses were carri ed out on the
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last tv¿o sample dates only. The September 1977 sample date, 1B

months after the cormencement of the experìment, represented the

case where the annual tunicates were l'ike'ly to be ìn greatest

abundance just before their surm¡er senescence. 0n the next

sample date, April 1978, the new'ly settled colonjes of these

tunicates would have had on'ly a short t'ime to grow and there-

fore would be in relatively low abundance at this t'ime. There-

fore any seasonai interaction with either treatment could be iden-

tified by this choice of sample dates.

Unlike the percentage cover data the species number data

approached normality and variances did not deviate significantìy

from homoscedasticìty. Parametric two-way AN0V (Zar 1974) was

used to test for treatment interactions and effects on the last

three sampl e dates.

6.?.1 .3 l^later Flow Measurements

S'ince the diameter of the p'lastic of the plastic mesh was a

quarter the length of the open squares of the mesh it was high'ly

likely that water flow would be decreased on caged quadrats com-

pared to uncaged quadrats. Providing the control cages restric-

ted water flow as much as the exclusion cages changes in species

abundances due to this factor would be the same jn both types of

cages. To test this assumption and also to establ'ish whether

the plastìc mesh in both fouled and unfouled condit'ions sìgnifi-

cantly restricted the flow of water over the quadrats the follow-

ìng experiment was set up.

A modified version of the plaster of Paris cJod method (Muus
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1967, Doty l97l) was used to measure water flow oyer a quadrat.

Plaster of Paris bjocks were made ìn p'lastic ice cube trays us-

'ing 'ì ,0009 of pìaster per l'itre of water. These b'ìocks were al-

lowed to dny in aìr for one month. They were individually weigh-

ed and then arranged end to end ìnto rectangu'ìar "bags" construc-

ted of r" x % ìnch p]astic mesh as 'illustrated in Figure 6.2.

There were 24 bags contain'ing f ive blocks each. The bags were

divided into four groups of four bags and one group of e'ight

bags. Each group of four bags was then allocated to one of the

fol I owi ng four treatments

I ) quadrats in fouled exclusion cages.

2) quadrats in unfouled exclusion cages.

3) quadrats i n foul ed contro'l cages.

4) quadrats in unfouled control cages. Cages were designated

as fouled if at least 25% of the mesh surface was covered by

sessile organ'isms. Unfouled cages were completely free of ses-

s'ile organisms. Qne bag 'in each group was allocated to face l,

face 2, face 3 and face 4 of the p'ilings respective'ly. The bags

'in the group of eight were allocated to uncaged quadrats. Two

bags were al I ocated to each of face I , face 2, face 3 and face 4

respective'ly.

The quadrats for this experiment were random'ly chosen from

those used in the predator Ð(clusion and CuLieia sp. removal ex-

periment. Each bag was attached to the upperrnost netaì strap

above the appropriate quadrat with a piece of wire (fig. 6.1)

so that it hung paralìe1 to and iust above the piling surface

across the centre of the quadrat.
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Each bag was submerged for a period of 24 hours from approx'i-

mately mìdday on 3/1/79 to midday 4/1/79. After the bags were

collected they were rinsed in fresh water and allowed to air dry

for one month. The blocks were then removed and reweighed.

For plaster blocks of the same weight and size whìch have

been submerged'in water of the same temperature for the same

length of time weìght loss is directly proportional to overall

rn¡ater movement (Muus 1967, Doty l97l ). There was some variab'iì'ity

in the initial weight of the 24 groups of five blocks (mean =

94.579, S.D. = 1.625). In order to minjm'ize bias in weight loss

associated with d'iffenences in injt'ial weìght of a group I ex-

pressed weight loss as a percentage of init'ial weight.

The data from the four groups of four bags were analysed'in

terms of two fixed factors (cage des'ign, fouling) using a para-

metric two-way ANOV. Student's t-test (Zar 1974) was used to

compare percentage weight loss between quadrats in fouled cages

and uncaged quadrats and between quadrats in unfouled cages and

uncaged quadrats.

6.2.2 Predator Excl us'ion Expe riment at Edithburqh

6 "2.?.1 Experimental Des"ign and F'ieìd Methods

Ten, 20cm x 30cm quadrats were randomly allocated to p'ilings

withjn the study area us'ing the method described in Secti on 2.4.2.1 .

They were divided into two groups of five quadrats each represent'ing

the following two treatments which were described in Section 6.2.1.1

I ) excl usion quadrats

?) control quadrats.
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Additionally five quadrats were random'ly selected from the l6

permanent quadrats to represent the third treatment: uncaged

quadrats.

The design of thìs experiment ìs summarized in Table 6.2.

There is a total of three separate treatments and five rep'li-

cates in each treatment.

TABIE 6.2 Design and sampling schedule of the predator

exclusion experiment at Edithburgh

Uncaged
quadrats

Control
quadrats

Exclus ion
quadrats

5 replicaLes 5 replicaLes 5 replicates

Sample DaLes : 74/03/76, 20/06/76, 26109/76, 081I2/76,

rB/03/17 , 17/06/77 , 24/09177 , 28/72/77 ,

14/ 03 /7 8

The experiment began in March 1976 and all quadrats were photo-

graphed (for details of method see Secti on ?" 2. ) at approx'i-

mately three monthly intervals until December 1977. The exclu-

sion and control quadrats were photographed again afÈer this in

March 1978. The exact samp'ì 'i ng schedu'ìe may be f ound 'i n Tabl e

6 "2.

The exclus"ion and control cages were constructed of the same

plastic mesh and r{,ere of the same basic design as those cages

used in the Rap'id Bay experiment (see Fjg. 6"3). However they

were smaller in size and enclosed rectangular areas of approxi-

mately 40cm x 30cm on the pil'ings. Quadnats were centralìy loca-

ted in this area. The vertical he'ight of the centre of each
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ranged between one and two netres and corresponded to the height

of the d'iver on arrival at the p'iling when the cages were first

i nstal I ed. Cages urere attached to the pi ì ì ngs usi ng nai I s and

were removed and reattached each t'ime a photograph was taken.

0n each visit cages were cleaned and casual observations

were made on predators in prec'isely the same l¡/ay as at Rapid Bay

(see Sect'ion 6.2.1.1). Casual observat'ions on predator prey in-

teractions are reported in Section 6.3.3.2 of the results.

6.2.2.? Cal cul ati ons and Anal vsi s

The mean and standard deviatìon of species number and of per-

centage cover for each specìeS t{as calculated on each Sample date

for al I three experimental treatments. The pencentage cover data

for the last two samp'le dates cofirnon to all three experìmental

treatments is listed in Appendix Vb.

The mean and standard deviation of percentage cover was p'lot-

ted agaìnst time for

I ) Spec'ies whose abundance differed significantly between

experimentaì treatments

2) All solitary tunicate sPecies

3) All species together (Total cover)

4) Each of the fol'lowì ng phy'let'ic groups

a ) sponges

b) colonial tunicates

c ) so'l i tary tun i cates

d) bryozoans.

The mean and standard deviation of spec'ies number was also p'lot-

ted against time.
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The percentage cover data could not be analysed using para-

metric ANOV for the reasons outlined in Sect'ion 6.?.1 .2 and the

non-paramet'ic methods used to analyze the Rap'id Bay data were

employed here. These tests were carried out for the September

1977 and December 1977 sample dates. As was expìained in Sec-

tion 6.2.1 .? this choice of sanp'le dates would allow ident'ifica-

tion of a possible treatment x season interaction associated

with the seasonal fluctuations in abundance of the annual tun'i-

cates.

The data of species number were analysed us'ing parametric

one-way ANOV (Zar 1974) on the last four sample dates common to

al I treatments.

6.3 Resul ts

6.3.1 Note on Interpretation of Results

Before eyaluatjng the results of these experiments I would

l'ike to point out that the 'initial composìtion of the quadrats

(number of spec'ies, abundances of spec'ies and i dentity of spe-

cies) was extremely variable w'ithin and between experimental

treatments (see Appendices Va, b and Figs. 6.4,6"5, 6.6 and

6.7). Th'is was due ma'in'ly to the snal'l quadrat size'in rela-

tion to the uneyen distribution of species on the pilìngs'in

both sess'ile guilds. The small number of quadrats used'in each

treatment contributed to the variab'if ity between tneatn¡ents.

This faci severe'ly hampered the identíficatjon of experimenta'l

effects and side effects and onìy the most obvious trends could

be eval uated unambiguously.
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In addjtion to this I had to perform a very'large number of

'individual statistical tests (see Appendix vc) which meant that

there was a high probability of obtaining a sìgnificant result

jn the absence of a real experimentaì effect. In order to estab-

lish whether an experinental effect had caused the abundance of

a spec'ies or the nunber of species to differ signìficantly be-

tween experìmenta'l treatnents i have revìewed the effects of the

treatnents suggested by the results of the statistical tests in

respect to the changes'in the spec'ies abundance or in the number

of species over time in the different experimental groups. This

has been done by visual appraisal of graphs. Any other inciden-

tal observations which I felt had some bearing on the results

are al so included.

6.3.2 Predator Exclusion and cuLi . Renoval Ex rinent ateLa. s

ap AV

6.3.2.1 Repl'icate Reduction

During the two year per"iod of this experiment a number of

exclusion and control cages were lost due to the comb'ined effects

of rough weather and snagging by fishing ì'ines. The sequence of

cage'ìoss is summarized in Table 6.3. Because of this and also

to facilitate statistical ana'lysis I have reduced the replicate

numbe¡in each treatment to four. One quadrat in each treatment

came from one of each of the four pil'ing faces. These quadrats

were chosen at random from those rema'ining in the expefiment on

the I ast samp'le date. Al I rneans and standard deyiations present-

ed in th'is section are thus based on a sampìe size of four.
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TABLE 6.3 Cage Loss at Rapid Bay

Number of cages remaining intact

Date

29/03/76

28/01 /76
13/71/76

70/03/77

29 / 0e /77
t3/04/78

CuLieia sp. not removed

Exclusion ConLroI

CuLieia sp. removed

ExclusÍon Control

6.3.2.2 Speci es Number

0n the March ì977 sample date approximate'ly one year after

the experiment began there was no significant difference in

spec'ies numbers between treatments (Table 6.4). Six months la-

ter on the September 1977 sample date spec'ies number was s'igni-

ficantly higher on quadrats cleared of CuLícia sp. than on

those that were not (Table 6.4 and Fì9. 6.4 A)" There l^ras no

evidence of a caging X cuLíeia sp. removal interactjon (Table

6.4). 0n the last sample date, April 1978, there was s'ignifj-

cant heterogeneity in species number between caging treatments.

Since there was no ìonger a sign'ificant difference between CuLi-

eia Sp. removal treatments and there uras no ev'idence of a caging

X removal interaction (faUle 6.4) pairwise comparìsons were per-

formed between caging treatments on data pooled fron the two re-

moval treatments (lable 6.5). Specìes number was signifjcantly

greater on exclusion quadrats than on control and uncaged quad-

rats (Tabl e 6" 5 and Fì9. 6"44) . There was no siEnifìcant differ-
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ence in species number between control quadrats and uncaged quad-

rats whìch suggests that an absence of predators has resulted jn

increased specìes number.

F'igure 6.44 indicates that there r^/as not a clearly defined

trend towards increasing species numbers on quadrats cleared of

cuLieia sp. Therefore desp'ite the sìgnificant result on Septem-

ber 1977 I conclude that remova'ì of Culicid sp. jn this experi-

ment did not increase species number. Additional'ly there was

not a consistent'increase in the mean of species number in the

exclusjon tneatment (Fig. 6.44) a'lthough in the ìast year of

the experiment the djfference in the mean species number between

exclusion and control treatments and exclusion and uncaged treat-

ments clearly incneased g'ivr'ng rìse to a signifjcant difference"

These data suggest but do not clearly demonstrate that an ab-

sence of predators increased the number of specìes.

6.3.2.3 Species Abundances

V'isual appraisa'l of Figures 6.4C, D, E, F suggests that the

mean abundance of only one phyletic group, the bryozoans, was in-

creased by the removal of cuLieía sp. During the experiment the

mean abundance of bryozoans increased in all three cagìng treat-

ments in which cuLieùa sp. was removed compared to a barely per-

ceptibìe change in the mean abundance in the treatments where

Culicia sp. was not removed (Fjg. 6.4F). However only one of

the pairwise conparisons between removal treatments for each

cag'ing treatment 'in September I 977 and Apri ì I978 was si gni fi -

cant (Table 6.6). Bryozoans were more abundant in th.e exclu-
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sion/cuL¿cia sp. renoved treatment than in the exclusion/cuLieía

sp. not removed treatment jn April l97B (faUle 6.6 Fjg. 6.4F).

Observat'ions made on individual quadrats fnom which CuLicia sp.

had been removed ind'icated that bryozoans settled on the remains

of the CuLíeia sp. skeleton and often formed encrusting colonies

up to 25cn2 in anea. This rarely occurred on quadrats where

CuLicía sp. was not remoyed. Although the data presented are

inconclusive they suggest that CuLi-eia sp. decreases the abun-

dance of bryozoans in thjs sessile guild. None of the comparì-

sons between removal treatments were signìficant for individual

bryozoan species (Appendix Vc).

Colonial tun'icates were s'ignificantly more abundant on quad-

rats from which CuLícia sp. had been removed than on quadrats on

which CuLíeia sp. had been left in the uncaged treatments on Ap-

ríl 1978 sample date (Table 6.5 F'ig. 6.40). However Figure 6.4D

shows that the nean abundance of colonial tunicates in the un-

caged/cuLicia sp. removed treatment was at least twice that in

the uncaged/CuLieia sp. not removed treatment on every sample

date during the experiment. Furthernore the value of the differ-

ence between those means decreased rather than the opposite 'in

the last six months of the exper"iments. This provìdes no support

at all for the proposition that the abundance of colonial tuni-

cates increased in the absence of Culieiø sp.on uncaged quadrats.

The mean abundances of this group'in exclusjon and control tneat-

ments did not show any consistent changes oyer t'ime t,hat suggest-

ed a removal tneatment effect of any sort (Fìg. 6.4D). S'ince

there was no significant difference ìn the abundance of colonìal
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tunicates between femOyal treatments in either exclusion or con-

trol treatments on the last two sampìe dates (Table 6.6) I

concl ude that CuLieia sp. removal had no d'iscern'ibl e effect on

the abundance of this phyletic group.

There was no sìgnificant difference ìn the abundance of the

other two phyletic aroups sponges and solìtary tun'icates, and

the total cover minus CuLLcia sp. group between removal treat-

ments in any cage treatment on the last two sarnple dates (Rppen-

dix Vc). Add'itionaì'ly 'inspection of F'igures 6.48, 6.4C and 6.4E

indìcate that there u/as no trend of increasìng or decreas'ing mean

abundances associated with removal treatments for any of these

three groups during the two year period of the experjment.

|{ith the exception of CuLicía sp. and GaLeoLania spp. the

abundance of all individual spec'ies did not differ sìgnificantly

between removal treatments on the last two sarnple dates (Appen-

dix Vc).

In the exclusjon treatment in September 1977 GaLeoLaria Spp.

were sìgn'ificantly more abundant on quadrats from which CuLieia

sp. had been removed than on quadrats on whi ch CUL¿eiq sp. had

been left (Table 6.6, Fig. 6.5J). Inspection of Figure 6.5J sug-

gests that GaLeoLaria spp. increased in abundance in all cag'ing

treatments from which CuLíei,a sp. had been removed in the first

year of the experiment and maintained higher abundances in these

treatments than jn the caging treatments u/here Cvlicia sp. had

not been remoyed for the foìlowing year. llrlith the exceptìon of

the first sample date the mean abundance of GaLeoLarLa spp. in

the CuLícía sp. removed treatment was at least twice that of
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GaleoLarLa spp. in the CULíeía sp. not removed treatment for all

caging tneatments (fjg. 6.5J). In most cases it was consìderabìy

more. This suggests, despite the lack of signìficant stat'istjcs,

that CuLieia sp. decreases the abundance of GaLeoLaria spp. in

this sessìle gui1d.

hJjthout further qualification these results suggest lhat Cu-

Licia sp. had little effect on the number of specìes and the abun-

dances of most species in the sess'i1e guild at Rapìd Bay. However

for the following reasons I think th'is conclusion ìs unjustified.

CuLici,a sp. grew back into the quadrats fron whjch it was

periodìca1'ly remoyed remarkabl.y rapidìy so that on each v'isit a

substantial area of the quadrats had to be recleared (see F'ig.

6.4G). This reduced the effectiveness of the CuLieia sp. remoyed

treatment since few quadrats remained free of this spec'ies between

samp'le dates. Statistical comparìson of the abundance of CuLùeùa

sp. between removal treatments indicated that CuLicia sp. was not

necessariìy signìficantly more abundant in the CuLieia sp. not re-

moved treatment in every caging treatment on the last two sample

dates (Table 6.6).

Additionally ìt is possible that the artificially sheared cu-

Lieia sp. skeleton was an unsuitable substraü¿rnfor invasion by the

colonists of many spec'ies in the sessile guild due to the release

of some i nhibi tory substance duri ng the cl eari ng process. Al so

colonies of other spec'ies bestde CuLieda sp. were occasiona'lìy

damaged or dis'lodged from a quadrat while CuLieia sp. was being

removed. It is noteworthy that the total cover minus CuLieia sp.

group did not increase in abundance during the experimenta'l perìod
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in the cuLieia sp. removed treatment (fig. 6.48, Appendix Vc) al-

though on the majority of sample dates during the experiment over

10% of the substratum was unoccupied in al1 caging treatments in

thi s removal tneatment ( fi g. 6. 4H ) .

Accordingìy I conclude that I have not adequate'ly tested the

functjonal role of CuLícia sp. by this experiment.

Only one phyletic group, the soììtary tun'icates, showed an

obvious change in abundance associated wìth caging treatments

(Fig. 6.4E). During the experiments the mean abundance of solj-

tary tunicates increased from .8% and 4"20% to 'l5.29% and 18.59%

i n the excl us'i on/cuLieia sp. not removed and excl us ton/CuL'Lcía

sp. removed treaùments respective'ly (FìS. 6.4E). The mean abun-

dance of this group was less than 2.6% on all samp'le dates 'in the

remainìng four treatments and there was no trend of increasing

abundance duri ng the experimental period (Fi g. 6.4E) . So'l i tary

tunicates were sìgnificantly more abundant on exclusion quadrats

than on control or uncaged quadrats'in the CuLieía sp. not removed

treatments in September 1977 and in both removal treatments in

April 1978 (fa¡les 6.7 and 6.8). There was no significant dif-

ference in the abundance of solitary tunicates between control

and uncaged quadrats in either removal treatments on both sampìe

dates (Table 6.8). These results indicate that the abundance of

th'is group of species is kept low in the sessjle gu'ild at Rap'id

Bay by predat'icn.

Five species of solìtary tunicates were recorded in the exclu-

sion quadrats of th'is experiment. Three of these, (Tl0) eoLycarpa

peduncuLata Heller, (f?) ascidia genrnaúa Sluiter and (T7) ehaLLusia
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depressiuseuLa (Heller) were not included as members of this ses-

sìle guild in Sectjon 2.3. The two other species (T40) Aseidia

thonpsoni and (T2B) CvtemLdocarpa ethez'idgii were included as

members of the sessile guild in Sect'ion 2.3. Fìgures 6.5E, F,

G, H, I show the changes jn mean abundances of each of these spe-

cies for all sìx treatments during the experiment. Considered

i nd j v'idual I y the trend of i ncreas'i ng abundance 'i n the excl us'ion

quadrats is not as convincìng as it was for the group as a whole.

