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ABSTRACT

)
, The seasonal dynamics of agg:ro~sion and social spacing;

~nd -ma"te choice of the J:'adiated s~ann::(,~ sUbb,ifurcatg
. . .

was examined using both labo,ratory and field observations.

In addi.tion, the 'role of .aggress;ion was. examine~. in :th~

context ~f territorla'lity and reprod.uction.

!" 12 month ~tudy. demo,nstrated adult J.L.. SUbbifurcota

ho.ld .arid d,efend: :'l ,crev-ice site ye~r-round. HencB, adults

can, be considered territoriaL T~e field s-tudy - also.

demonstrated. tnat ad~l,t"s hold and" defend".'C'revicB- sit.e~ fro~

April to. ~ovember. . However, adult !L..' subbifurcata-' moved '.

_Sli9~tlY off~h~re ,~ur~nq' w~n~er mo~ths (Dec'ember to -'Ma~~~)".
Altkough npt obs~rved, it -ls-sl,lz::pected tha: w~iile Of:Shore

adults also' hold -territories. It fs.' th~u-ght that

tsrrit;oriality in·!L. subbifUrcata is for shelter and

,Thl:! laboFatory and field obs,ervations also

demonstr3:~ed th~t .JIggr~ssion in both ~exe~' increased during

the pre-repx;oductive period (March to May) and peoked--­

durin? th~' reproductive period' ('~ay t~ J~IY)·. A, ~ro~rtio'n
of the. 'increase 1n aggression in -the p~e-reproductive period'. .(' - ., '
ca~ ~e att~Lb~ted t~ territory ~stablishmE:nt ill the· field ..

However, ·t.he' increase ~n _<}9gression during the repr~ductlve

period. can, be' attributed t~ iDcrease~ GSI and hormonal.

:---.
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,/ levels. "'uence, aggression "is important in "the reprod;cf!ve
II '.

behavieJr of. the radiated shannY.

To e~ll.mine: the r~le o~ aggr:ession, in reproduC~i1Sn;r;r-"
u..... sUbbif.urcata additional l.aboratory and fl.eld '

,obB~rvat~ons we~e performed.' Observations indicated that.

ther~ was variance' in male spawning, success. It was ,

d1scov~J::ed ,that a' hiQh., ~evel of male ag9ressi~n and large

bo~y ,size were l:ioth .im~ortant· ,criteria for femal~ m~te

'Ch,oice and subsequent male -',spawning suc,cess., Laboratory

.o~8:~rvation~ 'also indic"':t.ed that female choic~ 0..£ spawning

partn.era ",i~s", based 'on a.;:tlve exanii~ation of .all
.I' :' , ~ ':.' , . " ' . _.'~ .
i~xPill!:r:h.ental .males. and: nest sites ~be.fore .. spaw,ni,ng.· In

..
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GElfERAL IHTROOOClION

An llrea of evolutionary ocology that has ~ of

considerable inter':st. since Darwin (1871) is mat~g
oq'

:.:~ategies in sexual selection. H~. prop~sed that

t~1\viau~1s who do not differ in their ability to survivE,:

, ~y differ greatly in their breeding success:' D;rwin fl87l)

proposed that breeding ~uccess depends on intrasexual.. .
selection, competition ~ithin one sex for membe:rrs of the

opposite sex, and. ~nt,a.rsexual ,selection, ,.choice 'by

individua~s of .one ~ex for particular members ',of .the

opposite sex. Bateman (1948) and later Trivers. (197~)

st~ted t:hat sexual" se,lecti"on ,is' governed ~y the x:el~tive·

~arenta:l investllle~t,of _the. two sexes. Trivers (1972)

defiru!s . ~arent~\ i~vestlllen~ as a~ investme~t ~y .~ ~arent '\...,

hi an in4i... idual. o.ff;>~ng:that inc~eases the offspring's

chanc"e' of surviving' at the cost of the parent's abiiity to

invest iIi other offspring. Pare~tal inve~tlflent b1--either

sex will tend to result 1n {e sex. investJ..ng tlle least in _

Offs~:ing co~peting •to. mat with ·th~. s:~ inve~tin~ the,/

most. The sex who invests m re is predlcted to be choosy

Of, its mating 'partnM's since it has more to loose. from a

~nappropriate mating. #-

.'I'rlV"ers (1982, 1985) poiJi:ts out, that fe.males. ar~""

~~ne~~ilY the which i~vest~'the most in offspring .

