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- : o ﬁgy Abstract ‘
Usmg small artlflcual reefs made of cement blocks a communlty of shallow water reef’ -
: _:'fnshé's was experlmentally studled in Barkley Sound (Brmsh Columbla) to examrne the“
structurung mechanlsms in this assemblage The commumty under study mhablted 3 .
shallow- reef made of rock boulders The abundance of flsh fluctuated wrth the seasons ‘, a
The specres dlversnty c}f this fish . communtty ‘was low (H = 0.3- 10) one specles
( T(Coryphopterus nIChOKS'/) comprlsmg more than 80% of the mdtvnduals present Four.
'specres of rockflshes (Sebastes caur/nus, S. ma//ger S. me/anops ang S. p/nn/ger) and |
_ three specres of benthrc flshes (Hexagrammos decagrammus, Jkdama zonope, and,
',Artedius spp) were, also common Experumental communltnes were establlshed on ten -
' illdentlcal artufn(:lal reefs made of cernent blocks Two serles of reefs, bullt six months
) ‘;apart on sand 10 m away from the natural reef tested the ﬁt/ects of seasons on_"
communlty development A thlrd serles buult in dtrect conta/ct .with the natural reefv
- .exammed the effects of dlstance and lsolatlon on communlty development ln each. sernes -
specnes equnhbrlum (approxtmately 6 specles) was reached wuthln 5|x months The 3

.:'.spectﬂc composmon of the, artlflcral reefs }yvas ssmllar to that of the natural reef
\

) . : although specnes other than Coryphopterus n/cho/S/ were more abundant Both Juvenlles

/V'and adults of all specnes were present except for the rockflshes Wthh were/\ b
,.represented only by young mduv:duals Taggmg lndlcated that the benthlc spec:esx

‘remamed permanently on the reefs whereas a: yearly turnover in rockfnshes occurred

o The mtensnty of mteractlons between speC|es was esttmated by measurmg shlfts |n =

"_habltat use én the: artlftclal reefs Only Sebastes melanops showed conSlstent shlfts in- |ts

5, BAEES “

o~

RO N

."space use tn response to changes in the dens:ty of other specues Only two, of these
i 'shlfts appeared to be’ the result of tnterspecnflc competltnon |nteracttons between

> SPBCIBS wnth the exceptlon of S me/anops had I|ttle effect on the spatlal dlstrlbutnon of . '

‘-‘..v.'flsh wuthm the reefs l examlned the S|gn|f|cance of the patterns of snmllarlty between

\communmes mhabltlng ldentlcal habttats ngh snmllaruty values are usually tnterpreted as‘f )
|nd|cat|ng the equuhbnum status - that IS c0mmunmes structured prlmarlly by mterspeclflc
competltuon - of a communlty whereas Iow values are usually mterpreted in the

: ‘opposue dlrectton - le non equnllbnum commumtnes structured by mechantsms otherv

23

than mterspec:flc competltlon (mOStly stochastnc events) Thls was tested usnng a’
’ ) O T e



: reefs Six addntlonal reefs (one thurd the‘;""’ .

“habntat SIZG‘ on commumty strucwrgfr , k,

/ — . L
[
I
i

~ randomlzatnon test. The null hypothesis of the test was that random colomzation from the, -

surroundmg habvtats was. suffucnent to explaun the commumty structure on the artmc:|al~ :

~:\ il . ;
- swgm@ntly from the null values. ek a, isms, such .as competmon were. .
. il , L
“not requuréd ‘to: explam the strucxt‘ e of the ﬁommhmty Habltat size: had a strong effect
R
. and the mt?rpnatatuons ofmwes were re-examuned in Ilght of this fmdmg
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. | |NTRODUCT|ON v .
The ecology of reef. flsh communltles has recelved a great deal Of attentlon Any

recent years lHeIfman 1978a Sale 980b) a|though most of thls work has been :

: hmlted to coral reef ehvnronments By comparISOh our- knowledge °f the ecology of -
L vmore northerly communmes is much more hmlted moST of the work ‘oemg llmnted to-:.
southern (;anforma (eg Bray and Ebelmg 1975 Hobson and Chess 1976 Ebeling et
. fa/ 1980) and the mterpretatlon ‘of these commumtles 1s usually done by extrapolatlngf -

'.' from the results obtalned ln troplcal waters (eg Stephens and Zerba 1981)

B ‘_‘f

In thls study I examlned an assemblage of flsh lnhabmng a shallow rock rubble'.

S

"ﬁ"v'f'reef |n Barkleyu"—__Sound Brltlsh Columbra by followmg the development Of the f'Sht
communmes on small artn‘lcnal reefs made of concrete blOCkS Colomzatlon studles |
form an :mportant part of communlty ecology (Schoener 1974a 1974b Sale and

. Dybdam 1975 1978 Molles 1978 Talbot et al., 1978 Bohnsack and Talbot 1980)’;-

_.f_:“as they allow one to follow the - estabhshment of the structurlng mechanlsms with -

ascertalned in defaunatlon work (eg Gunderman and POPPer 1975 Sm"‘h and Tyler
1975 Sale et al., 1980) Second the habltat ‘and mlcrohabltat 'vanables can be fully.:

"?controlled l\/lncrohabltat IS known to be |mportant “ine controlHQ

‘_‘communlty development S f it

T

. /

Small artlflc3al reefs have been used frequently in the studles of reef flshes as‘ i
1 :‘they p;psem great advantages over natural habltats Flrst they guarantee that

e colonrzatlon wnll start on absolutely empty habltat patches a fact that can rarely beye'-,"

o '-_composmon (GOsIlne, 1965 lzkowntz 1977 Robertson and Lass:é 1980 Gladfelter et'-"ﬂ_ﬂ;.i‘.

»1980) and ,t s usually dlfflcult to dlstmguxsh the role of habltat from that of:'jl

"blologlcal varlables in studles performed on natural habttats Fmally because Of ‘the

B reqwrements of ‘the specues present .- SO PN 'F e .“

: 'v/’\". °

' ,.great structural s|mp||c1ty of such artnflclal structures whsch are made of well defmed

"dlscrete types of mlcrohabltat lt is. pOSSlble to qua’htlfy accurately the mlcrohabltat"f -

Caisasmne
4

“tn thls thesns |" examlned spe0|f|cauy two pomts Furst ’.l xammed the_

. '-»'communlty development on these artuflclal hab|tats and how thls experlmental system_.‘v

: _,'relates to the natural hab|tat Obwously the blologlcal patterns on the artn‘lcual reefs lsj"

Of llttle lnterest unless lt can be aPPlled to the natural envnronment The flshf"

lsh communlty s
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commumtye of the nearby natural reefs (rock rubble slope) lS examlned in- chapter s I

t"_"”v'chapter lV I descrlbe in. detall the commumty found -on the reefs concentratmg on’

< the colonlzatlon process PrevnoUs studles uslng art|f|c1al reefs were done m the

5 'relatuvely aseasonal troplcal (Russell et a/ 1974 Talbot et a/ 1978 Bohnsack and

4

’%_Talbot 1980) or subtroplcal (Mel!es 1978) waters Barkley Sound |s markedly

'seasonal and l exammed the effects of this seasonallty on communlty development

f‘and on the colonlzatlon by the specnes Fmally I looked in detall at the spatlal ‘

: “dlstrlbutlon of the flsh on the artlflmal reefs and at the mlcrohabltat selectlon

‘, Resource separatlon lS an lmportant mechanlsm Wthh may allow spemes coexnstence |
",,"‘.‘(Schoener 19'74) and space is the dnmensron along Wthh thls separatlon is: m0st
; ukely to occur |n reef flsh enther as. a dlrect object of competltl\on (Sale 1980b) or |

:ﬁas an’ mdnrect ob;ect for resources assoccated wuth |t - eg food (Werner and Hall |

: D

R 1976) shelter or spawnmg srtes S s L

ln recent years a controversy has arlsen regardmg the: structurung mechamsms L

o »"operatlng in reef fish communltles (Helfman 1978a) Some mamtam that mterspecnflc

’competmon IS one of the ma;or mechanlsms responstble for the structure of coral

reef commumtles (Smlth and Tyler 1972 1975 Gladfelter et a/ 1980 Anderson et ;" ’

1981) whereas others clalm that lts role is relatlvely mlnor wrth other factors (eg

chance recrultment) belng suppcsedly more |mportant (Sale and Dybdahl 1975 Talbot
-' -";et al., 1978 Bohnsack and Talbot 1980 Stephens and Zerba 1981l | DR

: '_ The second pomt £ looked at lS the lmportance of mterspecnflc competltlon on .

_.',_the structure of the reef flSh communlty e WhICh spemes wrll be present and in ¥ |

- what numbers By carefully desugnung the artuf]lmal habxtats |t lS posslble to control the L

) 'most lmportant blologlcal factors leg dlspersal habltat selectlon etc) that may affect

""'jcommunlty composmon l tested the followmg general hypothesrs on the role of B

. competmon in thls system that the presence and abundance of specues is m“*’part the _

: reSult of competltlon between them As a structurlng mechanlsm competltlon would b

I

create some orderly patterns of dlstrlbutlon and abundance whlle in: non competttlve

B 'commumtles the fxsh assemblages on the reefs would be merely a random sample of |

‘..fdlspersmg flSh from the natural habltat The testlng of thls general hypothesns is”

‘_ requnred before more specn‘lc questlons may be usefully asked on the competmve



]

v
-

L mechamsms between palrs of specues (eg Hlxon 1980 Larson 1980a)

Followmg thls mtroductlon 3 revrew the recent llterature on reef fISh“

AT

.-commumty structure 1 shall also brlefly revuew the use of art|f|C|aI reefs and the llfe"

: hlstory of tha specres present ln the habltat under study Materlals of chapters Il and‘

Nl 'were publlshed in Gascon and Mlller l1981 1982)
A Literature reView : : SRS B _ kl /

I - K

Reef fISh commumty structure e B

: ln recent years a great deal of attentlon has been glven to the ecology of L

‘reef flshes (Sale 1977 Dale 1978; Helfman 1978}3 Smlth 19783 1978b Talbot et e |

1978 Gladfelter et a/ 1980 Robertsonol\d Lasslg 1980 Waldner and »

“:-Y-Robertson 1980 Anderson et al, 1981' Ogden

'. _Zerba 1981) Thls recent lnterest has been sparked m great part by the development o

Ebersole 1981 Stephens and,'--’

of Sales Iottery hypothesns (Sale 1975 1976 1977 1978a 1978b 1979 1980a - :.

"‘Sale and Dybdahl 1975 1978 Sale 6t a/ 1980) Coexastence of coral reef flshes-"’;j‘v'

'has usually been thought to be achleved through fine resource separatlon medlated by

& 'mterspecnflc competltlon (Smlth and Tyler 1972 1973a 1973b 1975) [the so called_ S

' equtllbrlum commumtles1 _—~Connell 1978] whereas the lottery hypothesns emphasnzes | o

L stochastlc events l' wnll revuew here the results of thls work on coral reef,-

communltles startlng W|th the Iottery hypothesus whlch has stlmulated much of thls"

"fworkl x“ R J ; i o .
- The lottery hypothesns |s based on four prlncxpal assumptuons (Sale 1‘977

. 1980a, Robertson and La55|g, ,1980)

R ,Most spemes of reef ﬂsh are terrltorlal or hold some space on the reefs llvmg

o "._space in thus assumed to be m llmlted supply and to be the object of mten‘se _

a
DR 2 . 0 Ll P . . . . Ll o ‘v/'

K "_'-competmon

EL

"»~2-,'_".>There is- no strong competltlve hlerarchy (and no mohe separatlon) ln gullds

o "1Th;s is :an unfortunate use of terms the: words equullbrlum and non equnllbrlum have

" use of these terms, it is norm%lly meant “that equilibrium’ communities ‘are. structured
- primarily through interspecific ‘tompetition, whereas non- equlhbrlum communities- are;
- -structured otherwise.. ThlS hotation should be abandoned as lt |s needlessly vague and
o ‘,:confusmg L S ; R

v

- been used mdependently of whether or. not population numbers were’ stable. By the DR



4.

i
. A

‘(groups of speCIes wnth smlh,ar ecologlcal requlrements [Root 1967]) .of

A

determlnlng the success of competltlve encounters

VoL

E There IS a falrly constant "oversupply" 'of planktomc récrunts \lvhlch |s relatlvely

'mdependent of adult stock.

Chance alone determlnes Wthh member of a guuld wnlI occupy. | a vacant patch

The larval planktonlc and adult demersal phases of the llfe cycle are consndered to. be

2

relatlvely\lmde@dent of each other and the factors lnfluencmg one bear httle |mpact

.on the success of;
exoluded as st would re= At

ThlS

i r the lottery as an equal through its planktonlc phase

model as some of the most mterestmg
It )

is .a. convement Ioophole .in 4

phenomena are hldden in the planktonlc stage WhICh is notorlously dlfflcult to- study

Sale (1975 1976 1978a 1980)\has attempted to demonstrate the stochastnc

hature of settlement and the absence of com p tltlve hlerarchy (pomts 2 and 4) wnth a

serles of removal experlments He was. able to sh&N that the reallocatlon of vacated

\

terrltorles among the members of a gulld was random\ i.e. undependent of prlor

_ resldent and abundance of specres in a patch) supportmg the'l

s that the specres

had equal chances of lnvadlng the commumty The use of space was’ co ! tant (le the

"demersal specues the prlor resrdent effect is of prlm‘e lmportance in‘

the other Thus a lower ranked adult competltor would never be o

terrltorles were aIl constantly occupled [Sale 1978b]) suggestlng that |t was m fig ited K

g supply although Robertson and Sheldon (1979) Wllluams (1980) and- Robertson et a/ .

(1981) have prowded strong ewdence to the contrary lf thls Iast result were to be

general |t would mvahdate one of the ma;or assumptlons of the model The remalnlng

"nassumptlon (pomt 3 oversupply of recrunts) has never been examlned it may be

l
untestable It is based on the weak relatlonshlp between stock and recruutment in

temporal stocks (Cushlng 1975) that le,”the numbers of recruits are relatlvely

lndependent of the adult populatlon sxze

v

in’ another set of experlments Sale and. Dybdahl (1975 1978) have attempted

to show that the hlgh degree of small stsa\e varlablllty in communlty structure was the

result of purely stochastlc events They compared commumtles developmg on two
- serles of homogeneous c\oral heads thh commumttes developlng at successnve

-"-»lntervals on each of these coral heads They predlcted that lf they were mlcrohabltat



specnalnsts the same specnes -or set of specues - would re— lnvade consnstently the

R

same coral head over the successive censuses In thelr analysls they consndered the

-'-dtfferent patches as belng ‘distinct. sets of: resources and not as belng repllcates of

e

‘ one type of habltat resource They were unable to detect such selectlon, from Wthh
’ they concluded that the flsh were habltat generahsts setthng randomly on these habltat’
patches, they rejected the hypothems that coexnstence of these spec:es was the.
“result of the nlche separatlon of the habltat re50urces Several ponnts that they have f '
neglected may somewhat aIter thelr conclu5|ons . | ,
. 1. The small size of thelr habltat patches (mean no.: flsh/patch 68) and ‘the large '

number of specnes lnvolved (56) would have produced only a Iarge degree of
- ]varlablllty between patches as. only a few of these spec:es were present onl,.,"

3 ‘each patch S

A The apparent lack’ of habltat selectlon by the flSh may have been a result of

o

thelr desugn Their patches were extremely homogeneous and the mlcrohabltat

| ‘"fdlfferences between them perhaps too small for the flSh to detect cthus-

two types of’ coral heads (llve and dead) selectlon did oc"ur between them/f_""‘
: ‘g"'contradlctlng thelr conclusnon ‘ . | '

3. ',The most serlous crut:cusm is that thelr experlment reqmred a. great deal of o

,dlsallowmg nlche separatlon on the habltat’(le patch) dlmensuon When they used-

"'_temporal stablllty By comparlng settlement on constant mlcrohabltats (the samev, C

o patch over tlme) wnth the settlement on dlfferent mlcrohabxtats (the different

o patches‘, at one tlme) they re]ected the hypothesns that flsh were selectmgﬂ

: mlcrohabltats However changes in thelr habltat patches over tlme (that they-

acknowledged) and changes |n the avallable recrults (Russell et a/ 1977) e

: mvalndated thelr comparlson Because of thls lack of temporal constancy it is .
lmposslble to dlStlngUlSh their mterpretatlon (random settlement by generahstflf'
';_"spemes) from the alternate hypothesrs (tracklng by specnallsts of a constantly
_-‘_‘»‘_.changlng envnronment) o PR S L e o Ny
o Russell et a/ (1974l” and Talbot et« -a/ (1978) have‘ also loolted -at'..the'

colonlzatlon process on smaII artlflcnal reefs on the Great Barrler Reef of Australla

and constdered |t mostly stochastlc They attrlbuted the apparent unpredlctablllty rn:, :



‘..-specres richness - of Australlan reefs was not

community’ development to dlsturbances and predatlon pre sure in accordance wrth

Connells mtermedlate dlsturbance hypothesxs but nowhere dld they present flrm

;evndence on what those dlsturbaaces m:ght be. Bonhsack and albot (1980) compared

the colonization on .those_,reefs to that of . similar “ones bullt i Flonda lspec1es pool

> 1000 Vs species‘poo’l“ > 500 SpeCiespacking (measured as a mean no. of

: spemes/reef) was pot greater in Australla than in Florlda mdlcat\mg that the greater
¢

J‘a
supportmg one of Sales pomts (no 2, - ',5":“ - IR

- Flnally Chesson and Warner (1981) have exammed the mathematncal stablllty of

lottery systems Such” systems are usually unstable except for a small range of

‘ condltlons They also “found” that environmental varlablllty ‘would enhanCe stabrllty ancf

ﬁ

":".favour coemstence but the modlfned model IS then hardly dlstxngulshable from the

|

) mt‘ermedlate dlsturbance hypotheS|s (Connell 1978)

Crltlcs of the stochastlc vnew of communnty structure m general and of the

. -lottery hypothesxs in partscular have recently appeared they concentrate on two major,

aspects TE T e \ ;

RETE '_";Anderson et a/ (1’981) ‘Fricke (’19'7"7) Itzkowrtz <§a77) and ~ Waldner 'and

-.Robertson (1980) ave looked at guulds of reef fi hes and they have all-
"‘-reported large degrees of habltat segregatlon Wthh appeared sufflcsent to
'explaln the coexrstence of the members of these gunlds Anderson et -al.

-‘4(1981) have shown that among the Chaetodontldae of the Great Barrler Reef

’v'f‘spemes wrth slmllar ecologlcal requlrements never co~ occurred along a transect

'-bra]'\glng from the Australlan coast to the outer reefsﬂ and. that co- occurrlng
specnes could always be ecologlcally separated Robertson and Laseg (1980)

have re examlned Sales (1974b) communlty of Pomacentrldae and found greater

degree of nlche separa‘txcm than Sale had orlgmally reported Dale (1978)

suggested that ‘the lottery hypothesns was only a specual case Wthh could _'

‘ B!
' '»explaln coemstence in the narrdw zone of overlap between the exclusrve habltat

.t-zones used by the gu;ld members

The demonstratlon of mche separatlon IS not a demonstratnon of

a result of fmer ‘ntche subdxv:slon ‘

-

' competltlve excluslon _(Wlens 1977) Experlmental work ron com}ﬁetmon has '.>

S
frv gy
/lv
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yielded only‘conflicting results. ~Sale's r/emOVal experiments-failed to deteCt
.strong competmve effects, although the scale at which he was ‘working was
perhaps too small to detect them (Anderson et al., 1981) Robertson and
Sheldon (1979) -were unable to detect competrtlon for shelters between two

' _'specues of Panamaman reef fishes. To be. svgmflcant competltlon requnres that

s.ome resource be in llmuted supply It is worthwhlle to mentlon agam the results

of Robertson et al. (1981) and Wllllams (198’0) who mdncated that space may '

‘--not be llmltmg under these curcumstances competition would be only a weaH

.,force On the: /contrary Hlxon (1980) and Larson (1980al worklng on temperate
reefs,l have ‘shown - that ‘lnterspeclflc competmon’ could  sharply |lmltﬂ ‘the
"distribution of some Lspe'c.ies"in groups 'of close congeners.‘ e

2. "Non—»équilibrial, (ie., in,'which interspecific competition‘-is not considered

~ important) approaChes to comnly nlty structure have emphasnzed the apparent

lack of predlctablllty (equat d with lack of stablllty) of. commumty development
“‘(Sale and’. Dybdah!, 197 - 1978 Talbot et a/ 1978) whereas the more
.‘d’etermmlstuc hypothese predlct that stable equnllbrlal conditions will develop
"lVlany authors have rer ntly looked at the stablllty and predlctablllty of fish

[ assemblages on cora\l ree

~Gladfelter &t a., 1980; Guhderman and Popper, 1978 They all looked at B

| 'i-',relatlvely large’ patches (100 t
’ ‘assemblages on these patches were stable and predlctable Ogden and Ebersole
“(1981) re- examlned Randalls (1963) artlflclal reef and found that its communlty
‘ t-structure remamed remarkably constant in the JIntervening 17 years v
| These confllctmg mterpretatlons appear to be scale-related; Sale (1980b) and

';Anderson et a/ (1981) have both cqmmented on the point w1th opposmg — but not

entlrely exclusnve — views. Authors who c:lalmed that communntles were predlctable '

worked on systems several orders of magnltude larger than those who' clalmed that -

'_they were not Communltles structured through purely stochastlc events on a small

" scale would converge to some average (le equlllbrluml by the actlon df the central

llmlt theorem (Sate, l980b) when examlned on a larger scale WIthout the need of any .