(compare Fig. 6.4E with Figs. 6.5E, F, G, H, I). Nevertheless

the mean abundances of all these species'incfeased to a maximun

on the ìast sample date in exclus'ion quadrats in at least one

removal treatment whereas mean abundances in contfol and encaged

quadrats did not show similar increases. There was one exception

to this (fig. 6.5I). The mean abundance of Cnemidocarpa ethenùdgii

steadily ìncreased in the control /CuLieia sp. not remoyed treatment.

Howeverinspectìon of the transparencies revealed that this was

due to the growth of one individual present in one of the quad-

rats at the beginning of the experìment. In the exclus'ion treat-

ments the increase was due to an increase in the number of sur-

viving recruits.

hJjth the exception of Aseidia gernnata and phaLLusia depres'

síuscuLa there was no sì9n'ificant heterogene'ity between caging

treatments on the last two sample dates in the abundance of in-

div jdual species of so'litary tunicates (Tabl e 6.7, Appendix Vc).

Additìonally the multip'le comparìsons test indicated that there

was no sign'ificant difference in the abundances of either Aseidia

gerrunata and phaLlusia depressiuseuLø between cagìng treatments

on the occasi ons where the Kruskal -l,Jal I i s ANOV had 'indi cated
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that there was sign'ifjcanthetercgeneìty between caging treat-

ments (fa¡le 6.8). Thus there is only weak eyidence, provìded

b,v inspection of graphs, that the abundance of each individual

so'ìitary tun'icate ìs kept low 'in the sessile guìld at Rapid Bay

by predation.

There was no significant heterogene'ity in the abundances of

the three other phyletìc groups, Sponges, colonial tunicates and

bryozoans, between caging treatments in either removal treatment

on the last two sample dates (Appendix Vc). This indjcates as

does v.isual appraisaì of Figures 6.4C, 6.4D and 6.4F that the

abundances of these groups were not affected by any of the cag'ing

treatments. Howevef the abundances of two Sponge spec'ies, two

colonial tunicate SpecieS, CuLi.cia sp. and GaLeolaz'ía Spp. Were

s'ignifjcantly heterogenous between cagìng treatments on at least

one of the last two samp'le dates jn one or the other of the two

removal treatments (Table 6.7).

ApLysiLLa yosea waS signìficantly more abundant on uncaged

quadrats than exclusion quadrats "in September 1977 in the CuLicia

sp. not remoyed treatment (ta¡le 6.8 F'ig. 6.54). There was no

significant difference between exclusion and control quadrats

and between control and uncaged quadratS. This result suggests

that a combìnation of the experimental side effects of enclosing

a quadrat wjth mesh and the absence of predators reduced the abun-

dance of thjs specìeS on exclusìon quadrats. However Figure 6"54

gìves no support for such an ìnterpretation of the results of

the statistical tests. Clearly the difference ìn mean abundance

of lplysiLLa y,osea between the uncaged/CuLiei-a sp. not removed
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treatment and the excluston/CuLieia sp. not removed treatment

lvas less in the second year of the experiment than in the first
(Fig. 6.54). This suggests that the significant difference be-

tween uncaged and exclusion quadrats was due to 'initial sampl'ing

bias. Add'itjonally the multiple comparisons test indicated that

there was no significant difference in the abundance of ApLysiLLa

z¿osea. in April 7978 between caging treatments in the CuLieia sp.

not removed treatment (Table 6.8) a'lthough the KruSkal-Wallis

ANOV had indicated that there was s'ignìficant heterogeneìty

between cag'ing treatments on that occasion (faUl e 6.7). Thus

i conclude that the cag'ing treatments had no real effect on

the abundance of th'is species and the significance of the

stat'ist'ical tests is not indicative of an experimental effect.

ApLysiLLa suLphunea was s'ign'ificantly more abundant in the

exclusion/CuLieia sp. not removed treatment cornpared to the con-

trol/CuLieia sp. not removed and uncaged/CtLTieia sp. not removed

treatments in September 1977 (Tabl e 6.7, 6.8). There h,as no s'ignj-

ficant difference between the control and uncaged treatments sug-

gesting that an absence of predators had increased the abundance

of this spec'ies. However the mean abundance of lpLysiLLa suL-

phtwea did not show a steady increase in the exclusion/CuLieia

sp. not removed treatment during the experiment and it was ac-

tua1ly a little lower on the last sample rdate compared to the

first (FiS. 6.58). This indicates, that ApLysiLLa suLphtvea

did not increase its abundance in the absence of predators.

S'ince the mean abundance of this spec'ies showed barely percept'ib1e

f'luctuations over time in the uncaged/CuLieùa sp. not nemoved

-156-



treatment (Fig. 6.58)'it is unlikely that an absence of predators

prevented a decrease in species abundance. These observations

and the fact that the abundance of ApLysiLLa suLphttrea was not

heterogenous between caging tneatments in April .l978 in both

CuLieia sp. removal treatments (Tabl e 6.7 ) strongly suggests

that predators do not reduce the abundance of ApLysiLLa suLphunea.

The abundances of both BotrylLus sehLossez'i and Atapazoa

fantasíana were s'ign'ificantly heterogenous between caging treat-

ments in September 1977 in the CuLiei,a sp. removed treatment

(Tabl e 6.7). Howeyer the multìple comparisons test indica-

ted that there were no s'ignif icant d'ifferences in the abundances

of either species between caging treatments on these occasions

(Tabl e 6.8).

Figures 6.5C and 6.5D show that the mean abundances of both

these species are at'least twice as great on the last two sample

dates as on the preced'ing four sampìe dates in the uncaged/CuLi-

eia sp. removed treatment. No such increase 'in mean abundances

occurs in the exclusion/CuLicia sp. removed and control/CtLLíeia

sp. removed treatments for either species although for the fjrst
year of the experiment the mean abundances of each of these spe-

cies are s'imilar in all three cag'ing treatments in the CuLíci,a

sp. removed treatment (Fig, 6.5C, D). These observations suggest

that the presence of mesh around a quadrat decreased the abundance

of these two species in the CuLì,eí-a sp. removed treatment. It is

worth noting that the mean abundances of both species remain uni-

formly'ìow in alì cagìng treatments ìn the CuLieia sp. not removed

treatment during the last year of the experìment (Fig. 6"5C, D).
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This suggests that there are interactions between cagìng and re-

moval treatments. One interpretatìon is that both the presence

of cuLiei,c sp. and the presence of mesh inhibits the abundance

of these two spec'ies. However no definjtive conclusions can be

made because there are no sìgnìficant statistics supporting the

precedi ng proposal s.

The abundance of GaLeoLaviø sPP. was heterogenous among cag-

ing treatments 'in the cuLie'La sp. removed treatment ìn September

1977 (fa¡le 6.7). Although there was no s'ignificant difference

in the abundance of th'is spec'ies gnoup between exclusion and con-

trol treatments and between control and uncaged treatments 'its

abundance in the exclusion treatment was significantly greater

than in the uncaged treatment (fa¡le 6.8). Figure 6.5J shows

that the mean abundance of C'aLeoLaria spp. was greater in the

exclusion/CuLicia sp. removed treatment than the control /Culieia

sp. removed and uncaged/cuLíeid sp. removed treatments during

the last year of the experiment. Similar'ly the mean abundance

of this group in the control /cuLieia sp. removed treatment was

greater than that jn the uncaged/CuLieia sp. removed treatment

during the last year of the experiment (Fig. 6.5J). It is pos-

sible that both the absence of predatons and the presence of

mesh around a quadrat increased the abundance of GaLeoLari.a spp.

on quadrats from which cuLieia sp. uJas removed but only when these

two factors are'in combinatjon'is the effect great enough for a

significant difference to be detected. However there is little
evidence for this hypothesìs in the absence of more convincing

data and stat'istical tests.
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The abundance of GaLeoLa!ía spp. was not sign'ificantly

heterogenous between caging treatnents in the CuLicia sp. not

removed treatment on the last two sample dates (Table 6.7). Al-

so the mean abundance of GaLeolarLa spp. vúas always less than

.15% in all cagïng treatments in the cuLicía SP.not removed

treatment on all sample dates (Fig. 6.5J), It appears, there-

fore, that the abundance of GaLeoLaria spp. may only be respon-

sive to caging treatments in the absence of CuLieia sp.

The abundance of CuLicia sp. was heterogenous among cagìng

treatments on the Apriì 1978 sample date in the Cttlíeia sp. re-

moved treatment (fa¡l e 6.7). However the multiple comparisons

test indicated that there was no signìficant difference in the

abundance of this specìes between cag'ing treatments on this oc-

casion (Table 6.8). Inspection of F'igure 6.4G suggests that

the mean abundance of CuLieùa sp. decreased more in the exclu-

sion/CuLieia sp. removed treatment than in the control /CttLieia

sp. removed treatment or the uncaged/cuLíeia sp. removed treat-

ment during the experiment. Additionally the mean abundance of

CuLieia sp. decreased in the exclusion/CuTieia sp. not removed

treatment but it did not decrease in the control/cvLíeia sp. not

removed or the uncaged/cuLicia sp. not removed treatments (Fig.

6.4G). These observations suggest that the abundance of cuLiei'a

sp. decreased in the absence of predators but the results of the

statistical tests (faUles 6.7 and 6.8) g'ive very little support

to thìs hypothesis.

6.3"2.4 Water Flow Measurements

t¡Jater flow dìd not differ s'ignìficantly between exclus'ion
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quadrats and control quadrats (Table 6.9) but fouled mesh re-

stricted water flow to a greater extent than unfouled mesh

(Table 6"9 and 6.10). There was no evidence of an interaction

between foul'ing and caging (Table 6.9) inaicat'ing that foul ing

restricts water movement over exclus'ion quadrats and control

quadrats equai ìy.

Data from exclusion quadr ats and control quadrats were poo'led

to give one group of weight loss data for quadrats enclosed by

unfouled mesh and one for quadrats enclosed by fouled mesh.

Each of these groups was then statistically compared to the

weight loss data from uncaged quadrats. There was no signìficant

difference in water movement across uncaged quadrats compared to

quadrats encjosed in unfouled mesh (t = 0"7477 df = l4 p >.05).

However water movement was sìgnificantly less across quadrats

enclosed in fouled mesh than across uncaged quadrats (t =

3.8483 df = l4 P <.001 Table 6.10). These results indicate that

unfouled exclusion and control cages do not significantly restrìct

water flow but that fouled exclusion and control cages do sign.i-

ficantly restrict water flow.

Howeyer, inspection of Table 6.10 shows that there are notice-

able trends in the we'ight loss data suggestìng that excl us'ion

cages restricted water flow a'little more than control cages and

that water flow across quadrats is restricted to a small extent

by unfouìed cages. Neyertheless the effect of fouling is cjear-

ly far greater than the effect (non-s'ignificant) of clean mesh

(Tabl e 6. I 0) .

The results indicate that differences 'in the abundance of a
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species betv'Jeen exclusion quadrats and control quadrats are un-

likely to be due to differences in water flow. Additionally

they 'ind'icate that di ff erences ì n spec'ies abundances between

quadrats enclosed by mesh and uncaged quadrats us'ing the cage

desìgn and material as was used at Rapid Bay and Edìthburgh are

unl'ikely to be due to dìfferences in water flow, provided the

cage surfaces are kept clean.

6 3.2.5 Predator-Prey Observations

The sess'iìe gu'ild at Rap'id Bay is part of a trophìca'lìy

compl ex commun'ity which inhabits the general p'ier environment

(Keough and Butler 1979). A very large number of mobile animals

be'ìonging to various phyìa (Chondata, lulollusca, Echinodermata,

Arthropoda, P'latyhe"lmi nthes ) have been recorded i n the area.

However in this section I sha'll consider only those spec'ies

which I have observed eating members of the sess'ile guild or

whose predatory hab'its have been studied by others'

Keough and Butler (1979) have denonstrated that the four

comron asteroids at Rapìd Bay, Cose¿nasterLas caLqrnaria (Gray),

Pati,r'LeLLa breuispina H.L. Clark, ?osía austraLis Gray and

Petrieia uev'nieina (Lamarck) are unìmportant ìn influencìng the

the util'ization of space by sessÍle fauna although the last

three species v\,ere reported to feed on common species in the

sessì1e guild. The largest and most common of these asteroids,

Coseinasterias caLama.yia which feeds mainly on moìluscs and mori-

bund items (Keough and Butl er 1979) , was often found 'ins'ide cages

which had been damaged and torn open by fishing hooks or particu-

1arìy bad weather. Bivalve moJluscs, maìn1y ChLønys aspez'r'irmts
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and ELectr.oma spp., frequently coìon'ized the inside of the mesh

of exclusion cages. Any invad)ng Coseinastez,ias caLønoyLa rapìd-

1y consumed these as ind'icated by individuajs feeding in the ca-

ges and by the numerous enpty valves still stuck to the remains

of the mesh. For example I deliberately introduced one jnd'ivi-

dual Of Coseinastez,ias eaLamq!"La 'into a test exclusion cage ori-

g'inaìly instaìled in late 1975 as a trial run for the predator

exclusion experiment at Rap'id Bay. A large number of chLønys

aspenrLmus and ELeetz'oma spp. had settled both on the inside

of the mesh and amongst the sessile fauna on the piling jnside

this cage. l^lith'in three weeks thjs one indjvidual asteroid con-

sumed 5l individuals of ChLanys asperrirmts and 26 individuals of

ELectz,ona spp, and as far as I could ascertaìn left the other

species in the cage untouched.

I have observed only three species of fish frequently feed-

ing on sessile organ'isms on the pìer. The magpie perch Goniistíus

uizonarius (Saville-Kent) was often observed bitìng off small

pieces of sponge and coìonial tunicate colonies as wel'l as p'ick-

ing off small new'l¡r settled colon'ia'l tun'icates. I have also seen

the mosaic 'leather iacket, EubaLiehthys mosaicus (Ramsay and 0gilby)

pi cki ng off sma j 'ì tuni cate col oni es . 0ther casual observat'ions

suggest that the coral fish CheLmonops trumeatus (Kner) forages

in the sessile guild for creVice fauna such as small crustaceans

and polycheates.

0f the mobile moljuscs in the community the nudibranch Cev'a-

tosoma bz,euieaudatwn Abfaham was often observed eat'ing Sponges

and algae and the whelk T'Ltais orbita Gmelin was occasionalìy ob-
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erved drilling bivalve molluscs such as MaLLeus mev'idianus

Cotton and ChL'anys asperrùtm'Ls,

Despìte the'large number of crabs in the anea I have never

seen them feeding on anything except moríbund items. However

the sponge crab, Cz'yptodromía oetodentata (Haswell) carrjes

pieces of sponge or tunicate colonies on its back as canouf'lage.

Presumably it obta'ins these p'ieces from colonies on the p'il ings

as well ai fron other p'ieces of hard substrata'in the area.

F'inaìly I have never seen any species clearing areas of sub-

strate ìarger than l6cm2 in the sessile guild at Rapid Bay.

6.3.3 Predator Exclusion Exper iment at Edithburqh

6.3.3"1 Species Number

In March 1977 and December ì977 species number was hetero-

genous between cag'ing treatments but it was not heterogenous

on the intervening two sampìe dates (ta¡le 6.ll ). Pai¡,vise com-

pa¡isons between caging treatments on the former two sanple dates

indicated that the number of species \^/as not sign'ifìcantly d'if-

ferent between exclusion and control treatments but both these

treatments had sìgn'ificantly higher specìes number than the un-

caged treatment (fa¡ie 6.'12 Fig. 6.64). Thìs suggests that en-

closing a quadnat with mesh rather than predator exclusion re-

sulted in an increase'in specìes number. However by ìnspect'ing

Figure 6.64 it can be seen that only the mean of species number

in the exclusion treatment shows a convincing increase during

the experimentaì period. No such upward trend is shown for the

mean of species number in the control and the uncaged treatments.

- 163-



Thìs suggests that predator exclusion did 'increase species num-

ber but without more conv'incìng statist'ical tests the results

must remain inconcl usive.

6.3.3.2 Specì es Abur¡d¡¡çeq

As was the case at Rapìd Bay on'ly one phyletìc group, the

solitary tunicates, showed an obvious change in abundance asso-

ciated w'ith cagìng treatments (F'ig. 6.68, C, D, E F). The mean

abundance of this group waS zero in both the uncaged and control

treatments for the duration of the experìment (Fig. 6.6E). In

contrast the mean abundance of solìtary tunìcates steadììy in-

creased in the exclusion treatment from 0% to over 20% on the

'last sample date (F'ig. 6"6E). As expected there was signif icant

heterogeneity in the abundance of solitary tun'icates between

caging treatments i n September 1977 and December 1977 (fa¡l e 6.1-3.) .

Solìtary tunicates were sìgnifìcantly more abundant 'in the ex-

clusion treatment than e'ither the control or uncaged treatment

on both the September 1977 and December 1977 sample dates (la¡le

6.13). There was no significant difference in abundance between

uncaged and control treatments (laUle 6.13). This evidence in-

dicates that the abundance of solitary tunicates increased due

to the absence of predators.

Five species of solîtary tunicate were recorded in the ex-

clusion treatment and none had previously been jnc'luded as mem-

bers of thìs sessi'le guìld (Tabl e 2.1 Sectìon 2.3). They were

14 HaLoeynthia hispida (Hendman), TZ Aseidia gerwnata, T40

Ascídia thonrpsoní, T6 Ciona intestinaLis Linnaeus and T7

PlnaLLus ia depz,e s sius euLa.
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Photograph 6.3 shows an exclusion quadrat at Ed'ithburgh on

which two of these spec'ies, Cíona intestinaLis and PTnLLusia

d"epressiuscula, are grow'ing. Consjdered indivjdually the abun-

dance of only one of the five tunicate species, HaLoeynthia

híspida, was s'ignificantly heterogenous between cag'ing treat- i

ments (Appendix Vd, Table 6.13). However the multipìe comparì-

sons test indicated that the abundance of this specìes did not

differ s'ign'ificantìy between cag'ing treatments on the last two

sample dates where the Kruskal-t^lallis ANQV had'indicated that

there was significant heterogeneity (Table 6.13).

The mean abundance of three of the tun'icate specìes, HaLo-

eynthía hispida, AscLdia thornpsoni and PhaLLusía depressùuscuLa

increased 'in the exclusion treatment during the experiment to a

maximum on the 'ìast sampl e date (f ig. 6 "78). The mean abundances

of the two other Species, Aseídia genrnata and Ciona i.ntestinaLis

initjally 'increased in the exclusion treatment and then decreased

aga jn near the end of the experiment (Fig. 6.78). Thus' as \^ras

the case at Rapid Bay, there is only weak evidence, prov'ided by

inspect'ion of graphs, that the abundance of each ind'iv jdual sol i-

tary tunicate is kept low in the sessiie guild at Ed'ithburgh by

predati on .