. I

.~



Females
.

are th~U9ht 'to invest considerable amounts of

'.\

metabolic enerlilY in, the production ot:' a given sex cell; the

egg. wherea~ males invest considerably less, in sperm
~

production (Bateman· 1948., Triv:ers 1972), Becaus~ o.r. the

i~:l:tia1. high cost. of eggs; fe~a'les tend to increaso .their

parental investment beyond gamete production by gestation
/ ' I "

an~. sucklin,g to en~ance sU~ival of the offspring: thus,

maximiz.in~ past reproduct~ve investment in' the egg (Orians

1969)::.' ~l.t~rnativelY,. males are .gen~rallY beHaved to' be.

repr~~uJ~i';.eiy limited' '~j,lY by: th7" number of f,emale~ they'

~air 'f~rt:.'iiize (B~tema'n 1948:' Tt-iGye~B 1972), Hence. Cl'.lI~si.c

~r'QSe~rc;'h on" ~XU~1 s~lection"has l.conce~rat~d on org'an'isin~"
i~ Wh~~h fem'ales ta.re the ?hOOSi~t'" .sex ~d ~aJ.es ~pmpe·t~.

" .

. .
• a~ong :.hem$e1~~S· f,~~ fema~es CB~teman 1,9 i Rl .. Tri~eJ:~ i-972;

Cox and I#;:Boeuf 19f7: Partridge et aI, 1,987). I

'In •organisms.' ~n wh.i,c~' ~a1e . parent~i ~~v..fst!!,enb~'
increases beyond gamete' pr;'duction to mate-, nest-guard1rig,

. and pa~:rt;la; care ~Of the' offspring, inal'ts a:e e~pect'ed to''-
'. . .

exhibit so~e degree of mate choice (Ttivers' 1972). In ...~.,
, , " ,.1 'f ..

organisms in ~hich male parenta; investment ,per offspring is '<iJ
higher'than female investment, males are expected to be. ..' '. . \ .
choosier il1'!"1llate selection than females ('Gwynne 1981;' pe~trire

198:); Tr~vers 1985). AlIlong organisms 1.n which p~rent~1 care

by ~he t'wo se~esl is comparabl~, both m~1e~ .and 'females ar~

expected to exhibit choice, h~l}ce, the reproductive

of th~ two sexes is expec~ed tOI'(.ary ~in similar ways (Petrie

.'\ .2

.!
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1983) .

The benefits th!lt animals may der"ive by choosing a

particu~ar mate range fr~lIl the long-term advantage of

Illating with an individual of high genetic quality to

i1lllll:id"iate • gains' such as ~'ourtshiP teed~ng (Partridge and'

Halliday 1984). From an evolutionary perspective, the

ultimatli!' benefit of choice is the' increase in an

individual's fitness (Partridge and Hallfday 1984). &eSPite

theoretical advances in understanding sexual selection

d~rived from population 'models (e.g. O'Donald 1980;

Kirkpatrick 1982; s~ger 1985), fio.ld eXl?eriments (e.g.

Andersson 1982), an(:l ,breeding 'studies (e.g. Majerus et al.

1986. Simmons 1987), fundamenta,l questions in sf!xual., .' "

ssJectiol)' are still unanswered, (partridge 1986). . For

~xample, the' rules females use: i:.~ Choo~~ mates '~nd the'

'm'echanisfIls of. choice are' stJll unknown (Partrid.ge 1986).'

In addition, traits impor.tan't in' sexual selection are
. " .'

essentially unstudie'd outside of' the 'reproductive context.