_‘underlying prot:ess. On the other,hand, Anderson et a/ (1981) have _pointed out that

atches (Anderson et-al.,'1981; Brock et af., 1979,»

> lOOO m?) and they all reported that the flSh :

g



the scale at which som_e of these studies have been\performed (eg. Sale and Dybdahl,
1975, 1978; Talbot -et al., 1978) is too small _to"detect population dynamics

phenomena like competition (which would affect‘population'size)y thus the . apparent

: stochastucuty is the result of small scale noise |rrelevant to the dynamncs of the much

4

' Iarger systems Most reef “fish specnes produce pelagic planktomc Iarvae that can

.dlsperse over several km, posmbly several hundreds of km (Barlow, 1981), so it

"seems unllkely that looking at 'systems smaller than 100's of m2 is sufficient to detect

- the dynamlcs of these f|sh populations. - - B

‘ ThIS controversy is then probably more the result of 'the different sample sizes

used {i.e. convergence towards an averagé wuth greater sample 5|ze) rather than

""-dlfferent processes operatlng on drfferent scales (as both are too small to represent

the dynamlcs of these populatuons accurately) 1t comes from a lack of defmltnon of‘

preductnbuhty and stability (see Sutherland, 1981), wHtch has been left 13 far to the

good biological sense of the mvestugator highly variable (but small) systems may be
e

structured by basically determmlstlc processes (eg. competmon) the hlgh variance .

resultmg from the small sample size, whereas the opposnte is also true This Iack of

: premsuon does not provnde any means of determlmng if some processes are at work

| yym ‘these - systems. ” * Simberloff (1978) prowdes the criteria ereqwred to determnne:fi

whether determlmstlc or only stochastnc processes are requxred to explam
assemblages of specnes They urgently need to be applned to reef fish commumtles
Artlflclal structures |n the marine env:ronment _ } ' ‘
Artificial reefs have been ‘widely used throughout the world to. attract fish and .
enhance Iocat fxshenes (Carhsle et al., 1964; Scarrat, 1968 Turner. et a/ 1969;
Dewees and Gotshall 1974 Brlggs 1975' Silva Lee, 1975 Chang et -al., 1977;
Hirose: et “al., 1977 Higo and Nagxshnma 1978; Okamoto et al., 1979) These efforts -
have been revnewed by Stone (1978) and Stroud (‘1980) Steimle  and ‘Stone (1973) ..
prowded an exhaustlve blbllography on the subject up to 1972 These studles have
demonstrated that artificial reefs can dramatically mcrease the den3|ty of reef fishes;

m aII cases the authors were mamly concerned wuth demonstratmg the attractlveness :

o of the reefs and to perform cost beneflt analysns



Very few studles have attempted to mvestlgate the factors responsuble for

attracting fish to . reefs. Ogawa and coworkers publlshed a series of papers v
F-B

Y fortunately with Engllsh 4mbstracts, lOgawa 1966, 1967, 1968; Ogawa and Aoyama

. 1966 Ogawa and Onoda; 1966; Ogawa and Takemura, 1966a, 1966b; Ogawa et \a/

1977) attemptlng to determme Wthh habltat characterlstlcs -were responmble for,

attractlng fish to reefs

On a smaller scale artificial structures-have been used as expenmental tools
_Randall (1963}, constructed" a. small reef of cement blocks in the U ' S. Virgin Islands.
" The density of fish,on that reef was 11, times that' of natural ‘reefs. Ogd‘en and
Ebersole' (1981) re—exarnined it 14-17 years later and found that the community/hacl
‘remalned remarkably constant during that pernod Russell et a/. (1974)v Talbot et a/.
(1978) and Bohnsack and Talbot (1980) have bu1|t small reefs of cement blocks to*
unvestlgate the structure of coral reef fish commumtles thelr studies were dlscussed"
| ~in detall in the prevlous section R ‘ — | ' A
Bohnsack (1979) and Molles (1978) in Florida and ‘the Gulf of'California‘
"respectlvely have also built small reefs of cement blocks to tast the predictions of
the Theory of lsland Blogeography (MacArthur and WI|SOh 1967) They reported
-equilibrium values and turnover rates consustent wnth the theory. Bohnsack (1979) also
’.found that the equmbrlum number of fish specues decteased wrth dlstance from the
~source of colonlsts as predicted. . Both he and lVIoIIés (1978) found that the structural
,complexlty of the reefs had llttle effect on the specues equnllbrlum and ‘number.
Talbot et al. l1978) reported similar flndmgs from Austraha |
' The ecology of northeast Paclflc flshes . -

- Moulton (1977) has recently rewewed the: ecology of these fishes, and in this
sectlon I shall update thls and pre;n\\the pertinent life history information on the |
vspemes commonly encountered in this study. ' ‘ | ‘
| Contrary to those of coral reefs temperate reef fnsh communmes are poorly ”
known and understood lVIost of. the work so far has been descrlptlve and ‘was
ﬁ‘performed in the faunlstlcally mtermedlate area of southern Cahforma (Quast, 1968a) :
_Alevnzon (19.753', 1975b). Bray and Ebeling (1975), Ebeling et al. (1980), Hallacher‘
('1977), Hobson ,and Chess m(l9_76), ‘Love and Ebel_ing. (1978l, .an:d _ Stephens et 'a/._

@



s -

(1970) have examined the structure of the : reef/kelp forest fish communlty of
Southern California and have discussed the mode of resource separatlon among its
members Ebeling and Bray (1976) have examlned the diel activity of these fish whlch
ls much less rigid than.that of thelr troplcal counterparts Quast (1968b 1968c¢), Mlller
and Geibel (1973), and Feder et al. (1974) provuded addltlonal mformatlon on the ,
ecology of thls communlty ' ' \

Recently, ‘some experlmental work on the mechanlsms of coexlstence was’,
done in the same area. Larson (1980a, 1980b) looked at the bathymetrlc separatlon
between two territorial rockflshes\‘\'.(Sebastes chrysomel/as and S. carnatus) using
reciprocal rémoval experiments. The' deeper specues S. carnatus extended its range
into - shallow water when S. chrysomelas was removed The downward movement of
S. chrysome/as was minimal in the alternate experlment from which it was concluded
‘that S. chrysome/as competmvely excluded S. carnatus from shallow water Hixon
(1980) performed a snmllar( experlment on seaperches (Emb‘/qtoc:al spp.), with.‘.‘ :
-essentiglly the same resuits. | ' -

lnformatlon on the ecology of more northern commiunities |s almost entl\ely
.lackln_g. MoultOn (1977) conducted_ the only’ study of these fish .in Puget Sound. l_-le‘
,looked ‘at seasonal ‘changes ln density‘ and distribution, food growth and‘her Iifev
history. parameters of the major spemes of the. nearshore community. Leaman {1980)
prowded addltlonal mformatlon on the species found in Barkley Sound- I\/larllavev
(1975) descrlbed the larval blology and settlement behavnour of many Barkley Sound
species. ‘ '

Life history mférmatﬁfrron mdwndual species is more abundant althouéh lt is
almost exclusnvely Ilmlted to rockflsh (Sebastes spp) Rockfish are a very large .group
'(68 specnes on the west coast of North Amerlca [Chen, 1974]l Wthh can be d|v1ded )
into essentially open water specnes (eg S. f/awdus, S me/anops S. p/nn/ger) and
" demersal. species (eg. S auricu/atus S. caurinus, S. ma//ger, S nebu/osus) (Hallacher ‘ |
1974) Growth of these inshore, speC|es is falrly rapid, .as they reach 15 to 20 crh by .
-three years of age (Boehlert and Kapperman 1980 Leaman 1976 Moulton, 1977;
© .Patten, 1973; Phillips, 1964 Sl)( and Horton, 1977) although it is somewhat faster for;

“the .open—water ’specnes, (Moulton, 1977). Thelr maximum reported srzes are around



v60 cm, with maximum ages of 20 to. 25 vyears. Patten (1873 tound"'that al
t‘l -year—old §. caur/nus from Puget Sound were sexually mature, and although the
information is Iackmg for the other specues lt is presumably 5|mular {Love and
©Westphal, 1981)-

Sebastes spp. are ovoviviparous, the females retalmng the eggs until hatchlng
(Hart 1973) Reproductlon time is variable among the species of Sebastes (Hitz; 1962
Westerhe|m, 1975). S. melanops is the first to spawn, |ts planktomc larvae\havmg
~ been-collected off Oregon between Apr:l and June (Laroche and Richardson, 1980), at
which time - they presumably settled on the bottom' (Leaman, 1976). Larvae of S.

‘((k

pinniger were collected between-"'ﬁﬂarch and June .whereas the. demersal juyeniles

were obtamed |n July and August (Rlchardson and Laroche 1979) Parturition of S.
caurinus occurs in April (Delacy et al. 1964, Huekel 1980 Moulton 1977 Mlller and
‘Geibel, 1973) Ontogenetlc changes in habltat requlrements occur in sOme spemes 1
WhICh move lnto deeper water as they grow (Leaman 1976). Some of . the
open water specues also show dauly short range mugrat:ons between home_site and -
feeding habltat (Carlson ‘and Barr 1977; Leaman 1976; McElderry 1979). The studues
of Leaman (1976) and McElderry (1879 are especnally pertinent to my study as they’
looked at the Barkley Sound populatlon of S me/anops The food of rockflsh was
studied by Huecke! (1980) Leaman (1976) Moulton (1977), Patten (1973) Phulhps
1964) "Prlnce (1975) and -Prince and Gotshall (1976) AIl agree that these species
have essentlally srmllar dlet preylng upon crustaceans and small fish (clupeonds) The’
proportion of flsh in the dlet mcreases ‘with lncrease in size. The open water specnes
‘ normally take prey in mldwater {eg. macrozooplankton) whereas the demérsal specnes
y prey on benthrc animals (eg crabs). , |
| lnformat:on on the hfe hlstorles of other spemes IS scarce. Leaman (1980) and
Moulton (1877) 'have descrlbed growth and ‘food hablts of Hexagrammos .
e decagrammus it is-a generahzed benthic predator feedlng on almost any suntably s:zed
animal. Moulton (1977) has also found .that males and females, Wthh are. dlchromatlc

,r showed partial bathymetric separatlon the’ males bemg found -slightly deeper l3 r:i'/

than the females. Leaman (1980) added that they are territorial, without providing fir

-evidence.




'

The life history of the goby Coryphopterus nicholsi, was studied by Ebert and
Turner (1962) and they (1973) It feeds primarily on‘small crustaceans (amphipods,
|sopods etc) (Leaman, 1980 Wnley 1973). Ebelmg and Bray (1976) reported that ‘it

e was excluswely diurnal. KS Cole (U. of A) is presently domg an intensive study of its

- is almost entirely lacking.
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1. METHODS h R Y
This work was entirely performed by SCUBA diving My diving partner i all
cases. unlass otherwise mentioned, was Roberta Miller who was present not only for

safety reasons, but was actively involved in collecting and recording the data

A. Study area

| The study was conducted in the Flo s I.,letf of Barkley Sound (48°52" N,
125°9 W), British Columbia Barkley Sound is a large bay on the west coast of
Vancouver Islland (Fig. 1). Its oceanography and main biological communities ha&le been
described by Austin‘(197(')), Austin et a/. (1970), Lane (1962), and Leaman (1980).
Ross Islets Study Site |

The study-site was located in a narrow channel between two .small islands

(Fig. 1). vAl'I the fvork was done ajong the north shore of the l'argest of these islands:
This area was>always shelt‘ered, even in the heaviest seas.

' Along the shore of the Island, there was a steep rock rubble slope {Plate ll)
descending to a sand bottom (Plate 1.2), 5-6 m deep (at mean low water; mean water
depth being approxumately 2.2 m above MLW). The upper part of the slope was
formed elmost exclusively of medium sized (}5-50 cm in diameter) rocks, whereas .
the bottom section was made of a mixture of rocks and sand. The sand bottom ;
gradually sloped to the middle of the channel at a depth of 15-18 m. A narrow bed
of the kelp Macrocyst/s /ntegr/fo//a was present at the top of the rock rubble slope.

The' mappmg of the study area was done as follows: a marked weighted
reference Ime (200 m long, marks every 5 m) was sunk parallel to the shoreline. A
10 m surveyors chaln ‘was laid perpendlcular to ”the reference line at each of the
marks Depth was measured with a capillary depth gauge (a‘courate to 0.25 m at those -
- depths) along the length of the chain at regular intervals. After correcting for tide
height (from the tables publlshed from the Canadian Hydrographic Service) " the
_.horlzontal distance between ths line and the measured  depth along the surveyor's
, oha'ih_. could be easily obtéined\py simplie trigonometric transformation.

o The temperature was contin0usly' 'reoorded at the study site with a

Peabody- Ryan recordmg thermometer Iocated on the bottom at a depth of 8 m. The

-

13 -
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“spp and Agarum spp were also common

tid

of fISh the followmg pelaglc specnes were also common Squa/us acanth/as, C/upea"i 3

7

- temperature varled from . 1>4‘°"i'n summer" to 6°m -winter (Fig. '2) Water VlSIbIlItY e
.’ (defined as the maxlmum dlstance at wh:ch reefs could be seen) was also noted.

_'(Flg 2) The VlSlblhty was at its mmlmum in the summer (3 4m) and h|ghest in wmter’

: to at” Ieast 10 m) Marked reductnon in V|sub|hty followedsthe_tfrequent wunter storms‘ ‘

'The tldal range in Barkley Sound averages 2 8 i (maxlmum 4.1, mln 0. 8)

The algal commumty at the study snte was dommated by Macrocyst/s‘

/ntegr/fo//a Wthh formed a dense bed at the top of the rpck rubble slope The"_
'vphaeophyte Desmerest/a //gu/ata was also very abundant formmg a narrow band Just'
below the Macrocyst/s bed The extent of the cover of Desmerest/a varled annually,:
' reachlng a maxlmum in 1980 when it almost reached the sand bottom in .some areas “ )

"ln deeper waters Nereocyst/s /uetkeana, Costar/a costata Lammar/a spp Porphyra‘

»

The most common macro mvertebrates on the rock rubble area were the"

rcnudaruans Ba/anophy/la e/egans, Tea//a spp and Metr/d/um sen//e the ech;noderms,‘,i:"
_,Cucumar/a mm/ata, So/aster st/mpson/, Strongy/ocentrotus franc'/scanus and S

;-v»droebach/enS/s the abalone Ha//ot/s kamtschatkana the scallop H/nn/tes glganteus‘“_‘u:"‘
‘ -‘_vj‘the octopus Octopus dof/e/n/ and the crabs Pugett/a producta and Cancer productus

_On _the ' sand the burrowmg anemone Pachycer/anthus f/mbr/atus the seapen”

_,»

"‘Pt//osarcus gurney/ the nudlbranch Dendronotus /r/s the moonsnall Po//n/ces PR

*

: o /eW/su the clams Protothaca {stam/nea} Tresus {nutta////} the echlnoderms P/saster"

' g J_b/ewsp/nu.s Pycnopod/a he//antha/des and Parast/chopus ca//forn/cus (the latter two:_ T .

‘{bemg also present on the rocks)‘were all abundant The solltary asc1d|an7' L

Cnem/docarpa f/nmark/enS/s was also notlceable In addrtnon to the demersal specles."’f

' 'f*'harengus pa//aS/ Engrau//s mordax and Oncorhynchus spp thelr presence belng

‘_known from some prehmmary nettmg at the study snte

. 'l

ik
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B xMatenal and methods ",/
‘Artiflcml reefs - o S ! | S _

‘ Ten ldentlcal artufncnal reefs (Flg 3 Plate 1.3) were’ orlgmally constructed of -
-_standard concrete constructuon blocks The reefs were terraced structures arranged
in-3 rows Three types of concrete blocks grouped Jnto unrts of constant volume-:. .

“(40 X 30 X 20 cm) alternated both honzontally and v‘ertlcall’y Four smes of opemngs ‘_ . '

-'»were found unlts made of small blocks had 9 small holes (93 X 36 cm) unlts made

" of medlum blocks had 4 medlum holes (14 x 8 cm) and unlts made of Iarge blocks

“had- one. large hole (18 x 21 cm) and one vertlcal hole l18 X 6 cm) The reefs were

A

:assembled underwater dlrectly on the sand and gaps were present between the rows o
'_‘~.A(hor|zontal holes) and the columns (vertlcal holes) No mortar was used but sessne
-v““orgamsms cemented the blocks together |n a matter of months “ , ‘ '

s AII the holes were theoretlcally open ended however the constructlon of the |

| "reefs dlrectly on the sand caused some mlsallgnments blockmg the smaller holes m o

B the W|der sectvon at the base of the reefs Therefore small med)um and vertlcal

' holes m the bottom row and the small holes m the centre row were consndered %

.closed creatlng separate shelters on exther Slde The number of resource types (|e

‘, shelter types with: Wthh the flsh are assocnated) can then be easlly quantlfled thelr o

relatxve avallabmty in relatlon to elevatlon lS glven in Table l

The reefs were organlzed in a llnear fashnon along a rock rubble sl0pe (Flg 4)
_v-|n.a narrow channel between two small |slands Reefs 1 to 6 (called msular reefs)
were rocated 10 m from the rock rubblel slope wnth the exceptlon ‘of. reef no 1
Wthh was mlstakenly bu;lt at only 7 m from the rocks The remalnlng reefs lnumber ‘
"~ 7 to" 10, called contmental reefs) were posmoned i dlrect contact W|th the rock o

'_-rubble slope to assess the |mportance of the 10 m dustance to the lnsular reefs as a E
barrler to cclonxzatlon The mummum dlstance between reefs was 10 m, msurmg ‘

_;._effectlve vnsual lsolatlon sunce the water VJ;SIblllty normally does not exceed 10 m at

‘.the study 3|te Not once whlle d)vmg on a reef could the next one be seen A gu1de g

A

I|ne passung the reefs at some dlstance was used to aid’ the dlvers in tlmes\of low =

water vnsnbnhty Slnce lt became rapldly covered by epuphytlc growth and was. often

'burled underneath large br0wn algae the lme was lnconspxcuous and xt could not have

S



¥,

" HORIZONTAL HOLE (H) . 4

"MEDIUM HOLE (M)

" VERTICAL HOLES (V) "~

- LARGE HOLE (L)

S o

= TOP ROW.(T)

.. Figure 3: ‘Diagram of the artificial reefs.
o Lwidth, and 08'm high.. o

- SMALL HOLE (8) .

CENTRE ‘ROW (C)

- -END WALL (E) - PR

BOTTOM ROW (B)
"

The dimensions are 2.4 m Idng, 0.6 m basal. .~ .



Table 1:
Y " artificial reefs. Holes marked with an asterisks are closed at one end due to

. ROW
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) o . T _ , - S
Numbers of the different ,ty'p‘e's of opening with respect to row of the

“the misalignmenit of the-blocks. The narrow holes of the large blocks are .

" combined with the: vertical holes (between qolumns).
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Figure 4;

: - of the transects is also indicated
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 been used as a guide by the fish to swim from reef to reef.
Winter reefs {no. 1 to 4) were constructed in February 1978, “while the'six'

summer reefs (no 5 to 10} werse bunlt in August 1978. Therefore there were 4

wmter msular reefs (nol to 4}, 2 summer lnsular reefs (no 5 and 6) and 4 (summer)

‘%_A_/

‘contmental reefs (no 7 to 10). Orlgmally it was not planned to construct contlnental :

reefs, but they were added after it was realized that most of colonists were large

&y flsh presumably commg from the’ rock rubble and not planktomc recruits (as in

troplcal waters) ‘The Iength of" the, rock rubble slope did not allow me to install more

' than ten reefs wuthout introducing additional varlables in the system such as:’

1. possuble Ioss of mdepend‘ence of the reefs by bunldlng them closer together;

2. - “habitat heterogenelty by constructlng the remaining reefs in d(fferent areas;

3. p035|blllty of a stepplng stone effect by bUI]dlng addltlo‘hal reefs behmd the

" continental reefs

in January 1980 reefs no. l, 7. and 10 v@re dlsmantled in order to’ make

" room for dlfferent structures Elght additional ‘reefs were buult in February l980 Two -

v new insular reefs (called new insulars, nos: 11 and 12) identical in every respect to

the original. reefs were built to serve as controls for new re’éfs to be built. Reef no.

ll was built from new blocks whereas reef no. 12 was buﬂt from blocks salvaged'

' from reef no 10.

©

Six smaller reefs (number 13 to 18, called small reefs) were built at the same-

~ which was exactly one thlrd of the orlglnal one (two columns lnstead of six}.’ These

no 13 to ‘(5 blocks from reef no. 1; reefs 16 to 18 biocks from reef. no. 7). Thus,

with the. exceptlon of reef no. 11, all reefs, new and old were made ‘of blocks: of the

- same blologlcal age.

ln order to posmon five additional reefs (8 hew ones mmus the 3 dlsmantled)

“the l"lgld crlterla set up at the beglnnlng had to- be modlfled {Fig. 4). The addltIOhal

row of small and new.reefs was posutuoned behlnd the exlstlng line of _continental

reefs. Furthermore reef no. .11 on the one hand, and reefs no. 17 and 18 on the'

‘other were added respectlvely at the far eastern end and far western end of the reef

5

time (Fig: 5 Plate 1.4). They were, similar to the standard unlts except for. ‘their size

"reefs were also bunlt from blocks salvaged from the demolltlon of older reefs (reefs .
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‘ Figdre 5. Diagram:of the small artifid:ial reefs. The overall dimensiohvs are 0.8. m lofig,
: basal width 0.6 m, and 0.8 m high. ‘ o '



the study sutel The minimum distance of 10 m between reefs was not changed \

Data collectlon | |
Fif’cy f‘%r visual censuses of the fish populations mhabmng the reefs 41 for '

the summer reefs) were condLlcted usmg SCUBA between February 1978 and August

1980 The surveys were conducted at two-week intervals, except on a few R

e

occaslons owing to stormy weather. As a nor'mal practice two, ‘or three dlves were
* done  on consecutlve days to complete a census, except on seven occas:ons when
e mterval ranged fromtwo to flve days the delays bemg caused’ again by stormyl
w ther The detailed sampling schedule |s glven |n Table 2. ﬂ a
'4 Two divers, R. Miller and I, made each census Exceptlonally when one of us -
'was unable to dlve a census was conducted by one person only, since’ there ‘was
nobody else’ competent to identify flshes o L N
The reef: censuses were cond/ucted as follows: The two divers, approached a
"‘reef from opposnte sides and recorded all flsh vrslble in front and outslde the
‘ structure Then all holes ‘Wwere carefully examlned for fish. The posmon of ea;:h‘tlsh
seen row, column, block type, hple) and their estimated total Iength were- recorded.

The length estimations were always done by comiparison with structures of the reefs, N

" Flsh were put |nto Iength classes, 2 .cm classes for fish estlmated to be < 15 cm

‘long and 5 cm classes for those estlmated to be > 15 cm The dlvers then

'exchanged sides and repeated the procedure There was Ilttle lfflculty in recognlzmg
,,_7.——‘——"“\———‘_'—’*
an lndrﬂal sughted by both dlvers slnce most of the flSh emalned in the same
position. - After a dlve the observatlons ‘were plotted oh a dia ram of the reefs ino
order that a fish seen from both sudes or “seen- by both dlvers was' not’ counted
.twnce - When only one of us was present the two sides were censused entlrely only ‘
once. . ‘
“The original 'Organization of the study site .was maintained between surveys no,
o~ N . N ‘oo . /"_ N

1 to 39 As. mentloned earller reefs ‘no. 1, 7 and 10 were dismantled. 'i’n- January

1980 and they were not’ mcluded in censuses beyond no.: 37. Monltormg of the/neﬁ



Table 2: -Sampling schedule
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. 20/11/1978

Survey! Dates Reefs
C 11/ 211978 3,4
C 23/ 2/1978 1,2
1 14/ 3/1978 1,2,3,4 6
2 4/ 4/1978 1,234 G
3. 18/4/1978 1234 G
4 2/ 5/1978 1,2,3.4 g G
5 - 18/ B(1978 1,234 G
6 - 30/ 5/1978 1234 GM
7 13/ 6/1978 1,2,4 GM
| 14/ 6/1978 3 GM
8 - 26/ 6/1978 1,2,3,4 GM
13/°7/1978 .~ . 123 GM
| 14/ 7/1978 - 4 GM
10 .25/ 7/1978 1,23 GM
C 26/ 7/1978 4 GM
A 9/ 8/1978 1,234 GM
12 24/ 8/1978 1,2,3,4 GM
c 127/.8/1978 7
C 28/ 8/1978" 6,8
C 31/8/1978 9 A
c 73/9/1978 - J05 ]
13 7/ 9/1978 1,2,5,8,9,10 GM
8/ 9/1978 3.487 - GM
14 22/'9/1978 - SR M
, 23/ 9/1978, '2,8,9,10 M
25/ 8/1978 3.45.6,7 M
15 . - 12/10/1978 1,2,8,9,10 M
- - 14/10/1978 3456867 M
16 30/10/1978 21,8910 GM
| 31/10/1978 . 23456 GM
D 171171978 7 3 GM .
17 - 17/11/1978 .1,89,10 GM
S . 2,345 GM




—

Table -2: B continued.
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‘continued.
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- and small reefs started at survey no. 40 the mtervemng 'Six weeks belng ‘used for'_" '
"dlsmantlmg constructlon and subsequent modlflcatlons of the study slte

The encrustlng fauna and flora were also qualltatlvely estlmated and’ collectlons f

taken at lrregular mtervals to prowde proper |dentlf|catlon leflcultles were i

‘ encountered durmg summer censusmg when thlck mats of macroalgae and hydrOIds :
| '-_,covered the reefs makmg flsh counts dlfflcult B '

o Taggmg procedure

To assess length of restdence by flsh oh artnflcnal reefs flsh on reef no 4_ ‘

: ”:_*were tagged Only one reef ‘was used for the tagglng experlment because I was

._ “‘.employed by Cralk (l978)

,unsure of . the effects of the procedure on the fish commumty A flsh was captured R

‘v“‘from the reef W|th ‘a slurp gun and brought to the surface where four coloured; i

<

".embrmdery beads were attached tod the dorsal musculature thh a nylon monofllament

- line, under M8222 anaesthetlc Great care was taken s0 that enough llne was used to

o

ﬂ{avoud unnecessary constrlctlon of the flesh As. soon as the flSh had recuperated

: was returned 1o lts reef by the dlvers The tagglng procedure lS the same as* that o

St

L e

" 'i'.'RemovaI experlments :

s

ln May 1980 two specnes of rockfnsh (Sebastes caur/nus and S ma//ge/) were o

selectnvely removed by spearlng from artrfrcral reefs |n order to detect competltlve'b.' '

' «-’,\,lnteractlons between them Two or three dlves were requrred to complete a total'.'

i‘_removal of l’OCkflSh from one reef Table 3 presents a detalled schedule of the

' '_,removal work FlSh became extremely dlfflcult to catch after a few attempts Wthh,‘l_.