There was no sign'ificant heterogene'ity in the abundance of

any of the other phyletjc groups between cagìng treatments (Ap-

pend'ix Vd). Additionally there was no obvjous or consistent

change in the mean abundances of these groups 'in any treatment

during the experiment with one possjble exception (Figs. 6-68,

C, D, F). The mean abundance of bryozoans decreased fron 32%
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Lo 4% durìng the last l8 months of the experiment ìn the ex-

clusion treatment (F'ig. 6.6F). The death of an extremely large

colony of aifLustra perfragiLLís whjch occupied a 'large propor-

t'ion of one of the exclusion quadrats was responsible for thìs

decrease. Although the reason for the death of this colo-

ny cannot be determined conclusively 'it is I jkely that 'it was

already dyìng before the experiment commenced. Approxìmate'ìy

20% of the zoojd cases of this colony were empty when the ex-

clusion cage was first installed.

The abundance of total cover was signìficantly heterogenous

between caging treatnrents 'in September 1977 but not in December

1977 (Appendix Vd, Table 6"13). In September the abundance of

total cover was sign'ificantJy greater in the uncaged treatment

compared to the control and exclusion treatments (lable 6.13).

There was no sign'ifìcant difference between exclusion and con-

trol treatments. This suggests that total cover was reduced in

September due to an experìmental side effect of enclosìng a

quadrat with mesh. However there was no great or consistent

change in the mean abundance of total cover in any treatment

during the experjmental period and 'it was initial'ly more than

10% higher in the uncaged treatment than in the exclusion or

control treatment (Fig. 6"68). Additional 1y the mean abundance

of total cover was not heterogenous between caging treatments

on the December 1977 sample date (Appendix Vd). Th'is evidence

suggests that the abundance of total cover was not sign'ificant'ìy

reduced by enclosing a quadrat with mesh. The significant nesult

on the September sampìe date is most likely to have been rela-
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ted to initial samPlìng bìas.

The abundance of only one further individual spec'ies, Diden-

num sp. a \^,aS s i gni f i cantl y heterogenous between cagi ng treatnents

(Appendix vd, Table 6..l3). In September 1977 the abundance of

thìs species v,ras S'ignificantly greater in the exclusion treat-

ment than the control and uncaged treatments (faUle 6.13). There

was no s'ignìficant difference between control and uncaged treat-

ments (Table 6.'13). Th'is suggests that the abundance of this

species increased in the absence of predators. However ìn De-

cember 1977 the multjpìe comparisons test ind'icated that there wene

no longer any sìgn'ificant differences'in the abundance of thjs

spec'ies between ca9'ing treatments although the Kruskal-hlallis

ANOV had indicated that there \^ras s'i9nìficant heterogeneity be-

tween cagì ng treatments (tabl e 6 " I 3) .

Th'is spec'ies 'is an annual and colon'izes pil ings most heavily

during January, February and lrlarch each year. It usually sìoughs

off the pi'lings during Ocbo.ber and November as indjcated by the

drop in mean abundances during these months in all caging treat-

ments (Fig. 6.74)" The lack of sìgnjficant differences between

cagìng treatments in December 1977 could be interpreted to mean

that predators do not reduce the abundance of this specieS dur-

ing its seasonal low. Howevelinspectìon of F'igure 6.74 shows

that the mean abundances of DLdenmwn sp"a increases in the ex-

clus'ion treatment during the course of the experiment (Fig. 6.74).

No such increase occurs 'in the uncaged and control treatments

(rig. 6.74). Thus jt is more l'ikely that the abundances of

ùLd.enmun sp. did not differ signìficantly between cagìng treat-
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ments on December 1977 because it decreased sl'ight'ìy 'in the ex-

clusion treatment due to the senescence of old colon'ies (Fig'

6.7A).

In summary I thjnk the evidence is sufficient to conclude

that predators decrease the abundance of Di'denmwn sp. a in the

sess i 1 e gu.i I d at Edi thburgh at al I times of the year.

6. 3. 3. 3 Predator-Prey 0bservations

The sess.ile guild at Edithburgh, like that at Rapid Bay, is

part of a trophìcal'ly compì ex communìty conta'inìng a 'ìarge num-

ber of mob i I e animal s.

Five asteroids were common at tdithburgh (Keough In press)"

These were the four common asteroids at Rap'id Bay and also Unio-

phona gnanifez'a (Lamarck). Casual observations suggest that the

latter specìes frequently feeds on bivalve molluscs and that the

former four specjes have d'iets s'imilar to those outl'ined for

Rapid Bay.

The magp.ie perch, Goniistíus uizonaz,ius, and the mosaic

leather jacket, EybaLi,chthys mosaieus, were the onìy two fish

which I frequently observed feed'ing on sessile organìsms on the

p.i'l i ngs . I have seen both speci es b"it'ing off smal 1 p'ieces of

'large sponge and tunicate colonies. Additionally on a number

of occasions I haVe seen Gonnüstius uizonari,us pick off new'ly

settled colonies of DídermuÌn sp. a jn bare patches on the p'il ings'

Incjdental obseryations on the feeding activity of Ceratozoma

brexieaudatwn and Thais oz,bi,ta suggested that theìr general food

preferences were the same as those observed at Rapid Bay' Addi-

tionally the Sponge crab Cryptodrom'ta oetodentata was relat'iVely
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common on the piì ings of thìs pier.

The large patches of bare substratum at Ed'ithburgh (see Sec-

tion 4.1 ) were not caused by predator activity. I haye never

seen any predatory species clearing areas of substratum larger

than l6cm at this pier.

6.4 Dì scussion

6"4.1 The Role of CuLieia sp. at Rapid Bay

Although experimentaì quadrats at Rapid Bay could not be

kept conpletely free of cuLíci,a sp.the data suggested that the

presence of this spec'ies decreased the abundance of two other

speci es groups , bryozoans and GaLeoLat id spp " It hras surpri s'i ng

that both sponges and colonial tunicates, which are able to ex-

p'loit unoccupied substratum by vegetat'ive extens'ion of establ ish-

ed colon'ies (see Sectìon 3.3.2.1) did not show signìf icant in-

creases 'in abundance in the CltLíeia sp. removed treatment. Since

the amount of substratum occupied by the vegetative extension of

a colony in a g'iven time will be a function of colony size as

well as growth rate, this resu'lt is likely to be part'ly due to

the low abundance and small co'lony sìze of sponges and colonial

tunicates in comparison to CuLieia sp.

Both bryozoans and GaLeolaz"í.a spp. had extremely 1ow growth

rates compared to sponges and tunicates (Section 3.3.2.1). How-

ever i nspection of transparenc'ies of experimental quadrats 'indi-

cated that they 'increased their abundance in the CuLicia sp re-

moved treatment by larval recruiünent on the sheared CuLieia sp.

skeleton. Sponges and tunjcates colonized the sheaned cuLicia sp.
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skeleton very rare'ly, possib'ly because it was an unsu'itable sub-

stratum for their larvae as was suggested in Section 6.2.2.3.

Another alternative is that these phyletic groups have natura'l'ly

very low colon'izatjon rates. The results reported in Section

5.3.2 give some support to this hypothesis. The colonizatjon

rates of most sponge and tunicate species onto bituminous tar

surfaces were extreme'ly 1ow. However the hypothes'is of low colo-

nization rates'is certaìnly'incorrect for the colon'ial tunicate

ùùdenmwn sp. a wh'ich colonized bituminous tar surfaces'in high

numbers (Section 5.3 " 2) .

Aìthough the functional role of Culdcia sp. was not adequate-

ìy tested the eyidence suggests that it was resistant to larval

recruitment by bryozoans and GaLeoLaz,ia spp.: keep'ing their abun'

dance in the sessile guild low. Sutherland (1975,1978) argues

that both Sehizopor.eLLa unieoz,nis (an encrusting bryozoan) and

StyeLa pLieata (a solitary tunicate) stabilize the fouling com-

munity at Beaufort by res'isting larva'l invasion by other specìes.

Larval invasion is an event capable of alterìng cornmunjty struc-

ture (Sutherland 1975, 1978). Sìnce the results of the experi-

ment reported here are not conclusive I can only suggest that

CuLieia sp. may play a similar role in the sessile gu'ild at Rapid

Bay by resisting larval invasion by bryozoans and GaLeoLaria spp.

In view of the remarkable regenerative powers of large estab-

lished colonies of Culieia sp. any further experiments to test

its role would be best performed using artificial panels. These

could be isolated from'lange CuLieia colonies capabìe of invas'ion

by vegetative gr"owth. Any colonies of cuLíeia sp. recruitìng on-
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to such pane'ìs could be removed eas'i'ly and the panels could pt"ob-

ably be kept absolutely free of CuLieia sp.during communjty de-

velopment. The role of CtLLieia sp. could be eyaluated by compari-

son of community developnent on such panels with that on pane'ls

where Culícia sp. is not rernoved.

6.4.2 The Role of Predatio n at Rapid Bay and Edithburqh

In hard substrate marine communities where a dominant competi-

tor is prevented from monopoliz'ing the space resource by a preda-

tor, specjes nunber decreases in the absence of that predator

(Paine 1956, 1971,1976, Dayton 1971, Porter 197?,1974, Day

1977, Lubchenco and Menge 1978, Russ, In Press). In the sessile

gui'lds at Rap'id Bay and Ed'ithburgh the data suggested that spe-

cies number was rising rather than fallingjn the absence of pre-

datjon. However the experimental results did not indicate whether

this elevation 'in species number was temporary or pennanent. It

may be argued, as follows, that it was a temporary rise which 1aas

part of a pnocess anaìogous to that described by the aboye authors.

In both sessi"le guilds, spec'ies of so'l'itary tunicate that

eigher were very rare or had not prev'iousìy been recorded'in the

gui'lds colonized exclusion quadrats. Inspection of the successive

transparencies of individua'l quadrats indjcated that an increase

in the number of spec'ies on an exclusion quadrat \^,aS often a d'irect

result of the recr,uitment of one or more of these species. This

suggests tha'u ân increase in the abundance of the solitary tuni-

cates due to the absence of predatìon was respons'ible for the
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trend of rising species numbers in exclusìon treatments.

During the course of the experiments at both Rap'id Bay and

Edithburgh the mean pencentage cover of the solitary tunicates

djsplayed a more or less steady increase up untíl the last sample

date (Figs. 6.4E, 6.6E). hlhether this 'increase would have con-

tinued had the experiments been conducted for a longer period

of t'ime can not be determi ned concl us i veì y, but the f oì ì owi ng

circumstant'ial evidence Suggests that jt may have done so.

Inspection of sequent'ial transpanencies of individual exclu-

sion quadrats indicated that the exhalent and inhalent sìphons

of each individual solitary tunicate were neyer overgrown. Ad-

dìtional'ly, in the last year of the experiments a number of the

larger individuals appeared to be crowdjng and crushing other

sess'i'le organisms adjacent to them. Furthermore, most indi-

y'iduals whìch colonized exclusion quadrats in the fìrst year of

the experiment surviVed unt'il the end of the experiment and

casual obseryatjons in the unmanipuìated 9uìlds suggested that

all the solltary tunicate species had l'ife-spans of at least

three years. Therefore it seems likely that th'is group of spe-

cies would continue to increase'in abundance on the exclusion

quadrats, possibly resultìng in the competitive exclusion of

other species and a simultaneous drop in spec'ies number. The

downward trend in the abundance of CuLicia sp. in the exclusion

treatment in the Rapid Bay experiment may have been caused by

the recruitment and growth of these solitary tunicates.

Inspection of successiye transparencies on ind'ividual exclu-

sìon quadrats 'indicated that the increased percentage cover of
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soìitarytunicates was due to recru'itment of larvae and their sub-

sequent growth after metamorphosis rather than the growth of es-

tabl ished indjvidual s. After both experiments were terrninated

several cages were removed from a few of the exclus'ion quadrats

at both study sites. Casual observations nade on subsequent

field trips indicated that the solitary tunicates on these quad-

rats surv'ived for at least n'ine months and continued to grow'in

sl'ze although no further recruits were seen on the quadrats.

Thjs suggests that the low abundance of soìitary tunicates in

these sessile guilds may be accounted for by predat'ion on newly

settled ind'ivìduals.

Numerous sessile invertebrates in various marine habitats

have been reported to have a size refuge from predation (see

Connell 1975 for rev'iew). It is possible that the thickening

tests of the growing juvenile tunicates eventually serve as a

mechan'ical barrier to predation. Alternatjvely ìt is possible

that some or all of the solitany tunicate species reported here

may produce substances tox'ic or distasteful to predators as

adults but not as newly settled iuveniles. Many soì'itary tuni-

cates are known to be tox'ic to potential predators (Burkholder

1973, Russell 1966).

At Edithburgh it is noteworthy that most solitary tunicates

grow out of the shel I s of dead PLnna bieoLor or out of the crev-

ices among the wood and rcck debris underneath the pìer. This

could be explained by one or more of at least three mechanisms.

Firstly there may be hab'itat selection by vagi1e larvae so that

the small and vulnerable juvenjle tunicates are protected from
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predation; secondly predators may remove new recruits from more

exposed sites; thirdly the crypt'ic sites may have provided bet-

ter conditions for adhes'ion by larvae and later by adults than

the exposed sites. Although further experimental work is re-

quired to provide clear dispnoof of any one of these alterna-

tives the results of the pnedator exclusjon experiment at Edit.h-

burgh are coRsistent with the second explanat'ion.

Although water flow as measured by the plaster of Paris

blocks did not differ s'ign'ificantly between exclusion and con'

trol quadrats it could be argued that other experimental side-

effects of enclosing a quadrat w'ith mesh, namely reduced'light

intensity and increased sed'imentatìon, were not equivalent be-

tween these two caging treatments. These side effects may have

enhanced the abundance of solitary tun'icates on exclusion quad-

rats. However, since sol'itary tunicates were never seen on

either control ott rn.ug.d quadrats at Edithburgh and as a group

djd not increase in abundance on these quadrats at Rapid Bay, one

'would have to postu'late that the other experimenta'l side-effects

of exclusion cages were complete'ly absent from control cages be-

fore concìuding that predation had no effect on the abundance

of solìtary tunicates. Some sedimentation was observed on both

control and exclus'ion quadrats and no difference in I ight 'inten-

s'ity could be detected between control quadrats and exclusjon

quaclrats using a hand he'ld photographic light-meter (all fZ at

1/30 sec. at ASA I25). Sedimentation was never observed on un-

caged quadrats and lìght meter readings were often but not in

every case one "f stop" higher on uncaged quadrats than on con-
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trol and exclusion quadrats, Thus, even though these two experi-

mental side-effects rnay have enhanced the necruitnent of solìtary

tunicates, they are 'l 'ike'ly to have occured on both control and

excl us'ion quadrats. It 'is al so worth reporting that I never ob-

served predatory organ'isms congnegat'ing'in unusually high numbers

in control cages. Therefore it is unlikely that the presence of

a control cage produced artificially eìevated levels of predation

on a control quadrat. Accordingly the two types of cages appear

to provìde a val'id test for the effects of predators and the re-

sults indicate that predators reduce the abundance of solitary

tuni cates i n these two sess i 1 e gui I ds .

Sutherland (1974) has demonstrated that predatìon by fjsh is

an important source of mortaìity to young'indìviduals of the so'l'i-

tary tun'i cate StyeLa pLicata at Beaufort and can therefore pìay

an important role jn commun'ity development in this 1oca1ìty. Ad-

ditionalìy both Day (1977) and Russ (In Press) have shown that preda-

tion by fìsh prevents monopolizat'ion of space by a competitively

dominant colonia'l tunicate ìn a trop'icaì and temperate fou'ling

community respectiveìy. Since I haye never witnessed a iuven'ile

solitary tun'icate being preyed upon 'in the sessile gu'ilds at

Edjthburgh and Rapid Bay I am unable to determine wh|ch predator/s

are responsible for their low abundance. However the results

suggest that the magpìe perch Goniistius pízonaz,ius fia! be large-

1y responsible for the low abundance of the colon'ial tunicate

Dùdenmun sp. a at Edithburgh. Goníístius uízonarius often feeds

on newly settled colonies of D¿deïmuTn sp. a at Ed'ithburgh and

the latter species increased in abundance in exclusion cages.
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Gonì.istius uizonalius is an obvious candidate as an ìmportant

predator on juvenìle sol itary tunicates.

As pointed out in Chapter 3 the colon'ial tunicates at

Edìthburgh are good overgrowers and are able to exploit newly

available free space rap'idìy due to fast growth rate. In spìte

of this Didenrnwn sp.a could onìy monopo'lize space in this guild

temporarìly due to its annual ìife-span. Nevertheless relaxa-

t'ion of predation certain'ly elevated its abundance during the

wìnter months (Fig. 6.74) and it is possible that if predators

were absent for a'longer period its wjnter peak in abundance

would become increasing'ìy elevated'in success'ive years" lrlhether

this species would eventualìy be out competed and exc'luded by

solitary tunicates under conditions of prolonged predator

removai 'is difficult to determine. Since it often occurs as an

epizooìte on the tests of the larger so'litary tunjcates it is

unlike'ly to be complete'ly excluded from the study s"ite although

'it may eventually lose access to the primary substratum.

hJhether the so'ììtary tunicates at Rapid Bay and Edithburgh

can be viewed as competit'ive dominants needs further experimental

confirmation. However, it can be concluded that predat'ion does

play a role in the structure of these two sess'iìe guilds. This

conclusjon contradicts that made by Keough and Butler (1979) for

the sessile gu'ild at Rapid Bay but it should be po'inted out that

theìr predator exclusion experiments lasted on'ly six months. As

can be seen in Fig. 6.48 sofitary tunjcates showed a detectable

rise jn mean percentage cover on'ly after approximately nine

months. Furthermore, their experiment was conducted during the
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winter months of the year and casuaj observations suggested

that solitary tunicates recruited onto exclusion quadrats

most frequently in the sunmer nonths.

Finally it is sign'ificant that in three other predator

exclusion studies done with subtidal sessile commun'ities (Day

1977, Russ In Press, Suther'land 1974) predation has suppressed

the abundance of tunicates. Whether this is mene cóincidence

or is associated with a conrnon feature in the biology of differ-

ent tunicate species setting them apart from other phyìetic

groups requires further invest'igat'ion.
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TABLE 6.4 Surnmary of two-way ANOV of species number in the Rapid

Bay experimenL.

ns: not signifícant at the .05 signifícance level
:k. .05>P>.01

F
e

to/03/77 29/09/77 13/04/78 d.fSource of \¡ariaLion
Removal treatment

Cagíng treatment

Interaction
(Removal x caging)

3.6 ns

1.71 ns

0.24 ns

5 .56 :t

1.87 ns

0.08 ns

2.I7 ns

8.51 :'i

0.27 ns

1,18

2 rI8
2 rI8

F = 4.41 F = B.2B F ) = 8.28.05(1,18) .01 (1,18) .05 (2, 18

TABTE 6"5

Comparison
Differences
in means

Summary of Newman-Keuls multiple range test (Zar I974,

pp. 151-155) for pairwise comparisons of species number

betwen caging treatments on 13/04/78 ín the Rapid Bay

experiment

ns: not signifícant at the .05 signifícance level
i: .05>P>.01 Sample size = 8 for all groups

Ìi:k¡ .01>P>"001

S.E q P

Exclus ion
vs. Control

Control vs

Uncaged

Exclusion vs.
Uncaged

4.7s

0.375

5.125

9732

.9732

.9732

{. $$:k:k

0 .385ns 2

!.)$$rd< J

2

9.05,2r,2 = 2'95

9.01,2r,2 = 4'024

9.05,21.:. = 3'51

Q.01,2r,3 = 4'639



TABIE 6.6 Summary of Mann-whitney U-tests comparíng the

abundances of species between CuLieia sp.

removal treatmenLs for each caging treatment ín
the Rapíd Bay experiment. Only those species or

groups for which there was a signíficant difference
in at least one comparíson on either of the lasL

two sample dates are incl-uded. The test [lìas one-

taíIed and a .05 signifÍcance level was used.