Sexual se:lection studi~s 'have c0'lcentrated on a Is,

birds, insects, and "reptiles (e.g. Trivers""1.976: ox lind

LeBoeuf 19771 Smith "1.980;' partridge et al. 1987) There is

an increasing lIW'lI'l'eness that the behaviour of teleost fishes
. . ,

is not ~ simp~.it'ied versi~1} of that see.n i~ 'b"irds and

n111.111ll\als~ pitcher 1986). The'ra are' well over 22,000

" '.'living species of teleosts, 'including nearly all those of

....

,(
importance

..•..

in commercial fisheries Ilnd aquaCUlture (Bond

'- ) ".-(



1979) . Teleosts are. represented 1n almqst eyery aquatic'

envirpnment from temporary desert pools to deep Oceans (Bend

1979). For teleosts, 'behaviourall plAsticity is one of ~he

keys to their success' (Pitcher 1986). Moreover, fishes.

exh1bit eno:rtllo~s diversitr ~n both their rep,roC!uct!ve mode~

and 'the types of parental: care they provide (Gross: and

~arg)nt 1985). In those fishes with ~arental c,are, paternal

. care dOPl~nates (Brede~ "and Rosen 1966). Hale parental'"

-;\ ability has been shown to be imp~nt in";emale' mate choice

in some fish species (Brown 1981: Grant and colgan. 19B3}

Keenn!yside at al. 1985);.. '\ -
_, _. The present study examines seasonal dynamic~ ,of

aggression and s~cial spacing. and mate choice in) :the

radiated shan'Ii'y, 1l.l.YA.r.1A sUbbifurcato, a no'6J:urnol Nort ~est

Atlantic .. stich.ae~d.. F;male' radiated Shanni"es.. ~epos~t eggs

in the· males' nest sites where they are left. to be gu rded

and aerated by the male unti,l they patch ·as plank on~c

larvae (LeDrev' and Green 19?5). F~male choice ot spawning

partners may occur since LeDrew and Green (1975) fo~nd some

lJ'Iales guarding lIlo~e ,tlian' one egg mASS, while other l.dalti!lS· h~a

no eggs. Homing studies'- have indicated adul ts occupy.

defended si~s during the reproductive season (May.- June;

::is~er 1912); however, tbe dyna,ics and function Of_ this •

space usage is unclear. consequently,~ BUbb~f~rcata

offers .an 'op'~ortunity to examine aggre'!sion and socbl

~acing and its' 'association with reproductt.,on: :1r.hls -s.tudy

,/
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1s . divided into 2 chapters: 1) Seasonal dynamics of

ll9'gressio~ .and. social" spacing; and 2) Hate choice. The

first chapter will discuss a year-long study examining

aqg~eBSion. The role of aggression. is ·examine~th.respect

to territoriality and reproduction": The. second cllapter

examines, more specifi~~llY. the role of aggression in

reproduction, particularly in ferna~Q mate choice.

\



CIlAPI'ER 1 SEASONAL DYNAMICs OF' AGGRESSION AND '·..sOCI'AL
SPACING

:"

1.1. Introduction

Agonistic behaviour plays an important role in social

behaviour (OVaska 119S.,..) as it can 'influence social spaqil'lg

(territoriality), dominant/subordinat~·hierarchies~ sexual··

i selection, and' predatory behaviour (wiisc:>n 1975),' According

to·'.Reese (1978) space related or .t~rr1~orial behavi~~.r is
. . -- "-- .

. one- of the most impor,tant deterl?inants of social. behaviour

1n animilis. It 1<6 through soci~~l 'spacing that urclny other
. _ I . .

asp~cts ~f' socialbehav~C?ur, 9u.ch as, r~production', can be

affe,#t,d. and"CJ~verned,(e.g.' Hixon 1987) ~ " \.

. .Terrftoriai·i~Y, .o.ur~. 'w.hen ~n. indi~ldual defend~' an.