L explalns the length of tlme requrred for complete removals Sebastes caur/nus were_ o

':entlrely removed from reef no. 5 .S‘ ma//ger from reef no 4 and both specnes from e

reef no 3. Reefs no.’ 2 and 6. were Ieft a(sﬁ%ontrols

,Rock rubble flsh estlmatlon i el S

The maln source of colonlsts to the artlflmal reefs was presumed to be the s ‘

rock rubble area. The abundance and d:verslty of. flsh mhabltung the rock rubble slope»

was estlmated by countlng all the flsh VlS|ble n two 50 x 2 m. Strlp transects (Keast B

and Harker l977) The flsh counts on the transects were started in July 1978 and- o

,'were contlnued untll the end of the study wnth the exceptlon of the perlod
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| 4»Tabl'e 3:,};Remvovalséh'e‘dule. v

10/5/80 34 | o
CtuB80 345y

16/5/80 - B

'-,,."September December 1979 when I was m Edmonton The samplmg mtervals were_f‘

: :”one month untll December 1978 when the frequency was lncreased to two per_'l'? ‘

i '_”_,month thereafter $0 ] c0uld keep track of the short term fluctuatlons

"frestmg agalnst vert:cal surface 3 in a hole 4 swrmmlng)

The upper transect was Iocated Just below the kelp bed (Flg 4) (water depth_'f

*i2 3 m at mean Iow water) whereas the lower transect was located Just above the

rock sand mterface at the base of the rock rubble slope (5 6 m deep at MLW)

. thrrd strlp transect (called the sand transect) was laud on the sandy area at the base of,w" ‘

h
|

.

The transects were dehmlted by ropes and ‘marké

nsampllng was conducted m a fashlonjﬂ

Ty

‘-subdnvnded them |nto contoguous quadrats Tlgt

srmllar t© the reef censusmg R. l\/llller and 1 would each count all flsh seen m one

'half (upper and lower l m. wxdth) of the transect However durlng the counts some"‘

“of the markers were mlssed = usually because they were covered by algae or ammals o

jotiy thus makmg the number of contlguous 5 m2 sectlons effectuvely smaller (17 I9) As_

- for the reefs estlmated length and: posutlon of each fnsh were recorded Because we

.could not use the reefs s 3 reference for the length estlmates a small ruler was'

bjcarrned The posutuon were recorded lnto two categorles substratum (1 rock 2 sand S

3 kelp -4 other) and posutlon (l exposed restlng on top of a surface 2 exposed’._'g

: 1‘,»

Elght 4 m2 quadrats were ponsoned w;th an lchthyomde (Chem Flsh Collector :

" "'Blue Spruce lnternatnonal New Jersey) These quadrats were located on a smallerv

b

’bf.patch of rubble on the West sude of the |sland They had been dellmrted wuth~ yellow’_'."
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"rope prnor to. the appllcatlon of the ponson For various reasons (temperature surge" ,

currents) the |chthyoclde never worked satlsfactornly and the technlque waS‘

'subsequently abandoned Nevertheless 56 flsh were collected prowdmg some ln5|ght' .H o

,to ‘the composmon of the cryptxc communlty




| . | RESULTSI - P

_ lee fISh commumty of the rock rubble slope | 5
Wlth the exceptlon of a few studles (Moulton 1977 Leaman 1980) very tlttle'
‘j-‘lnformatlon on the ecology of. Northeast Pacific reef flSh exlsts ln order to make '
meamngful lnterpretatlons of the artuﬂcnal reef. results,_ baselme data on the,:_’
"communltles mhabmng reefs surroundlng the experlmental habltat was requlred Ih thls .'
‘ ':»chapter 1, have reported the results of the obsarvatlons made on the frsh communlty‘
' i‘rnhabltrng the rock rubble slope facnng the reefs uslng underwater Stl’lp transects |

AL Results T

Twenty flve specnes were seen on the rock rubble slope 23 on the upperf v

: transect and 18 on the lower transect °&S|xteen of these specnes were 'seen.on both R

_’transects (Table 4) Elght specnes accounted forf 98 2/0 of the observed flsh the o

~>goby Coryphopterus n/cho/s1 representmg by rtself 86 8% of the slghtmgs Flve_'

_'specres were seen only once and’ of the specres that were seen on one. transect o

'-;‘only none ‘were. recorded more than twrce (2 schools of Cymatogaster aggregata and L

B 7 ‘

B ;""“\‘Brachy/st/us frenatus). _ ,
_ The pOlSOhll’lg of 32 m2 of rock rubble produced specnmens of 7 specres 5‘
..of whrch belonged to the specnes domlnant in the vrsual censuses (C n/cho/w, H.

""decagrammus,k S caur/nus S ma//ger S, me/anops) o The’two others were the

" ‘:.nocturnal Naut/chthys ocu/ofasmatus (lVl0u|ton 1977) and the crevrce seekmg

_in/ph/ster mucosus whrch are nearly mpossnble to detect v1sually due to thelr'-';.
: secretlve habrts o e : " L e

Very few fISh were seen on the sand transect (Appendlx ll) the recorded_f’-‘:

densrtres rangmg from O to 02 frsh/m2 Except for Hexagrammos decagfammus the»_' o

-

ﬂcommunlty on the sand was made of an entlrely dlfferent set of specues leg"::
:Chlmaerldae Pleuronectldae) ‘

Seasonal fluctuatlons

The mean dens;ty of the frsh on the. transects fluctuated greatly wrth the tlme“v_‘j"

: of the year (flg 6) The peaks of abundance occurred in summer (July August)

'whereas the lowest densmes were foend in late w:nter (l\/larch Aprll) (Flg 6) The.:.-"
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. Table 4: List and numbers of the species encountered on-the rock rubble slop’e‘
‘ . i . . : a . . sih ’

"' Species .. ' .  Rotenone  Upper Transect. - Lower Transect
R T quadrats '- R '

78-79 79-80 78279 79-80

» A'ULORHYNCHIDAE ‘ |

Aulorhynchus f/aV/dus B T 98 . - -
'Z,EMNOTomDAE L | 2
B B‘rachy/st/us frenatus , o  — o e 5 S o - . ' —'
.Cymatogaster aggregata = 12 = - -
Rhacoch//us vacca . = 2 - = B
~\SﬂCHAEmA£ o | R |
' Anop/archus spp. g e BT B R RTINS
. Chirolophis spp. . S = [ PR N 1
- X/ph/ster mucosus 3 = P RS

Apod/chthys r’/awdus B T 1/ R R
Pho//s /aeta - T T .4 4 20 02

iANARmCHAmDAE ""}:"ﬂ   SR |
v Anarrh/chthys oce//atus Sl w7 S R "6'.
‘.GOBHDAE _' i __“‘ o R

, Coryphopterus n/cho/S/ o 39 ' ’21‘89 ;_ 1681 2377 37 1"1

V?SCORPAHWDAE Lo (O e
| Sebastes aur/cu/atus

Sebastes caurinus

" Sebastes maliger.
" -Sebastes  melanops . -
Sebastes p/nnlger :

e HEXAGRAMMIDAE

407 33 12 3o

g5 43 .. 28 . 38
.88 1586 . .7 . 38
4B 3 256

SEI AT SIS

Hexagrammos decagrammus e

~ Hexagrammos. stelleri

- .. Ophiodon elongatus
s Oxy/eb/as pictus: -

OO -

BT B
|

VCOTHDAE ;~

‘ Arted/us spp o
.~Enophrys bison o
“- Hemilepidotus hem//ep/dotus L
“Jordania zonope v o
Nauth/chthys ocul ofasmatus :

R LI

SN
o
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" Table 4: continued.

- Species - Rotenone - Upper Transect .  Lower Transéct
: quadrats I S .

N . \
\

- N ., 78-79 - 79-80  78-79 79-80

Rhamphoé_ottus richardsoni S= : - - 1 -
- Synchirus gilli ST ST o - 1

/
k3

TOTAL ./ 66 2555 2248 2529 4152




36

_ UPPER, TRANSECT LOWER TRANSECT - I

'C nicholsi .

JOJAJOUJAI JOJAJOUIAUI
-1978- ——1979 — —1980— -1978~—— 1979—— —1980 —

IR

- ~Figure 6: Seasonal fluctuations in the abundance and biomass of all species-combined;
. - and of Coryphopterus nicholsi, on the transects. The vertical bars indicate -

‘the '95% confidehce limits and’ the ‘grey shading  indicates the 95% -

confidence belt around the. mean biomass {fine lines) .= . : L

e
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" densities estimated in biomass (from 5 g to 60A_ g/m? [5d to 600 kg/hectare] show
- predictably the same 'patterns, although the variances are much larger. The biomasses
- were estimated from. the length observations, using published length—weight

relationshipsj(MoiJIton, 1977) and one that was calculated on the ‘C.-‘nic‘ho/si collected

during thefpois'oning. | C ' '

in addition to- strong .'seasonal changes, large differences existed between

- years in.both- the high and low de‘nsities. ‘The densities on fthe‘upper transect were

highest at the beginning of the study and steadily declined, thereafter the peak density

~of 1980 bemg approximately 2.5 times smaller than in the first two years (an 6). The .- |

"vopposlte occurred oh the lower transect The decrease in. densuty on the upper,
transect was apparently the result of the constant increase of the alga bed of'.
. Desmarestia ligulata, whnch created a totaly unsuutable habutat for the dommant C.
' -‘n/cho/S/ on the upper transect The overall densities' on the rock rubble/slope'
_(welghted means of the two transects) remalned remarkably constant over the years
(1978 11.38; 1979 1595 1980 14.18 flSh/5 m2) the decrease on the upper
© transect bemg compensated for by an increase on the lower transect

The two wmter “lows were apparently’ dlfferent the densmes being’
approxxmately 10° times hlgher in 1980 than in.1978. The seasonal fluctuatlons in the
.abundance of’ each spemes followed closely the pattern descrlbed for the communlty
“as a whole (Flg 6, 7) .,Wlth the exceptlon of - C. n/cho/s/ all the specnes were
encountered more frequently on the upper transect (Table 4)
g Dlversnty o | N
| ~ Species dlversrty on the transects was calculated usmg "the: Shannon Weaver
" Index lF’leIou 1975) on both numbers and blomass estlmates DlverSlty as estlmated .
by these two measures, and the number of species were all hlgher in the summer»
‘(Frg 8. The estlmates using b|omass tended to be more varlable (both 'on the
short term - and the long term) than those. calculated for numbers alone Spec:es
'dlversny was  low, rangmg from H=0.3.in the winter to H>lO in the summer, - |
v;'consequence of the extreme domlnance of C nicholsi. The range.of biomass'
| dlversltles was greater (0. 1<H <2.0) .

- /—r:.

P
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UPPER TRANSECT ~ LOWER. TRANSECT |

t

Hexagrammos deceagrammus

‘Bebastes caurinug
. r

8.0

2.8

0.0

0.0

MEAN NUMBER of FISH (/5m2)

-10.04 | . , . .

Y

5.0

£ 0.0 -

R ',"_"'ll'_""" LBARAREAS] WIIVTlT"Wl'rjIU"Uml

JO U AU O AJ JyOUAJOY AdJ
1978 1970 1980 1978 1979 . 1980

) MowTHs

- Figure 7: Seasona! fluctuations in the abundance of Sevastes caurinus, S. maliger, S.

: .~ melanops ‘and Hexagrammos decagrammus on the transects The vertical A

- bars_indicate the 95% confidence limits A 4 month gap in sampling {(Sept.
1879-Jan. 1980) is indicated with dashed lines. . S o
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Figure 8: Seasonal fluctuations. in the number of species and in species diversity on
. the transects ‘Above, . diversity: Solid lines -are the estimates based on
numbers; ‘dashed lines are the biomass estimates. Below. nhumber of-
species. Left: upper transect; right: lower transect : : '

*
. .



Space use : - o

- The pattern of space use by the five common specnes changed over the year.
(X2, P<001 in all cases) (Fig. 9) The deletnon of the somewhat unrellable estlmates of
flsh under- cover does not alter this concluslon The observatlons on space utilization
were grouped in 3-month periods for the purpodse of the analysrs

Only C. 'n/chO/s; and H. decagrammus were regularly ‘encountered over -the |
sand, whereas the rockfnsh were almost exclusnvely restrlcted to rocky substrates.
“The rockfish- tended to be found under cover more freQUently than C. nicho/si or H.

decagrammus and all specnes were found under cover more frequently in winter than

in summer (Appendlx IV)/ .

B.'bisoU§sion . | SRR o o I
o 'Unde'rvvater t_ransects ‘have been used eitensive'ly‘ in recentyears‘ {eg. Alevizon -
and Brooks, 1975; -Brock. 1954: Chave and Eckert. 1974; Ebeling et a/., 1980; Keast
‘and. Harker, 1977) as a means of estimating'the non—cryptic.component of demersal "
flsh commumtles Most transects, used covered larger areas than in the present study |
(3 to 19 tlmes) the mvestngators concentratlng on the larger spec:es Because of
- their sheer numbers, the smallé’r specxes are inadequately sampled or overlooked by

dlvers sw:mmlng rapidly over great dlstances The shorter transects-used here-

-

allowed us to concentrate on the smaller speCI S (Gobndae, Cottldae juvenile Sebastes

spp) As_a'result the Iarger specres (Hexagra midae, adult Sebastes spp) were.
_ inadequately 'sampled: the small .area covered by the subsections of the transects
5 m3), wassmall in relation to the [_home .-range .of thesn, fish creating a large degree‘
"of within transect variance for these species. The hi variability in biomass and

biomass estimates of dlversity is a direct result of this: 3all s.in the number

of these large and consequently mfrequent species, cre ge fluctuations in
fblomass
Visual cenSUses may severely underestlmate the cryptnc component of the flSh

'commumty Leaman (1980)  used an ichthyocide to estlmate fish p0pulat|ons

’ ,quantltatavely in the kelp beds of Barkley Sound; he found large numbers of cryptlc

Cottldae, -Stichaeidae "and Liparidae in hls\samples.. The pou_somng done on the rock )
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standmg crop as most of the flsh were vrsnble and. counted lVly estlmate lsf'

""somewhat hug,her than other temperate estlmates (lVloulton 1977 169 311 kg(haf.

\ S
Sy

rubble lndlcated that the cryptxc component was relatlvely unlmportant ln the habltat of ;
thlS study as 90% of ‘the  fish. c:ollected belonged to the domlnant specnes of the
”Vlsual samples (the 7. spec;es collected formed 93 9% of the sughtmgs)

The most notlceable aspect of thns communlty was the large seasonal ;

v»fluctuatlons |n densltles (of up to 10 tlmes) Such fluctuatlons have been reported for g

. :’other temperate nearshore communmes especnally those cf soft bottom habutats-‘
'f'(Adams :1976; . Allen and Horn, 1975 l\/lodde and Royss 1980) although docper
-‘temperate reefs nfay be more seasonally stable (Ebellng et a/ Stephens and” Zerba’
o 1981l Contrary to soft bottom species, rocky reef fxsh specues are uscally quite
-:sedentary (Chapter v, Leaman ‘(980 Love 1979 KS Cole personal ccmmunvcatlon)
'.:'The seasonal’ dlfferences result probably from the flSh seeklng cover more frequently .
at low temperature rather than em(gratlon as from shallow sandy habxtats (thodde and

';'.Ross 1980l All‘ spemes were observed more frequently under cover m wunter ngnng

'some welght ‘to thls hypothesus l\/lost of the flsh under cover vvere “prokably

“

-:g;abundance of flsh seekmg cover lndncates that many moré f:sh may have beenv

,present R j R : } e !

“The blomass, estlmates are average and agree favourably wrth other publlshed"

. A
"overlooked as they ~are extremely dlfflCult to see “but the mcrease in: relatlve .

f'.'ﬂ'estlmates (see I\/loulton 1977 for a rev»ew) The blomass fluctuated from 50 kg/ha in

winter: to 600 kg/ha n summer the latter estlmate belng probably closer to the actuall R

"‘Quast 1968b 300 380kg/ha) but because o‘f the very farge varuances assocxatedv.
A ‘-Wlth these estlmates the dlfferences betWeen them are certamly not sngnlflcant

‘ The extreme domlnance (in terms of abundance) of one specnes C n/cho/srv

LA

‘_‘v?’and tlw ensumg Iow dlvers:ty (H 02-91 Ol are remlnlscent of soft bottom communltles' AR

o The habltat selected for the study was extremely homogeneous and the shortness of‘.

_ _the transects allowed me to keep habltat varlatuon to a- minimuiPproy

-alpha ~ W|th|n habltat - component of dlversrty (Plelou 1975) hence the slmllarlty to

"soft bottom enwronments where habltats are also umform and snmple Allen and Horn_

) (1975) reported values of H 0 l~l o} for a Callfornla lagoon and Adams (1976) gave i



e

values of H 04 18 from eel grass beds of North Carolma On the contrary typlcal s

“reef habltats are more: varled enhancnng the between habltat (beta leEI’Slty)

component Ebellng et al. (1980) reported values of H-‘l4 28 for southern-

Callfornua reefs. .

33

. The commumty was remarkably stable over the years m te'rms '-of' b‘oth‘the
specnes present and of thenr absolute abundance The overall densnty of C n/cho/S/
‘remamed constant between 1978 and 1980 although lts depth dlstrlbutlon changed

The contmual lncrease of the 5|ze of the bed of Demerest/a //gu/ata (of unknown

"tw

causes) appear to have forced the C /7/0/70/8/ mhabttmg the upper reaches of the‘"

u.vhabltat to retreat to deeper water sznce Jt xs almost never encountered in” kelp beds

<

'-'(Leaman 1980) The Iocal mcrease in densnty (3 to 5 tlmes) at the ‘base. of slope,.T B

Q.

mdncates that at least at the low densmes of l980 the populatlon of C. /7/C/70/S/ was-

: ‘probably below the carrymg capacuty of the enwronment In wunter the ‘cover of.‘_"

B A'jDemerest/a was absent and |t cannot be respon3|ble for the dlfferences between- PR

“years The mummum temperature regxstered in. 1979 was 25°C lower than m 1980_:‘

:-.(6 5° vs 90) Wthh may have provoked the flsh to seek cover more frequently |n

979 Ebellng et a/ (1980) found that the demersal component of kelp= bed flsh“

'assemblages was relatlvely constant from year to year whereas the abundance of

' ”1981)

f
4

Measure of. stablllty in flsh commumty is hlghly scale dependent (Anderson etA

.»{4;-

' a;ﬂ 1981) and there |s no. way to determme a pr/pr/ the approprlate scale For_'
j. example many of the varlable speczes descrlbed by Stephens and Zerba (1981) are_‘
f"{. .schoollng roamers"“ and the scale used |n thenr study may ‘have. been too small in_"
"-'_‘relatlon to the(r home range to estlmate thelr abundance accurately The results*v

j“lndlcate that a lOO m2 area was adequate to follow the dynamlcs of a small»‘”-

-t

: "m! Y 'pecles fluctuated greatly on a southern Cahfornla reef (Stephens and Zerba

. "_(5 12~ cm) demersal specnes but that it was not for the larger ones creatlng a large ‘

degree of varlablllty




_________ lV RESULTS I
The colomzatlon hlstory of the reefs _ ‘
: ln splte of thelr frequent use in the study of reef flsh communltles (Russell etli : :

va/., 1974 Molles, 1978 Talbot et a/ 1978 Bohnsack and ‘Talbot, 1980)

approprxateness of artlflmal reefs (|e how well they sample natural communltles) has

g'never been examlned |n detall Furthermore autecologlcal lnformatlon on the specres,

k‘.present is usually lacklng the blologlcal mformatlon usually belng Ilmlted to specues’]

:llsts and counts o ' " ' : ’ o

' However in order to make meanlngful attempts to develop hypothe5|s on the

: .‘workmg of these communltles, ‘one has- to have a SOIld data base on the llfe hlstory
vf‘.of the spec:es present ln this chapter l w1|| examlne two pomts '

».'lv.v. The approprlateness of these reefs as a samphng tool for the rock rubble flsh

»'jcommunlty by comparlng the communlty composntlon and densuty in. bothv.-""'

fsystems

' 2 . The patterns of communlty development and composltuon on the three Inltlal,.v'
| .‘serles of reef (wmter and summer msulars continentals), concentratlng on the“
X patterns .ofO colonlzatlon recruntment abundance{and dlstrlbutlons of th'e‘;f.
commonest specues | e : i . ey
l wull also examlne the effects of lsolatlon on communlty structure Artnfncnal |

. reefs are usually bmlt in lsolatlon :— in order to pr duce lndepen“ﬁ;lent systems - but' .
\ .

the effects of. varylng dlspersal abllltles among the pecxes have never been |ooked at L

The contlnental reefs were corfstructed to estumate this- effect and the dlfferences; v

R b, ’between the lnsular and contmental reefs should promde an estlmate of the dlspersmg

o for foullng communltles

l .

,abllltles of the specues i A A ,' _t_

Flnally contrary uto what happens |n troplcal waters where recrultment

b'v»“;largely aseasona,l-- ;pemes of TISh mlwabltlng Barkley Sound “have - well dellmltedv,

éé{

__rﬂeproductlve pen@gds (Hart 1973) Usnng the two serles of . lnsular reef (summer and S

/"‘"-WInter) jalso examlne the hypothesus that th|s strong seasonallty W'” affect,l"

i-'j'{_:communlty development in a srmllar way to. that reported by Sutherland (1974 1981) ey




‘season reachrng consrderabl'
e maxumum in late summer T_

s grven ln Appendux 1

lrterature rthew sectlon of . the lntroductlonl and on whether they usually remalned m!
“f_,the ummmedrate vucmlty of the reefs or fled when dusturbed by the dxver_;

j-JTwenty seven specres were categorrzed ‘as’. resnoents (mcludlng all the common

45

" A. Results -

Invertebrates .and algae rapidly colonlzed the artlflcral reefs Th|ck growths of"

; hydrovds (Obe//a spp) serpulld ‘Worms ‘and encrustlng coralllne algae developed in a .‘ .
,few months v Large seaweeds (mamly. Nereocyst/s /uetkeana Costaf/a costata'A
,Larn/nar/,a spp, U/va spp ‘and Porph/ra sp,r.Jr grew rapldly in: sprrng and early '

: summer.” These algae were usually ehmlnated by sea urchms Sz/ongy/ocemrotus‘

' franC/saanus) although in some mstances they were aIlowed to persnst late N the“

A

) Il‘t‘r%z growth of all encrustlng orgamsms reached s, |

,hvertebrates and algae collecteo from the reefs = - .

s : Thnrty flve specnes of figh, belongmg to ‘l4 famnlles were recorded from the -

' artufncnal reefs (Table 5 The specres were categoruzed as resadents or transnents' : :

(Talbot ez a/ 1978l oased on knowledge of thelr general habltat reqwrements (see"

specresl Almosti aII the speC|es found on the the reefs were seen on the two rock’v

o transects wrth the exceptlon of 3 few rare ones The speCIes present on the sand_vg

_,_’transect were seen only rarely on the reefs thus the reefs were attractmg a_'

' communlty typrcal of rocky env:ronments Schoollng lndlvuduals of Sebastes me/anops
-were hot lncluded i’ ‘the. analys:s due to: thelr weak assocratnon wuth the reefs andv : .