Sample stze = 4 for aII groups.

NR: Abundance in CuLíeiasp. not removed group

signíficantly greater

R: Abundance in CuLieùasp. removed group

significantly greater
U values are lísted for each comparison

Date

29 / 09 /17

13/04/78

Caging
treatmenL

Exclus ion
Control
Uncaged

Excl-us ion
Control
Uncaged

Colonial
tunícaLes Bryozoans CuLíeia sp. GaLeolaría spp.

2.0
7.0
3.0

5.0
6"0
0.0

NS

ns
ns

ns
ns

R

NR

NS

NR

NS

NS

NR

NS

ns
NS

1.0
2.0
4.U

3.0
2.0
6.0

1.0
3.0
0.0

2.0
4.0
0.0

3.0
2.5
7.5

0.0
5.0
2.0

NS

ns
NS

R
NS

NS

R

ns
ns



TABTE 6.7

Solitary tunicates

C'Lúieia sp.

ApLysiLLa rosea

ApLysiLLa suLphuz.ea

Botz,yLLus sehLo s sez.i

Atapazoa fantasiana

Aseídia gerwnata

PhalLusia depres s ius euLa

GaLeoLaria spp.

Summary of Kruskal-\dallis ANOV comparing the abundances

of species between caging treatments for each CuLieia

sp. removal treaLment in the Rapid Bay experiment on

the last two sample dates. Only those species or species

groups for r.vhich there was significant heterogeneity
between caging treatments in at l-east one comparison

on eíther of the last two sample dates are included.

Sample size = 4 for all groups

ns: not significant at the .05 significance level
NR: CuLieia sp. not removed group

R: Culieia sp. removed

CuLieía sp.
Treatment

NR

R

Kruskal-\{aIIis ANOV

29 / 09 /71 13/04178
HPHP

<.008
ns

<.008
<.008

8.3
s.2

6.3
2.8

8.0
1.0

2.0
7.2

1.9
'7'

1.9
2.8

r"6
s.6

NR
R

NR

R

NR

R

NR

R

NR
R

NR

R

NR

R

NR
R

2.4
0.9

<. 05
NS

<. 008

ns
<. 01

NS

<. 01

ns
<.05

<.008
ns

ns
NS

NS

NS

NS

ns

10. 4
4.8

8.3
10"4

2.6
5.7

5.7
0.6

1.9
1.1

0.0
1.9

+.J
7.2

7.2
10

ns
ns
ns

NS

ns

NS

NS

ns
<. 01

+"J
2"4

<. 01
ns

NS

<. 05
ns
NS

2.7
0.2



TABTE 6.8 Summary of nonparametric multiple comparisons Lests

comparíng the abundances of specíes or grotrps between

caging treatments in the Rapid Bay experiment on

those occasions when the Kruskal-Wallis AN0V had

indicated that there hlas signíficant helerogeneíty

between caging treatments.

Sample size = 4 for all grouPs

ns: not significant at the .05 signficance level
U: Abundance in the uncaged treatment sígnificantly

greater

E: Abundance in the exclusion treatment signífícantly
greater

DIR: Difference between rank sums

NR: Culieia sp. not removed

R: CuTieia sP. removed

S.E = 4.9 when p = 2; S.E. - 7.21 when p = 3



Non parametric multiple comparisons test,
pairwise comparíson between cagíng treatments

C7.'tlicia sp.
treatment

Excul-sion
vs. Control
DIRp q

20
20
24

r0

I2
0

2 2.04

Control vs.
Uncaged

DIRp q

Exclusion
vs. Uncaged

DIRpqDate

29/09/11
13/ 041 78
13 /04/78

t3l04/t B

29 / 0e /11
L3/04178

29/oe/11

2e / 0e 171

2e / 09 /11

73/ 04/ 7 B

t3/04/18

29 I oe /71

NR

NR

R

NR

NR

NR

2 4.08
2 4.08
3 3.33

4s2
0

1.
l.
0

2
2
2

5

5
0

E

E

E

NS

ns
NS

02
02

25
25
24

23

18

18

18

18

24

.413
3

3

3
3
3

3

3
3

47
33

E

E

E
SoIÍtary tunicates

Culicia sp.

ApLysiLLa r.osea.

ApLysiLLa suLphut,ea

Botzyllus schlo s ser'í

Atapazoa fantasiana

Ascidia gemmata

PhaLLusi,a depre s sius cuLa

Galeolaria spp.

1

L2
23

t7

24
23

R NS

NS

NS

2 r"43

2 2.45
3 3.19

NS

ns
ns

0.41 ns

2.5 ns

2.5 ns

0ns

0ns

2.16 ns

2.36 ûs

3.33 U

3.19 ns
2
2

2s 3 3.47 E 22
183
tB3
02
02

13.5 2

2 4.69 E

R

R

R

NR

R

0 2 0

0 2 0

NS

NS

NS

NS

ns

3 2.5 ns

3 2.5 ns

3 2.5 ns

3 2.5 ns

s 3 3.4 E

1B 3 2.5

1B 3 2.5

11 2 2.24

Q.05,*,3 = 3'314 Q.05,- 2 = 2'772 9.0r,-,3 = 2'902 9.or3z = 2'326



TABIE 6.9

Source of variation d.f

Summary of two-way ANOV of percentage weighL

Ioss of plaster of Paris blocks in cages at
Rapid Bay

ns: not significant at the .05 significance level
ìl: .05>P>.01

SS MS Fs"

Subgroups

Exclusion vs. Control

Fouled vs.Unfouled

Interaction
\dithin groups

Total

J 278.4

s.76

272.41

.¿J

458.22

7 36 .62

92.8

5.76

272 .4r
aa

38. 19

. 1508

7.133

.006

1

1

1

12

15

ns

ns

F .05(1,12) = 4.15

TABTE 6.10 Mean and standard deviation of percentage weight

Ioss in the five groups of bags conLaining the

plaster of Paris blocks

Fouled Exclusion

Fouled Control

Unfouled Exclusion
Unfouled ConÈroI

Uncaged quadrat

ï
24.08

25.52

32.57

33 .53

35 .49

(s"D. )
(3"se)

(s " e3)

(7.4e)
(6.e7)
(6.37)

Sample size
4

4

4

4

8



TABLE 6.11 Summary of one-way ANOV of species

number in the Edithburgh experiment

Sample size = 5 for aII groups

ns: not sígnífj-cant the .05 significance level-
:!:k; .01>P>.00

Fs.

Source of Variation 78/03/71 ILl06l77 24109177 28/72177

Caging Treatments 8"52?þk 2.76 ns 3.71 ns 8.02*!

F .05 (2 ,12) = 3.89 .or(2,r2) = 6.93F

TABTE 6.12 Summary of Newman-Keuls multiple range LesL

(Zar 7974, pp. 151-155) for pairwise comparisons

of specíes number between caging treatments on

March 18, I97l and December 28, 1977 in the

Edithburgh experiment

Sample síze -- 5 for aII treatments

ns: not significant at the .05 significance level
*; .05>P>.01

*'.!1 .01>P>"001

Date Comparís on
Difference
in Means S.E. q P

rB / 03 /77

rB/03/71

78/03/71

28/t2/77

28 / t2/77

Exclusíon vs.
Controf

Control vs
Uncaged

Exclusion vs
Uncaged

Exclusíon vs
Control

Control- vs
Uncaged

Exclusion vs
Uncaged

0.8

4.2

5.0

u.ö

3.4

9198 0.869 ns 2

9198 4 .57 :!:k 2

9198 5.43 :k:k 3

7874 1.016 ns 2

7814 4.32 :k 2

781t+ 5.33 ;!:k 328 /12/71 +.2

q.os( rz,z) = 3'oB2

q.or(rz ,z) = 4'32

q.os(12,3) = 3'773

n.ot(tr,3) = 5'046



TABTE 6.13 Summary of Kruskal-Idallis one-\tay ANOV and of the

nonparametric multiple comparísons test comparing the

abundances of species or groups between caging treatments

in the Edithburgh experiment. 0n1y those species or groups

where the Kruskal-l,ilallis ANOV had indicated that there was

significant heterogeneity between cagíng treatments are included.

E: Abundances in exclusíon treatment significantly greater

U: Abundance in uncaged treatnent significantly greater

ns: not significant at Lhe .05 signficance level
DIR: Dífference between rank sums

For the multiple comparisons test S.E=10.0 when p=l

and S.E.=6.77 when p=f

Sample síze = 5 for all groups



Non parametric multíple conparisons test,
pairwise comparison between caging treatments

Kruskal-lrla]-Iis
ANOV

HP

6.32

Excul-s ion
vs. Control
DIRpq

< .05

< .009
<.009

8.0 2

37.5 3
37.5 3

< .009
< .05

Control vs.
Uncaged

DIRpq

1.lB ns 34.0 3 3.4 U

3.91 E

3.03 ns

26.0 2

37.5 3
37.5 3

2 1.92
2 1.26

39"
29.

J

2

Exclus ion
vs. Uncaged
DIRpqSpecies or Group

Total cover

Solitary tunicates

DLdenmum sp -a

Halocynthia híspida

Date

2410e /71
24/09 /17
28/12/71

24/oe /17
28/12/11

24/09/17
2B/12/11

29
29

13
13

9

6

0.0 2 0.0
0.0 2 0.0

3.75 E

3.75 E

ns
NS

30
22.5

0.0
0.0

3.84 U

3.7s E

3.75 E

.9s E

9ns
s4
03

26
20

13.0
8.5

52
52

0.0
0.0

NS

NS

ns
NS

s3
03

3.0
2.25

q.05,-,3 = 3'314 q.05,- ,z = 2'772 q.01,- 3 = 2'902 q.01,-,2= 2'326

9.88 <

6.90 <
00
05

NS

NS

30.0
22.5

9 0
25

3.
2.

3
3

2
2

J
3

NS

NS



PHOTOGRAPH 6.1

PHOTOGRAPH 6.2

An area of piling at Rapid Bay approximately

40crn x 50cm in size. MosL of the area is covered

by rhe stony coralCuLíeiasp. (J5) (tiehtty
packed small white rings on a flattened grey

background) whích is typical of most of the

pilíng surfaces at Rapíd BaY.

The photograph shows an area of píling at Rapid

Bay approximately 40cm x 50cm in size whích is
mainly occupied by specÍes other thanCuLieia sp.

(J5). These species are growing on top of the

skeletal remains ofCuT-Le¿a sp. They form an irregular
clump which ís more or less surrounded by líveCuLicia
sp. colonies parts of r¿hich are visible along the

bottom edge and the right side of ."he phoÈograph.
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PHOTOGRAPH 6.3 An exclusion quadrat at Edíthburgh 18 months

after the cage was installed.
Organisms marked with a red X are young

indíviduals of the solitary tunicaLe PhaLLusí.a

depnessiuseuLa, Organisms marked with a blue X

are young indivíduals of the solitary tunicaLe

Ciorw intestinnLis.





FIGURE 6.14 The cage design used in the predator exclusion and

Culieia sp. removal experiment at Rapid Bay. The

top and boLtom ends of the control cages are stippled.

The rectangular metal frames of the cages are red.

The approximate posítions of the quadrats enclosed

by the cages are outlÍned with dashes. The positions

of the bags of plaster of Paris blocks above the quadrats

are also shown.

B. Detail of cage hinge

C. Detail of cage latch
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FIGURE 6.2 A plastic mesh bag containing five
plasLer of Paris blocks.



FIGURX 6.3 The cage design used in the predator exclusion
experiment at Edithburgh. The top and bottom

ends of the control cages are stippled. The

approximate position of Lhe quadrat enclosed

by the cage is outlined with dashes.
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FIGI]RE 6.44

FIGURE 6.48

The mean and sLandard deviation (vertícaI Iine)
of species number in the six experimenÈal treatments

at Rapid Bay on every samPle date

NR: CuLíeia sP. not removed treatment

R: CuLieia sP. removed treatmenL

l: mean in exclusion treatment

0: mean ín control treatment

tr: mean in uncaged treatment

The mean and standard deviation (vertical tine)
of the percentage cover of aII species togeLher

excluding Cl'úicia sp. (Total cover minus AnLíeia

sp,) in the six experimental treatments at

Rapid Bay on every sample date. See caption

Figure 6.44 for furÈher details .
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FIGURX 6.4C, D, E The mean and standard der¡iation (vertical
Iine) of the percentage cover of the three
following phylelic groups

C. Sponges

D. CoIoniaI tunícates
E. Solitary tunicates

in the six experimental treatments at

Rapid Bay on every sampì-e date.

See caption to Figure 6.4A f.ox further
deLaiIs.
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FTGURI 6.4F, G, H The mean and standard deviation (vertical
Iine) of the percentage cover of

F. Bryozoans

G. CuLieia sp.

H. Unoccupied substratum

in the six experimental treatments at

Rapid Bay on every sample date

See caption to Figure 6.4A for further
deLails.
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FTGIIRX 6.5A, B, C, D The mean and standard deviation (vertical
line) of the percentage cover of the

following species

A. SPI ApLysiLLa rosea

B. SPZ ApLysiLLa suLphurea

C. TI3 Bot?ALLus sehLosser,í

D. T25 Atqpazoa fantasíana
in the six experimental treatments

at Rapid Bay on every sample date

See caption to Figure 6.4A for
further details.
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FTGIIRX 6 .5E, F, G, H The mean and standard deviation (vertical
Iine) of the percentage cover of the

followíng species

E. Tl0 PoLyearpa peduneuLata

F. T2 Aseídía genmata,

G. T40 Aseiãia thonrpsoni

H. 17 PhaLLusia depnessiuseuLa

in six experimental treatments at
Rapid Bay on every sample date

See caption to Figure 6,4A for
further details.
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FTGURE 6.5r, J The mean and standard deviation (vertícaI
Iine) of the percenLage cover of

I. T2B Cnenidoearpa ethenidgíi
J. T'v131 4 GaLeoLaria spp .

in six experÍmental treatments at Rapid

Bay on every sample date.
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FIGI]RE 6.64 The mean and standard devíation (vertical
Iine) of specíes number in Lhe three experimental

treatments at EdÍthburgh on every sample date.

O mean in exclusion treatments

0 mean in control treatment

O mean in uncaged treatment

FrcIlRE 6.6F-, C, D, E, F

The mean and standard deviation (vertical line)
of the Percentage cover of

B. Total cover

C. Sponges

D. Colonial tunicates

E. Solítary tunicates

F. Bryozoans

in the three experimental treaLments at Edithburgh

See caption to Figure 6.6A for further details.
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FTGURX 6 .7 A, B The mean and standard deviation (vertical
Iine) of the percentage cover of

A. Didenmtnn sP .a

B. individual species of solitary tunicate
lta HaLoeynthia híspidn

T2 Aseidia germnata

140 Aseidia thonrPsoni

16 Ciona intestí,rtaLis
T7 P\tø.LLusia depr.es siuseuLa

in the three experimental treatments at Edithburgh

on every sample date.

See caption to Figure ó.64 for further detaíIs.
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7.0 FINAL DISCUSSION: LONGE\/ITY AND THE STABILITY OF COIV'MUNITY

STRUCTURE

The purpose of this section'is to discuss part'icular aspects

of the results which bear on the generalizatÍons about "fouìing

conmunities" and to suggest work which is necessary to test

further any conclusjens that I make fnom thjs discussion. The

other aspects of the results have been dealt with in the discus-

sion sections of Chapters 2, 3, 4, 5 and 6.

The evidence presented in Section 2"4.3 demonstrated that

the number of spec'ies, the list of specìes and the abundances

of most species did not show continuous or drastic changes in

the sessile guilds at Rapid Bay and Ed'ithburgh. This pattern

of community structure and dynamics is different from that ob-

served by Suther]and (1976) and Sutherland and Karlson (1977)

in the fouling commun'ity at Beaufort, North Carolina and from

that observed by a number of other authors'in fouling communi-

ties in various temperate and subtropìcaì loca'lities (for refer-

.ences see Sutherland and Karlson 'l977). The primary reason for

this djfference js that the majority of species in these foul-

ing communitìes had short life spans of a year or less (Suther-

land and Karlson 1977) whereas the majority of species in the

sessiìe gujlds at Rap'id Bay and Edithburgh had l'ife spans in ex-

cess of two years (see Tables 3.4 and 3.5 jn Section 3.3).

In the communities studied at Beaufort and at other tenperate

and subtropical localities the abundances of many spec'ies show

large fluctuations due to the following ìnteraction between short

life span and varjable and unpredictable larval recrujtment. The

species with life spans of a year or less free a large pnoportion
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of the substratum each year for new recrujts because they sen-

esce and sìough off the substratum annuaì1y. The jdentjty and

abundance of these new recnuits may be different from year to

year because larval recrujtment may often vary dramatically be-

tween and withjn years (Sutherland and Karlson 1977). Thus

the abundances of many specìes show large and unpredictable

fluctuations oyer time. This interaction nay also cause the

identity of species and the number of species in these fouling

cornmunities to vary drasticaì'ly and unpredìctabìy over time.

Sutherland and Karlson (1977 ) a'lso propose that the un-

equal ability of species to invade occupìed substratum or to

res'ist larval invasion will produce additional fluctuations

in the abundances of species over time.

In summary, in certaìn temperate and subtropìca1 foul'ing

cornmunities short annual ììfe-span, variable recruitment and

the unequa'l abi I ity of spec'ies to invade occupied substratum

or to nesist 'larval inyasion interact to produce continuous

changes in commun'ity structure, some aspects of which are un-

predictable in the sense that they have the properties of nandom

variables. However it is obvious that without the annual sìough-

offs in these communit'ies caused by the short l'ife-spans of their

constituent spec'ies the effect of the second and third factors

would be vastly reduced.

Durìng the entire period of the study at both Edìthburgh

and Rapid Bay there uJas no eyidence of the simultaneous senes-

cence of a large number of colonjes belongìng to any perenniaì

species. Unoccupied sub.stratum was not p'lentiful and did not
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show any pronounced yariation in abundance throughout a year

(Sectjon 2.4.3). Consequently, although variatìon'in larval

recruitment between years was observed in both sessile guì'lds

(Edithburgh Section 4.3.1 .2 Append'ix IIIa; Rapid Bay Section

5.3.2) there was I ittle opportun'ity for it to contrjbute to

substanti al vari at'ions 'i n the abundances of s peci eS between

years. This statement depends on the assumptìon that the resi-

dent adul ts were i nhi b ì t'i ng I arval i nvas i on .

casual observations suggested that recruitment by one spe-

cies on top of another \^JaS a ïery rare event aìthough a'large

numbef of recruits were recorded on unoccupied substratum in

both sess'ile gu'iìds (E¿it¡rUurgh Sect'ion 4.3.1 .2; Rapìd Bay

Section 5.3"?). In particular I neyer observed bryozoans or

GaLeoLayiaspp. settled on top of a ljve colony of sponge, tuni-

cate or CuLíeia sp. in either sessile gui'ld. Bryozoans and

GaLeoLarid Spp. were abundant colonists of unoccupied substra-

tum jn both sessi'le guilds. This suggests that the resident

adults at both sites were resìstìng larval 'invasion, thus re-

ducìng its potent'ial effect on variatjons in the compos'ition of

the sessi'le guj1ds. The results of the CuLiei.a sp. removal ex-

perì ment reported i n Secti on 6. 3 .2 "3 provi de some experimenta'ì

evidence for this proposition 'in the case of the sess'iì e guild

at Rapid Bay. Howeyer further experirnentation js needed at

both sites to determine whether the resident adults resisted

larval invas'ion by all species or only by certain species groups

such as bryozoans and serpulids. Thìs could be done, fo)" example,

by submer"ging large numbers of small paneìs of bare substratum
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within the study areas and comparing co'lonization on then with

colonization on the surfaces of established colonies.