'area a9ai~S~ ot.,hers, th'ereby. gaining incre.ased access to,

included resQurces (Kaufman 1983). There' has 'been
~ . .'

~;riSiderable disp~te on the. preCise, de;fi~ition ..e..,f
territoriality; specifically on the SUbject of exclu.siveness

, . \.

'of the space, and!,.. the 'overtness of· the aggression to

malntain'~e spa.ce (i.e! Bro,wn and Oria ,s 1970; Morse,1980;

.~ Kaufman '1983). 'Regar~les~ of thfi! dihp' table .definitions of

ter~i.t~ri-a'l'i.tY, th~ .~a.ture an~. the function: 0 f

territ6ri~1'ity a're better rec::onciled. Space ·aC~iBit.ion;

cannot be achieved or maintaine without ,~ominance/

Dominance/subordinan e is a r~lation~hip

"two individuals in which one' (the' suborcHnate)



·\ .

defers fo the other· (the dominant) in ,contest situations

(Kaufman 1983). Territoriality is comp_oseci., of. two

continuous components, space and time (Kaufman 1983). Much

research has examined only the physi9!"1 components of the

territory and its owner (e.g. -.Hurly and .Robertson~984).

~o~ever, territories vary in ~hJ length of time during' wh;ich

they exi'Bt. For _~ examp~e {llany animals only defend

t~·ie.s .during tht:' breeding season for apquis'it~of

'mates (e;9: - 'SiTiiii"anders-,;, - 'Ovaska 1987). In additfon,
, I ,. , .'

te~ritory~ize .and -dom-tnance/subordinanc~'relationS,hip~ have

been noted to change temporally' (KD.ufmaq ,1983).

A99~siQn· .~_S nece'ssa~ ~or ~~~ estab.lishmen~ and. may

.be uS,ed, ~ut n"t necessary,. for ,the' ·lJ.lD.intenance o~

t.erritor,ies. 'Si~ce ,~~r:t;ito~ies..~,~tennihe ,th~ ~sage 9f space

by a ?roup .of a.nima~~, ,aggrs.s'si,o'n·: can piay, a ve~y important

rol~ in the.. spacing anc:I ultimate- .s~cial interactions of

animals: Despite the eno~ous lit,erature" on the' functron of

.agg~ession' 'in territoriality little work on aggrevsS'ion has'

gone beyo.nd. ~pacin~ to the overall social ',behaviour ;or. (the

animal; few studies have examined the cha'nges in seasonal

a9q~~sBlon, a~d,'hoW it ia related. to -changes: in _territ~;ial .
. " • • . ,., _ J

and rt:lpro.ductive. behaviour, two. ver;i important ~spect.s,of

8o~iability. (cf. Hixo~ 1987).; . Furth,lirmore; traditional w.ork. .­

0." ~~qreS~iOn - .8n~' s~c~a~adn:'-has :.bee!,!: 'o~. ~i~dS ~ or

-. mallUQals. Not .~nt~l recently have pa;tterns ~f. ~ggr~ssion

and spatial use been widely noted, in solitary and



territqriai fish (Cole 1984). This study examines the

seasonal dynamics of aggression ancl social spacing and its

as~ociatio~ witQ the reproductive behaviour- of ~~

, §ubb1 turcata.

Besides work done by Fisher (1972). and Goff and Green

(1978) little ~s 'known .about the aggressiveness. site

tenacity. 'and territo~iality of~ sybbif!!Tcata.· The

existence and function. of territoriality in'~

subbirurcatl!! is unclea~, No qu~ntJ,tativ~. evidence Eixists

. for terri'tori~l~ty in lL.. sUbbllUrcata. Fisher '(1972) found

no evidence ~o support;. the poss'ibil1ty 'of' tl:!rrlto~iality-i"n

l.U.n.d.A sUbbif~rci!ltA except during th~ spawning season" wh'en'

agonistic behav!ol,lr. was· note4, but not quantified- for'males.