: because of the great dlfflculty of accurately estnmatlng their: numbers

Resrdent specnes comprlsed 82.75% o of the lndlvrduals srghted (992 when the-

' estlmates for the schools of S. me/anops are omuttedl Elght specres comprlsed over ‘

’96/0 of the resrdents These 8 specnes can be eascly dlvrded lnto 2 categorles 4' :

spec:es of rockflsh (oebastes caur/nus S ma//ger lPIate I|3 Plate l|4l S me/anops__ “

"and S. p/nn/ger) and 4 benthrc spemes(Coryphopterus n/cho/s; lPlate I‘ll.].'t
'7‘-‘Hexagrammos decagrammus [Plate ll2] Joroan/a zonope and Arzed/us spp) ThlS :
b'latter speues probably lncludes A. harr/ngton/ A fenestra//s and A /atera/rs whlch

- "-’were all collected from the - study site m prellmlnary samplmgs they are V|rtually"" '

mpossrble to recogmse under water and no- attempts were made to separate them_'_ Ll

Tﬁey are counted as ‘one spec:es throughout the thesas
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Plate I  Common species of fish present on the artnﬂcnal reefs
1. Coryphopterus nicholsi, approximately 8 cm long
2: Hexagrammaos decag/ammus male, @pproximately 20 cm Iong
3: Sebastes caurinus, approximately 12 cm long.
4: Sebastes maliger, approximately 10 cm long.
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Figure 10 glves the.order of appearance and the combined occupatlon periods by the
species on the three main series of reefs.
Colonization of the artlflmal reefs

- The colonlzatlon process was fastest for the continental reefs and slowest for
the insular reefs. The mean number of resident species leveled within a few months
at approx1mately 5 specnes/reef on all three series (Fig. 11). On this figure, as on all
subsequent colonization curves, the two series of msular reefs are combmed after a

year, smce no dlfferencés in their dommunities could be detected (see the. last part of

this chapter) To ;udge when the asymptotic number . of species was reached | used.

the followmg arbitrary crlterlon four consecutlve censuses wnth a mean number of

species/reef > 5. By thls crlterlon the asymptotlc number was: already reached on

the contlnental reefs . at the first census (Flg 12), less than two weeks after
constructlon The winter lnsular reefs took 13 weeks whereas the summer lnsular ~

reefs took 24 weeks to reach the same level. The humber of anacies dld not show‘

any. seasonal trends and ‘it remamed remarkably constant throughout the study

“Colonization in terms of number of individuals (resident spec:es) followed a -

srmllar ‘pattern, the contlnental reefs belng filled almost. immediately, whereas the

insular reefs took several months. However the mean number of flsh/reef showed

strong seasonal fluctuations'(F_ig-;. 12). "The mean number’ of fish/reef during the
’ su'mmer' peakl(August—'September) was approximately twice the _numbers seen ‘in the
wmter fow . (March April) {25-32 flsh/reef vs 12-15 flsh/reef)

The rates of. colonlzatlon can be- ea{nmated from the colonlzatlon record

lmmlgratlon (le the no. species- at time t + 1 that were not present at tlme t; d|V|ded ‘

by the censusing interval in days) and emlgratlon (— extlnctlon [l\/lacArthur and leson

1967] Le. the no. of spemes absent at time t.+ 1 which were present at tlme t,

lelded by the censusmg interval in days) are plotted in Flgure 13 Turnover rates.

"(lmmlgratlon and emlgratlonl can be similarly calculated for individual fish (Fig. 14). All

these rates exhibit a large degree of short term varlablllty furthermore there are -

md:catlons of seasonal fluctuations in the turnover rates of species, immigration and
emlgratlon occurrlng faster in summer. If such trends exxsted for individual rates they

were entirely masked by the short term varlabvllty.




54

es3jspusew
tnsednm
SR|SpidOIimOy

1S OSPIBYTIL 'y
. ‘dds smipelsy
‘A empiidsmwesnng
: ‘4ds supjited
AL ETLY F I
RELL AL L I ]
191043t )

8312348

O0i 08 0800808 OF OC OF Ot
I i 2

- UL B B S L

NOILYZINOI0D 16 $NIIM .

00L O8 080L0008 Or OFf OF O
hd Il beadod 2 Fl bl L

-

;

history of the reefs. The blac

L

TETTTTTTT I T T Tt

Y O Fr VY PO

096} - —6.61~—gL61". -

L LE B LU L ) o 0 e
r vy ror ¥y r o
[o1:1.] o ~6.81" 861~

SHLINONW

3
LIRS0 AL A AL U S0 (O D (R N A 1 LA SN N0 BAND R (R AN B |

Detailed colonization

Lo @ 8
;&W%ﬁ
&%8
Lo w Do
8w L el
35 :
28
e
(o]
o
50,
eIy

b

iy

§

Left winte

summer insular reefs; right' continental reefs.

intervals between censu
ale on the abcissa is not regular.

species was present on reefs in each series. One b
¢

census period. Since the

the s

Figure 10:



4

Y

Voo

‘Mean no.bffﬁsh/Reéf

'Meéh'nb,fﬁ SbecieSIReef:

Figure 1"

55

INSULAR REEFS . .
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""‘-'-encrustlng blota) or. to. |ts general’ 'in

‘ N .
lnmal colonlzatlon phase

.

When compared to the communltles present at equmbrlum the communlty

" composmon durlng the actlve colonlzatlon phase was unremarkable the’ mam o

dlfference belng the number of frsh '\"

On the wmter lnsular reefs representatlves of the three domlnant specnee (C'
n/cho/S/ S caur/nus, S ma//ger) had alI appeared by the thlrd census (one month) |

their order e(j appearance varymg somewhat among the repllcates (Appendlx . The '

other common specues (S me/anops S p/nn/ger H decagrammus) appeared later,

" but thelr appearance was closely tied to the arrlval of Voung of the year of ‘these
‘ '”‘speCIes on the study slte (see next sectlon) on the summer lnsular reefs the pattern
f ‘was essentlally slmllar although members of the latter three spec;es colomzed the]t‘*
'J‘t,f»reefs as fast as the other spec:es The Summer msular reefs were bullt after the/

¥ ,recruxtment perlod of :S. me/ano S; S p/nn/ger and Hexagrammos decagrammus and,

o these specnes were thus avallabl for lmmedlate colonlzatlon

No ewdence of successmn (le replacement of early arrlvmg specnes by . later

"exceptlon Sculplns (Arted/us spp or C//nocottus spp v- the:r tdentlflcatlon ln the 3
".early stages of the study mlght have been erroneousl were quute common on, reef ‘

'\.3.‘__nos 2 and 3 ln the flrst few weeks but they vnrtually dlsappeared thereafter They
&l

dnd not reappear for several months (may be a- dufferent speC|es7) However these

i '.",_’sculplns were. never notlced ih abundance at the beglnnlng of the colonlzatlon of the :

‘-vf'-arrlvmg onesl could be detected |n the early"”colonlzatlon record Wlth possnbly one

SRR,

"three other serles of msular reefs 5 DENEIE s ST 'A . S e ‘“x

OnIy one ‘of the esght common specnes (J zonope) was. vnrtually absent in’ the

. early hlstory of the- reefs not belng really common untll 18 months after constructlon

- :‘-Thls may be due elther to blologlcal fac:lltatlon (le development of an approprlate »

i‘creaSe m abundance on the study sute in’
1979 1980 (see sectlon on yearly dlfferencesl _”_}. ‘ ' '
fColomzatlon hlstory of mdlwdual specles T

The elght common specnes showed specn‘nc patterns of colonlzatlon and
17

"‘abundance (Flg 15 22) Only Sebastes me/anops and S. p/nn/ger showed any seasonal

"fluctuatlons in abundance (Flg l7 and Flg 20) ThlS fluctuatlon lS caused by the

_7;:‘: L
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. 'Figure 15:" Seasonal changes in the abundance of Coryphopterus nicholsi on the
L ~ . artificial reefs. As in Figure. 11, the 2 series of insular reefs are pooled.
~+ Solid lines:“insular reefs; dashed line: continental reefs.. The vertical bars .

-~ - around the‘_mean‘ lengths are the 95% confidence limits. -
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Figure 16: ' Seasonal changes in the abundance of Sebastes me/anops on the artificial
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- Figure 17: " Seasonal changes in, the aBuhdancé _of Sebastes maliger on the artific
, - reefs, As-in Figure 11 the 2 series of .insular reefs are pooled. . Sé}? ;
“lines: “insular reefs; dasked line: continental_-reefj.; The.vertical bars: aroliy

“the mean lengths ‘are the B5% confidence limits.). R
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Seasona! changes in the abundance of - Sebastes caur/nus on the art:fncnal
reefs. As in Figure 11, the 2 series of insular reefs are pooled.  Solid

©lines: insular reefs; dashed line: continental reefs. The vertical- bars around
T the mean Iengths are the- 95% conf:dence rumlts
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-”Fi_gure.,19 Seasonal changes in . the: abundance of Hexagrammos decagrammus on .-

- the artificial reefs. As in Figure 11, the 2 series of .insular reefs are’
“pooled. - Solid lines: insular reefs; dashed line: 4continental reefs.: The’
vertlca! bars around the mean Iengths are the 95%. conf:dence limits.
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Figure 21: Seas"ohal changes in the abundancé of “Jordania zonope on the artificial
reefs. As in Figure 11, the 2 series of insular reefs are pooled. Solid
_lines: insular réefs; dashed line: continental reefs.. The vertical bars around

the mean lengths are the 95% confidence limits. .
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Figure 22: Seasonal changes in the abundance of Artedius spp. on the -artificial
: reefs. As in Figure 11, the 2 series of insular reefs are pooled.  Solid
. lines: insular reefs; dashed line: continental reefs. The vertical bars around

the mean lengths are the 95% confidence limits. ’



appearance of large schools of recently metamorphosed juvenj"l'ES of these .tW°-,">,«“““

a

species in summer. These schools were not included in the population eﬁstimates, but

« o

when they were present, large numbers of ‘solitary individuals of these species ware
B . 4 N 1;‘;

could not be separated frorn the resident. fishes. -

The remamlng six specnes did not show any noticeable seasonal fluctuations
(w:th the exceptlon of C. n/cho/5/ on the continental reefs, following the same pattern
'to that observed on the rock rubble slope), although both' C. nicholsi and Jordania

zonope increased in abundance throughout the study {Fig. 15 and Fig. 21).

The demersal spemes were represented by both adults and Juvemles whereas ,

the rockflsh (Sebastes spp) were represented almost exclusxvely by juveniles. Based
on- length estimates, -and usmg published growth ‘curves (Leaman 1976; lVIouIton
1977, Six and. Horton, 1977) the flrst 3 year classes of S caurinus and S. ma//ger

the first 2 year :classes of S. me/anops and the first year class of S. p/nn/ger were

\present on the reefs The seasonal fluctuations in the mean estimated lengths of o

v these fish on the reefs are plotted in Fig. 15 to Fig. 22 (lower frames) The presence
of distinct cohorts is evident in all but C. n/cho/S/ and J. zonope: The new cohorts of
rockfish. appeared from June (S. melanops, Flg 16), to August (S pinniger, Flg 20)

“and October (S. caurinus and S. ma//ger Fig. 17 and Flg 18) The reduction in mean

’ ‘Iength at the begmnmg of ‘these new cohorts represents the arnval of young of the

B

found seeking cover on the reefs. These solitary individuals were counted, since they *

year~ on the’ study site. As the numbers ‘of these species remained’ relatively constant |

during the same period (S melanops excepted) it is presumed that 1he larger-

individuals (1 and 2- year—old) emngrated The new cohorts of Hexagrammos

decagrammus appeared in March Aprll (Fig. 19) and those of Artedius spp. appeared

in February—Mar‘ch (Fug. 22). The Iengths of C. n(cho/s'/ and J. zonope do not indicate

the presence of new cohorts. Large numbers of very small (< 3 cm) C. nicholsi

~were seen in January—-February 1980, while similarly sm‘all‘ J. zonope were noted on

Lo

the reets in May 1980. These‘were presumably-recént recruits. -
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Yaarly differences in abu:nf‘}aance Ly

| Most species showed abundance differences between years Some only
showed slight inc e@eases (C. n/ChO/SI Arteo’/us spp., andtRhamphoc»ot_ufys ‘r/cha/dson/)
which may be related the fact that all are demersa[ and territorial, thus being slow
colonizers On the contrary, others increased dramatically during the study (S.

aur/cu/atus J. zonope) (Fig. 23). It is unlikely that these yearly differences resulted

from their slow colonization rates. or from biological facilitation: (development of an

- appropriate encrusting community on the reefs) Their numbers were much h_igher on

reef no. 11 in 1980 (which was only few months old, and thus without a'n‘ encrustlng
community: see last 'section) than they were on all reefs combined in 1978, On the

contrary, most rockfish appeéred to decline in numbers during the study. (S. caurinus,

S. me/ano%si" and S. pinnigeri. The absence of the 2 'sc'h'ooling species was very

noticeable. m1980 Only few species ‘appeared to remain at a constant level (S.

: rna//ger 'H-':ﬂdecagrammus and Anarrbh/'chthys‘oce//atus). A

Duratlon of resndence on the reefs

Eleven fnsh belong»ng to B spec:es were tagged on reef no. "4 in 1979; they

° '.V

represented “nearly ha]f the flSh present at the time. Most of the tagged fxsh (5.

,.caur/nus, S me/anops C n/‘cho/sx and J_ zonope) remamed for per:ods of up to 18

months on the reefs S ma//ger was an exceptlon showmg a shorter re5|dence tume'-

b approxtmately 4to6 months (Apperadux V). *

La

S ‘»':Communlty varlabtllty

L v(m;an = 99 days range "= 0 229 n = 5). "Two of the tagged S. ma//ger were lost

,‘nmmedlateiy after taggung (tdg—-nduced death or emlgratnon?) but the other three stayed

¥

V.

In order to make an estimate of communlty varsab:hty and in order to make a

o

B -,‘;f.”comparnson wuth the‘}results of ‘Talbot et al., (1978), | repeated their somewhat crude

v;"‘prooedure They compared their reef communities (obtamed by. combnnmg all

-

- _'vsuccesswe samples) with each other using the Jacquard |ndex (Goodall 1978). the sc

called communlty coeffnc:ent (CC) which is gvven by:

CC a/a+b+c

where a is the number of . spec:es in common to both communities ‘and b and ¢ the

number of specnes excluswe to “each of ‘the communmes ! repeated the same
- v



/

-

S

H"‘p-er‘_ REEF e -
- O Ny

‘I' 8% caurinus ~

| 200 . C. m;’cbholt_i s S _mel'ag'dps .

70

A

\S m,a”.g,te'r»:-“‘ ¢ o

oy ey

' Jdszonope

Sy

.=

H. decagrammus

C. \_.4.

‘MEAN NUMBER of FIS
o

=] iy

Figura 23 Annualchanges<ﬂ1the abundance‘of tff
o Le oo artificial reefs. The values plotted “are ff
%9 i bver the entire year R

)} A. ccentatus | -R: richardsoni

o i R " v N - - T N J vt '

1978 1970 1980 1978 1979 1980

¢ YEARs

1978 1970 1980

i
T

;./. \,



" procedure consnderlng oply res:dent specnes the results are presented |n Table 6. for :

alI wrthm serles and between serles comparlsons None of these means d|ffered

from each _other (t test WP > 005 in Call cases) and' the grand. me‘an- of

cc= 0579 * 0036 is much greater than the value of CC = 0. 342 ¢ £ 0004 reported

e by Talbot et a/ (1978) Thrs pr?cedure |gnores both the relatlve abundance of .

usmg a Chl square for the goqdness of flt (Table 7) The expected dlstrsbut:ons were g '

“in the temperate reglon of Barkley Sound

specnes “and the seasonal elements of commumty composntaon whnch may be |mportant

generated by poohng the observatlons on all the reefs W|thm a sernes (ue wmter o

S 3

insular; summer msular and contlnental) Twelve- (15 for the, wunter lnsular) sets of

G .

these average dlStl’lbUthl’lS were calculated for the duratnon of the studyl the

observatlons belng pooled lnto two month mtervals 4 COnsecutlve censuses) to avoud

‘

' counts below 50 (Sokal and Rohlf 196\9) These mtervals were short enough to retann

B

Ng

i were comblned after that date

g seasonal trends wh|le producmg suffncrent sample slze Because no values |n the

q‘?‘

commumty composmon of each reef usually dnd not dlffer from that of the|r

respectuve specnes pool (le average dlstrlbutlbns) 47 out of 84 communmes (56 l%)

were not Slgmflcantly dlfferent from the lnsular specnes pool and 21 out of 38 (55%)

'0'_‘

dud not dlffer from the contmental specnes pool
)Effects of constructlon tlme and lsolatlon _‘ S jf i » R iy ORI

Once the summer msular reefs had reached a spemes equlhbrlum no obvuous

dlfferences could be founcl between the two sernes of msular reefs the relatlve

abundance of the specues bemg snmular on both serles Accorclngly the two serles oS

On the other hand :solatlon had strong effects on communlty develd’p ent “

The specnes composltlon was’ not much affected (no dlfference was rt"ound wheh only
Sagy

: presence/absence data were cons:dered [Table 6]) but the relatlvea e\bundance :ef

specles notlceably dlffered between the contlnental reefs and the msmlar reefs C

l R . . e R . LB
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Table 6: Meaf cofmunity - coefficient -

- comparisons..

A E . L

" for - all

72

‘Within. .and between series

" Reef community comparison -

Mean +95/o

:confldence hm:ts

; 'vWIthm Serles e

“Winter" ,‘.‘3
- Summer:
Contmental

s Between Ser:es '@ L

Wmter and summer ‘

Winter and contmental
Summer and contmental

.":'»To'fa' e TR ((

. 0.606:0.178
05800059 -

0533:0.666 ~ -

. 0579:0036

o : ‘A(

IR

ey
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; n/cho/S/ and Oxy/eb/us p/ctus were 2 to 3 tlmes more’ common on the4 ‘continental

s reefs than on- the msular reefs, whereas“—tﬁhe rockflshes (Seg¢=;stes spp.) 'and %ﬁ:’

sculpms (Cottldae were more "abundant on the msular reefs. These dlfferences are

’probably the results of both the dlspersal abllltles of the specues and habltat,'

E : dlfferences between the two SSFIGS of: reef (eg nature of surroundmg bottom _depth,

. : t*‘
'etc)’.‘ s Lo

- Effect of posmon

To “detect. |f posmon of the reefs wuthln each s
¥
?l.‘

a where X// and X/k are respectlvely the . numbe

The oorrelatlons ‘were calculated for all the sam@lmg pernods used in- the prev:ous‘

‘ <analyS|s “and at mo tlme were the correlatlons (usmg both lndlces) for both sernes‘ ‘

ufi
sngnlflcant The posmon of the reefs wuthln each series had no effects on its:

commumty composmon. -

.B Dlscussmn

QJ

It is lmportant to con3|der the patterns (and blases) uncovered in thls pro;ect in -

.ltgh,t of what has been t,:a;;eady done in-coral reef enwronments A Iarge part of the 3

.. work’ was done bya observmg the development of communmes on |solated patches o

(Sale and Dybdahl 1975, 1978 Russell et al., 1974 Talbot et a/ 1978; Molles'

_1978 Bohnsack and’ Talbot 1980) Table 8 presents a summary of the experlmental '

-,’approaches_'used‘ l_n; thes_e studles Except for small dlfferences due to localj'

L'%g :

»

'conditi’ons,"'.th‘e designs 'were.‘similar and the dlfference that may exlst between e

. o -

T

pec:es jin commumty / and k:‘_'-_ﬂ' '
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Barkley Sound. and the tropics. cannot be attrlbuted to differences-in des:gn
in thls study, as in all others listed in Table 8 (with the exceptlon of the work
" of Sale and Dybdahl l1975 1978)), the estlmatlons of fish populatlon were done
vnsually Unfortunately thls procedure underestlmates “the abundance ‘'of cryptic or
nocturnal specues {such as Stlchaeldae F’holldae Cyclopterldae and some Cottidae).
Leaman (1980) collected large numbers of these specles in his poison statlons from
Barkley Sound. The pOIsonlng done on the rock rubble slope mdscates that this cryptlc'\f
" component lS very -small in the Ross Islets study site (see Chapter Il Smith and Tyler

T (1972 and Bohnsack (1979) dlscussed the ' bias lnvolved in vnsual censuslng of reef

‘ Jf«,_flsh communltles, as,«opposed to chemlcal collectlons Both technlques dlfferentlally.

underestlmate« part of- the communltles although the patterns observed by one

i

‘V‘Nlly apparent in the samples obtalned by the other Smlth and Tyler ‘

B \
,(1972) conclugedl}'that visual c¢ensuses were overall more effective. Sale and Douglass :

. Gy
technique arg'us

(1981) estlmated the effucnency of visual censuses at 60 80%~on coral patches

_EfflClency on the structurally much S|mpler artlflClal reefs Is probably in “the upper .

. y"ﬂ

mf"ange of thelr estlmate ,

Systematlc destructlve sampllng usmg an |chthyOC|de was precluded by the f ‘,;;,4-,

desngn and goals of ‘the experlment An attempt to ponson three reefs “when reef».“_

nos 7 and 10 were dlsmantled to make. room. for new structures, falled because )

of the low water temperature (6°Cl and the presence of a sllght current at the time.

\1-7\ This’ Iapse Wl|| not affect the: lnterpretatlon of the results, as aIl prevuous studies were ,' .‘
valso conducted vusually and thus " subject fo the same blases

The communltles mhabltlng the reefs had a Iow dlverSlty of specues 8 of them .

formlng 96% of the re5|dent flshes These 8 specnes y?ere al\so the commonest '

spemes on the rock rubble slope (set= Chapter Hy. The remamlng 19 species were too

l“are 1o allow the dlstlnctlon of any patterns slnce these other specnes ‘were all asﬂ

: small as the common ones and of the same trophlc level (eg mlcrocarnlvoresl it |s'

doubtful that they had a strong functlonal sugnlflcance in the communlty

Not only.. dld ‘the. reefs not exclude ~any of the specues present on ‘the

transects but the densmes of flsh were sumllar (or sllghtly hlgher on the reefs) Whlle‘

it is reasonably stralghtforward to estlmate densny on the relatlvely flat transects lt is-

‘\'
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very difficult to do the same on the reefs, due to the inherent difficulty of estimating

the area of a three —dimensional structure The basal ared of the reefs was 1.44 mi
Thns is certamly an underestlmate of the area avallable to fish (eg. area available |ns|de

the blocks). The area of the faces of’ the reef pyramids. is probably a superior

‘estimate, conceptually cioser to the area measurements taken .on the transects. This ~

&etumate glves an area of 45 m? for the reefs The ‘number of fish on the reefs
usually did not exceed 30, yleldlng an estimate of densrty between 7 fish/m? to 20

fish/m?, the jowest" estrmate (based on the largest area measurement} being shghtly

hlgher than the maxnmal densrty of 4- 5 fish/m? found on the rock rubble slope

(Chapter .

In addition, the area avallable for the different spec1es may not have been the

same. For example 'J. zonope rests mostly agaznst vertical surfaces (personal

observatuon) and the rather sharp vertucal elevation of the reefs prov;des large areas
of vertlcal surfaces availdble for it On the other hand, C. nicholsi uses mostly flat

horizontal surfaces on the reefs — the surroundlng sand at the base and the ledges —

and the area that C. n/cho/S/ can use is probably closer to the lower. estlmate
(144 m?), plus a portlon llmpossrble to - estimate accurately) of the sandy area

surroundmg the' reefs Thxs may explarn why J. zonope is relatlvely more abundant on’

the reefs than on the transects while the opposite is true for C “nicholsi.