The capac'ity for rapid vegetative growth shown by the ma-

jorìty of spec"ies jn the sessi'le guilds at Rap'id Bay and Edjth-

burgh (section 3.3.2.1 ) is an addjtional factor which reduced

the effect of vari abi I'ity 'in I aryal recrui tment on the struc-

ture of the sessile guilds. The results of the ar"tificial

patch experiments at Ed'ithburgh demonstrated that most of the

free space available in this sessi'le guild wjll ultimately be

reoccupìed by the lateral expansìon of established sponge colo-

n jes (Section 4.4"2). Sim'ilarìy the unsuccessful cuLicia sp"

removal expe¡iment at Rapid Bay reported in Section 6.3.2 in-

dicated that most free space available jn this sess'i'le guì1d

wjll be reoccunied by the lateral extension of establjshed colo-

nies of CuLieia sp. in contrast, sessile species at Beaufort'

North Carolina rarely invade unoccupied substratum by vegeta-

ti ve growth ( Sutherl and I 976) . Thus, at Edi thburgh and Rapi d

Bay ìarval recruitment will play a less important role in the

reoccupation of free space than in fouling communit'ies such as

that at Beaufort.

In surnrnary this study has identified two aspects of the life

histories of most species in the sessi'le gurllds at Rap'id Ba.y and

Edithburgh which are responsible for the greater stabif ity of

these guilds in conparison to other temperate and subtropical

fouling communjties. These are l) perennial life-span which is

at least greater than two years 2) capacìty for rapid vegetative

growth. I acknowledge that these factors may not be the only
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ones responsible for the lack of rapid changes in the structure

of these two sessi'le guiìds. However i consider perennial life-

span to be the most important factor because 'it prevents the oc-

curence of catastrophic annual "slough-offs."

Th i s concl us i on I eads one to as k the foì ì ovri. ng ques t'ion:

rvhy shou]d a greater proportion of the spec'ies i n the sess i I e

guilds at Rapid Bay and Edithburgh be Iong lived than jn the

foul i ng communi ti es at other temperate and subtropi cal I ocal i -

ties? The results of other investigat'ions and various theore-

tical formulations suggest three hypothes'is. They are not neces-

sarily mutualìy exclusive and are as follows:

l) The subtidal sessile fauna and flora found at Edjthburgh and

Rapìd Bay haye evolyed under condit'ions whjch favour 'long

lived perenn'ials whereas the subtidal fauna and flora at

other localities haye evolyed under condit'ions whìch favour

annuai s "

?) The large sjze of the pifings at Rapid Bay and Edìthburgh

biased the spec'ies sampled towards those with perennìal

ìife spans whereas the smaller artificial substrata used at

other localities biased the spec'ies sampled towards those

wìth life spans of a Year or'less.

3) The long period of submergence of the pilings at Rapid Bay

and Edjthburgh biased the species sarnpìed towards those with

perennìa'ì I ife-spans whereas the comparatiVely brjef period

of submergence of the artificial substrata used at other lo-

calities bjased the specìes sampìed towards those w'ith ljfe

spans of a year oì" less. I shall now exarnine the available
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evidence for each of these hypotheses in turn.

l) Short or annual life spans are thought to be selected for

in high dìsturbance enyironments and longev'ity is thought to be

selected for ìn low disturbance environments (Grassle and Sanders

1973, Grime 1977 , Vermei.j I 978, t^lh i ttaker and Goodman 1979 ) . As

po'inted out in Section l.l the term disturbance refers to a wide

range of phenomena which cause the destructjcn of pìant or ani-

mal biomass. Some examp'les are extreme seasonal fluctuations

in cl'imate, the activitjes of herbivores and predators and natu-

ral catastrophies such as yiolent storms and fires.

Whether the majorìty of sessile species found in the sub-

tidal zones at Edithburgh and Rapìd Bay have evolved under con-

ditions of low djsturbance is impossible to prove, Howevelit

ìs noteworthy that there is an ampìe suppìy of large and stable

natural substrata i n the form of reefs and rocky drop offs from

cl i ffs al ong the coastl i ne near both s i tes . Consequently nei ther

of the species assembl ages has been r^estricted to smal I trans'ient

substrata such as rocks and shells that would have favoured the

evolution of species with short I'ife spans, rapid maturatjon and

high reproductive output (Gr"ime 1977, Sutherland and Karlson 1977,

l^Jh"ittaker and Goodman 1979). In contrast the natural substrata

available to the specìes assemblages found at Beaufort are small

transient substrata such as shell debris on channel bottoms (Karl-

son I 978) .

Additionally occasional measurements made during the study

period suggested that at both Edithburgh and Rapid Bay water tem-

peratures ranged from approximate'ìy lloc-l loc in liinter to 20oc-
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Zloc in Summer and that the annua'ì range of water salinity lay

between 35%.and 40%(Butler pers. comm.). Thìs suggests that

disturbances in the form of extreme fluctuations of either of

these environmental parameters are not an annual event at either

p'ier and occur rarely, jf at all. Annual fluctuations in water

temperature and salinity at Beaufort are at least twice as large

as those estimated for the south australian sites (see Sutherland

and Karl son I 977) .

These observat'ions suggest that the species assemblage at

Beaufort evolyed in an enyironment subiect to more frequent dis-

turbance than the species assemb'lages at Edithburgh and Rapid

Bay. This is consistent with the first hypothesis.

Also it is worth noting that "stress-tolerant" organisms

are also thought to be 'long l'ived (Grirne 1977, Verme'ii 1979).

However I have no evidence indicat'ing that the organisms in the

south âustra'ìian guilds have evolved in conditions of greater

stress than those in other fouling communities, partìcularly at

Beaufort, with one poss'ib1e exception. Vermeii (197E, pp"l7l)

suggests that cayes are often stressfuj habitats in the marine

envjronment because of chronically low food supplies' Small

caves, crevices and overhangs are common in the reefs and cljffs

near the south australjan sites. This is not the case, for ex-

ampl e, at Beaufort ( Karl son I 978) .

In relation to the precedìng considerations'it should be

pointed out that the maionity of spec'ies at B.odega Bay, Califor-

nia have similar ljfe-history characterjstics to those at Beau-

fort even though the environmental condjtions are very different
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at this locality (Boyd ì972 referenced in Sutherland and Karlson

1977). Th'is indicates that there is not a simp'le and direct

relationsh'ip between the values, ranges and/or patterns of

va¡iation of the physicaì parameters of the subtidal envjnon-

ment and the eyolution of the life history patter"ns of the spe-

cies which inhabit it. As Ì^Jhittaker and Goodman (1979) pointed

out "a wìde spectrun of demographìes may eyolve as an expression

of ni che di f ferenti ati on 'in adapt'ive response to what i s super-

f i ci al 'ly a common envi ronment . "

2) Spec'ies with opportunistic I ife-historjes characterìzed by

short l.ife spans, high reproductive rates and poor interference

capacity have been shown to recruit preferent'ialìy onto Smaller

substrata when severa'l different sized substrata are available

(Jackson 1977a, Keough pers. cornm.). In particular at Edithburgh

relative'ly short liyed species (18 months or less) such as some

bryozoans and serpulids colonize small substrata in much higher

numbers than they colonize large substrata (Keough pers. comm')'

Floreover these spec"ies are at least tw'ice as abundant on the

small shells (300cm2 in area) of pinna bieoLoy indiv'iduals ad-

j acent to Ed.ithburgh p'ier than the.v are on the pì ì i ngs themsel ves .

(Kay and Keough In prep" ). Long lìved specjes such as sponges

make up less than ?5% of the occupied space on the Pinnn bicoLov'

shel I s.

These observat'ions suggest that in a given lacality specìes

w'ith short l'ife spans wj'11 be more abundant on small suhstrata

than large substrata. Furthermore there is likely to b'e more

short lived species on the small substrata'
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The piì'ings at Edithburgh and Rapid Bay are much larger than

the arti fi ci al p'lates typi cal'ly used ì n studi es of foul i ng com-

mun'it'ies (e.g. see Sutherland 1974, 1975, 1976,1978, Sutherland

and Karlson 1977, Osman 1977, Anger 
.l978' 

Russ In press)' This

fact.in comb.ination with the preceding considerations is cons'is-

tent with the second hYPothesis.

3) Both Harris (1978) and Karlson (1978) have reported that the

most abundant species on o1d p'ier pìl'ings are'long-l'ived while

those on more recently submerged pìer pi'ìings are short lived'

it is noteworthy that KarlsOn's (1978) jnvestigat'ion was carried

out at Beaufort and one I ong 'lived specìes, the col onial hydro'id

Hydt,actinia eehinata, whjch was rareìy recorded on artificial

pìates covered approx'imateìy 30% of the substratum on l2 year

ol d pi'ì i ngs .

Addit'ionally both Osman (1977) and Anger (1978) report that

species with oppoftunistic life h'istorjes are most abundant on

newly submerged substrata. The monopoìizat'ion of the long term

panels at Rapid Bay by the comparatìveìy short-lived members of

the sessile guild on the pilings for approximately one and a

ha'lf years after submergence ( see Secti on 5. 3. I ) para'l I el s these

observations. CuLieía sp. the most abundant 'ìong-lived member

of this sess.ile guìld did not colonize the panels unti'l they had

been submerged for at I east one and a hal f years. Furthermore

th.is species increased in abundance yery siowly after init'ial re-

cru i tment.

These observations suggest that 'in a given localìty species

with ìong ìife spans w'ilì be nore abundant on substrata whìch
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haye been submerged for a long period of time than on substrata

which have been submerged for a relativeìy short period of tine.

The pilings at Edithburgh and Rapid Bay have heen subnerged for

at 'l east 'l 5 years whereas the art'if i ci al pl ates typì cal ly used

in studies of fouljng conmunitìes have not been submerged for

longer than four years (e.g. see Sutherland 1974, 1975, 1916,

1978, Sutherland and Karlson 1977, Osman 1977 ? Anger 1978, Russ

In press). The preceding facts and observations are consjstent

w j th the th i rd hypothes'is .

Finally it is worth noting that the catastrophic slough off

from the long terrn panels at Rapid Bay was caused by the death

of the colon'ial tunicate PyenoeLaueLLa diminuta which was very

abundant on the paneìs (see Section 5.3.1). A sim'ilar slough

off from the p'i'l'ings was not observed because th'is short lived

species was comparativeìy rare in the establ'ished guild on the

p'i I i ngs (see Appendix Ib , Tl9 ) .

G'iven the available evidence the most 1ìkely explanation for

the preponderance of perennia'ì specìes in the sessile gu'ilds at

Ed'ithburgh and Rapid Bay is a combination of hypotheses tvúo and

three. Clearìy there are a number of short lived specìes jn

the specìes assemblages at Edithburgh and Rapìd Bay wh'ìch are

more abundant on smal I substnata or recently submerged substrata

respecti vely than on pi er pi'l 'ings. These spec'ies may have evol ved

in d'isturbed envjronments provided by small and transjent sub-

strata such as srnall rocks and shell debris on the ocean floor.

Whatever the evolut'ionary h'istory of the specìes assembìages at

Edithburgh and Rap'id Bay the evidence strong'ly suggests that the
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ìarge size and the long period of subrnergence of the pier p'i1-

ings has biased the species sampled towards those w'ith perennial

I i fe spans .

Further experimentation and obseryations are required to

prov'ide clear disproqf of hypothesis one and to determine more

accurately the effect Of substratum Sjze and age on the struc-

ture and organization of the sessile guilds at Ed'ithburgh and

Rap'id Bay. Comparison of the structure and dynarn'ics of the ses-

si'le gu'ilds on substrata of different ages and sizes at both

sites would be essential to resolve these questions. A more

thorough knowledge of the lìfe h'istories and natural habitats

of the SesSi'le s,.pec'ies in these areas would also be necessary.
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SAMPTE DATES
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APPENDIX Ib The mean and standard deviation (parenthesis) of the

percentage cover of (l) each specíes

(2) the following three phyletic
groups: sponges, tunicates

and bryozoans

(3) all species present (total cover)

(4) skeletal remains of CuLðeía sp.

(5) bare piIíng
(6) total space unoccupied

calculated from the 16 permanent quadrats at Rapíd Bay píer

for all quarterly sample dates. The code numbers given for
indivídual specíes are the same as those used in Table 2.1-

SAMPTE DATES
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(1.18)

0.01
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0.0
(0. 0)
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0. 19
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0.0
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(0.0)

0.0
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0.02
(o. oB)

0.02
(o.oe)

0.33
(1.03)

0. B2
(1.87)

0 .09
(0.34)

0.72
(0. 48)

0.72
(0.48)

0.12
(0.48)I

H\o\¡
I 0.0

(0.0)
0.02

(0.07)
0.0

(0 .0)
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(1.21)

0.87
(1.ss)

0.48
(0. e4)

0. 19
(0. s8)
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(0.0)

0.0
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0. 04
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Other
A14

417

A16
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APPENDIX Ic

A.

B.

C.

D.

The distributions of species abundances at Edithburgh and Rapid Bay on the seven sample

dates comnìon to both sites. The number of species found within individual 1'/" class

intervals are given in the Table. The column headed L.L. refers to the Lower Limit
of the largest 1% class interval represented on the given sample date. The column headed

No. sp. refers to the number of species found within that largest class interval.
Edithburgh: abunilances expressed as a percenlage of the total avaíIable substratum

Rapid Bay: abundances expressed as a percentage of the total available substratum

Edithburgh: abundances expressed as a percentage of the occupíed substratum

Rapid Bay: abundances expressed as a percentage of the occupied substratum

TOWER LIMITS OF 1 Class Intervals
1 .00 2. 0 3.0 0 5.0 7 10.0 11 .0 12. 1 1 o. sp. t.t.

20.0

23.0

21.0

20.0

20.0

21.0

23.0

61.0

56 .0

61.0

66.0

67 .0

70 .0

70 .0

Sample
Date

I
P
LO
(.o
I

A.

20 /06 /7 6

25/09/t-6

06 / 72/16

r8/03/17

t7/06/11

26/09/77

27 /72/77
B.

t4/06/76

04/oe /7 6

2B/72/76

2e/03/77

20 /06 /77

2e /o9 177

04/12/77

L6

76

19

t7

15

T4

17

3l

23

24

25

23

30

30

1

22333
2r53
13141
22t41
2352
4441
243

57
433
5311
B3

1

3

I
1

1

1

1

1

11

2

11

11

1 1

4311

6T

1

1

1

1

1

1

1

1I4

2

1



/rpp Ic

Sample
Date

C.

20 /06 /79
2s/09 /76
06l12/76

18/03/77

17/06/77

26/0e /17
27 /12/77
D.

14/06/76

04/09/76

28/12/16

29 /03177

20 /06/77
2e /oe 177

04/12/77

IOI,JER tIl"tITS 0F 17" Class Intervals
0.00 1.00 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11 .0 12.0 13.0 14.0 No. sp. t.L

t4

15

18

ú
15

15

t4

29

23

23

25

23

29

28

2

0

2

2

2

3

1

2

3

2

4

2

2

4

3

5

1

I
t+

4

1

2

I
1

3

2

3

2

5

Ĵ

1

2t 1

3

1 1

I
1

1

I
1

I

25.0

27 .0

26.0

26.0

26.0

21 .0

30.0

2

1

2

I

11

I
f\)
Oc)
I 3211

21

11

2I
2

I
1

I
2

I

4

4

4

3

4

2

1

4

6

6

5

6

6

6

1

I

1

1

1

1

1

1

1

63.0

58.0

73.0

69.0

71.0

75.0

79 -0



Appendix Id Community flux at Edithburgh and Rapid Bay.

AII values have been calculated for standard

90-day intervals. tr'or all sample inLervals
at each síte, Lhe following has been tabulaÈed:
(1) Community flux for each permanent quadrat
(2) The mean and standard deviation of community

flux cal-culaLed for each permanent quadraL

(3) Communíty flux calculated using the aríthmetic
means of percentage cover from the 16 permanent

quadrats

Edíthburgh
SA}IPLE INTERVALS

Quadrat

1

2

3

4

5

6

7

B

9

10

11

12

13

T4

15

T6

Mean

(s.D.)

16 /12/7s
to

74/03/76

72.23

62.17

15.97

24 .42

19"09

28.12

40.78

29.75

42.15

50.23

91.51

22"49

36. 3s

51 .54

14.82

24.56

39 "14
(21.77)

74/03/16
to

20/06/76

21.15

30.31

23.92

76.32

20.51

20.92

16.92

26.86

16.84

26 .4r
20.47

24 "39
!+4.35

40.52

16.82

20.54

24.2r
(B.e1)

3t .36

25.95

21 .TB

6.29

27 .30

T1 .7I
14. 00

49 "35

14.53

s9.54

44.72

21.78

47 .27

38.04

33.32

26.87

30.66

(14.s7)

5/.bb

24 "89

32 "96

19.13

14.55

25.43

16.7r

74.17

15.24

40.68

42.00

30. B1

63.9r

7r"39

33.82

39.19

37 .07

(20.e2)

36.99

28.32

20.77

25"47

30 .47

19.50

17.44

34.06

16"30

72.23

48.29

49 .38

20.20

43 "93

1B .58

3s .86

28.61

(11.77)

27 "18

35.2r
13.02

18.35

24.86

30.40

29.68

53.66

20.75

41 .77

64.79

27 .85

22 "58

37.22

79.46

41.83

31.75
(13.8s)

t6.39

18 .55

5 .34

18 .84

29.56

13.68

74.93

22.83

30 .36

26.38

26.88

30.84

34"10

17.35

72.94

12.73

20.11

(z.eo)

26/09 /71
to

27 /12/77

26.78

45.51

2s.61

2r.91
73.26

t5.29

31.15

4t.56

29.76

25 .05

54. 13

41 .52

20.09

23.97

26.08

44.rt
30.67

(12. 1B)

20/06/16 2s/0e/76 06/12/16 \8/03/77 1r106/17
to to 'to Èo to

2s/09 /76 06/12/76 18/03/77 rr/06/77 26/0e /77

la IculaLed
Erom Means 20.97 13.21 26.51 28.44 13.63

-20t-
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App Id

Rapid Bay

SAI"ÍPIE INTERVATS

28/t2/76 29/03/7't 20/06/7.1
to to to

29/03/11 20/06/7.7 29/09/71

14/06 /7 6
to

o4/oe/76

o4/oe /7 6
Lo

28/l-2/76

29 / 09 /77
to

04/12/77

04/12/77
Lo

or/03178Quadrat

ARM FACE

E1
E1
E2
E2
E3
E3
E4
E4
I^l 1

I,\r 1

Lr2
\,J 2

I'3
w3
I,\l4
hr4

Mean

(s"D.)