;i~'h~;' '(1972Y'- tound that both malell ~nd. female's 'nave ~
... !... - ,

restr~cte~ !:lome ~ange (an .area that an animal .habitua~IY

- pat~ols), on the order of 2-3 rnJ .·, It may be 'identical to a.. .
territory or it can be larger (Burt 1943). ,Fisher (1972)

suggests ~h~ lunction of the home ra~ge.-;-o·be a ~eans Of'

"adequate spacing" e.s well as guaranteed shelter from

predators. In addition, small offshor'e migrations ha... e
- .

bee"~ Obs?rved in ~,sJ!bbjfur¢at/!,' (Gr'een, pers" co,;,m,),

);:jut '~igration has. not ,been . rec~rd'd with' ~hahg~B in

Bggressiveness o.r· repr.oduetion.

Over a 12' month period 1: used both laboratory and .;field

observations to ~allline the seasonal dynamics ~f aggression

and social spacing. M~re specificaliy this project

'- ... :,""').'::,



\.

·..
addr8esed the foJ.lowing questions: 1) Is ~

SUbbl~cata a territorial tish arid does ter,ritoriality

occur year-round? 1 2) Does aggression in 1l...... .subbifurcata

vary temporally"and is this variation assocuted with

changes in space usage or terrl.toriaiity? 3) Is the

yariatit;m. in aggression and space usage associated with

reproduction in u... subbifurcata?, j

4

. \

" .



1.2. Methods

h 2 .1. Laboratory Obgervations

Adult- ~ subbifurcata were collected by SCUBA
-~ . .

from rortugal Cove (47 37'N, 52 ·56'W). Newfoun~land in May

19~6 .. 'Fish were !lllIintaine~ in a holding aquariu. (90 X 70 X

4~ em; 2?2 1) ·at ambient wate~ temperature and ph0t;.0period

until October 1986 (ye"arly means: water i(- 3.8- S
photoperiod x~lO.5 hours of light). Hales and fe~ales we;~

separated in ~re h61din~aquarium bY' a mesh part! tion and

~ere fed eV'e~y two to thr'1~ 'with ~rina shrimp, qapelin,, , .
and amphipods (wherl available). l. ~. \ . ,... . .

Two aquaria (1,20 X 40 J!: 35;cmi 1.6\9.1) were. placed in ~

blackene~ -room ",ith reversed am:bi~nt ~hotoperiod to enable

observations during th~ day. Dusk 'and dalrin, and day and

~\: were completely rev~rsed in ;he ex~eri~~ntal' roon.

Dusk and dawn (1 hr eac;h) ~~re simul~ted by a 25W frosted

~ulb located centrally above each' aquarium, and day wa'!>

simulated by two '(jOW bulbs located centrally above each

aquarium. TIoI'o 25w red "bulbs evenly placed above each

aquari~m- Iilnabled ObS~~ to be made during- the

simulated dark hours. Green at al. (1998) found no effect

of reversed photoperiod or red light on the agonistic ~d

• reproductive behaviour of the radiated shBnny. Furthermore),

studies have indicated ani~a'ls do not use ab'solute levals ot. .
light and dark to cue da.ily rhythms" but rather use relative

amounts of light and dark (W:lpiams 1976... TWice.ll month

10
.~.

.~.



. i

A
for, 12 months the photoperi~ was 'adjusted to replicate,
ambient photoperiod. Each aquariua had 1 c. of gravel

covering the bottoll mill~cking substrate ,where the stianl1y

naturally occurs (pers.. : obs.), a.nd each .aquariUll contained.

four crevices made lrom two equal-sized overlapping rocks.

All 'tour crevices were similar in. size ot. rocks and in

volume.