A great degree of temporal stablhty is visible in this system The mean number :

of species’ per reef remalned remarkably constant throughout the study and |f one

_exammes each reef mdnv;dually the pattern remains. the same (Appendix m. This

apparent’ lack of seasonal;ty is surprlsmg consudermg that Molles (1978) working at a

lower latitude in the Gulf of Calnforma was able to; detect strong seasonal fluctuatrons
in the number of spemes wbereae ’Talbot et al. (1978) workmg ‘under even -more

tropical condltlons reported strong "and erratic fluctuatlons Although the number of

' spec:es remamed constant throughout the+year, the kind of . specles changed faster in

summer as both the |mm|grat|on and emlgratnon rates mcreased then. Most of the

sughtmgs of the rarer specnes were made in - summer, and these rare specues

iRy
[y

accounted for most of the increase in turnover.



80

The number of fish on the reefs did vary seasonally in a(fashlon sumllar to that
reported by Molles (1978) and Talbot et a/. (1978). These changes ‘Were almost.
entirely caused by fluctuatlons in abundance of the schooling rockfish (S. me/anops
and S. pinniger), the peaks of these two specnes being the r65u|t of the massive
settlement of young of the year during a brief and well— defmed perlod of time.
Recruitment in the other species was never as massive as in these two species of
rockfish, nor did they show any patterns of seasonal abundance. Nevertheless, some
species fluctuated around the mean value (eg. S. caur/nus, S. ma//ger) throughout the
year. On the reefs most of the fish, with - -the exceptlon of the two schooln%
rockfnsh and of C. nicholsi on the contmental reefs dld not show seasonal

fluctuatrons whuch was egrprlsmg because they ‘did show a seasonal pattern on. the

‘ rock rubble (Chapter . ThlS ‘could-have been _partly the result of the greater

structural s:mpllcnty of the reefs, allowing more readily the fetection of f:sh which

had sought cover on the reefs (because of low temperature turbulence, etc), yet C.

n/cho/s/ fluctuated on the continental reefs in parallel wit ation on the rock

i “F

rubble. These dufferences between "the rock rubble .slope?
- 8-

depm related Temperature was unlform throughout the study 5|te in w;nter On then

the reefs may be

other hand, turbulence may have been responslble but except for the upper 250 i 5

3 m, it was. hardly percelvable on the transects, or where the reefs were located
However, | noticed that many fish (espec:lally S. me/anops) would always be found
under cover followmg heavy seas; and that they w0uld remain there for several days.
We never dove on’the study site durnng stormy weather but it may be that the
difference in turbulence between the transects and the reefs durmg these storms was

sufflc:ent to. account for the changes in flSh behavnour between the two areas

Individual flshes remarned on the reefs for long pernods of tnme The results

of the tagglng confnrmmg prevnous studies (Love 1979) mdncated assocuatuon wnth the

reefs ranglng from two months to at least nine . months Quahtatnve observatlons that |
made at mght showed that the fish remaxned on the reefs throughout the 24 h0urs of
the day. The tagged rockﬁsh were seen on thenr reef at nlght mdncatlng that they

were not usmg these structures as a daytlme restlng place only Wh(le the nocturnal

>

behavxour of rockfush did. not appear dnfferent from thelr dlurnal behavmur other S

@a
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species (C. nicholsi, H. decagrammus) became quiescent and were invariably- found
© hiding in holes at night.

2

The duration of stay of some of the rockfishes seemis to be limited by

o

well—timed migrato\ry movements by the populations of demersal rockfishes. "The
" cohort .replacement in these species showed that their populations turned over almost.
entirely |n the fall. Adultsof these fibsh'es were"neve'r' seen on the study site. although
they are comn’tonly found in deeper reefs (Moulton, 1.97‘7v:.personal observations)
This migratory abilit‘y may'expl_ain why rockfishes colonized the reefs rnore rapidiy
than the demersal spkecies eg. C. n/cho/s/ J. zonopel' . |

| The fish. communltles were’ very unlform The similarity between unltS/ as
‘measured by the commumty coefficient (CC), was almost twice the mean €C reported
by Talbot et a/. (1978) (0579 vs 0.342] who were working at the southern end of
the Australlan Great Barrier Reef The Vvariances of these estimates of variability differ N
consnderably {confidence Ilmlts of % 0036 vs. a value of = 0004 for Talbot et al.)
Talbot et al (1978) are extremely unclear on how they arrlved at thls value — except
“for mentlomng that they pooled all, censuses together If they calculated an average .
of their census mean values mstead of the mean cc between the global' ‘s;\;emes pool
present on the reefs, the dlfference would be .accounted for lbecause of ‘their larger
sample_size), although the calculatlon of the confidence llmlt/ would be lnappropruate ‘.
"(because a lack of mdependence between successive censusesl. However, if such,
were the case, these values woul‘d not be' cornparable ftheir'v mean greatly
. underestimating the smllarlty in the. global- specues pool on their reefs ST
. The comparlson IS further compllcated by the faet that they used four
different types of reef mtroducmg ] between habltat variation in thelr measure.

Unllke thelr reefs, and those of Molles (1978) ‘all the ten orlglnal reefs were |dentlcal

in thls study The reefs used by those auth rs dlffered m the sizes: “and combmatlon

of openmgs avallable Talbot et a/ concluded that these factors were. responslble for.

only a small proportlon of the observed var\lablhty between the:r units, mthe mg%rg” o

communlty similarity between thelr similar - unlts (CC = 0367) bemg still- con,snderab”

K

lower than that obtained it this study. - L S ; "




The lack of significant correlation between community similarity and inter-reef
~ distance indicates that no major environmental gradient, at least as perceived by the
~ fish, existed along the study site. The study site was selected for its appa’rent

envrronmental homogeneity so that truly replicated communmes ccuid be establlshed

although at is impossible a pr/or/ to know how the fish will percelve the env»ronment |
|n spite of this enwronmental (along the study site) and habitat (the reefs bem

5

identical)  homogeneity, the commumtseskunhabltmg the reefs we(e surprisingls

heterogeneous {45% of the reef communities dlfferlng from their respective spacues‘
pool), the number of specnes remammg the same, but the number of individuals fo?' any

‘species varynng This heterogeneity is difficult to mterpret bnologlcally It th

the developmental history of each of the communities on these homogenous habitat

patches may have been‘.qUite different, indicating a greatbdeaal' of’ stOchasticity in the
" colonization process itself. ' B

[y

However, 'in enwronmentally heterogeneous condmons (for example between,’
insular ‘and" cbntlnental ‘reefs] selection was clearly evident, a fact attested by the
differences between the communmes on these two ‘serues of reefs. As well as

. distance from shore three - factors are potent:ally responsnble for the . dnfference -
depth {small drfference of 2—3 m), nsolatuon, and»the nature of the bottom sarroundmo

‘ the . reefs (sand vs a mixture of sand and rocks) It is |mpossnble to assess the relatwe
. |mportance of each factor from the preseht data, as they always covary
The two demersa| and terntorual specnes C. nicholsi and J Zonope (Wnley
19‘73' Leaman 1980; K.S. Cole, personal commumcatron) were more abundant on the
contmental reefs whereas the remammg spemes were more abundant (in absolute~ '

'numbers) on the insular reefs. The Iower abundance of C. n/cho/51 and ../ zonope on
.the msular reefs is probably a result of low drspersal abilities, a fact hardly surprising |
consldermg the:r terr:toruahty and attachment to a home site. The greater absolute
.abundance of the other specxes on the lnSuIar reef cannot be directly a functlon of

the d;spersal potentlal of these spec:es although the speed at Wthh many of these |

. ;‘{': m, m‘

‘:x;h&‘:\‘spemes fully ckllomzed the reefs (eg s, ma//ger S. caur/nus) mdncates that they aref

%
b\etter dlsperser than the terntonal fushes Depth dlfferences {of -a few metres)
: 'between the two sernes of reefs may account for some of\this, as many rockfush are

m(%re abundant in deeper waters (Moultoh 1977 personal observatnons) but the Ilttle

S
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difference \in depth that exlsted seems hardly sufﬁcrent to explaln the large

dif ferences-\in abundance leg msularcontlrw; tal ratlos for S‘ ma//ger = 4.1, S.
'caurinus = 2 1; Arted/us spp = 14:1). ‘
| The lo er abundance of. the two terrltorlal species may have favoured the
‘abundance of " he rockflshes on the msular reefs, hut thls is very tenuous evidence
for competition\ C. nichol/si and J. zonope mcreased in abundance on the reefs
throughout the. study, whlle S. caurinus decreased Yet, the two terrltorlal species
: seem to have affected _only the spatlal dlstrlbutlon of S ma//ger on the reefs, S.
,. ma//ger remalmng relatlvely constant in numbers on the réefs throughout the study

while they did not lntaract with S. caur/nus (Chapter V). Furthermore, the sculplns
AArtedius spp.) were almost entlrely restrlcted—to ‘the insular reefs yet they inc':reased
in abundance on 'the lnsular reefs ln parallel with C. n/cho/S/ and J. zonope. Some of
the differences between the lnSular and contmental reefs \\may then be due to’ the

differing succgssional stages of the two systems. Clearly, the evidence is very weak,

and long term experimenta’l studies are required to determine whether a long . ferm

qsuccessxon is proceedlng on the reefs.

Funally factors assocnated wrth the isolation of . ’reefs on sand may be
/\

'~‘“responSlbIe for, attractmg ‘sorne flSh to the reefs The rock’flsh speared in 1980 hac

“fed .on" schools of small flshes (C/upea7 Engrau//s7) ‘and if these sCheols are

N
N

restrlcted to sand habltats as they appeared to have been (we never sav/ them on ¢

the two rock rubtle transects) some of the fish may be attracted to this/ rich food.

e

source. Space {or shelter) |s often assumed to Bé‘“the factor attractlng ish to reef/
" ‘and this. may be 'true for some specnes (see Chapter V), although not for all ofthem.
Ny Further work is rebunred to determrne what resource ultlmately attractsﬁs@wbltat
'and artlflmal habltats wnl provide an elegant experlmental technlque -,/‘/ '

)

On the, other hand tlme of constructlon Had llttle mfluence on’ communnty/

'composition. Recutment ‘to the communnty is hlghly seasonal the perlods of |

I
i
i
|

;recrurtment (le appearance of newly metamorphosed frsh) Jeemg spread from February

to October - This strong seasonal faector had Ied me to postulate that it mrght affect

‘;“communlty develepment as it did for- .foulmg commumtles (Sutherland 1974)
- Contrary to what happens in the tl’OplCS where recrurts to. lsolated patches are almost



’ i‘,tleo to- recruntment

exclusnvely of planktonlc orlgxn (Sale 1977 Russell et. a/ 1978) the colonlsts to. the./ ;
- reefs appeared to be mostly adult or subadult fIShES settllng Iarvae from the plankton"

A were never seen in great abundance on. the reefs lt s mpossnble to know exactly'\'
"What proportlon of the colonxsts were comung from the surroundmg habltats .as:‘

opposed to the planktonl but all the flSh seen |mmed|ately after constructaon (lE;

v'yfrecent colonists)’ wdre such The commumty development is thus probably only weaklv o

The yearly drfferences ln abunglanoe mentloned earller are certamly in part the-_-:
result of varylng recrunmem Year class strength ( ; number of. survwnng ycung-_

' produced) lS quute varlable ln many marune fxsh specnes (Cushlng 1975' The o\/ervall '

abundant:e of many of these specues (S me/anops, S. p/nn/ger S aurlnu/atus BT o

: .zonope, and Arted/us spp) varsed from year to vear on the study srte (reefs

’-i.transects o+ qualltatlve observatlon on" the rest of the, area see sectlon on yearly_ -

:',dlfferencesl and the dlfference observed on the reefs seem to reflef‘t more gene. a.»v

' }‘condltxons on the study srte These fluctuatlons usually mvolved young of the year

) (all four rockflshesl whlch may’ lndlcate a large degree of denslty mdependent,‘,'
*--v‘_regulatlon of theSe populattons (Cushmg 1975) o - ‘ . s
" In conclusaon the artnflcnal reefs prov:de an excellent means of studynng m an -

R ‘controlled fashlon the reef flsh communlty mhabltmg the rock rubble nhablttat as: both -

' the specres composmon and densntles on. the reefs were sim l’llar to that of the rock,_ .

‘rubble slope Some dlfferences exnsted and some seem to have been attrlbutable to

S habltat dlfferences In. the next chapte' . Wl” examlne some of the factors that iy

~control habntat selectlon by these flshes S :
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Mode of habitat use on the artlﬁ\lal reefs

e

lemg space s’ commonly acknowledged as Ilmltlng many populatlons of

_trOplcal reef flshes (Sale 1980b) and the llttle mformatlon avallable \from temperate

_reglons seems to lndlcate thls may also be the case at htgher latltudes (Ebehng and -

f Bray 1976 Larson 1980a 19800) Artufucual reef studles have shown that new ‘space

’\ -1

;_avallablllty of |Ian space i§ scT_mp‘oFfa’nt" f?.w temperate reef ﬁshes Furthermore

'fthe presence of shelter has been \shown to be . crucnal for many reet specnes

) ?H(Stephens et'al., 1970 Olla et a/ 1979 Phl“lps and Swears 1979l wa |mportant :

.factors controlllng mlcrohabltat selectlon have been xdentlfled as vertlcal rellef

' (Goslme 1965 Glbson 1972 Terry and Stephens 1977 Hlxon l980 Larson 19803)

o and shelter type and size’ (Halnes and Butler, 1969 Stephens et a/ 1970)

Nevertheless the exact mucrohabltat requurements of tlsh ‘are usually not

"deflned and the: factors mfluencmg space use are generally unknown Thls/may/r
i

; consequence of the dlfflculty of categorlzmg and quar*\tlfymg habltat |n other than

i ’.sub;ectlve terms (Luokhurst and Luckhurst 1978b) On the other hand categorlzatlon

ﬁf mlcrohabltats on’ art|f1c1al structures made of concrete blocks |s easner s:nce they

‘

_are made of unlform and well deflned unlts Thus the basvc components controlllng

'.mlcrohabltat selectlon can be more easxly |dent|f|ed on such structures Many specues ;
""present in this - system are of conslderable mterest in recreatlonal flsheraes eg.

'Sebastes spp) and. a detalled knowledge of thelr spatial requxrements«would greatly

enhance our ablllty to deslgn large commermal artlflmal reefs capable of attractlng
them (see revuew by Stone 1978 A S S ST :
. - ) SO e
ln addltlon to. adaptattons (elther morphologlcal or behaVIoural) /by the flsh to

specnflc types ‘of habltat unteractlons between the specves may affect thelr utlllzatlon

4

of space Interspecmc éompetmon is one of such factors Larson (1980a) has L

expemmentally demonstrated th\at mterspecnflc competntlon in: a palr of rockflshes '

(Sebastes camatus, S c/7rysome/as) greatly affected thelr spatral dlstmbutlon The

/

effec\ts of competltlon generally result in, greater nlche separatlon (Werner and Hall

1976\D|amond 1978 anon 1980 Larson lQBOal the s0— called “mche overlap

. -ty

’

g normally occupled very rapudly (Turner et al., 1969 Chapter lV) |hd|cat|ng that the e

L.
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hypothes:s of Planka { 1972) Predatlon is another powerful force and can potentlally

greatly affect the spatial dlstrlbutlon ofafnsh speCIes although it"is not clear a pr/or/

what the effects mlght be. ‘ ‘
ln thls chapter = examune the patterns Cof mncrohabltat use and. spatlal
separatlon among the flshes mhabltlng the art:fucsal reefs: Furthermore l examme the->
hypothe5|s that if mteractnons between or w1th|n specnes affect space use, sngmflcant'
- 8 ShlftS |n the spatlal dlstrlbutlon wnth mcreases in densuty (tak"en here as‘an estxmator,{’/jf’T
' the strength of these potentlal lnteractlons) will . occur wuthln the reefs " The two~)'"
varlables specuflcally cons:dered are shelter tvpe and elevatlon above the substratum:;\‘

lvertlcal rellef)

e, & o

S . Lo Y . U o

e A Analytlcal methods , "

b Habltat selectlon was measured W|th Ivlevs sndex of electlvrty (lvlev«-lSGl

Thls lndex orlgmally proposed -for food”studles can be applled to any klnd of
resource for Wthh avallabllltles are. known Electlwty is glven by R

CEi= (p/«R/)/(pMR/) o

A a

where p/ is the proportlon “of. resource i used and’ Ri its'proportio‘n ln the
enwronment The mdex varles from —‘l (total avondance) to +1 (absolute selectlon)
Elect:vntues for the large holes are l|kely to be overestlmaied because the countmg.‘ -

C o procedure underesttmated thelr ava:labllty (by |gnorlng area)

R

o - in order to determme lf S|gn|f|cant shlfts m space use occurred wuth changes ‘

L ln the densuty of potentlal competltors b bunlt 3 dlmenslonal contlngency tables_

\(Ftenberg 1970 Colgan and Smlth 1978) “The two habltat varlables hole type H} and '
' row}evatu\n [R] were con3|dered agalnst the densrty of flsh on the reefs l Dl. The

technlque lnvolves worklng through a“erles of Iog Ilnear models predlctmg expected,

\

cell frequenoles in- order to find t

By
5

model wuth the least number of terms Wthh fit.
the data lColgan and Smxth l 78) ’l{he models are hlerarchlcal requlrlng that when an».g -
mteractuon term is mcluded all lower terms lnvolvmg the same varlables are also k
mcluded The goodness of flt of the model wnth the data |s tested W|th the Ilkellhood'
X2 statrstlcs Due to its addltlve propertles the dlfference between the X?. of two :

models dlfferlng by only one term is a test of the sngnlflcance of that term to’ the »

- 5



- model thus it is called a test of, partlal assocnatlon (Brown 1976) Following cd[aaﬁf

and . Smnth l1978) once a mo'el is selected the partxal asgomatlon of .its terms are

t contrlbute sngmfncantly to the fit of the madel deleted

However, thls never hap ened in this study l gave, the partlal assoclatlons only for

‘ the three way mteract:on erm [DBH] as the expected frequencnes of the -saturated
: model are by defmltlon the observed values (X2 = Q; df 0 (Colgan and Smlth 1978)

- and' thus no- sngmflcance can be attached to. the model itself.- For greater detalls the . °

N reader is referred to the papers by Fsenberg (1970) Jenklns (1975) Brown (1976)'

i 'of 1% to mlmmlze type | error

'not equally abundant The tables were - an

‘_‘Frequency Tables) in the BMDP package (Dlxon and Brown : 1979) 2

and Colgan and Smith (1978)F T

N
For each - of the. constdered‘spemes a serles of 3 dlmensmnal tables were

A,‘bUIlt each one representmg space use against. up t& flve densxty categorles of a
’ N

: dlfferent specnes lTable 9) The tables for each denslty category we} constructed by 4

poolnng all observatuons (lndependently of reef “or censusl falling into that densxty' 2

1|nterval The lnm|ts of . the densuty categorues were chosen S0 that -the number of. A
. observatuons in’ each were approxumately equal However examlnatlon of the orxgmal g
expected frequencnes m the tables forced me to do some consohdat:on of the
"'categorles on: the densnty dlmen51on The Ilmlts of the flnal categorles are. glven in

: Table 9 They are. not |dent|ea : from specves to spe0|es smce aIl the specnes were .

o In ‘the followmg dISCUSSIOl‘l the models are 1dent|f|ed |n the usual manner- (see :
»Colgan* and Smlth 1978) by usmg a code letter to represent the varlables (hole: [H] |
‘_row R, densnty [D]) Thus the model [D RH] mducates ‘that only the ‘main effects are
- present and that ‘all- the varlables are mdependent ln the model [DR DH] 'two",
"|nteract|on terms are present ([DR] and [DH]) meanmg 'that the factors ln these 2 terms “
| o and R, D and HI are not mdependent of one another The maln factors ([D] R, [H])",
are aIso present (because of the hlerarchlcal nature of the models) but ‘they are
-usually not wrltten down as thelr presence |s lmplled by the mteractlon terms’

- (lDB]-[DH]) Because of the large number of ‘models tested | used a. sngnlfncance Ieverb :

>
e

d: ‘with the’ program P3F (l\/lultlwayi.“
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~ Table 9: Limit of“tﬁe“‘abunda‘nce classes for the multidimensional coh.ting'e‘r\,cy,_table.

-

' Species Abundance classes -

C. nicholsi : _35(\ k8 <1 >

~S..melanops . , SR R S <6 >6

'S. -ma/i'gér, 1 2 <6 >6
.S caurinus @ 3 >3 -

“H. decagrammus

J. zonope e o v

o o o o .o o'_vo_i
A

S. pihn‘/'gef

R |



B. Results o “ e . o
- Of th 50 specnes recorded on the reefs 8 were common enoug}w to be
- studied closely lTabIe 10). Most species were seen both as’ adults and Juvenlles with
the exceptlon of the rockfish (Sebastes spp.) WhICh were. seen - only as juvenlles The
. sculplns of ‘the . genus - Arted/usz are. extremely drfflcult to dlstlnguush V|sually, ‘
v 'Junderwater and this the 3 specves fOund are considered together A fenestra//s, A
) harr/ngton/, and A lateralis were* all collected fromythe study site so the grouplng i
Arted/us spp probably lncludes them all. Only two species, Sebastes me/anoﬁs and_ S.

'specues fluctuated arcﬁund a mean " value wﬁhdﬁt showmg any evndence of

s p/nn/ger showed ‘regular seasonal fluctuatlons (Fig. 16 and Fig. 20) The re\ aining
'}vegular

_'annual ,cycles, although some (Coryphopterus n/ChO/SI, Jordania ;zonope)/ were

N distinctly more\abundant in' some years (Fig. 15 and Flgt 21 .
. Assomatlon W|th the reefs T ¥ IR v /} v
TN Most fISh were in close assoclatlon wuth the reefs -and could be easily

2 assugned posntlons (Table ‘IO) but a large proportlon of S me/anops (61 3%) and S.. |

p/nn/ge< (15/o) occurred in - small aggregatlons around or above the reefs The flsh ln

- these agg\'egatlons seemed to assoc:ate with the structures although they could not

. be ass;gned\a\ specific posltlon on the reef surface. | |
'Mlcrohabltat ls:_'lectlon' ' o

all observatloqs, regardless of reef and census to measure - the

',mlorohabltat use by the' dlfferent uspecues (Flg 24). The requnrements of. all spemes‘

'were quute specnflc each showmg selectlon on the two varlables mvestvgated ‘Thelr‘ '

dlstr.;butlon alv ys dlffered slgmflcantly from what would have been expected had

~they each used the habltat types in the proportlon to thelr avarlablllty (X2 for goodness
‘of fit, P <001 in “ 4
The non— ro kflsh (le benthic species) species can be grouped into two

ca'tegorles. C. n/c/]o' i and H. decagrammus’(\/vere found mostly at the lower levels ’

:on the re_efs,' while /us~spp.>and J. zonope,were found. mostly_ on the upperh'

]
#

'FOWS

The rockflsh could ‘also be d|V|ded into two grOUPS 'S. caurinus and. 5

.

ma//ger were | always -foundm contact with the blocks Thelr patterns of mlcrohabztat

a
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Table 10: List of the 8 most common species of fISh on the artificial reefs, with
v size range, and the proportion of those sighted in close contact with the
‘reef strucwre, as. opposed to those seen swommmg around. them

Species. Tp}éﬁ .size . Contact . Swnmmmg
o T em T
"'C'oryphopteru‘s nichol si 2027 ‘3"‘—512 © 994 -
 Sebastes me/anéps R 1661 6-15. - 387 - 613 |
Sebastes rhé/iger_ S 783 ’4¥15 : 988 12 ; |
Sebasteg Cabrinus - . 4é0 4-20 ‘98.4_' - 16 -
Hexa“graﬁfmas deéagrammus 314 6-35 o , 933 o v» 6.7 .
Jordania 'zbnopen .. 18772-12 - 1000 0.0
'Sebastes p/nn/ger ) ,' B o 154 4-15 851 - 149
°vArted/us spp. o . 183 2-10, 1000 |00
.
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C nichotsi . /' H. decagrammus
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S. caurinus

‘Figure 24:  Microhabitat use by the 8 common species expressed as the - oportion
- of fish (%) in each habltat catr- . (holes x rowsp



use were almost identical; they were concentrated at intermediate elevation on the

!