Calculated
from means

32.02

15.82

39.90

45 .61

18.63

43 .55

37.38

64 .42

T1.64

44.71

36.34

47.69

22.75

54.10

68.54

28.91

38 .30

(ß.44)

34.s5

8.48

J5 .4b

26.00

22.14

34.68

2r.64
48.94

6.72

35. 16

18.96

37 .90

17.96

56. B8

44.56

9 .46

28.72

(r4 "7 6)

22.47

30. 17

38.32

38.74

11.78

27 .32

20 .45

18.75

27.0r

19. 13

25.01

30.08

5 .06

t4 "62

26.87

20 "37

23.14

(B.e1)

13 .50

18.41

48.77

42.40

35. B0

53.06

27 .38

27 .03

3. 86

25.03

4.38

29 "46

6.93

12.96

73.01

37.95

28.78

(re.21)

15.69

16.22

4r.39

18.45

12.99

7r.74

2r.99

32.40

3 .36

10 .29

3B .54

r1.21

6.BB

23.88

28 .46

32 .58

20.38

(11.47)

23.54

36.96

40.80

21 .58

16.76

40.92

38 .52

ss.64

5.86

20.26

32.16

11.57

16.25

53 .52

51.16

24.02

30. 63

(1s.38)

10.74

30 .50

31.31

24.21

24.19

96.04

19.32

33. 60

r0.64

TI.62

28.70

19.17

24.60

26.94

31.95

20.89

27 .18

(r9.67)

25 .66 19 .53 18 .45 L7 -52 9 "26 21.05 74.76
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APPENDIX IIa: Overgrowth (the amount of live tissue overgrolvn
during a period of 90 days, expressed. as a percentage of
quadrat) for each permanent quadrat for all sample intervals
at Edithburgh and Rapid Bay.

Edithburgh

SIXTEEN PERI'ÍANENT TS

Samp e
Interval 1

16/12/7s
14103/76

74/03/76
20 /06 /7 6

20 /06 /7 6
2s/oe/76

2s/oe/76
06/72176

06/12/76
78 /03/77

tB/03/77
tL/06/71

1r /06 /77
26/0e /71

26109/77
27 /12/77

234s6189 10 11 12 13 14 15 1ó

I
1\)
O(,
t

8.36 1.58 2.74 3.56 5.42 8.01 r.17 r.22 3.97 0.13 14.19 7.76 0"63 27.86 3.48 3.82

11.51 5.29 7.74 7.63 2.73 4.76 B.4t+ 1.10 1.89 2.29 9.96 9.74 72.14 5.92 2.97 10.16

22.91 4.63 4.25 3.65 1 . 13 0.90 3.32 20 .75 2.67 8. 07 7 .26 4. 81 4. 10 8.69 2.75 4.45

6.85 3.39 6.18 5"70 1.3t+ 9.84 5"22 0.0 3.10 3.94 1.31 6.08 1.55 10.24 9.92 4-05

1.77 4.77 7.96 0.56 0.74 0.82 3.69 0.69 5.20 5.24 2.48 7.26 1.19 10.39 4.07 9.82

t3.4r+ v.g1 6.65 5.60 0.91 2.27 2.46 0.29 1.71 2.25 17.09 11.37 5.53 8.82 2.80 18.61

t.69 r.49 0.32 0.93 2.70 3.81 3.73 1.13 2.38 0.0 11.37 10.40 0.36 3.48 3.75 1.81

4.06 3.23 0.45 5.56 0"0 2.68 5.64 I+.28 5.42 1.86 0.21 4.51 6.03 7 -98 1.10 0.0



App lo

Rapíd Bay

SIXTEEN PERIÍANENT QUADRATS

Sample
Interval

14/06 /7 6
04/09/76

04/oe/76
28/72116

28/72/76
29 /03/77

29/03/77
20 / 06 /71

20 /06 /77
29/09/77

29 / 09 /77
04/ t2/77

a4/v177
or/03/18

1234s6789 10 11 12 13 14 15 76

I
N)()
Þ
I

2"73 3.92 1.6s 1.89 4.65 4.74 4.46 6.t2 3.37 7.03 0.04 s.27 1.66 14.00 7.94 2.67

s"s4 7.96 r.7g 0.43 0.0 0.0 0.62 1.06 2.42 0.14 4.29 2.37 0.s0 0.0 6.90 2.27

1.98 0.0 2.BB 7.20 0.57 0.66 7.6L 7.42 0"42 6.56 0.0 1.03 1.75 1.57 1.10 1.6B

4"76 0.0 0.24 0.73 0.42 4.27 7.25 0.33 0.0 0.0 I.49 7.t2 1.49 1.99 2.78 0.0

2.96 1.58 0"45 0.0 7-43 L.94 0.61 1"57 1.42 0.0 1.81 1.81 1.60 9.00 2.97 t.20

1.88 3.22 0.0 3"10 2.30 1.93 0.0 0.0 0.11 0.0 8.00 2.39 3.58 3.16 5.48 2.07

1.98 0.0 0.06 0"35 2.85 0.0 0.0 0"0 0.0 0.0 0.0 0.0 1.05 1.10 0.0 0'0



APPENDIX IIb

Species

Sponges
SP1 ApLysiLLa yosea.

Growth raLes (mm/day) of individual
colonies at Edithburgh and Rapid Bay

o. 16, 0. 18,
0.30, 0.54,

o .47 , 0.50

Growth Rate of índividual colonies mm/day

Edithburgh Rapid Bay

11,
40

0.26,
0.23,

0

0

0.33 0.44,0.17, 0.08, 0.14

sP2

SP3O

ApLysiLLa suLphurea

Cz,eLLa sp.

SP20 lrlyeaLe sp

SP 13

SP47

SP49

SP5

CaLLyspongia sp.

Chondropsis sp.

LissodendoyAæ sp.

Red encrustíng sponge

0.66, o
0.90 2

0.70, 0.79,0.56

0.48, o J2,

0.71, 0.54

2.rr 0.58, r.79
0.97

0.24, 0.30

0.56 , o .36

0.22,0.31, 0.61, 0.44

0.57, 0
1.11, 0
0"57, o

39,
72,

1.09,
0 .24,
0.91

0 .38
I .06

0.47,
0"58,

49

,) .|
.t,

I4

0.84, 0 .38

0.72, 0.72, 0.48
0,92

0.61,
0.77 ,

0.60,
0.56,

SP4 Green encrustíng sponge

Tunícates
T11 BottyLLoides Leaehii

T9 Dídentnumsp. a

TlB Didemnumsp.b

T25 Atapazoa fantasiana

T19 PyenocLaueLLa diminuta

6, r.32, 0.36, 0.91 , r.94
9

" Bo, 0.63, 0.89, 0.71, 0.55
70

"19, 1.96, 0.96, 2.00, 1.53
.05

0.33, 0.44,

0.39, 0 .67 , 0.22, 0.33,
0.56,0.33

0.28,0.78, 0.44,0.52

0. 17, 0.33, 0. 17, 0. 19
0.20

0 .64, 0. 60, 0. 39 , 0 .28
0.96, 0.72, 0.44,0.71
0"78

0.39,
0.50 ,

0 .56,
0.62

0.8
1"1

0
1

1

1

T23 Chestnut encrusting tunicate

-205-
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Species
Brvozoans
Bi CeLleponari'a fusea

B2 CeLLeporaz,ia uaLLigera

83 CeLLeporar,ì-a pígmentaz'ía

CuLi,eia sp

App Tb

Growth RaLe of individual colonies mm/day
Edíthburgh Rapid Bay

0.23, 0.27 , 0. 12, 0.17
0. 16

,0.20, 0.13, 0.11, 0.14
, o. 10, 0.10, 0.06, 0. 05

0
0

0
0
0

0
0

18,
08

18
09
04

, 0.06, 0.06

Smíttina raígií 0 .22, 0 .32, 0. 13
0. 10, 0. 18

BifLustra perfz,agiLLi s 0.20,0.17, 0.16, 0.32, 0.L2
0.07, 0.07, 0.29

0. 19, 0.22

Mustard encrusting bryozoan 0.09, 0"06, 0.18, 0.08, 0.05 0.09, 0.11, 0"17
0.04

0.19,0.31,0.40

0.19,
0.14,

.18,

.2r,

0.25,
0.12

0.11
0. 18

B4

B6

B7

J5

0.18,
0. 13,

0.08,

0.50, 0.88,
r.22, 1 .00 ,

0.78

1.11,
r.6t ,

0.73
1 .56

-206-



Appendix IIIa The mean and standard deviation (parenthesis) of the

colonization rate (number of colonists/600cm2/30 ¿ays)

of indivídual species on each sarnple interval for each

of the four groups of patches ín Experiment I at

Edithburgh. Sample size=5 for aII species on all
groups on aIl sample intervals wíth the following
exceptions

06/72116-17/01/11
.t ebruary group

trl01l77 -oB/02/71

August group 2s/09/16-30/70/76

17/06/77 -20/oB/11
sample síze = 4

February group

SAMPTE INTERVATS

sample size = 4

I
f\)o
!
I

26 /02/7 6
to

14/03/16

74/03 /7 6
to

17 /04/76

17 /04/7 6
to

tslos/76

24/08176
Lo

2s/09/76

2s/oe /16
to

30/70/76

30/70176
to

06/12/16

06172/76
to

rL/07 /11

7L/0r/11
to

oB / 02/ 77

rs/os/76 20/06176 17 /01/76
to to to

20/06176 11/07 /76 24/oB/76

Sponges
SPI

SP3O

SP47

SP2O

7 "68
(17.19)

2.33
(4.6e)

0.0

0.0

0.78
(0. B1)

2.00
(4.48)

0.0

0. 1B
(0.40)

0.66
(o. eB)

0.0

0 .44
(o . 61)

0 .44
(o. ee)

0.61
(o. ee)

0.75
( 1 .06)

0.20
(0.4s)

0.0

1 .00
(2.24)

0
(o

94
28)

1

(2
7.32

(2.3e)
1.33

(2.e7)
1.99

(4.46)
0.62

(1.2s)
0.8

(1.61)

1 .07
(1.s1)

40
ss)

L.20
(2.6e)

0. 75
(1. e7)

0.69
(1.12)

B3
17 )

00
82)

0
(1

1

(1

0.62
(0.80)

67
61)

0. 33
(0.7s)

0
(o

0"18
(0. 1B)

7.23
(1.34)

0.91
(0.e7)

t.32
(2.3e)

0.60 0. 34
(0.71)

0.27
(0.42)

0.27
(o .42)

0 27
s4)

0 .54

0(0. B3) (

3.11
(2. s3)

7.32
(1.80)

0. B0
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Appendíx IIIb

Coefficient of Determination (r2)

MyeaLe sp. CreLLa sP-

25x25 50x50 trOx10 25x25 50x50
0.96 0.96 0.91 0.91 0.98

The coefficents of determination (r2)

of the power curves fitted to the percentage

cover daLa from Experiment II aL Edithburgh

and the number of days for the patches used

in Experiment II at Edithburgh to be half
covered by sponge.

Surrounding sp.

Patch size cm 10 x 10

For average o/, 0.-14

For individual
patches 0.16

1.0

1.0

1.0

1.0

1.0

0. 88

1.0

1.0

1.0

Days for patch to be half covered

MyeaLe sp. CreLLa sP.

10x10 25x25 50x50 10x10 25x25 50x50
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Group of
patches

Mgcale sp.
50cm x 50cm

Appendix IIIc

Species L4/05/77

Bryozoans

81 0.0

84 0.0

Serpulíds

T\ß/4 o " o

The mean and standard devíation (parenthesis) of the

percentage cover for índividual species which colonized

the patches ín Experiment II at Edithburgh on each sample

date after initial patch clearance. Sample daLes 20/09/71

and 24/03/78 axe 161 days and 329 days after inilial
clearance of patches respectively (see Table 4.5). There

r¡/ere no coloni-sts on the 10cm x 10cm and 25cm x 25cm sized

patches surrounded by lhycaLe sp.; therefore they are not

included in the Appendix. Sample sízes are as follows:

4 for Mycale sp. 50cm x 50cm group

10 for CreLLa sp. 10cm x lOcm group

10 for CreLLa sp. 25cm x 25cm group

3 for CreLLa sp. 50cm x 50cm group

for all species on all sample dates.
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(o. os)

0.43
(0. 73)

0.02
(0.02)

0.42
(0.64)

0.01
(0.02)

0. 15
(0.30)

0.0

0.0

0.0

0.0

0.0

0. 14
(0.17)

02
03)

0
(o

0.37
(0. 37 )

1.01
(1.36)

0. 10
(o . 21)

0.16
(0.32)

0.0 0.0 0.04
(o.os) 0.0 0.0 0.0



/.PP t"c
SA}ÍPLE DATE

20/06/71 20/08/17 20109177 22/t0/77 27/1r/71 28/12111 28101178 2s/02118 24103118
Group of
patches

CreLLa sp.
10cm x 10cm

CreLLa sp.
25cm x 25cm

Species 14/05/77

Bryozoan

81 0.0

Sponges

SP5

SP13

Tunicates

T5

Bryozoans

B1

0.49
(1.s6)

0.0

0.0

0.03
(o.oe)

0.0

0. 18
(0. s6)

0 .04
(0. 13)

0.0

0.0

0.0

0.0

0.31

(o. eB)

0.26
(0.82)

0.08
(0.2s)

0.0

0.28
(o. eo)

0.0

0.0

0.01
(0.04)

0. s6

(1.76)

0.11
(0. 36)

0.0

0.0

0. 15
(0.t+2)

0

0.0

0"53
(0.7s)

0.54

(1.48)

0.0

0.0

0. 1B
(0.4s)

0.07
(0.23)

0.0

0.0

0.0

0.27
(o . 61)

0.0

2.03
(2.e4)

0.0

0 .49
(1.ss)

0.0

0. 03
(0. 1o)

0.0

0.0

0.27
(0.63)

0.53
(0.84)

0.0

0.0

3.77
(4.6e)

0 .50
(1.4e)

0.0

1.0
(3.07)

0.0

0.0

0. 34
(1.08)

0.62
(1.e4)

0
(2

1.0
(g.ot)

75
36)

I
N)
-\¡
¡

0.07
(0. 1B)

.t7

.37)
0.28

(o. sB)
0.12

(0.37)

03
41)

47
62)

2
(s

2
(4

67
27)

0
(o

3
(s

3
(s

I
(1

6B
28)

6s
40

0

0.06
(0. 1B)T9

0. 16
(0.40)

0.50
(0.7e)

1.14
(2.33)

0.0

B2 0.0

B3 0.0

B4 0.0

0.23
(0.2e)

0.72
(0. 83)

1.33
(1.63)

2.45
(3.2e)

0
)

0
1

0

0.62
(o.es)

0.62
(1.04)

0.12
(0.3s)

(

0. 06
(0.20)

0.31
(o.s1)

r.42
(2 . 31)

1. 14
(2.44)

0 .84
(2.24)

0.04
(0.13)

04
87)

1B

36)
1

(1

B5 0.0 0.0
0.04

(0. 12)
0.06

(0. 1B)
0.26

(o. sB)
o.26

(0. B2)
0. 41

(r.2e) 0.0



App llc
SAMPTE DATE

20106/17 20los/71 20/0s177 22170/17 21171111 28/12/77 28/01/78 2s102118 2-4/03/78
Group of
patches

CreLLa sp.
50cm x 50cm

Species 1t+/05/77

Serpulids

T\t3l 4 0.0

Sponges

SPl 0.0

0.0

0.0 0.0

0.0 0.0

0.0

0.0

0.02
(0.03)

0
(o

06
0B)

0.04
(o .07 )

0.04
(0.07)

0.16
(1.31)

0.03
(o. os)

0.0

0.0

0.0

0.80
(1.3e)

0.0

0.24
(0.2e)

0.0

0 .02
(0. o3)

0.0

0.0

0. 51
(0.8e)

0.0

0.05
(o. oB)

0.0

0.27
(0.37)

0.29
(o. so)

0.72
(0.6e)

0.0

0.2.4
(0.42)

1 .09
(1.8e)

1.01
(o. eo)

0.37
(0.64)

0.20
(0.26)

0"51
(o . B8)

0.0

0.0

0.0

0"0

0.0

0.0

0.0

0.0

0.0

0.0

0.55
(o. es)

0.0 0.0

0.0 0.0

0.0 0.0

0.32
(0.2s)

1. 13
(0.70)

7.32
(1.17

.73

.33)
4.40

(:. et;
4

(s

79
2t)

0
(o

I
f\)
æ
I

sP5 0.0

sP13 0.0 0.0

sP20 0.0 0.0

sP47 0.0 0.0

sP49 0.0 0.0

Tunicates

T5 0.0 0.0

T9 0.0 0.0

0.49
(0.8s)

1 .05
(1.81)

O. BB
(1.s2)

91
s8)

0
(1

0
(o

45
77)

1.31
(1.3s)

0.86
(o.e1)

0.0 0.0

0.0

0.0 0.0

0.09
(0. 1s )

0.26
(0.28)

0.08
(0. 1o)

0 .06
(o . 11)

0
(o

3l
s4)TlB 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



Group of
patches

SAMPTE DATE

20106/77 20l08/77 20/0s/11 22/10177 27 /17/17 2S/12/71 2S/07178 2s/02/78 24/03/78

3.31
(2 .06)

t+ .77
(2.28)

lrpp T-c

4.05
(1.3s)

Species 1t+/05 /77

Bryozoans

81 0.0

0.0

B3 0.0

B4 0"0

B5 0.0

B6

Serpulids

T\t3/4

0.0

0.0

0.04
(0.07)

0.16
(2.8) .3e)

0. 11
(0. l8)

0. 89
(0.78)

1 .02
(0. B3)

0.61
(0.37)

0 .60
(0.27)

7.26
(0. Be)

.60

.18)
0 .54

(0.1e)

0.04
(0.07)

0.0

0.0

0.0

0"0

0.0

0.0

0.0

0.02
(0.02)

0.0

0"0

0.34
(o . 11)

o.02
(0.03)

0. 18
(o. oB)

0.0

1.23
(o . s2)

0

0.52
(0.2e)

1 .06
(0"47)

15
44

0. 10
(0:15)

0
(o

4
(1

0
(o

11
13)

4.94
(2.38)

0.21
(0.38)

0.44
(0.3e)

0.91
(0.37)

0.05
(0.06)

0.0

0.0

0.0

)

0B2
0.07

(0. 12)

230
(

0.27
(0. 40)

0.06
(o . o1)

I
t\)
(O
I

0.0 0.0

0.0

0.11
(0.18)

0.08
(0. 14)

0.13
(0.23)

0 .06
(o . 11)

0.09
(0. 1s )

0. 13
(o " 16)

0.27
(0. 18)

r6
28)

0
(o

0.08
(0. 13)

0. 10
(0. 14)

0"09
(0. 12)

0.09
(0. 14)

0.01
(0 . o1)



Appendix IVa The mean and standard deviation (parenthesis) of percentage

cover for each species and the Èlro caLegories "other
bryozoans" (80) and "coralline red algae" (CR) for the two

groups of lorrg-term panels on each sample date. Species

code numbers are Lhe same as Lhose used in Table 5.3.