Observations. were made on eight, sexually mature

,individuals once every two weeks lor a year (OC~Ober' 1986-

!sept8mber ,1987). Four individuals were used per aquarium

. (similar Siz~d ±O.2. cm in total .re~gth):. ~ean dista~ces

f between crewices in aquaria' were s~lIlUar to those observed '

in field studies '{i -' .5mi· r~nge 1:5 - .. 2m). fr,i~iaUy,'

each aqua.;iulIl contained two males and two femaJes ol

similar size. However, due to deaths ot six i,ndivid~ls

(because ot supersaturation) during .Ja;nuary 1987,, ,

individuals were replaced with Ush ot similar size, but at
. ., ,

unknown sex from the holding aquariua. The effects ol tttese

additions were ~lnilllal as discussed 1n results, Sex could
, .

only be detenined visually in April and May when spawning

.. colouu\:ions Of, each' sex develops (Ha"thi~en 19:?i Green et

al. 1988). After the death ot 'an indiVIaual an? at the er-d

of thj1 observational period, individual's' were measured

(total length), sexed by gonadal Gxellnination. and age,d by

otoliths.

... Observations' on each aquarium .were made for 30 min at:

.' 11 ..c',.
j

'.'
'~

;~. ..,: ,,'..~. ,-''''; :---.:.':"",.. ~ ;: I,:';-:"!:,·,,:·~,.;t'"



1) d~Sk., 2_) midnight, 3) dawn" and '4) midday'; "All

observations were recorded with a NEe event .. recorder. At

the onset of each recording session; water temperature and.

initial position of all individuals were noted using the all

oc~urrence ~~~ChniqU~hner ~979). This technique was u'sed
{;';.»-."

since the agonistic 'b~aviour of the fish did not occur more i:..

often than the observer could record the"m. II'he total time

an individual spent qut of its home site 'Was also recorded.

. I
12

J

. .
A crev.ice· was considered a home site when an individual was

r.ep..:.atedlY observed in it (o~er 7~~f the time}. During

each session all aggressive.. encounters were recorded. An

aggressive encou·nter wa's de,flnea as a behaviourai­

interaction between· two' fish which ended in one displaying

an .~ggressive~osture ~nd the other diSplaying a submissive

po~ture (~~~jAPpendiX I for 'description Qf postbr'es). An

agg-ressive . ,encounte.r may have begun with both fish

jiisplaying aggressive postures, but ~fin? ,outcome

resulted in one fich 'backing down' and di~P1aying a_. .
submissive postu~e. Aggressive encounters. we:re described

by: 1) identity and stat1,1s of the fish in.volved; 2) dura~ion,
and;,3} intensity of- the aggressive encounter;. and 4) time

spent out of the crevice· site. Intensity of aggr'ession was

scored as l, if one individual ,. (aggressor) had lin erect

dorsal fin, -...head elevated, operculum flared; 2, if a Ush

lunged at the opponent 'With mouth open; ?r 3, i ~ one fish

individual made contact with the other individual., .



"
./ \ To exami~he ,seasonality ~t aggression the y~ar

divided, into pre-reproductive, reproductive, and

reproductive periods. The pre-reproductive period begins in

late March/early April when shanny gonadal somatic index

(GSI) .begins to increase (LeOrell' and. Green 1915). The'

"reproductive period beqins in May and ends in July. At this

stage GSI is at its p~ak 1n all 'individuals,' males are

spawning ~nd e"q9 gua~dinq" and females are· in a gravid

condition or spawning. Post-repro~uct1ve state begins in

Julyr"nd ends 1n February. At this point both sexes are

. r~pr~uctiv~~y spent, Il~d oar': .i:n. ~~nad reccr~.ry (.Leo~ew and

Green 1975): ' '

f Habi;uation may occur between indiv~duals in. the· sne

aqua:.i~lII. .Hov:ver. in the ~ield, neigh~urs remain

pernan.ent throughout April to OCtober (see Results): thus,

pe.I'Ilanent neighbours appear to aimic nat:.ural conditions.

Experimental fish were fed every two to three days with
"" .. ' ~-,

brine shrimp,. cap~lin, and uphipods (when avaiiabh~'l.