. reefs (an 24). The: two pelagic rockfrsh were. the only ones to make consistent use

92

of the open waters surroundlng the reefs They were separated in the vertical
dlmensmn S. pinniger beung most common on the lowest row whereas S. me/anops
was more abundant in the centre row (Fig. 24).

Each. species selected for approximately one third of the possible microhabitat
categories {6—8 out of 18 positive electivities, Fig. ‘25).' The demersal rockfishes (S.
caur/'nusv‘and“f\s. maliger), H. decagrammus, and J. zonope used the ‘larger holes,
whereas the remaining benthic‘ species and the. two pelagic rockfish (S. pinniger, S,
me/anops)"selected smaller ones. - |
Communlty effects on mi:crohabltat selectlon

Five species (C. nicho/s/ H. decagrammus, S. caurinus, S. maliger, and S.
me/aneps) were abundant en0ugh to test the effects of c':hanges in the densuty of
other specnes on their- space use. Space use was tested agalnst the density of all
spec:es from Table 10, with the exceptlon of Artedius spp., whnch represents a

’ mlxture of at least three species. All the fitted models (i,e. the sugnrflcant modei with
the least «interaction terms) testmg the space use of the 5 common species agamst
changes in the density of 7 potentnal competltors ace glven in Table 11. The
presence of DR or DH interaction terms in the fitted model (statlstocal dependence of
,row use or hole use on densny) was taken as mdlcatmg 5|gn1f|cant shifts in space.
These shifts are schematically represented' in Flgs 26 and 27.

" The space utilizat|on of 8. melanops was dependent on the abundance of each

[+

of the other specnes with' the exceptlon of S. caur/nus its. ohanges mn ‘space use

against increases in the density of two benthic spec1es (C. nicholsi, H. decagrmmus) ‘

consisted of an increase in its use of the upper rows and smaller holes-(Flg. 26a,
D C ’ . :
26d. When the histograms from. Fig. 26 are compared to those  of Fig 24. it

; changes produced a smaII mcrease in

’beimes apparent that the direc"tion of thes
spac separatuon as - theoretlcally predlcted nith respect to\ elevat:on agalnst C.
- mcho/s>\ and H. decagrammus as these two spe‘ es were more abundant on the

N, .
Iower row (Elg 24). |ts 1ncreased separatlon with H. d agrammus was also achleved

on the basis of\hole type as .the Iatter used mostly the\%er holes (Flg 24) The

e
»
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Figure 25: = Microhabitat selection (lviev's elecffvi_ties)'\by the 8 co\mmon species. The -
: - points above the plane indicate habitat categories selected for (E > 0),
‘whereas - those below represent categories . selected égainst E < 0.
Abbreviations: E: end walls; L: large holes; V. vertical holes; M:.medium
holes; S: small holes; H: horizontal holes; T: top-row; C: centre row; B:
bottom row. S ' AN S :
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" Table 11: Fitted models for each of the 35 species péirs. The models are the

~

simplest models (ie. with the minimum no. of interaction terms) that
produced expected valugs that di& not.differ significantly (p > 0.01) from
the observed space use, Since the expected values of the saturated model
IDRH) are by definition the observed values, the test of partial association
(Part. ass. [DRH}) of the 3—-way terms are given under the“Mmodel, including
the probability level indicating the lack of fit (p < 0.01) resulting from their
deletions. The models which inciude  an interaction term involving density
are indicated in boldface.

Test for the goodness of fit:

v T . Model S X df P

ot

Response of Coryphépterus hicho/sj to increases in the density of:

C. nicholsi . [DR,DH,RH] 33.40 40 0.3054
S. melanops ‘ - [RH,D] 96.85 68 0.0123
S. maliger ‘ [RH,D] 76.73 68 0.2191
S. caurinus o [RH.D] 66.87 51 0.0671
H. decagrammus IDR,RH] © 36.79 30 0.1834
J. zonope - [RH.DI] - 3952 34 0.2370
S. pinniger - ‘ [DRH] 000 O . e
‘ (Part. Ass. of [DRH]} term 24.10 - 10 . 700873
.Response of Sebastes mé‘/a(vops to increases in the density of:
C. nicholsi “\_ IDRH] | 000 0 .
| (Part. Ass.of [DRH] term 7471 40 0.0007)
"~ S. melanops 1DR.DH,RH] 3661 . 30 0.1127
S. maliger . ' [DH RH] 62.04 48 - 0.0838
"~ S. caurinus . |ID.RM] 7356 51 - 0.0210
'H. décagrammus [DRH] ™. . 0.00 0
’ o (Part. Ass. of [DRH]term - 52.15 20 0.0001)
J. zonope " . [DR,DH,HR} B 36.74 20 0.0126
S. pinniger ‘ {DR,DH,RH] 1544 10 0.1167
Response of Sebastes maliger to increases in the density of:
xC. nicholsi < {DRH} - 000 - O n
: {Part. Ass. of [DRH] term 67.60" 40 0.0041)
S. melanops [D.RH] : 104.77 78  0.0244,
S. maliger v [D.RH] 7034 - 61 0.1833 .
S. caurinus ’ ID.R.HI 72.66 61 0.1458
" H. decagrammus [D,R.H] 61.54 44 0.0414
J. zonope [DRDH] - - - 4368 300 - 00510
; S. pinniger {D.R.HI] 3654 27 0.1040

Response of Sebastes caurinus to increases in the density. of:

" C. nicholsi . IDRH 8195 78 03579
S. melanops , [D.R.H] ' 76.63 78. 05257



N

Table 11:  continued.
Test for the goodness of fit
Model X? df P
S J. z0nope - (D,R.H] 15992 .. 44 0.0552
NS. pinniger [D.RHI] 28.37 27 0.3432
Response ofbhHexagrammos decagrammus to increases in the density of:
C. nicholsi N {RH] 80.24 82 05343
S. melanops [R.HI 9852 82 0.1032
S. maliger (D.RH] 93.11 78 0.1167
- S. caurinus ~ [D.RH] 89.49 64 0.0102
H. decagrammus {RH,D] 28.00 17 0.0744
J. zonope . [D.RHI -~ 66.11 44 0.0171
S. pinniger {RH,D] 1861 0.3512

17
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Figure 26: Effects of density on the space utilization of S. me/anops. In each
figure,” the bar histograms represent hole utilization ({left column) and row
utilization (right column) at different densities of other species (for the
definition of the abundance classes, see Table 11), whenever a [DR] or
[DH] interaction term was present in the fitted model (ie. significant
effects of density. Number of observations at each density level are
given on top of each histogram. Density of. A, C. nichol/si; B, S.
. melanops;, C , S. maliger; D, H. decagrammus; E, J. zonope; F, S.
pinniger. ’ v
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'responses to lts congeners were ldentlcal (mcrease of the use of the lower row and
'large holes an 26c and Fig. 26f). These shifts are not consustent wrth Plankas

‘ "‘(1972) hypothesns fas they increased overlap between S. me/anops and uts congeners

.S ma//ger used mostly the larger ‘holes, and S. p/nni?ger was most abundant on the :

»_lower row (Flg 24) Srmllarly its response toJ. zonope produced greater overlaps
since § /?ne/anops mcreased its use of the upper row and larger holes (Flg 26e)

#0 8, ma//ger and C mcho/s; also responded to. changes in den5|ty (Flg 27), the
‘former respondmg to benthlc specres . nIChO/SI J zonope Fxg 274, 27e) whereas
the - latter responded to S pmn/ger and H.. decagrammus (Flg 27b 27c) Al four

' shlfts were elther erratlc “or produced greater overlap between specnes Only C

n/cho/.S/ and S me/anops broadened thelr own use of hole types as thelr respectlve '

"densmes mcreased (Flg 26a F|g 27a) These two spemes were also the only ones in.
.-whrch hole selectlon and row: selectron were assocuated ([RH] mteractlon term
cons;stently present) Flnally S caur/nus and H decagrammus dld not show any shlfts

o
m thelr space use: correlated to changes in the densmes of other specxes It must be

_,noted however that the changes that occurred waere: always small not lnvolvmg more .

- . .o . s

T .than 20% of the populatlons

e o Dlscussnon : v" - o w'.' S S G .7_’;
: ‘;.( o Although the reefs are totally artlflcral they do prov:de a suntable enwronment
.:for flsh measurlng adequately thelr habltat requrrements Observatlons -on. the rock

B

,"rubble 'slopes mdlcate that my mxcrohabltat ‘ categorlzatlon of th .reefs 'i

S representatuve of what exlsts |n natural habltats (Chapter Ill) For mstance C I7/C/70/Sl

e

‘ s more commonly found on the lowest part of the rubble slope where there |s a

' mxxture of small boulders and sand It burrows underneath the rocks as on the. reefs
..“where |t mhablts small holes ln the lower sectlon The rockflsh on the other hand
are- more abundant in - the upper sectlons of the rock slope J’he upper slopes are
: slope Rockflshes are often found hovermg in narrow crevnces alongsnde rocks whlle

“on the reefs they also lnhablt vertlcally orlented holes on the upper two sectlons v

AL



"\"'occurrlng However lt must be noted that thelr correlatlve nature does not

1]

It is dlfflcult t’o deflne preclsely what attracts flsh 1o reefs (see Chapter IV)
'but |t seems that the presence of shelter such as holes in- the cement blocks was .
: crucnal for most specues When disturbed ‘or threatened by the dlvers fish always o
' retreated nnto holes; some (C. nicholsi, J. zonope Arz‘ed:us spp) dartmg suddenly for
cover, whereas the ‘rockfish ryetreated more slowly. ?Nhen dlsturbed members of .
schools of é me/anops and S p/nn/ger usually dld not retreat into holes but
- remamed in tloht schools around the reefs These schools never left the lmmedlate
,vncnmty of the reefs but S|mply moved away from the dlvers whlle cnrellng the
: structure Only one specnes H decagrammus -did not seem to use the reefs as a .'e
refuge durmg dayhght but they dld use them durmg mght ttme (Chapter IV) When , ﬁ'
dlsturbed they usually swam away and patrolled back and forth in: the general v1C|n|ty

“of the reefs H.. a’ecagrammus )s apparently territorial (Leaman 1980) and behaves as’

i uslng a reef as a central observatlon pomt and night tume refuge on thenr home

'Slte._' . R S
_ Two specnes made a more subtle use of space than thns analysls :ndncates As
‘ _mentloned earller (Chapter IV) C‘ mcho/s; is assocnated wnth horlzontal surfaces
(ledges and sand bottom) and the great ma)orlty > 80% of the fi“sh assocnateﬁ wnth ai .
: "_specxﬁc hole used the lower portlon of the rows of blocks nearest to the hornzontal ‘
“_."’areas that they requxre The assoc:atlon of J. zonope wnth vertlcal surfaces shows a:
' greater degree of mlcrohabltat specnallzatlon than is apparent wuth thls analySls and
» ]‘,whlch us not entlrely p055|ble to quantlfy with the dwusnon of spaee |n elevatlon arld
i""holes The other specnes dld not seem to. make these flne dlstmctlons o '

“/

The- presence of lnteractlon terms in. the multldlmensmnal contlngency tables o

o f‘strongly lmphes that some \lnteractlons (elther predatory or competltlve in- nature) are

Ly

' necesSarlly |mply causal relatxonshlp Nonetheless correlatlve studles are probably the .

'."only pos&ble approach |n large communlty studles Experlmental manlpulatlon “of
:SPECIGS abundance would certamly have prowded more defmlttve answers The :
'artlflmal reef system was too small to! mampulate the abundances ln a slngle speCIes L
F‘”’p.atr _(S : caur/nus S ma//ger) successfully and obtaln ssgnlflcant results (see
- 1§-3hapterng) Manlpulatlons that 1 have trled suggest that these two specnes dld not

Vo
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interact, -as |nd|cated by the contlngency table analyst In this system WIth 8 common -
specnes 28 sets of such experlmental .manlpulatlons would have been required at the
same time to test all possnble comblnatlons an approach WhICh is well beyond the
o! capabllntles of even the most enterprlsmg experlmenter However the results of this
- analysis will point out whlch of these pams are most llkely to interact. - - .
_ The’ only uncontrolled vériable in the contlngenCy table’ analysns was the denslty
of flsh on the reefs.- Three factors created by the experlmental deslgn could have ﬁ
J

affected the poollng of densnty into classes (1) time of year, (2) the repllcate {i.e. reef

v no), “and (3) the specnes present on the reefs: The densuty classes ‘were lndependent

':‘.‘f }jpf season as most of the spec:es showed little seasonal fluct(llatlons in abundance
the two exceptlons (S me/anops “and’ S p/nn/ger) were notlce'illbly more common in
i_ summer I have shown in- Chapter Vv that the assemblages present on each -of the
: ‘reefs were lndependent of the posltlon of the repllcates B! have also shown that the :
'.abundance of palrs of specles were never correlated over: “the reefs lndlcatmg that _'
Q_the abundance of a glven specses was totally xndependent of the abundance of other
specnes.;?tThus in splte that communltles lnhabltlng the - reefs were not entlrely
homogeneous (Chapter ‘) there s no ev:dence that these dlfferences were
T‘correlated to. any of the factors of mterest (le repllcate tlme of year or specnes
present) As 8 matter of fact thls acnalysns could not had been performed if the

¥
.assumptlon that some dlfferences exnsted between them

"communltles on the reefs had been entlrely homogeneous smce it is. based on the :

- The: mean number of Fish per specres was- small { < 5) and thus even small

';changes in absolute abundance created large proportuonal dlfferences These changes /

_(-

were probably the results of random“ fluctuatlons They were not related by any /./

"'means to the three factors (seasons wrth 2 exceptlons SpeCIes p"‘ésent éﬁd/,

‘repllcate) resultmg from the poolmg of the data The assemblages present on these L
‘ v'reefs are the result of: colonlzatlon by flsh commg from the rock rubble slope reef

."lsolatlon had only mlnlmal effects on densrty (per unlt area) and specnes composmon

LT Correlatlons ‘were calculated between the abundance of the 8 commonest spemes

_on the reefs (28 pairs), yielding 112 correlations. (28 pairs x 54 censuses) for the -

. instilar- reefs and ‘7567correlations: 28 pairs 'x 27 censuses) on the continental reefs

_Only two of ‘these were SIgmflcant (p 005 I negatlve I posmve) both on the
insular reefs 2 -
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'lChapter' V). Colonlzatlon on isolated, msulaﬁ’“habltats appears to be prlmarlly a
- stochastic process (MacArthur and Wllson , 1967) Wthh is llkely ta- produce random
fluctuatlons in abundance In Chapter VI, I- W|ll show, using a randomlzatlon test (Sokal
-and Rohif, 1968), that the assemblages ‘found on these- reefs cannot be dlstlngunshed
from what would be expected from a purely stochastic colonuzatnon process ) The use
of this natural varlablllty is thus qurte reasonable and the density effects of the
>Ch| square are most. certamly dependent upon changes in flsh abundance and not on
 some other factor correlated to abundance _

Because of the numerous models tested a Iarge number of sxgmflcant terms
would have been produced by type I error. The use of the 1/o probablllty level,
.'lnstead of thev tradltnonal 5%, mlmmlzed thls (Whlttaker and CAitkin, 1978) Onty 2
"vlnteractlons terms lnvolvmg densrty Wthh would have been accepted at 5%, were
re;ected at the 1% level (1: C. n/cho/S/ vs S me/anops [HD, HR] X = 61.26, df
 40 2: S ma//ger vs. H. decagrammus (DH, Fl]\X2 = 38. 64 df=34)- However the’
lndlcated shlfts were elther wuthout patterns {1 ) or resultk in greater overlap (2)

Habltat shlfts occur frequently in terrestrlal communnt\es and they have usually

been attrlbuted to mterspecn‘lc competltlon (Schoener 197@ Dlamo d, 1978) For

- .. fish, communltles Werner and Hall (1976) HIXOl"l (1980) and Larson (1980 have aIl

zbexperlmentally demonstrated that thh release of competltlve pressure members

palrs of congeners mcreased thelr habltat use. Concentratmg on habitat is expected to
‘be the mrnost hkely approach for detectlng competltlve effects Habltat shlfts are not
- necessarlly the result of spatial competmon between terntorlal spemes Werner and
Hall (1976) have shown that food competmon in artnﬂc:al assemblages of sunflsh

(Lepom/s spp) resulted in marked shlfts in habltat use. ln thls case, space |tself '

appears to be :mportant Two benthlc specnes (. n/cho/s/ H. decagrammus) are

terrltorlal lLeaman 1980 KS Cole personal communlcatlonl and the remaining two lJ
: zonope Arted/us spp) are presumed to be so Agomstlc encounters between J
: _zonope (or Artedlus Spp) lndlwduals we\commonly seen, on the reefs even more

“frequently than between |ndsv1duals of the: two specxes ‘which: were known to be .

territorial. = o SRS \

l
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The study has revealed a much smaller number of sngnlflcant lnteractlon terms
involving densuty than l would’ have predleted from the studles ‘mentioned above.
Furthermore, most of the lnteractlon terms appear to be occurring between groups -

(eg. rockflsh vs benthlc specnes) rather than wathln groups of closely related or

<

' ecologncally S|m|lar species. ) t . .

iny two shlfts appear to have reduced effectlve overlap between species

(S. me/anops vs. the benthic specues C. /7/6‘/70/5/ ‘and M. decagrammus) suggestlng

possnble competmve mteractlons‘ resultlng in greater niche separatlon 7 Thus

b'_S me/anops ‘was the only specues to 'behave - |n a way compatlble W|th an -

lnterpretatlon based on competmon S. me/anops belongs to a group of’ mndwater

[y

Sebastes (Hallacher 1974), and accordmg to my observatlons ~only occaslonally takes

'.refuge in crevices. Even then it is probably assomated only margmally wuth the reefs ‘

being more susceptlble to lnterference by other specnes whlch did assocnate closely.

* with 'the substrate Itis not surprlsmg that the demersal species affect S me/anops

as they are (or are presumed to be) all terrltorlal {K.S. Cole personal commumcatlon s

Leaman, 1980) thus havmg a8 pr’ofound effect on space a\lallablllty
l\“‘l

C n/chO/sr and S me/anops were the only two spemes that broadened thenr

o~

"spatial dlstrlbut|on as they - became more abundant on the reefs These two
B mteractlons lndlcate that mtraspecnflc pressure affected their. space use. These two
: f'specnes were by far the most common and probably the only. ones to reach densmes o

v"‘hlgh enough to produce mteractnons 'some flsh belng forced out to less favourable (7l ‘

B

- ©

on. the other hand the remammg sngmflcant sh;fts actually increased overlap.

: and they cannot be ea5|ly attributed. to niche separatnon When the densuty -of benthlc.

: specxes mcreased S. ma//ger Shlfted towards the kinds of mlcrohabltat that these.'

benthlc specues used (eg mcrease in overlap W|th C: /7/C/70/S/ ‘and . zonopel Slmllar'

_shlfts occurred in other spec:es C. n/cho/S/ vs s, p/nn/ger and'S. me/anops vs. S
:‘p/nn/ger and J zonope These results are. not cons:stent wuth ‘the predlctlon of:
. ,Plankas (1972) “niche. overlap hypothe3|s More lmportantly these results differ from
. experlmental works that demonstrated competmon (eg Werner and Hall, 1976 Hlxon'-- .

‘l980, l.ar_son, 1980a).. They probably mdlcate that some other factors are operatlng



(eg - predation) but these are not readily‘ identifiable,‘ on the__ t;asis,of,the pre'se'_nt”
* information. For example,- the larger-rockfishes leg: ' S. ma/ig )‘r.nay be preying on

v‘the smaller demersal spemes {eg. C n/chol.S/,'J zonope) foll&wmg them into thelr 7
habitat, thus effectlvely mcreasmg overlap Mutualzstlc mteractlons\would tend also to‘,
lncrease overlap. However there is no published expenmental work which would ,?
allow me to "make such mterpretatlons and these must remain purely speculatlve at/

{
In conclusnon nine nnteractlons between specues Wthh affected their space’ \l

utlllzatuon were detected Two of these {S. . me/anops vs. C. mcho/s; andv H
: decagrammus) -can' be reasonably mterpreted as belng the result of mterspecmc
: competltlon an’ |nterpretat|on ‘based on. the results of prevuously publlshed empjrical
“studies (eg. Werner and Hall 1976 HlXOl‘\ 1980; Larso}g, 1880a). . The. seven other- -

interspecific- mteractlons’ are more puzzllng' The original 28 possible pairs “of

potentially interacting specnes has been. reduced by almost 60%, through thls analy’sis,
and experlmental workmns needed to dlSCOVGI’ the blologlcal basns of these lnteractnons v
l had expected many more interactions’ between, these ' species, especially.
among mel'nbers of. ecologlcally srmllar species. The rationale behind‘ the removal.'
. € experlment mvolvmg Sebastes caur/nus and S ma//ger {to be descrlbed in the next
=-‘:-'chapter) was: based on, the close snmularlty of thelr habltat requlrements which had led |
' ,me to postulate that they should strongly mteract The caUses for the absence of"
: mteractuons are as yet unknown and mote work is needed in this fleld It may be a
consequence of the generally low densnty of these f|sh on the,reefs, Wthh may bev
. too low for the lnteractlons to have sngnlflcant effects on the spatial dlstrlbutnon of""
v flSh It is no‘tnceable Yhat the only two species that showed densuty dependent control’
of thelr space use (C. n/cho/3/ and S. me/anops) were the most common and affected'
" most the spatlal dustrlbutlon of other specnes or were affected the most in theur‘
spa‘nal d|str|but|on ‘In the next chapter ! examlne the lmportance of thesé mteractlons
on the development and the structure (;e the presence and- abundance ef species) of :

s
¢

~the reef flsh commumtles



- VL RESULTS IV and GE_NERAL DISCUSSION:
Determinants of community structure
The recent controversy on fish commumty structure (Sale, 1980b Anderson’ et
.a/., 1881) has focused on the respect:ve roles of determmnstac factors (eg’
mterspeqxflc competition} . and stochastfc events as the prnnmpal determinant of
commumty‘structure The maln sources of evidencé that have served to: fuel this:
contr oversy . ha\re been chueﬂy dustrqbutnonal studies on |solated reef patches that
were usually experlmentally establnshed (le artlfncnal reefs) (Sale and Dybdahl 1975,

1878; Talbot et al.. 1978; Bohnsack and Talbot, 1980 Gladfelter et a/ 1980) "The

)
X

‘-area of contentlon . has been whether these communmes are approachmg an :
~ equilibrium (medlated thrOugh mterspecufnc competmon) or not The equmbrxum state
was consndered reached when a-: series of communmes lnhabmng |dent|cal habvtatsr
‘developed toward a corpmon equnhbrual state (usnng some mduces of ~community -
snmrlarrty) The equmbrral condltnons and the level at whlch one accepts tha*’
communities are jn fact at equlhbrlum usually remain undeftned and the debate has
centered on whether communmes appear suffxcnently similar to be in equnhbruum -or
not (Talbotvet al., 1978; Gladfelter et al., 119801 Fma!ly ‘the effects of . patch size .
have been’ neglected in the mterpretatnon of the _results. Sale (1980b) has argued -
based on the central Inmlt theorem —Q that estrmates of commumty sumrlarlty are
'strongly dependent on the s:ze of the area sampled; the. Iarger the area, the morei
snmular communmes will ‘be, regardless of the mechamsms involved.