Sample sizes are listed in Table 5.1

March Group
Sample Date

0s/06/76 15/09/76 17 lr2/76 29/03/77 20/06/77 29/09/77 20/0r/78 13104/78Species

Sponges

SP1

SP55

SP2O

SP13

Tunicates

T5

T11

T18

T19

T12

T25

0.0 0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0 0.0

0"0 0.0 0"0

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0"0 0.0

0. 03
(0.0s)

2.59
(4.48)0.0

0.0

'0.0 0.0

0.0 0.0

0.0

0.0 0.0

0. 03
(0.03) 03)

0.03

0 0.0 0.0

0.0 0.0 0.0

0 .51
(0.8e)

0 .20
(0.3s)

0.02
(0.03)

0.34
(o.se)

1.81
(1.es)

0. 03
(0.03)

0.02
(0.03) 0

0

(

0.51
(1.43)

0.0

0 .39
(o . 41)

39 "51
(22 "83)

7.62
(4. se )

0.97
(2.04)

0.15
(0.37)

0.0

00

2.56
(3.70)T9

0.13
(0.17)

1

(2
0"58

(0.40)

36.60
) (sz.st)

53.27
(28.66)

0. 05
(0.13)

0.17
(0.28)

02
20)

52
25

60
(14

0. 14
(0.33)

0.0 0.0

0.0 0.0 0.00.0 0.0 0"0

0.0 0.0 0.0 1.71
(3.60)

2.69
(3.17) 0.0 0.0

T20 0.0 0.0

-220-

0.0 0.0 0.0 0.0 0.0



App J[ o

March Group
Sample Date

0e/06/76 rs/09/76 r1/12/76 29/03/77 20/06/77 2e/09/77 20/0t/18 13/04/78Species

Bryozoans

Bi

Serpulids

T\ß/4

T[t2

AIgae

A14

Cnidarians

0.05
(0. 14)

0.64
(0. 77 )

22.TT
(16. 1e)

0 "47
(1. ls)

2.85
(4. 87 )

0. 13
(0"2s)

,aaL. J'

(1.7s)

1 .48
(2 .s7 )

0.0

0.0 0.0

0.0 0.0 0.0

0.0

0.0 0.0

0.0 0.0

0.09
(0. 16)

0.91
(i.i6)

r.27
(2.21)

b5
s8)

19
45)

I4
e7)

91
24)

07
18)

n

(1

U

(o

2
(2

0
(1

U

(u

7t
e3)

04
r2)

33
18)

05
13)

0
(1

0
(o

6
(6

0
(o

33
e2)

07
2r)

22
só)

0
(o

U

(o

5
(s

15
2e)

08
23)

0
(o

0
(o

01
22)

1

(t

B2

B3

B4

B5

B6

B7

BO

0.25
(0.47)

71 .82
(s. ao¡

0.0

r.62
(2.s6)

2.52
(3.46)

0.0 0.0

0.0 0.0 0.0 0.0

23.07
(1s.24)

28.53
(17.10)

0.0 0.0

33.26
(13. e8)

0.0 0.0 0.0

0.0 0.0 0.0

0 .51
(1.02)

0.0

0.0 0.0

4. 88
(s .6s )

3.94
(6.ß)

JJ
e4)

0.25
(o .27 )

0.46
(o .46)

2
(o

8.60
(13.6e)

20.89
(1e.70)

6. 18
(4 . 71)

4.60
(3.13)

1 .30
(r.e2)

17 .44
(11.20)

0.0 0.0 0.0 0.0

0.0 0.0

0.0

0.0 0.0

0.76
(0.72)

0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 11 .51
(le . e3)

7 .08
(7 .03)

0. 03
(0. os )

CR

J5 0.0 0.0 0.0

-¿¿t-

0.0 0.0 0.0 0.0 7.62
(2.4e)



App No

OcLober Group
Sample Date

t] lt2/76 29/03/77 20/06/77 29/09/77 2010r/78 13/04118Specíes

Sponges

SP1

SP2

SP2O

SP13

SP33

SP54

SP5

SP55

SP4

SP7

SP57

Tunicates

T11

T18

0.0 0.0 0.0

0.0 0"0 0.0 0"0

0.0 0.0 0.0

0.0 0.0 0.0 0.0

0.0 0.0

0.0 0.0 0.0

0.0 0.0

0.0 0.0 0.0

0"0 0.0 0.0

0. 06
(o . 11)

0.29
(0.3e)

0.01
(0.01)

0.10
(0.28)

0. 17
(0.47)

0.0

0. 15
(0.42)

0.0

0.0

0.0

0.0

0 .55
(0.7e)

0.0

0.0 0.0

0.18
(0.4e)

0. 05
(0.Is)

0. 02
(0.04)

11
28)

0
(o

0 .08
(0.22)

0.25
(o.s1)

0.0

0"89
1r. os)

0.04
(o . 11)

0.03
(o.oe) 0.0

0.0

0.39
(1.0e)

0.01
(0.02)

0"37
(r " o¿)

0.0

4. 81
(s. s6)

0.07
(0.le)

0.0

0.0 0.0

0.0

0.0

0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

0. 39
(1.li)

0.02
(0. o3)

0.02
(0.03)

0 "21
(0.7s)

0.01
(0.02)T5

0.01
(0.02)

0"36
(1.03)

0 .28
(0.78)

0.39
(o.e1)

0.20
(o.s6)

0 .06
(0.16) 0.0 0.0

z"ot
(2. Bo)

8.85
(11.18)

39
s1)

5
(g19 0.0

-222-



App l[o

October Group
Sample Date

17 /r2/76 2e/03/77 20/a6/77 29/09/77 20/0r/78 13104/18Species

Tunicates

T23

T19

T31

T12

Tl3

T25

T39

T20

T1

"T28

Bryozoans

B1

27.44
(22.16)

0.22
(0.63)

0.32
(0.47)

0. 02
(0.04)

5.71
(6.e2)

52.72
(31.se)

0.17
(0.38)

0. 06
(0. 16)

0.24
(0. s3)

0. 19
(0.ss)

0.13
(0.26)

0.0

54.0
(1e.7e)

0 .25
(0.6e)

I "64
(11.71)

36 .44
(41.1e)

0. 10
(o .28)

1.25
(2.08)

2 "22
(r.62)

0.20
(0.s6)

0.0

3 .55
(3. 17 )

I .58
(1.36)

0.0 0.0 0.32
(o.e1)

0.45
(o.e1)

0.0

0"0 0.0 0.0 0.0 0.0

0"0 0.0

0.0

0.0

0.0 0"0

0.0 0.0

0.0 0.0 0.0

0.0 0.0

0.0

0.0 0.0 0.0

0.29
(0. 61)

0"08
(0.22)

0.70
(1.ee)

0. 19
(o . s4)

0.36
(1.00)

0 "27
(0. s4)

0.06
(o . 11)

0. 01
(0.03)

0.74
(2.0e)

0.0 0.0 0.0 0.0

0.0 0.0 0.0 0"0 0.0 0 .34
(0.e7)

0 "26
(o .41)

0.58
(0.e3)

B2

B3

B4

0.0

0.0

0.0

0 .55
(o.se)

1 .85
(3. 3s )

t.77
(2 "60)

0.82
(2.16) 0.0 0.0 0.16

(0.32)

13.09
(16.18)

1 .95
(1.4s)0.0

-223-



App flo

October Group
Sample Date

17 /72/76 29/03/77 20/06/77 2e/09/77 20/01/78 13/04/78

B6

BO

Species

Bryozoans

B5

B7

SerpuIíds

T\ß/4

TVI2

AIgae

A14

AT7

Cnídarians

J5

0.0

0.0

2.39
(1.2e)

0.0

0.04
(0.12)

3"00
(2. s8)

1.88
(2.34)

0 .07
(0. 1e)

0.0

5. 10
(4.38)

0 .44
(1.23)

0.42
(0.26)

15.11
(1s.s6)

0.28
(0. s4)

0.0

0.0 0.0

1 .41
(3.63)

0.320.12
(0.37)(0. 1B)

6.73
(7 .7e)

5. 18
(r0.67)

9.96
(s.72)

0 .07
(0. le)

1 .09
(1.71)

1.17
(0.61)0.0

5
(8

0
(o

0.71
(0.50)

67
33)

2
(1

s.64
(6.7s)

.51

.87)
2.20

(2.8e )

2. 80
(s.20)

0 .34
(o . 21)

63
es)

0.0 0. 86
(1.32)

0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

0

0.02
(0.04)

0.01
(0.02)

0. 30
(0.84)

0

0.0 0.0

CR 0.0 0.0

0.0 0.0 0.0

0.0 0.0

0.0 0.0

-224-



APPENDIX Va

Samp1e Date: 29/09/77

CuLieia sp

Specíes

Sponges

SP1

Uncaged Control

0.0

SP2
1.28

(2.s6)

SP3 0.0 0.0

The means and standard deviations (parenthesis)

of percentage cover for individual species

in the six experimenLal treatmenLs at Rapid Bay

on Lhe last two sample dates common to al-I six
treatments. Species code numbers are the same

as those used in Table 2. 1. Solitary Èunicates

noÈ listed in Table 2.1 are given below. AtI
means are based on a sample síze of four.

T2 Aseidia genrnata

T7 PhaLLusia depz.essiuseuLa

removed

Exclus ion

CuLieía sp. not removed

Uncaged Control Exclusion

5.01
(7. 88)

2 .35
(1.86)

7.29
(2.s8)

1.05
(1.23)

0.0

0.0

0.0

0.41
(o " 81)

0.0

0.0

s.89
(s. to¡
0.99

(1.ee)

0.77
(0.70)

0.26
(0.s2)

0.0

0.0

3.58
(s. oo¡

0.20
(0.26)

0.63
(1.2s)

2.23
(3. 18)

68
36

0.16
(0.32)

SP3O

SP2O

SP13

SP5

SP4

SP8

SP54

0.0

0.0

2.s6
(2. s3)

0"0

2.10
(s.13)

0.0

3"30
(3.48)

6.14
(4. s3)

3.27
(6.ss)

0.0

0.50
(1.00)

0 .03
(0"07)

(¡.

4.40
(s " 3B)

0.0

3. 90
(t.7e)

1 .54
(1.82)

0.0

0

0

4.2r
(s.17)

0. 4s
(0. s2)

0.0

0.68
(1.36)

1.33
(2.67 )

1

0

0

2.82
(s . o+¡

76
s2)

1

IJ

0.92
(0.68)

0.21
(0.26)

1.03
(1.10)

5.51
(7 .s6)

2.33
(¡ " oz)

0.63
(0.e7)

3.70
(2.s1)

0.65
(1.30)

0.0

0.00.0

0.72
(1.4s)sP56

3.8s
(s.23)

-225-
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Sample Date: 29/09/77

CuLieia sp

Species

Sponges

SP49

Uncaged Control

0.0

SP5O 0.0 0.0

Agp la

CuLícia sp. not removed

Uncaged Control Exclusion

0.0 0.0 0.0

0.0 0.0 0.0

0.0 0.0

.3e )
0.0 0.0

removed

Exclus ion

SP57 0.0

ColoniaI tunicates

TB 0.0

0.0

1.91
(3.83)

0.0

0.0

1.41
(2.82)

0.0

0.0

0.0

II.7 4
(23.3s)

9 .45
(14.14)

0.0

0. 34
(0. 6e )

?5

.es)
1

(1

0. 02
(0.04)

0.0

0.0

9.25
(6.s3)

5.18
(10.03)

0.0

0.0

0.0

1"61
(3.0s)

0"0

1 .35
(1. s6)

0.02
(0.04)

1.07
(2.02)

0.0

0.0

3.34
(s.82)

0.0

¿ .4ó
(2.63)

0.0

0.0

2.96
(s.0e)

0.0

0.0

0.0

0 "2r
(0.42)

0.0

50
00)

2
(s

0
U(

20

T5

T19

T11

T15

T20

T13

T72

T9

T1B

T25

0.02
(0.04)

0.0

4.s2
(s .62)

4. 85
(1.7s)

0.0

9 .49
(rr.92)

9 .50
(18.ee)

0.82
(1.63)

4.93
(e. 86)

0. 16
(0.31)

0.0

0.24
(o .27 )

0.0

0.0

0.0

0.0

0.0

0.37
(0.74)

09
77)

2
(1

0
(o

"19
.38)

r.29
(o.e1)

22.87
(43.71)

3.64
(t .o+¡

0.90
(0.82)

9 .07
(14.80)

0.0

3.84
(2. Bo)

0 0
0 .46

(0.e2)

1

(1T23
0.93

(7 .77 )
.00
.61)

-226-

0.0 T.28
(2 .s7 )

3.54
(7.0e)



Sample Date: 29/09/71

CuLíeia sP- removed

Species Uncaged Controf Exclusíon

Colonial tunicates

T37 0.0 0.0 0.0

0.0

App To

Culi.eia sp. not removed

Uncaged Control Exclusíon

0.37
(0.74) 0.0 0.0

0.0 0.0 0.0T3B 0.0

Solitary tunicates

TiO 0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

3.28
(4.17)

0.0

0.0

0.29
(o.se)

7.22
(2.3s )

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.11
(0.22)

0.27
(o . s4)

0.0

0.0

0.0

0"0

0.0

0 "26
(0. s2)

2.55
(s . 11)T2

0.22
(0.4s)

93
e1)

J
(4

T40

T7

T28

Bryozoans

B1

0.0

2.32
(4 .40)

0.0

0.0

0.0

0.0

0.0

4.72
(6 "s1)

0 " 93
(1.86)

94
81)

1

(2

J
(4

.68

.70)

I .57
(1"83)

s.94
(10.s3)

0.98
(1.e6)

B2

B3

B4

B5

B6

B7

6t
73)

1

(z

420
(o

6s
e4)

1

(1

0 .46
(0.78)

0.26
(o . s2)

0. 18
(0.3s )

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0. 15
(o "2e)

0.0

0.0

0.0

.84)

0.0

0.0

0.63
(0.73)

0.90
(1" 7e)

0.39
(0.77)

-2?7-

0.0 0.0 0.0



SampIe Date: 29/09/77

CuLieía sP

Species

0ther

TIyJ3/4

Uncaged Control

28.52
(20.23)

19.21
(76 .66)

T\,12 0.0 0.0

SampIe Date: 13/04/78

CuLieia sP

Species

Sponges

SP1

Uncaged Controf

0.0

APP Í.a

CuLieia sp. not removed

Uncaged Control Exclusion

0.03
(0.06)

removed

Exclus ion

0. 14
(0.1e)

75
33)

0
(o

0.33
(0.28) 0.0

55.48
(33.28)

0.0

0.0

0.35
(0.6e)

0.0

0.0

0.0

4s.79
(22.e1)J5

8.99
(r1.26)

0.0

removed

ExcIus Íon

73.02
(13. ee )

0.73
(1.0e)

1.70
(3.40) 0.0 U.U

CuLieia sp. not removed

Uncaged Control- Exclusion

0.044
82

1.
(0. 03.73

(3. B2)

75
20)

)
0

0SP2

SP3

SP3O

SP2O

SP13

SP5

SP4

SP8

0.0

0.0

0.0

0.0

1.48
(1.81)

0.0

0.21
(o .42)

0.0

2.36
(4 "7 2)

0.11
(0.22)

0.0

0.0

0.0

0 .58
(0.e7)

0.0

0 .55
(1.0e)

.52)

0.0

. e3)

I
(3

0 .45
(o.eo)

4 .6r
(6" 1e)

3.39
(3.e7)

1

46

1.68
qr.ss)

J
J

4
I
4

(8

0
(o

9
U (

0.88
(1.7s)

55
0e)

1

(3

(

0 .30
(0.60)

0.0

2.17
(3.68)

5. 18
(8 .4e )

0. 09
(0. Ie)

2.08
(1.71)

^1LI

s4)

76
32)

6.74
(g .zt)

0.37
(0.73)

.61

.03)

a aa
J. LL

(4.31)

J

(6
9

8(
22
40 )

t 1a

(4.63)

1.37
(2.7 4)

0 0 0.0

1 .51
(3.02)SP54 0.0

-228-

0.0 0.0 0.0



Sample DaLe: 13/04/78

CuLicia sp

Specíes

Sponges

SP56

Uncaged ConLroI

SP57 0.0 0.0

SP5O 0.0 0.0

SP49 0.0 0.0

SP6 1 0.0 0.0

App Yo

CuLieia sp. not removed

Uncaged Control Exclusíon

0
5.36

(6.81)
0.57

(0. 77 )

removed

Exclus ion

64
45

34
6B

0
(o

68
37)

0
(1

4.27
(s.70)

0

3

2

0

0
(

Colonial tunicaLes

T34 0.0

T5

0 0
0. Bi

(7.62)

0.61
(1.23)

0.0

0.0

0.0

nn

0.0

0.0

0.0

2.70
(s.40)

0.0

0.0

0.0

0.0

0.0

2.95
(s. e0)

0.0

0.0

0.0

0. 14
(0.28)

0.26
(o.s1)

0.38
(0.76)

0.0

0.0

0.0

0.0

0.0

) '7)

(3.1s)

7.76
(2.e2)

0.0

0.0

0.0

0.57
(1.40)

s.s6
(6 . s4)

0"0

0.0

0.0

4.33
(8.66)

3.72
(7.4s)

0.0

1. 13
(2.2s)

0.0

2.26
(1. e0)

0.37
(o .42)

s.35
(6.22)

.85

.70)T19

T11

T15

T20

T13

112

06
08

0

0(

0
(1

81
27)

1

(2T9

0.0

0.0

0.0

2.67
(s. g¿)

0"0

0 .54
(o.88)

0.92
(1.1e)

0 .49
(o.ee)

0.0

0.0

0.0

0.11
(0.34)

0.01
(o " 14)

0"0

10"41
(2o. se )

s.63
(10.77)

1.05
(2 . oe)

79.63
(36. e8)

1.16
(2.32)

0.98
(1.e7)

T1B 0.0 0.0

-229-

0.0 0.0



sampre Dare: 
":::l::" 

"r. removed

Species Uncaged Control- Exclusíon

ColoniaI tunicates

rn.,< 1'81, o.o o.orzr G.6g) "."