Before. data. ot: the fish fro" both aquaria "ere pooled

• t"or analyses ditferences in daily and anRual Dlf'!'ans' of all

mell.:ures of aggression wer~ e~~lline u;.j~ 'st~udentls t:-tJst

.' after· square root transfo:rmation. l ~ls~, trends. in

aggression leveJ,&-"th5~u9houta daily cycle was examine by an .~_

.ANOV1\: Finally, the· effects of sex and'temperat;ure, and sex

and dat,e we;-e ex~mined. usi~g a two-way ANOVA of the d~ily

'v

'r-'
i: if

l~~~::i:',. ;. .'

The 'level of signiticance

·13

• 1,.••. ~
.....,,, ' •...; to _ "•••,' ' •• ~•• ';I".. '. '., .

·v
.\

0.05 for' all



statist"ieal tests.

All a9gress~ve.enc~unters were categorized into four

pairings: feaale displaying aggression to a feraale,:~'fel\\llie

displaying aggression. to a lIlale, aaie displaying to a

female, and male displaying to;. male .. Comparisons' were

aade be..twe~ the to:r cate~ories using a student' s t~teJlot.
comparisons )ro'ere also laade between reproductive. and non- ..

reprod"u~tive....,per1ods (summation of p~e- and post·

reproductive periods) within each 'group using" II" chi~square

test.

1.2.2, Field Observations

.,
f'ield observations. were carried out at Bellevue (4~

38'N, 53 43'N)~ Trinit~ Bay, Newfoundland,. in a shallow cove

(maxbum de.pth 2 • at low tide) a"t the tmouth of" the estuarYq

knowrras Br~'Lak~ (F19ure 1)," In April 1986, ~.study.sV

\ofas establi ,d tn' the mouth of Broad Lake. ~n~inq HE to. ~

SE. The site' as in a "natural depression (llpproxima~e1y L5m

x 9m), eontaininl£l. high densities (1.05/m2 ) of shannies,

Tpe site. was surveyed once per monttt..!xcept during April to
. ,

JUly, when th~ site WIIS ~rveyed each week. Number, size

(total length), sex and crevice "sites of the shannies in the

. site, andl sU"bstrate of eabh cr~v"ice site were noted.

Substrates were define .as 1) 100'-. rubble. (rock

14.
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Figure 1: Field study. site at Bellevue, 'l'rinity Bay,

Newtoundltlnd.
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less; than 1 .i~ diameref), 2) a' mixture of rubble and

boulder, 0;' 31 100\ boulders. fish total lengths were

estimated by placing a ruler on the sUbstrate next to each c:
fish. Mature individuals were sexed when spawning c.ol~urs

and gravidness .became apparent in May. Individual body­

markings were noted for later identification. During 'each

dive the crevice in which each shanny was p'ositioned was

---recorded on maps of the transect.
. ." ---

. five adu1t . mates and five adult females were tagged in

August 1986.. Coloured beads were attached below the dorsal

fin, through the epaxial musculature midway between the head

and caudal ,fin by, monofilament thread. Over one year the

site was surveyed for tagged fish~ .An es'timate of activity

levels was ,determined by swimJll.lng on the surface ove.r the

site for 10 min and reco~d-ing the number of individuals

outside their home sites~ The site was survey.ed during

late aftern~on or ,.dUSk to control ;or behavioural

diff.erences due. to photoperiod. Ideally, the site should·

~av~ been surveyed during the same four periods when the

laboratory observations were' performed; 'howEfver, strong

currents 'with back eddIes during tidal flux made field..

observ~tion.s impossible except during ebb tide.
. v

In order to determine temporal or sexual .variation in

ag~ression (levelS, a model pr,;sentation Qxp~riment w~s

perf6rm~d durinq each, di~e, .comm,encing J.u.ne 1986. A model

1IIale intruder was constructed by ~~J;!eze-drying a large male

\
16



(larger than the mean \total length of the adult popu~ation x
7.23.cm) in an aggressive posture (1. e. .fins erect. head

elevated). The model was gutted, shellacked, and mounted on

a stick, Methodology of presentation followed that of Colgan

. et iiI. (1981). During e"ch tes~ the model was presented -to

a male six times. Each presentation involved movinq the

dummy . hofizontally and b·roadside at a constant speed

(ISsec/m) towards the .crevice, pausing for three sec at the

mouth of the crevice, then withdrawing the model at the same

speed, The model was removed from the view of the test fish

for 2-3 sec between each presentation. The occurrence ~nd

dis~ance of each response to the- intruder by the male was

recorded. Response distance was e·stirnater.l !?y placing a

weighted -met~e stick iTt' front of the nest prior to testing.