The purpose of thns chapter is to examine in detail these two ponnts and to -
‘determme ob;ectnvely if commumty patterns. dlverge from those expected under the
non-equnllbrral conditlons. In order to test the effects of patch size, two addmonal‘ -

“sets of reefs were built tn 1880: (1) the new lnsulars (serv;ng as temporal controls)

. and (2) thesmall reefs (testing the aréa ,effects).

104
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A. Analytical approach
' Theoretlcal conS|derat|ons
The colonization of small |solated reefs can be vuewed at least initially,- as
being ‘a purely sto.chastlc‘ process, the colonists arr|V|ng at random. from the"
,surroundlng rocky habitats on these .newly created patches. As the.reefs reached a
spec:les equilibrium? (from 13 to 25 weeks in this study), the communltles ’on each of
these |solated patches would enter an assortative phase (Wilson, 1969) resulting Wn
communltles moving toward C—equullbrlum assurnlng of course that additional'_
regulatory processes are- involved in’ controllmg the composmon of the communlty

Interspecnflc competition is the process whlch is usually assumed to. produce

, C—equmbrlal conditions (Anderson et al., 1981) These C equnllbrlal conditions will be

B ultlmately determuned by the resources avallable ‘on these habitat patches and by the

niche parameters of the speues present Slnce ‘all the artificial reefs were |dent|cal

‘the C- equilibrial conditions on all of them should be the same; in. perfectly

o determinlstic conditions the fish assemblages inhabiting each and every one of these

~units should be’ exactly Slml|al’ (communlty difference = 0%). One should then observe o
that communltles mhabltlng such units will be srgnlflcantly more snmllar to each other
than commumtles produced by purely random colonization (S-equnllbrlal communities in
" the pre—assortathe phase) ‘ifi interspecific 'oompet'ition plays a‘ signiticant role in this:
system by brlnglng the communltles at or near C—equilibrial conditions. Therefore the
proper null hypothesls for such a test IS that the communities on these reefs are
- simply the results ofjrandom colomzatnon fr\om the surroundlng habitats. ,

vSimberIoff (197él has extenslyely disc\hssed these‘problems and he.proposedf
techniques to determme whether or not’ the colo lzatlon of nslands is stochastic. He

proposed two addmonal “non- mteractlve hyptheses

‘which may account, for. the

drstrlbutlon of’ specles on lslands lor isolated patchesl

3 There is an unfortunate double used of the unquallfled term
jecologlcal literature, both of which are relevant to this study.

1. - Species— equlllbrlum {MacArthur and. Wilson, 1967) is the equili

~ - immigration and, extinction rates in the number of species pres

_ shall call it here S-equi/ibrium. - -~ ‘ :

2.. . Community equilibrium’ (Connell, 1978) which is the stable specn"lc omposition

- -attained by a community.. This stable condition’is mediated through in

* ‘competion, and following a disturbahce, the community will be driven back to

that equilibrium by competlon It is- denoted here as C-equilibrium.

uilibrium in the

B ‘ M
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1. Small island limi dlversnt of habltat t/pes on a small lsland is usually less
l Y \x

than on a large island

may be absent on these staller |slands thus effectlvely r‘"ducmg the pool of"'
'avallable colonists. More generally the different patches will usually dlffer in the .
~ quality of the habitat, and dlfferent subsets of specues adapted to different
habitats may be found on different patches. In this case, the.habltat created by
cement blocks is' struc_turally quite different,fromy the rock rubble, and different
subsets of species should be "\expected in these two habitats\: This flrst_ limitation
is-more generally renamed hab_tatala.lab_lu genst_a_m ]
2. ) QALQQDIQQ colonization - p_Qb_a_bLi_Leﬁ The colonlzmg ablhtles of the different:

v :members of the commumty are likely to differ, and a barrler (lO m of sand for'

~example) Wthh may appear unsurmountabl ¥ for one speC|es may be readily

crossed by another thus,also affectmg greatl

1

colonlzatlon of such umts These are called

_the p,ool of species available for

Y

and Connor 1981) have been-

N

: marred by a lack of mdependent estimates- of- these two addftlonal factors requlrlng

Earlier work (Connor and Slmberloff 1979 Slmberloff

_"that they be estimated_ from the . orlgnnal data. In this case, | have independent
estimates of these two addmonal parameters, allowmg me to formulate 3 further

hypotheses

'
©e

A HyQ.QIh. esis L Random settiement from the rock rubble slope. This is the model

~ without constralnts and the data collected on the, transect can be used ‘as an

<

'estlmator of the speCIes pool avallable for colomzatlon

2. Hypothesis _!_ Random*’ settiement with the habitat avallablhty constrannts The ‘
' commu\ly co' posmon of the continental reefs, which are structurally similar to S
_the insulaf\ 7 reefs, but Wthh are in direct contact with the rock rubble (no
distance cons ramt can be taken as, ah estlmator.of a typlcal mamland species
" _pool inhabiting axtificlal s'troctures - ) ‘
3 Hypothesis 1l D|s ance constralnts The dlfference between insular reefs and

continental reefs can be txen .as an estlmator of the dlstance effects, as only

: dxstance between the two di fered ‘However thls estlmate is not mdependent of
".the community under invagstigation. Independent communltles were provude_d by

EERE

r the mamland Specnes adapted tor the absent habitats
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the s aII insular reefs, which have the same !st'ructur appearance and which are
at_the .sgme--distance from the rock rubble than the \insular reefs Only size,
which may\affect the S-— equilibrial’ condmons was different, the small reefs

) .belng one third of the size of the orlgmal msular reefs. ' iy o

‘In order to determlne whether the assemblages of fish. present onxthe reefs T

Analytical procedure

d:d differ sngnuflcantly from the assemblages resulting - from purely sto astlc
olonlzatnon events, a randomlzatnon test (Sokal and-Rohlf, 1968:629) was performe
~The randomtzed stat:stncs were- the mean comrnumty difference on é, series ‘of 6
artificial reefs. In order to estimate eommunity difference, an ov\erlap index ‘was used.
 The index -selected was percent’ dlfference recon%ended by Goodall (1978) as

'showmg less sample size dependent bnases Percent dlffere e'is guven by:

z'lx/'/~x//<| !
= S

PD = N
ilx/'jﬁ Xikl
AT

‘where Xij a_nd Xik are the number of _species / in sample j and & respe_c‘:tive!y (s’

- Chapter IV). . -

S|x random communltues ‘were generated by drawmg at fandom using a -
pseudo random generator md|V|dua| ﬁsh from the specnes pool and calculatmg the
mean percent dnfferenffen_lgexween_all pairwise compansons Five hundred of these
sets of random communltles were generated to produce an expected dlstrubutnon of -
the statlstrc The number of fish -randomly assembled on these sumulated reefs was
- drawn. at random from 3 dlstrlbutlon with the same mean and vanance as that
‘observed on the ’nat‘ural reefs (me_an = 192 flsh/reef variance = 59.07), prehmmary
randomization runs .having ihdicated that these . two variables ‘had ‘a -kcc')nsiderable
influence on the stat:st:c | ' | - |

- The hypothesis tested is that the communltres on these entmes have undergone

—an assortatwe phase under the ‘influence of mterspecmc competmon that is they are

appreachlng Cc- equilibrium ‘(percent dtfference ~tending toward 0.0%) The null



~ Because of the: small size of the populatlons inhabiting the reefs the sample sizes are ‘
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"hypothesis for the test is that the communities are solely the result of the initial

colonization process (percent difference not different from random expectation). This
is then a one-tailed test, the lowest 5% generated values of -mean community

difference forming the region of rejection for the null hypothesis. , .

B.-Results L - | /
Célonization history of the small and new insular reefs

The colonlzatlon of the small and new insular reefs was essentially identical to

'that of the previous three series. Seventeen (15 residents) were recorded on the

small reefs whereas 12 species (all restdents) were recorded on the new lnsular reefs

.(Table 5) The ~same specues were present on these 2 new series of reefs

Colonization rates for these 2 series are’ plotted m ‘Figure 28. By comparing these

vcolonlzatlon curves to' those obtained on the two original . series of msular reefs

(Fig.v'l 1), it appears that the small - reef had reached the S—-equitibrium - Ievel in 18

~weeks.  The last 5 censuses showed a mean no. Specles/reef > 4. In order to

determine if S—equilibrium had been reached, | used a similar criterion as earlier (see
Chapfer V), hut,with a‘ lower level (4 .Species instead of B) to compensate for the
smaller area. The new insular reefs had reached the 4S—equilibrial' lev'el/ s species/reef)
of the’ old msular reefs (Fig. 11) in 19 ‘weeks, These levels and the period required to

attain them are 5|m|lar to those observed on the orlglhal series of reefs, and we may .

assume that these séries. were then truly at S equlhbrlum The mean number of  fish’

e

per - reef “reached similar - levels on the new'serles ‘as on the old ones. At

S- equlllbrlum the new lnsulars had 'a mean of 22-25 fish/reef, a value equal or -

sllghtly greater than on the 2-year old reefs whereas the mean number-of flsh varled

around 7 on the small reefs, nearly one third of thé value observed on the large
which were three times as large. ' |
Removal experl,ment ‘ o

Thirteen fish ‘(4 Sebastes caurinus. and 9 S. mal /ger) w,er.e removed 'ln

reclprocal experiments' from reefs 3, 4, and 5. The results are p'resented in Table 12,

very small, maklng rellable statistical testlng impossible: It appears that the ellmlnated

»

S
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Figure 28: Colonization history of the small and new msular reefs The vertical bars
indicate. the 85% confidence intervals. :
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' specues relnvaded the reefs in numbers approx1mately snmllar to the number removed' ;

- communlty composltlon are the result of an lncrease |n dwers:ty on the msular reefs' 5

e

(9 S ma//ger 6 S. caurmus) whereas the other spec1es never greatly mcreased as a

s _- result of the removal Unfortunately the controls (reef 2 and 6) showed as much

varlatlon as the expenmental reefs renderlng the experlment lnconclusnve ThlS‘

?

' :‘ approach i5 usually useful in prowdlng clear evudence of. mterspecmc competltlon Its -

fallur,e here |s a result of loglstuc problems the artlflcnal reef system belng much too

&

small to perform lt satlsfactorlly Massnve removals would be requlred and theyv“

¥

’ cannot be performed thlde thns system

Communlty structure 'f ;

.~

The frequency dustrlbutnons of the randomly generated lndex under the three.‘ -

£

: sets of assumptlons are: presented in Flgure 29 The dlStFlbUthl’\S Shlft to the\nght as’ o

the - number of - constralnts (habltat avallablllty and dlstance) are added to the model‘

The mean and crlt:cal values of these dlstrlbutlon are presented in: Table “I3 The

shlfts to the rrght of the dlstrlbutlons lndlcatlng an mcrease fire dls51m|lar|ty i'n*

|

in relatlon to the transects _and the contlnental reefs For mstance Coryphopterus

: /7/0/70/3/ the most abundant spec:es in’ th:s system represents more than 87 of the s

snghtlngs on the transects 62 1% on the contlnental reefs and. only 40% on the lnsular." '

reefs Thls lncreases the probablllty that specnes other than C. n/cho/S/ W|ll be drawn 5y

m the snmulatlons (thus mcreasmg dlsslmllarlty) as the number of constramts

e R

mcreased RN IR

Because the successnve serles of observatlons were: not mdependent the

; observed dlstrlbutlon of the mean percent dlfferences between the reefs could not-

i .\‘ |
' modlfled by both constralnts (habltat avaulablllty and dlstance hypothesns ).~ in thls

be. compared dlrectly to the random dlStrIbUthnS uslng a goodness of flt(test (eg '

Gatz 1979l Vlsual observatlon of _the dlstrlbutlons reveals 1mmed|ately that strong'___,

dlvergence“ occurred between the observed dlstrlbutlon the random dlstrlbutlon of

hypothesxs ll and the randorg dlstrlbutlon w1th hab tat avallablllty COnstralnts (hypothesns :

.. The observed dustrxbutlon showed only small dlvergence thh the dustrlbutnon

L case as in all further tests the fnrst 4 months of colonlzatlon were not mcluded (lO ‘

: flrst surveys) since the reefs had not yet reached S- equnlnbrlum lt then appears that

'.d,.‘_ R
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Generated d:strlbutlon of the mean percent drfference under 3 sets of
2 assumpttons with ' a. ‘com arison with: the ‘observed values. Grey: bars: - -
. observed values; white bars: generated: values. Hypothesns [ random -

. colonization. Hypothesis- I random + habntat constralnts Hypothesis -

random +" habntat and drstance constramts
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based on 500 snmulatlons

"'Table 13 Crltlcal values of the null dlstrtbutions under dlfferent sets

1

13

of assumptions = -

. Model - -

S ”""‘Species' pool - j

: e . o
- ‘Mean Percgnt:
difference- . -
(Variance) -~

- ‘Lower 95%

confidence: .

jmit

* ’Random colonization. ;.
’Réndom' cblohxzation Cwith
,habltat constramts

v'-‘Random colonlzatlon thh

-7 Transects. ' .

o

 Continental reefs.:

" Insular reefs. .

‘constraints. Mean community LT

; sizer 194 flsh (!arge reefs).

"~-R§ndom colonlzatlon wx%
“habitat and distance. -

- constraints. Mean commumtyn ’

: suze 74 flsh (smaH reefs)

- Insular reefs. .

03148~

ai003456Mf

03743

(. 02742)

»051'04119
.,j_00251m

05385
©10.03608)

01883

02827 .

”?93011’




without the two' constraints,' random coIOni'zation s a poor 'predl\ctor of comrnunityw;.
composmon - H ' e : -

“In order to detect S|gnlf|cant dlvergences between the observed values: of
,__mean communlty dlfference and the three generated dlstrlbutlons _each of the
tsuccesslve observed values were checked agalnst the 95% confldence limits; any value '
‘ ‘falllng below the 95% confldence llmnts were consldered to be sngmflcantly d:fferent

from. values belonglng 0. the random dlstrlbutlons (Sokal and Rohlf, - 1969629) -

' . mdncatmg that the commumtges were more s;mnlar than they would be through random

settlement from the rock rubble lwuth the added constramtsl They  would b_e ‘then"‘ '

'-_conSIdered to be approachlng C equnl;brnal condltnons

In addltlon to avmd the problems of dependence thls approach also allows the - -

[detectlon of seasonal trends there IS ho a pr/or/ reason to suppose that condltnons ;

wull remaln constant throughout the year (see Chapter ), and that mterspecufuc ‘

competltlon may be :mportant at: the perlod of peak abundance (summer) whereas lt _' T

) may be less |mportant in wmter at perlod of lower abundance ' _ v
| ’ Temporal fluctuatnons m the mean percent dlfference between the reefﬁ
v‘izcommunmes are- plotted |n anure 30 D:scardmg week 1 to 20 as prewously (beforevrv
-S equnlnbrlum was: reached) |t can be seen that no Values ever fell below the 95
.:‘confldence llmits of dlstrlbutlon l and I lrandom and random _+ habltat avallablllty

-constramts) These 2 dlstrnbutnons are, for theoretlcal reasons poor predlctors of_

»'«communlty deve\opment and these results probably do not have muoh slgnn‘lcance :

e Only one pomt (samplung perlod no 53 27 July 198@ PC 0293l d|d fall below the‘ :

"-_f95°/o confldence Ilmlt of dlstrlbutnon 'l‘ll (random colon- atlon o+ both constramts).

' -mdncatlng that the communmes were :1 that perlod slgnlflcantly more similar- to each

other than expected by chance alone (Table l4l Because of the Iarge number of-"_d‘ L

‘;tests (44) -one: srgnlflcant value c:an be expected from type I error and there is no-,
' --Tground on these results to reject 4l’he null hypothesus that the commumty composntuon‘ '

on these reefs lS unlquely the result of random colonlzat:on
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Table 14: - Mean percent dlfferent values between the reefs and ‘their percentlles in.

“the null d|str|butlon (Hypothe3|s iV

| Survey
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Tai:le 14: g continued.

Survey - - Insular reefs . . .Small reefs
; . . | v

S/ Meant N “Perc.? ~° Meamn N Perc.

E " Pre 'S-Ec';u_ili»brium values

- . 0.3561 , '0.744 15 0.984
v R 15 - 0.998
15 08987
15 - .'0995
15 . 0.983
15 .~ 0983

43 . 0372
o 44 | . . 0458
. -45 0490,
46 . 0342
47 . .0397 .
48. . 0514

" ooooco® |
o
™
o
®

Post S Equ:llbnum values

49 0349 10 . 0233 . - - 0762 15 0990
B0 - 0358 10 0271 © 0661 15 - 0.899
B1e.- 0384 .10 . 0420 " - " 0587 15 0718
. 52 : 0.340 10 0200 . 0552 15 0585 .
53 . .0293 10 - 0040 " . - 0482 15 0.283 -
SB4L 0332 10 0.169 © 0855 15 0594

,Mean percent dn‘ferencee between- all palI’S of reefs
Number of pairwise comparisons.’. . - / ' h '

-“.Percentile of the generated distribution for- the observed value (ie. area under

‘ ,‘;the d|strxbutxon curve’ wvth generated values smaller than the observed value)

SN e
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Randomlzatlon of the small reef commumtles .

One mlght argue that since the specnes pool from which random settlement
with both the habitat availability and distance constralnts was generated was not
mdependent of the experlmental values the lack of demonstrable dlfferences being

merely the result of this lack of mdependence The small reefs provnde an

. experlmental communlty which is mdependent of the species. poo! used for generatmg '
‘the randomlzed dlstrlbutlons {insular reefs). Further it s subyect to the same
',colonlzatlon constralnts than the msular reets the only . diference bemg the mean

, number (and vanancel of fish per reef (mean = 7.2; s* = 9.3). Finally, they had been- in

'Y :
ex:stence for a sufﬂcuently long time to assume that. they had reached 5- equmbrlum

The random communltles were generated exactly as before, usmg the new values for

/

,commumty size. The dlstrlbutlon of the index is glven in Figure’ 31, whereas the

) temporal fluctuatlons in the mean communlty dlfference between the small reefs are

plotted in Flgure 32 agamst the crltlcal values of the generated dlstrlbutnon Agann

B dlscardlng the flrSL 20 weeks (before S~ equ:hbrnuml it can be noted that none of the

remalnlng values ever fell below the 95% confldence hmlts (Table -14), conflrmlng the
conclusn_on reached prevtously.' | o :
c. Dlscussmn

| The patterns of fish commumty composmon on the artufucnal reefs do not glve

"any lndlcatlons that mterspecn‘lc competltlon had any role in determlnlng the. specn‘lc’

' composmon and the relatlve abundance of specres (|e communlty structurel on the

'artlflmal reefs The null hypothes:s ‘that communltles are essentlally the result of

PRI

reefs for long periods (many months) and" were not_'f

.-.of the colonr'atlon patterns E

‘ clearly " contradict this possibili‘ty.: All the tagged-v fi

random colomzat:on (given 2 addltlonal constralnts that distance affects colomzatlon

: and that habitat affects communlty composmon) could not be rejected on the basns

A\

by
P

AN aIternatlve hypothesns easxly dlsmlsse - is that the reef communltues were

not truly mdependent from eachvother, rendering’ eanmgless communlty mterpretatlon .
based on distributional patterns at the patch. level 'The tagging results (Chapter V)
h remalned contlnuously on the

- :
ee rangmg on’the study snte as

S

L : : : i
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1

none of the tagged fish were seen on reefs other than the one on which they were v

tagged. Published results also concur {Carlson and Haight, 1972; Dewees ard Gotshall,,
1974; Love, 1979; Leaman, 1980; K.S.- Cole, personat communication), all the species

in question having been described as territorial or with restricted home ranges. Thus,

' the distributional patterns on these independent patches should reflect the influence

N

(or lack of) of the specnes interactions on community structure as these interactions :

will- be limited mostly to the immediate vicinity of each mdependent ‘patch.: Under

\these cwcumstances the distributional patterns cannot be menely a temporary

assembly of free ranging fish that happened to be on a given reef at the time of the

sampling. o,

S

\ The reef_ commUnities’ had reached - a species—equilibrium’ rapidly (within .6 -

nths). This 'S—equilibriu‘m was dynamic as both species and individual fish emigrated

'r\\m

- ‘insular sy\tems has led to some mterpretations based orf the theory of .island

'grated continuously (Chapter V). This ‘analogy of marine benthic p‘atches vyith

; b|ogeography_ {eg. Schoener, 1’974a, 1874b; Molles, 1978; Osman 1978 Bohnsack
1979).. In these patchy marine 'enyironments the .patchs carrying capacity appears to
be a stronger determinant of community size fthan species equ:librium number As

-opposed to. .oceanic islands for which the theory of island biogeography ~was -

jvspemfically developed (MacArthur and Wilson, 1967) th; patch population sizes are
not the result of mtrapatch demographic processes but of lmmigration (or emigration)

by lnleidual fishes Many of the species were present in the non- reproductive phase

of their life cycle (eg Sebastes spp) or produced hlghly dlsperswe planktonic larvae.

- .The S- equ1l|br|al conditions are a snmple statistical consequence of havmg a

«  determined number . of propagules (i.e. the number of fish per reef) coming frOm a. ‘

given spemes po\ol On the other hand, on oceanic islands the - population SIzes are.
: relatively mdependent of immigration rates and spemes emigration {or extinction) and
thus the specnesmumbers become biologically meaningful {Smith, 1975) See Gilbert -
'(1980) tor a thorough critique of these studies on island biogeography ln this study
the S- equllibrium itself 'was not consudered as all the randomizations were done on
the baS|s of 3 fixed carrying capacity (mean no. fish/reef of 192 with a variance of

59.07); ‘the S— equnlibrial conditions were observed to develop - in the test as a result

e

v
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of the randomization prooedure. ‘The S—equilibrium is nevertheless convenient and may

be used to indicate that no “further directional changes were taking place in the

‘communities, The lack of an assortative phase in commumty development as indicated

by the randomlzatlon tests, cannot therefore be attributed to unsaturated communmes ‘

AT

under. active colonization where interactions are unlikely to occur
Clearly, ﬂ% simple measure of communlty snmllarlty cannot be held as .strong

evidence for determlnants of communlty structure The Barkley Sound communities

S were remarkably similar in thelr specnes composutlon {around 60% see Chapter V),

result very different of that found by Talbot et al. (1978) who reported values of'

-+ 30-35% for coral reaf fishes on structures essentlally ‘similar to those used here

They interpreted these low sumllarlty ‘values as a strong mdncatlon of the

‘non- equmbrlal condltlons of their system. On the other hand, Gladfelten et al. (l980)

~

lnterprete the high degree of correlation between: measures of communlty sumnlarlty

)

" and measu e of habitat srmllarlty {and the consequent hlgh snmllarlty between' the
-communltles lnhabmng S|m|lar envnronment) as 'an lndICathl"l that the ‘coral reef
communltles that they were studylng were in equllnbrlum precise sets. of co- adapted

- species being present in each. type, of habitat.