T23 0.0

T37

T3B

0.0 0.0

0.0 0.0

App Yo

CuLieía sp. not removed

Uncaged Control Exclusion

0.0 0.0 0.0

2.36
(2 . B8)

0.24
(0.47)

3
(g

15
1B)

0.0

0.0

0.0

0.0

0.0

0.0

0.71
(1.s4)

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0"0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.94
(1.88)

0.0

0.0

0.0

0.0

0 "47
(0. e4)

v,+t
(0. e4)

0.0

0.0

0.48
(0.62)

5.07
(e.se)

3.20
(6.3e)

5.02
(6. ot¡

7.03
(6.60)

0.40
(0.7e)

0.0

1. 15
(2.2e)

Solitary tunicaLes

T10 0.0

12 0.0

T40 0.0

0.0

T28 0.0

0.0

11.48
(10.18)

2.04
(2.e4)

T7
0.07

(0.1s)

80
2B

)

2
(r

68
B6

0"43
(0.8s)

1.39
(2 .7 e)

39
7e)

1

(2

Bryozoans

B1
7 .63

(e .77 )
2
2

0.62
(1.23)

DZ

B3

B4

B5

B6

B7

0.0

0.0

0.0

t.25
(2. s0)

0.0

2.49
(4 "e7)

0.23
(o .4s )

0.0

0.0

0.29
(0.s8)

0.0

0.0

0.57
(o . s4)

2 "15
(3.62)

)(

0.0

0.0

-230-

0.0 0.0



Sample Date: 13/04/18

CuLicia sP

Species

0ther
Uncaged Controf

App Yo

Culieia sp. not removed

Uncaged Control Exclusion

0.0

19.16
(16.se)

55.48
(33.28)

removed

Exclus ion

T\ß/4

J5

0.14
(0.13)

0.29
2s)

44 .1r
(16.s0)

0 .56
(o .44)

15.15
(2o.oe)

U(
04
06

0.00
U(

48.s0
(20.0)

t1
8s)

40
(25

-23t-



APPENDIX Vb The means and standard deviations (parenthesis)

of percenLage cover for indirzidual species

in the three caging treatmenLs at Edithburgh

on the last trço sample dates common to aII
three Lreatments. Species code numbers are

the same as those used in Table 2.1. Solítary
tunicaLes not listed in Table 2.1 are given

befow. AII means are based on a sample

size of five.
T2 Aseídia genrnata

T4 HaLoeynthia hispi'dn

T6 Ciona intestinaLis
T1 PhaLLusia depnessiuseuLa

24/09 /17
Control Exclusion

28 I t2/11

Control ExclusionSpecies

Sponges

SP1

SP2

SP14

SP3

SP2O

SP3O

SP13

SP47

SP49

Uncaged

0.0

0.0

0.0

33.11
(28.20)

8 .43
(1s.ss)

5 .49
(7.ss)

1.90
(4.2s)

0.0

19 . r_5

(r7 "14)

0.22
(o. so)

7.38
(10. i6)

0.0

0.0

Uncaged

0.0

0"0

0.0

8. 87
(11.40)

1 .44
(2 " 31)

1

(4
0

23)
6

(g
t .68

(8.02)
1 .31

(11. e8)
9.03

(7.0)
B9
22 )

0. 39
(o.s6)

4.2s
(8 . so)

8.07
(r1"72)

0.27
(0.61)

8.02
(e .2s )

3.69
(7.70)

01
11)

29
()j

46
6e)

B
(o

t6
(18

0.0

s"56
(10.2/+)

r1 .77
(19 . sB)

0.0

0.0

0.0

0. 15
(0. 34)

11.01
(13"34)

.66
" s3)

i0"54
(r2. 10)

0.98
(2.le)

0.36
(0. Bo)

3.90
(7.48)

r.79
(2 "63)

1.30
(2.e0)

6"15
(13.7s)

15
33)

to
6e)

0
(o

0
(1

0.82
(1.82)

0.0

0.04.17
(e"le)

0.0

0.0

1.07
(2.2s)

2
(4

59
ss)

1

(¡
48
s0)SP5

1"75
(3.e1)

- ¿5¿-

0.37
(0.83)



Species

Sponges

SP62

Uncaged

0.0

SP63 0.0

SP55 0.0

SP58 0,0

SP5 7 0.0

T11

0.0

TlB r .14
(2.27)

Solitary tunicates

T4 0.0

0.0

T40 0.0

0.0

24/09 /77

Control Exclusíon

0.0

0.0

0.0 0.0

App fb

28l12/77

Control Exclusion

0.0 02
1e)

2
(2

13
7e)

02
e8)

1

(1

4
(B

Uncaged

0.0

0.0

0.0

0.0

0.0

6.36
(r4.22)

0.0

0.0

0.0

0.0

0.0

4.28
(e.s7)

0.89
(i.ee)

0.0

0 "21
(0.48)

0.0

r .42
(3.18)

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0
(o

0.0

0.0

0.0

2.r2
(3.0s)

0.0

0.0

0.0

0.0

0.0

0.0

0 .44
(0.e7)

6.ú
(3.08)

2.58
(1. e7)

0.72
(1.60)

6.01
(r¡.43)

0 .49
(1.0e)

.02

.04)

4. 08
(3.6s)

93
10)

2.r8
(2.ee)

.19

.4¿ )

ColoníaI tunícates
0.02r) (0.04)

0.02
(0.04)

0.05
(o . 11)

0
(o

2
(s

0.03
(0.08)

4¿
42)

T9

0.51
(0.70)

3.54
(6.e1)

0.06
(0. 13)

5
l(

04
e7)

0.05
(0.10)

12

2
(¡

)
(9.

77
4s)

1

(2
42
6s)

16
2.61

(s.83)

3.02
(4.e7)T7 0.0 0.0

-233-

0.0 0.0 s.69
(8.2e)



24/09/77

Control Exclusion

App Íb

28/72/71

Control ExclusionSpecíes

Bryozoans

B1

Other
Ml8

Uncaged

1 .46
(16.68)

0.74
(1.30)

1.97
(1.6s)

Uncaged

0.0

0.0

0.0

9 .64
(21.ss)

2.6r
(2.s6)

2.12
(.2.e7)

4

1.19
(2.21)

0.0

0.26
(0.s8)

0. s9
(0.82) 22

2.03
(3.00)

0"58
(o . 81)

0.39
(0. s4)

6
(s

0
(o

B4
ss)

I
(1

0
(o

J

f/

0.03
(0.04)

0
(o

0.03
(0.07)

37
s0)

81

)

B2

B3

B4

B5

B6

B7

1.49
(3.02)

0.41
(o.s6)

0.0

31
1B)

2
(¡

0. 13
(0.2e)

4
(6

6t
87) I(

93
88)

0.0

0.0

0.0

0.0

0
1 ((

0 .50
(1.11)

83
74)

0.41
(o.e1)

24
s4)

07
ls)

0

1

0.26
(o.se)

0.12
(1.28)

0.68
(1.s4)

(0.40)
0. 18

59

tt 0.24
(o . s4)( 0

0.0

0.16
(o " 2o)

1

(1
26
4s)

0.04
(o . 11)

46
0.2r

(0.41))

0.0

J5

T\ñ3/ 4 0.0

0
83)

l2
(zø

2 "54
(s.68)

0. 08
(0.10)

06
10)

24
25

0.0
)

0.24
(0.2e)

0.29
(0.64)

0.02
(0.04)

0.26
(o .2e )

-234-
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APPENDIX VC

(1) H values for Kruskal-hlaIlís ANoV comparíng the abundances

of phyletic groups and species between caging treatments

for each removal treatment on the Ìast two sample dates

common to all six treatments at Rapid Bay.

Sample síze=4 for all groups.

(2) U values for Mann-Whítney U-tests (one-tailed)

comparing the abundances of phyletic groups and

species between removal treatrnents for each cagíng

treatment on the last two sample dates common

to al} six treatments at RaPid BaY.

Sample síze=4 for all groups.

ns: not significant at the .05 significance

Ievel
-,k: .05>P>.01

:'<>'<¡ .01>P>.001

Species code numbers not listed ín Table 2. 1 or the

captíon of Appendix Va are shown below.

C-J5: Total cover minus CuLieia sP.

SP: total cover of sPonges

TC: total cover of colonial tunicates

TS: total cover of solitary tunicates

B: total cover of brYozoans
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N)
qJ
q¡
I

c-J5

SP

TC

TS

B

SP1

SP2

SP3

SP3O

SP2O

SP13

SP5

SP4

SPB

SP54

SP56

SP49

SP5O

SP57

SP61

TB

(1) KRUSKAT-I4IALLIS one-way AN0V

Culieia sp. CuLicia sP.

removed not removed

2e/0e/11 73/04178 2e109111 t3104/18

0.3ns 4.2ns 1.5ns 3.8ns
1.2 ns 0.8 ns 0.3 ns 0.7 ns

0.2 ns 1.1 ns 0.5 ns 5.7 ns

5.2 ns 19.( >k:k 8.3'k* $.J ;'ck

3.7 ns 0.4 ns 0. 1 ns 2. B ns

2-8 ns 4.8 ns 6.3 :k 1Q.{:bk

1 .0 ns 0.6 ns $.9 :'ck 5 . 7 ns

1.9 ns 1.9 ns 1.9 ns 0.0 ns

l. 1 ns 0. 1 ns 1.9 ns 1.9 ns

1.9 ns 0.0 ns 1.9 ns 0. 1 ns

3. 1 ns 1. 1 ns 0.3 ns 0.0 ns

3.8 ns 1.3 ns 2.1 ns 4-8 ns

0.1ns 1.8ns 2.4ns 3'5ns
1.9 ns 1.9 ns 1.9 ns 1 - 9 ns

1.1 ns 2. 1 ns 0.0 ns 0.0 ns

0.2 ns 2.4 ns 3. B ns 2.8 ns

1.9 ns 1.9 ns 0.0 ns 0.0 ns

1.9 ns 1.9 ns 0.0 ns 0-0 ns

1.9 ns 0.0 ns 1.9 ns 1 .9 ns

0.0 ns 0.0 ns 0.0 ns 1-9 ns

0.0 ns 0.0 ns 1.9 ns 1 ' 9 ns

Uncaged

29loel77 73lo4l7B

3.0 ns 7.0 ns

6.0 ns 8.0 ns

3.0 ns 0.0 i:

2.0 ns 8.0 ns

7.5 ns 2.0 ns

7.0 ns 5.0 ns

7.0 ns 7.0 ns

8.0 ns 8.0 ns

8.0 ns 6.0 ns

6 .0 ns 6.0 ns

7 .0 ns 6.5 ns

2.0 ns 6.0 ns

6.0 ns 6.0 ns

6.0 ns 6.0 ns

6.0 ns 6.0 ns

6.0 ns 6.0 ns

8.0 ns 8.0 ns

8.0 ns 8.0 ns

8.0 ns 8.0 ns

8.0 ns 8.0 ns

8.0 ns 8.0 ns

Control

2el09l77 13lo4l18

3.0 ns 4.0 ns

4.0 ns 3.0 ns

7.0 ns 6.0 ns

6.0 ns 6.0 ns

2.5 ns 5 .0 ns

4.0 ns 8.0 ns

4.0 ns 2.0 ns

8.0 ns 8.0 ns

6.0 ns 6.0 ns

8.0 ns 6.0 ns

7.0 ns 4.0 ns

2.0 ns 4.0 ns

5.5 ns 5.5 ns

6.0 ns 6.0 ns

8.0 ns 8.0 ns

4.0 ns 8.0 ns

8.0 ns 8.0 ns

8.0 ns 8.0 ns

7.5 ns 6.0 ns

8.0 ns 8.0 ns

8.0 ns 8.0 ns

(2) MANN-I\THITNEY U-TEST

App Tc

Exclus íon

29loeltl 13lo4/tB

5.0 ns 4.0 ns

7.0 ns 6.0 ns

2.0 ns 5.0 ns

7.0 ns 6.0 ns

3.0 ns 0.0 :'<

6.0 ns 4.0 ns

4.0 ns 7 .0 ns

6.0 ns 6.0 ns

7.5 ns 7.5 ns

6.0 ns 6.0 ns

7.5 ns 5.5 ns

7.5 ns 3.5 ns

7.0 ns 7.5 ns

8.0 ns 8.0 ns

6.0 ns 6.0 ns

3.0 ns 3.0 ns

6.0 ns 8.0 ns

6.0 ns 6.0 ns

8.0 ns 8.0 ns

8.0 ns 6.0 ns

6.0 ns 6.0 ns
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T5

T19

T11

T15

T20

T13

T72

T9

T20

T1B

T25

T23

T37

T3B

T10

T2

T40

17

T2B

(1) KRUSKAT-WALIrS

CuLicía sp.

removed

29/oe/11 13/04/tB

1. 1 ns 4.3 ns

0.8 ns 2. 1 ns

2. I ns 2.1 ns

1.9 ns 1.9 ns

0.0 ns 1.9 ns

I .2 ** 1.1 ns

2.5 ns 4.0 ns

0.0 ns 1.2 ns

0.0 ns 1 .9 ns

1.9 ns 1.9 ns

7 .2 -)i< 1 .9 ns

0.0 ns 2. B ns

0.0 ns 0.0 ns

0.0 ns 1.9 ns

0.0 ns 0.0 ns

2.8 ns 7 .2 ')<-):

0.0 ns 0.0 ns

2.4 ns 1.9 ns

4.3 ns 4.3 ns

one-rvay ANOV

CuLícia sp.

noL removed

29/oe/77 73104/18

1.9 ns 0.0 ns

3.7 ns 0. B ns

2. B ns 4.3 ns

0.0 ns 0-0 ns

0.0 ns 0.0 ns

2.1 ns 1.9 ns

4.3 ns 0.6 ns

1.5 ns 0.1 ns

0.0 ns 0 .0 ns

1.9 ns 1.9 ns

1.9 ns 0.0 ns

1.1 ns 1. B ns

1.9 ns 0.0 ns

0.0 ns 0.0 ns

1.9 ns 1.9 ns

1.9 ns 4.3 ns

4.3 ns 4.3 ns

4.3 ns J .2 *-:<

2. B ns 2.8 ns

Control

13/04/18 2e/09/77

4.0 ns 8.0 ns

2.5 ns -5 .5 ns

8.0 ns 7.5 ns

8.0 ns 8.0 ns

8.0 ns 8.0 ns

6.0 ns 8.0 ns

6.0 ns 4.0 ns

7.0 ns 5.5 ns

8"0 ns 8.0 ns

8.0 ns 8.0 ns

6.0 ns 8.0 ns

8.0 ns 4.0 ns

8.0 ns 8.0 ns

8.0 ns 8.0 ns

B. 0 ns 8.0 ns

8.0 ns 8.0 ns

8.0 ns 8.0 ns

8.0 ns 8.0 ns

8.0 ns 6.0 ns

Uncaged

29 / oe /11

8.0 ns

3.5 ns

6.0 ns

6.0 ns

6.0 ns

3.0 ns

6.0 ns

2.0 ns

8.0 ns

8.0 ns

2.5 ns

2.5 ns

6.0 ns

8.0 ns

8.0 ns

6.0 ns

4.0 ns

6.0 ns

8.0 ns

AppTo

(2) MANN-\,JHITNEY U-TEST

ExcIus ion

73/04/ts 29loe /17 13l04/78

8.0 ns 6.0 ns 8.0 ns

6.0 ns 3.0 ns 7.0 ns

6.0 ns 8.0 ns 7.0 ns

6.0 ns 8.0 ns 8.0 ns

6.0 ns 8.0 ns 8.0 ns

7.5 ns 6.0 ns 8.0 ns

7.0 ns 2.0 ns 5.5 ns

6.0 ns 6.5 ns 7.0 ns

8.0 ns 8.0 ns 6.0 ns

8.0 ns 7.5 ns 7.5 ns

8.0 ns 8.0 ns 8.0 ns

7.0 ns 7 .0 ns 7.0 ns

8.0 ns 8.0 ns B.0 ns

8.0 ns 8.0 ns 6.0 ns

8.0 ns 6.0 ns 4.0 ns

8.0 ns 6.0 ns 5.5 ns

8.0 ns 6.0 ns 2.5 ns

8.0 ns 4.0 ns 4.0 ns

6.0 ns 8.0 ns 8.0 ns



/.ppTo

I
NJ(¡)
æ
!

(1) mUSKAt-\,trAttIS one-waY ANOV

CuTíeia sP. CuLíeía sP.

renoved not removed

2e /oe /71 13/04/75 29/0e /11 t3/04/18

81 2.6ns 3.6ns 0.0ns 1.1 ns

82 2.4 ns 1 . 3 ns 0.0 ns 0.0 ns

83 1.9 ns 0.0 ns 0.0 ns 0 - 0 ns

84 0.7 ns 0.6 ns 1.1 ns 1 .9 ns

85 1 - 9 ns 0.0 ns 1.9 ns 0.0 ns

86 2.8 ns 4.3 ns 1.9 ns 1.9 ns

B7 1.9 ns 1.9 ns 0"0 ns 1.9 ns

TW3/4 5.6 ns 0.2 ns 1.1 ns 2.J ns

J5 0.9 ns 5 .1 :k 2 -6 ns 2.6 ns

T\12 0.0 ns 0.0 ns 1 . 9 ns 0.0 ns

Uncaged

2e/oel77

8.0 ns

6.0 ns

8.0 ns

6.0 ns

6.0 ns

4.0 ns

6.0 ns

4.0 ns

0.0 :'<

6.0 ns

13 /04/18
8.0 ns

6.0 ns

8.0 ns

6.0 ns

8.0 ns

6.0 ns

6.0 ns

6.0 ns

0.0 ;t

(2) MANN-WHTTNEY U-TEST

Control

29109/77

4.0 ns

4.0 ns

8.0 ns

4.0 ns

6.0 ns

6.0 ns

6.0 ns

2.0 ns

3.0 ns

8.0 ns

Exclusion

73104/18 29 loe /71 73104/18

5.0 ns 4.0 ns 2.5 ns

2.0 ns 6.0 ns 6.0 ns

8.0 ns 6.0 ns 8.0 ns

4.0 ns 5.0 ns 7.5 ns

8.0 ns 8.0 ns 8.0 ns

7.5 ns 8.0 ns 8.0 ns

6.0 ns 8.0 ns 8.0 ns

2.0 ns 1 . 0 :'< 3.0 ns

4.0 ns 1.0 ;! 2.0 ns

8.0 ns 8.0 ns 8.0 ns



Appendix Vd H values for Kruskal-WallÍs ANO\/

comparing the abundances of ph5rls¡is

groups and species between the three

caging treatments on the last two sample

dates conmon to all three treatments at

Edíthburgh. Only Lhose groups and species

not included in Table 6.13 are listed. Species

code numbers are the same as those listed
ín Table 2.I and the caption of Appendix Vb.

A significance level of .05 was used.

ns: no significant heterogeneity between

treatments

Sample size=5 for all- groups

24/09 /71 28/12/17

Phyletic group

Sponges

Colonial tunicaLes

Bryozoans

Species

SP1

SP2

SP14

SP3

SP2O

SP3O

SP 13

SP47

SP49

SP5

SP62

SP63

SP55

SP5 B

SP5 7

1.0

4.5

3.0

r"7

1.5

2.0

0"0

0.8

2.8

t.2
1.1

1.1

1.0

4.3

2.0

0.0

2.0

0.0

NS

NS

NS

ns

NS

NS

NS

NS

ns

NS

NS

NS

ns

ns

ns

NS

ns

NS

1

J

1

Bns
B

0

NS

NS

2.96

1.5

2.0

3.0

r.2
T,7

1.1

1.1

2.0

0.6

4.3

2.0

2.0

2.0

2.0

ns

ns

NS

NS

NS

ns

ns

NS

NS

NS

ns

ns

ns

ns

ns

-239-



App rd

T11

T5

T1B

T2

T40

T6

T7

B1

B2

B3

B4

B5

B6

B7

MlB

J5

rwz/4

24/oe/77

1.1 ns

2.7 ns

3.6 ns

4.3 ns

2.0 ns

2.0 ns

4.3 ns

2.9 ns

0.8 ns

4.3 ns

1.0 ns

1.1 ns

1.1 ns

2.0 ns

0"6 ns

0"2 ns

2.2 ns

28/12177

1.1 ns

1.1 ns

3.6
¿+.J

2.0

4.3

2,I
0.8
a1

0.6

1.1

1.1

2"5

4"6

2.2

0.9

NS

NS

NS

NS

ns

NS

ns

NS

NS

NS

ns

ns

NS

NS

NS

4.3

-240-
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