Even if _.the. Ba‘rkley Sound communities are more predictable'than tr’opi‘cal

\

. above criteria). the randomlzatnon showed that none of’ the postulated mechamsms (|e

mterspecn‘lc competltuon) of the equnllbrlal condltlons were at work.. Many varlables

appear to affect the neutral values {i.e. under purely random condltlons) of communlty

,s:mllarl‘ty. p_opulatlon size (Sale, 1980b), its ‘variance (see above), and most probably

specie‘s diversity. A feduction in one cornponent,‘?of divelsity levennessl las

communmes were generated using different specnes pools insular .reefs, contmental

R reets’ transects] produced an mcrease in neutral communnty sxm larlty {from 60%

70%)z the second component of dlversrty (no. of specnes) has presumably a SImllar

effect Since in all: prewous studies (Sale and Dybdahl, 1975 /Gunderman and Popper

» 1975 Talbot et a/ 1978 Bl‘OCk et a/ 1979 Gladfelter et al., 1980 Anderson ez‘

al., 1981; Ogden and Ebersole 1981) these parameters differed, it is lmpossmle to

assess the blologlcal meamng of the reported patterns of communlty srmllarlty

}

. systems (Chapter V) - and develop apparent equmbrlal condltuons (accordlng to the\,,\_l

s
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‘Simberloff (197‘8)‘, Lawlor (1980a}, 1980b), and Strong (1980), faced with
similar problems, have stressed‘ the importance of forrnulating the proper nu’l‘ll
hypothesis. when investigating patterns at the communitby level. Neutral models
(Caswell, 1976) have been usually used to generate the numerlcal values of the null
hypothesis, by producnng community patterns m the absence of the factor of interest
(usually mterspeerflc competition) to which actual.tommumt;es may be compared.

" These models have been built to te.st’ distributional hypotheses (Pielou, 1977, 19;8;
' ‘vSimberloff, 1978; Co’hnor_and'Simber_Ifo’, 197S; Simberloff and éonnor, 1981} and
to test hypotheses on the evolution of niche paran\eters (Sale, 1874a, Caswell, 1976;
Gatz, 1979 Strong et a/ 1979; Joern and Law!or‘ 1‘980' Simberlof'f and'Boeckien’
1981) Both types have been plagued so far by’ problems of statistical significance
: and of mdependence (between the data set used to generate the hypothe5|s and that
used to test it) (Grant and,Abbott, 1980; Lawlor, 1980a, 1880b; Hendrlckson, 19881;
Diamond and Gilpin, 1982). - ,
o ‘Connor -and Simberloff (1979) and ' Simberloff and Connor (198?) have
‘re- exammed claims of competltuve exclusnon ‘based on dlstnbutlonal patterns on
uslands by,formu_latmgwhat they claimed to be the proper nullvhypotheses (that is in
whicn the factor 'of linterest ~ in this case cempetition - “Edoes not -intervene)
Addltuonat :mportant blologrcal parameters {(eg. distance and habxtat effects [Simberloff, -
1978)) mlght have affected the dlstrlbutronal patterns independently of- competmolw in
the ‘studies. that they -refexamlned. They estamated ‘these factors dlrectly from the
erigin(;al data’sets,»ac'cording,: to precise criteria. These ‘a posteriori manipdlations

create interpretational problems.  Without ”proper/e_ontrols, it is impossible  to

ey

" dis'tin‘guish the effects of these factors fr:orn those of competition.“ Their
ma}wipu’ations of the data sets may have eliminated all factors (both the dispersal

B constraints, that tney were attempting to control, and the competitive effects) ————

B renderlng\thelr results trivial (Diamond and Gllpm 1982}

Gilpin and Dlamond (1982) and Wright and.Biehl (1982) have recently proposed '
analytncal methods to estimate the _probabilty ,oF species co— occurrence on islands.
The:r apprdach remov“ed some of the statistical problems present'in the Monte Carlo
teehn‘rque- used by Connor and -Si'mberlo_f.f (1979) to estimate the co-occurrence .

<, )




probabilities of species. However, these analytical methods “are not any better at
‘soiving the additional problems: inherent to this kind of study {that of independence
and those associated with additional biological constraints, such as distance and habitat

effects), which result from the uncontrolled nature of the data. Their approach, which

mphasizes patterns of co—occurrence. of species. could not have been used here

begause, as | argued earlier, the reef patches are not true insular systems on which
e patterns of species prasence—absehce are biologically meaningful.
" The experimental design, using artificial reefs, controls these additional

constraints. The effect of these variables can be independently estimated, removing

the weaknesses ‘of»'the previously described re—interpretations. Although the
randomization of the insular reefs did not have a control - for distance, the
vrandomi'zation of the small insular reefs did insular reefs), making this test.entirely
vcont'rollled. The exclusion of these additional factors (distance and habitat effects)
would,;not have altered the conclusions (acceptance of .the rwull hypothesis) although it
wouid have certainly macje the test less plausible and excessively conservative, - a result
of the greater evenness in tha‘ insular - communities. This was an unpredicted
phenomenon, an apparer*t consetjuence of the poor dxspersal of the most abundant
species, Coryphopterus IC/70/S/ ‘ ) _

The .lack of demonstrable. effects of competmon on the structure {ie. the
number of specres and their relative abundance) of "the reef fish community does not
indicate that it is not present, but that it has no effects at the community level (level
. The results of the revious'sectior\ (Chapter V) indic/ates that competition vat ‘the
species level (level I}, af] least on‘fhe spatial dimension does not exist, aven though it

"is the most likely (Sq‘!hoener 1974; Sale. 1980b). ’Tha‘t' précludes * interspecific
competmon from havmd amy effects at the community level. Strong competmon mlght‘
be detected nother umnvestlgated dimension (eg. food), still- requrrlng the |
consnderatlon ofvan hypothes:s at a higher Ievel These’ are in fact two d|fferent
problems whlch are nclt always dlstmgulshed in the literature, and dependmg on the
-level (species’ or com umtles) at which the phenomena are examined, different

answers might be found. _ . ‘



125

o

v When competltlon results in exclusron (Hlxon 1986’? Larson,i_:‘lSBO‘a,- 1980b,‘k.' |
for marlne flshes and for example Reynoldson and Bellamy 1'97’1' Heller | 19711":' -
Halrstor} 1980 for: other group of organlsmsl the two questlons become one as the’l

' presence and abundance of specnes are clearly determlned by competltlon On the .

‘ other hand when competutlon is. of a more explontatlve nature (Brown and Davndson

'1977 lnouye 1978 Brown et a/ 1979 ‘Davidson et a/ 1980 Halrston 198‘ll the
two questlons are not dlrectly llnked even lf there are good theoretlcal arguments to
i do $6 tRoughgarden 1979) Thus, if co- occurrmg spemes are competlng (and‘-’
' “'common blologlcal sehse lndlcates that ‘co- occurrlng spemes are llkely to affect eéch' ‘
‘.'other but sée Wlse 1981) lt does not requlre or lmply that the patterrﬂs at the

communlty le\Iel are the results of this competltlon lf communltnes are assembhes “of :

y'co evolved specnes (Dlamond 1975 Roughgarden 1974 -1979 Futuyma 1979

: '-,Ryder et a/ 1981) the patterns at the communlty Ievels are the result of thls

competltlon but alternatlvely lf communmes are ‘more or less fortuntous assemblles;f

' of those specues that coeX|st because they are not competltlvely excludlng eachﬁ"_".-

B 'other then the relatlonshlp between the two levels is llkely to be weak Evolutlonary._.‘. o

blologlsts cannot agree If natural selectlon gradually produces adaptatlon creatmg"_.'

'f’specues adapted to«-very epecnflc condrtlons and resultmg in communmes of

“f"co evolved lnteractlng specnes (Dlamond 1975l or lf it operates more. abruptly
Vmostly through specnes selectlon leg competmve exclusnonl (Futuyma 1979) |

ThlS latter vnew may explaln the apparent dlscrepency between the two levels .

: -'_'_'of observatlons When examlned at’ the specves level competltlon IS often presentv'_"vv

: ‘and lmportant lReynoIdson and Bellamy 1971 Heller 1971 Brown and Davrdson
‘v1977 lnouye 1978 Brown et a/ 1979 Davidson - et al., 1980 Halrston 1980‘ '
o 1981 Hci"‘kon 1980 Larson 1980a '1980bl but when examlned at the communltyl‘_"f
: -..level it does not appear to have s:gnlflcant effect lCaswelI 1976 Plelou 1977 1978 o
'rConnor and Slmberloff 1979 Strong et a/ 1979 Sumberloff and Connor 1981 |
',:-Slmberloff and Boecklen 1981 present study) lﬁ . .. ‘ »
. In: conclusnon the communmes of flsh do not appear tq. be m a C equlllbrlumv-‘v‘

lstate (sensu Connell 1978l as the examlnatlon performed at both levels lspecues and' o

' communmes) mdlcated that mterspecnflc competmon was not requlred to explaln the".‘:

el



structure of. the flSh communmes on' the artlflmal reefs _ Random “col‘on’i»z.at“ion from
the surroundmg habltats as the postulated mechanlsm responsnble for the structure of
,the flSh communltles on the art:flclal reefs Random colomzatlon as’ a determlnant of
communlty structure applles only to the" artlflmal reefs and IS)G result of thelr
lsolatlon - only operates because v strong lnteractlons between specnes ‘are
non exlstent The results on _these experlmental habltats have to be applled to the
more natural systems (eg the ‘rock: rubble slope) 1. beheve that: absence ot mteractnons
-on the reefs generally represents the condltxons n the natural enwronment
.‘:AConclusmns | ‘ _ “ S - | . “ ' ' »
| The commumtles lnhabltlng the rock rubble slope can be studled usxng small
art:flcxal structures made of concrete blocks as the specnes composutuon and the
densnty m the two communltles were s»mllar R ',v' L
| i Clearly a. great deal of habltat selectlon was taklng place among the flsh of
the reefs The two varlables that I exammed (shelter type and vertlcal elevatlon) both
had an |mportant role to play ll‘\ thls selectlon and some of the dlfferences ln the

'relatlve abundance of the specles between the natural habltat and the reefs lS the

result of thus selectlon it would be relatlvely sample by JudlClOUS mampulatlon of the ;

."vhabltat structure to determlne Wthh factors are controlllng habltat selectlon An

s answer to thls questlon would not only be of dlrect mterest |n communlty ecology
P jbut ut IS of consnderable |mportance in the desngn of Iarger structurﬂ:ﬁsﬂfor recreatlonal \'
flsherles Based on the present flndlngs reefs desngned to attrac,t rockflshes - the
: only spemes of commercral mterest in thls system - should prowde a steep elevatlon

‘and humer,ous large holes preferably narrow .as the l’OCkflSh Were posmvely selectlng

o these features on the art:fncral reefs

F

o Factors other than mlcrohabltat selectlon may have been responslble for some :
'of the dnfferences observed between the natural and art:fncnal habltats Seasonal

' 'cycles were dampened from the shallower rock rubble slope “to the deeper more
o _’_lsolated lnsular reefs a possuble consequence of dlfferent cover seekmg behawour .
" between the two areas Very little' is known about the actnvnty ‘cycles of. the flsh that |

‘colomzed the reefs and how enwronmental factors (eg temperature turblduty

‘ turbulence,, 'e_tct) affect,behavxour Some work is" requured in thls fleld before these o

r
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».’questlons may be answered

Compared to systems in: troplcal or subtroplcal waters (Talbot et a/ '1978:

Molles 1978) the communlty in Barkley Sound was more constant (both in terms of ‘

specues present and in the amplltude of the fluctuatlons) The causes of these

dlfferences may not be known untll the structurlng forces at work in: these system

are fully understood A great deal of - controversy exnsts giat the Ilterature (Helfman -

1978 Smlth 1978b Anderson &t a/ 1980 Sale 1980b) on what these factors _v

mlght be in coral reef flsh communltles dlfferent authors often reachlng dlametrlcally

“ ‘.‘opposed conclusnons Authors havnng performed experlmental studles see@n to concur '

L

however that competmve mteractlons between spemes are not an lmportant_z

‘structurmg force lSale 1975 1977a 1977b Sale and Dybdahl 1975 1978 Talbotty'v-_‘-'
etal., 1978 Bohnsack and Talbot 1980) ' R '

lf thls were - to ‘be generally the case coral reef communmes and the Barkley,-'.. s

Sound reef fish communlty appear to be organlzed in relatlvely srmllar fashlon l was- L

unable to detect any notlceable effects of lnteractlons between specnes on thei
" structure of the Barkley Sound fISh commumty (taken here in lts narrowest sense le

the presence and abundance of specles) l therefore rejected the hypothesus - and i
the common bellef held |n ecology (Planka 1978) that the structurenof thlSu- .
assemblage of flsh was pl’lmal’lly the result of lnterspecnflc competmon between them :
"‘:.Thns last result 1s qunte robust as all other potentlal factors that may have had anv.v

: ;effect (eg habltat dlspersal etc) were controlled " ’ ' » |
' Nonetheless the demonstratlon that mteract:ons between specues do not have

any effect on the dlstrlbutlonal patterns at the scale of ‘the Ross Islets, does not'

’demonstrate that they do not exlst By taklng advantages of the natural fluctuatlons in

ol abundance “the. presence of lnteractnons between s%es became evndent some of. :

’whlch may be attrlbuted to competltuon while - the nature of most others remalns

v"conjectural Removal experlments are requxred to elumdate the blologlcal baSlS of'

i these mteractlons The: removals of Sebastes caur/nus and S, ma//ger represent a flrst

3

' 5\7- step ln thls dlrectlon and th|s llne should be actlvely purSUed ln future work now that

' the mteractmg palrs have been 1dent|f|ed (Chapter V) Artrbcnal structures hke those

'used here would agaln provnde |deal systems to approach these problem,s because of
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' systems should be used. - g o,

the -ease wnth Wthh the spatnal d:strlbutlon and the habltat use can be accurately
estlmated and quantlfled on- them. The mconclusuveness of the experlment in the'
present ”study was .due to th‘_e.'small populataon size, and in the futur‘e,_ ‘m,uch‘ larger

[

The - lack of effects " of these mteractlons on the commumty structure as

'.'deflned earller may indicate that the populatlons are usually ‘too small in nature for

these mteractnons to have srgnlflcant effects on populatlon regulatuon The number of

_recrunts of many specles (eg Sebastes aur/cu/atus S me/anops,vS p/nn/gef,‘-v./. o
-zonope) changed dramattcally from year to year (Chapter IV), \Slmllarly to what happens,
v»on coral reefs (Russell et a/ 1977) These have been mterpreted by flshenes :

S scuentlsts as |nd|catmg strong denS|ty mdependent regulatlon of populatlons ’Cushlng

N

'1975) Some work on the larval ecology of PaC|f1c Northeast ftshes (Marliave; 1975"» :

et chhardson and Laroche 1979 Laroche and.. Rlchardson 1980) has recently been'“

ft).

) ‘done but these studues have been of too short duratxon to determme the mechamsms '

N populattons of the spemes in- questlon may be llmlted most of th

| _»recruttment process Expernmental mampulatlons could be easnly done to

‘;‘of populatlon regulatlon

<

If the lnterpretatlon of densnty mdependent regUIation . |s correct . the

the. densltles are usually too Iow in- natural populatlons fé}t’ lnteractton to have strong ‘_ ‘

" __drstrrbutuonal effects

) . ‘ : . _
ln conclus:on the artlflmal reefs used here provxded an approprlate tool for ‘

"--:the study of a reef flSh assemblage The maln communlty parameters (composmon~

,densrty abundance recruxtment and spatlal dtstrubutlon) were examlned and accurately,v R

'quantlfled usmg thls system Further there ‘was. no ewdence that mteract:ons between

| _these speCles as |t lS commonly postulated in’ ecology (Planka 1978) had any effects ;

'on the patterns of dlstrlbutxon and abundance for the members of thus assemblage ln

' '-llght of the strong yearly fluctuatlons ll’l recruntment |t appears that fluctuatlons |n.

recruvtment consustently keep the adult populatlons of these flsh at densutles too Iow":

- fgfor lnteractuons to take place a process slmllar to Connells (1978) lntermedlate'l" ‘
‘."dlsturbance hypothesns Habltat selectlon appears to be a more |mportant factor ln ’

-determmmg the presence and abundance of spec»es The type of approach used |n
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‘this study should prove valuable |n the future to test more specn‘nc hypotheses on the o

role of . habitat selectnon populatlon dens:ty and unteractlons between specnes on the

commumty« patterns
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' Inden‘uflcatvons were “made using the keys in Osburn (1950 1952) Koifloff (1874), |
L Smithy and Cariton (1975) Fauchald {1977}, and Butler (1980) S S

e | s PORIFERA |
.’SCYPha.SP- L 6 Leucoso/en/a sp Sy T 6

" CNIDARlA
. H!!‘erZQ' a-

‘bf‘db‘g/arj/_a sp. - s 10bel ia: s,o L o
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e Micrura wilsoni ..

., MOLLUSCA
.Cr); ochiton “ste//.e‘:f‘/" AT B a ~Tonicella lineata. RN

L R Prosobranchia: RN

/ot/s kamtschatkana S e - Piodora: aspera

tea gibberosa ;. Ln - Tegula pulligo.. :

_érgar/tes pup///us S e s LCal liostoma. can/cu/atum '

%, Polinices lewisii . -~ '~ . 88 . Calljostoma ligatum S :

assarius: mend/cus St Amphissa columbiana 12
Ceratostoma fo//atum Coe o U120 ."Acmaea m/tra ook 7,10

K Di[ona albolineata - . - RS R Dendronotus /r/s Lo

- Aeolidea papilfosa. . ... . or Antiopella fusca = .
Hermissenda. crassicornis SRR - Aegires al bopunctatus:: .. 8

-Cadlina /uteomarginata .. .. S © . Archidoris montereyensis . . :
Diaduta sandiegensis =~ = T Arch/dor/s odhner/ L

. Acanthodoris nanaimoensis - HETACR :

T

oo

Pododesmus cepio -~ .. ¢ A6;_ , Ch/amys hastata e e912 0
Yo ANNEL,IDA
Phyllodoce (mucosa?) ~. ;= R R
- Crucigera irregularis = " .02, 0 Serpulavermicularis - . 2
- Myxicola infgdibu/um S 8 :



' Balanus cariosus

Pandalus dariae
. Pandalus platyceros
" -Heptacarpus brevrrostr/s

- '...Pagurus caurinls
o . Pagurus hemphili i

Pagurus. setosus

kS

. Pugett/a producta
© -Pugettia gracilis
:. Scyra acutifrons

Crisia sp.
Tubuli po;a Sp-..

: ./.yru/a h/ppocrep/s
Bugu/a sp v

" Pteraster tesselatus
" Henricia leviuscula =~
. Pisaster brevispinnis .
- Orthasterias koehleri ..

 Strongyfocentrotus -
droebachiensis. = . . - -

_ Parastichopus californicus

@

Lo

: Core//a w;//mer/ana '
‘Boltenia villosa ’

L Aplidium californicum. .
. Didemnum a/b;dum‘ LR

i

. ARTHROPODA
irripedia
1
12 ‘Eualus pusiolus . . -,
120 Eualus herdmani
89 Heptacarpus tenutss/mus
D.QQ&QQQE. Anomura ‘
1 "~ Rhinol /thodes wosnessensk//
9,12 Pagur/stes ulreyi
10,5 : . :

Qe.ca.szo_da_ a_agw
- Oregonia graC// is
. Cancefl branneri .
-8 Cancer‘ productus o

S 1 . .
BRYOZOA ‘1 '

-6 Heterop_ora sp.-
1.0 'Diapecf)ecja sp.

h il¢ '
12 Ph/do/\ophora paczf/ca kE
11 S
g ‘,ECHINODERM‘ATA R P v
Lo Mediaster-aequal is

* Crossaster papposus. - o
*.Pycnopodia-helianthordes
: vSo/aster stimpsoni

- Echinoidea :
C  Strongy/ocentrotus
v franC/scanus :
HQ|chgrQ|Q§§ N
. Eupentacta v
pseudoqumquesem/ta

E

| cHoRDATA. |
-As Q‘;giag ea

. Pyura haustor : S
Styela monrtezeye.ns[s_ - f" -

ol o

C nem/docarpa f/nmark/ens/s
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C. Appendix lll: Detailed colonization histories of individual reefs

The indented entries represent subtotals within the listings; They are not included in
- the final totals, To facilitate the reading. of the table, dashes ( — ) are used in the
listings before the first sighting of a species on a reef. After a species has been
recorded once, absence is indicated by a zero. ‘
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Anarrhichthys onm-mn:m N Lo - T T S T

mow<U:0U~ma:m :~030~m~ 4
Sebastes caurinus - . . S : LR . . . , . R 1
Sebastes maliger. .. . ST T Lol w2

5

Non-schooling §. Em\maonwl.. ) RN
Sebastes meldnops : o

Sebastes pinniger . - .M . ‘w R ST L T . R Sl

Sebastes spp. -
Sebastes :  Total

' Hexagrammos decagrammus -

Ophiodon.elongatus

Oxylebius pictus

5,&0»_..03
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TONDWOrd Y20

o

b

Eapry

Clinocottus wUU :_ E - = - -
;Ims-mc~ao~:m :ma-mngno~:m ol - pt = - B
,LoﬁQm:~m zonope . S = = - - -
Rhamphocottus a~n:mvamo:~. - - - = -
Cottidae: ﬂoﬁm_ . = - - - -
Numiber oﬁ,1mm¢am:w.mnm0¢mmw‘ a4 d s 5
Number of -resident fish 1515 35 .20,
: aoﬁm_.jcacm1 of ﬁim&,. 15 is5 um.vw.A._.MO
*:"Non-resident species :
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D. Appendix lVgiChi-squ-rd_ tests for the space utilization on the transects
. The vertical bars indicate the ‘k_iategoﬁes that were pooléd togefhar for the: tests. For the '
- definition of the microhabitat categories (position and substratum), see page 31,
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Microhabitat
Categories

Coryphopterus nicholsi -

Rock, in‘a hole -

Rock, exposed

'Rock, swimming
sand, in a hole -

Sand, exposed
S Sand, swimming
X", 1355.52; df, 12.

o

Hexagrammos decagrammas

‘Rock, in a hole

Rock, exposed

Rockmmm.ngvb

Sand, exposed

U Sand, swimming
X%, 40.52; -

af, 9.

: Sebastes melanops

 Rock, in a hole-

. Rock, exposed. -
. Rock, swimming

-Sand, in a hole

o Sand, swimming
'xz 14.02; af, 6.

' - Sebastes caurinus

'Rock, in a hole

, Rock, exposed
" . - Rock, sw:umu_ng

Sand, in a hole
LA Sand, exposed -
'x2 24.22; S

dff, _6.
Sebastes mallger .

Rock,‘mahole'?

- Rock; exposed
,Rocksw:urmlng
x2 1908 a, 5

om

M

J=-M-

163

777

107
225

N O®

51
28
26

e oo e

OO L.

A-J

234 -

2072
14
701

2116 -

30

18

S

31 -

16

21
10.

69
29 -
12

© 16l

J-s

296
13887

21
97

923

46

29

11

43
2

. Sampling Periods

o-D

69

363

1
75

TOOoONHW

O oM
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Fish Length Date . Date Length of

(rmm) tagged last seen " residence
C. nicholsi 91 ©25/7/719 11/3/80 231
C. nicholsi 82 25/7/719 11/2/80 202
S. maliger 77 22/6/719 31/10/79 111
S. mall ﬁr 79 27/6/79 5/2/80 ‘229
S. mali Er , 135 24/7/79 24/7/79 0
S, ma “If E!'r . 60- 24/7/79 24/7/79 0
S, na"'TIgEgr 88 25/7/79 16/8/79 - 56
S. .caurinus 89 22/6/79 2/7/80 382
S, ‘Caurinus 94 22/6/79 12/3/80 265
S. melanops 126 22/6/79 29/8/719 69
J. . zonope 88 27/6/79 25/1/80 213

'Smmaryofthetaggingdobeonreefno.#.

. Species " no. ~ ‘Mean duration Range
of stay (in days).

" C. nigholsi 2 of6 - 202231
3. zonope - ST 213 "

S. melanops G 69

.S, caurinus 2 - T 382-265

S. maliger 5 99 : 0229