The model was presented to five· males and to five females

l during the montJl~Y'5urvey for a 12 month period, The five

males and females were the same tr'om June to November 1986;.
however, when individuals returned to study !i'ite in April

1987 (see· section 1.3.2) identity of individuals could not

be guaranteed. Hence, an ·additional qroup of fiye male~'anci

five femal,es were used from April to July 1987.

. Both the number and tfl,e distance of response were
/

compared between sexes using a' student's t-test.

compa-ris~ns tfllong th.e three ~productive peri.ods we~e made

using an F-test afte.r t/@g for normality, 'Also,

habituation of residents to the model intruder during the 6

17



presentatio'ns was exa~ined by a comparis~n of th~ first two.

~ntro,ductlons and the last 2 introductions using a student's

t-test.

statistics

The ·level of significance was O. OS for all

18



1.3. Results

~;; ,. \ '.:.

I
If: J .1. Laboratory Observations

Fourteen ~ish were observed during the study. From

October 1986 to January 1987 each aquarium contai~ed two.

males and two females of similar, size and age (Sse Appendix

2) . However, from January 1987 to September 1987 on~

aquarium c.ontained three males and one female whi'le the

second aquarium contained t~o males and two females

(Appendix 2). During May 1987, a spawry.ing. occurred in th·e"'

tank co~tain~ng two i~dividuats of each ~ex,.
The fish in·. each aquar·ium. were not signific.antly

different:: from -ea~h other· in daily or annual means 'of
.' .

n"umber of. ~ggFef!siVe encounters. ·per ~bservation pe:riol:!

(MTOT), duration of encounters (MDUR)"; intens'ity' of

,en,counters (MINT)., and time spent - out of. the .crevice .per"

observation period' (tiTSl'l) (studE!hts' t-tests; Table 1).

consequently, for further anal~se.5 the data of the fish from

both aquaria were pooled .

. ·Aggression as measured by the number of aggressive

encodters, differed' significantly among mid-day, 'dawn,

dusk, and mid-night r~pectivelY (ANOV~;. 1"=6;11,· dfa 1
i

J,

p-O.05). The t~:,nd was a~ increase from mid-day to mid-

night. During j'Did-night ther'e were .si.gniflcantly more

aggressive enc9unters than ·du~ing all other: thnes (Chl­

square: midnight vs: 1) mid-day, )(2 - 14.67, N=24; 2) dawn,

'. )
'9



Tablli'- 1,:

1

compari~ons of the ~onth1y and annual means of

the total

(HTOT) ,

~UlJlb'er of -i!9gressive ..e~counters.. ,""

intensi:t:~ ,(HINT), d-uration"

I encounters (MOUR); an<:1 "tirqe 'spent out of- crevice

, (MTSN)· among, l,\boratory...help \ush,. . ~tandard

errors- in parentheses. Note comparisons were'

mad~ on 5qua~e root: values.~;-



DATE ,P TANK 1.

HINT HOUR MTSN

TANK 2

MTOT HINT HOUR HTSlf

OCT· .21.' 1..25 20.59 12.63 ••8 1.28 27.01.
g:~:11986 (.17) ( .251 (6.321 (1. 46) (.4~) (.15) (6 ...41.)

NOV .39 1..33 3.77 4.50 ••0 1.10 4.35 ' 9.69
1986 ( .1.0) (.33) ( .46) (2.33) ( .22) (.1.0) ( .52) 13 .1.9),

DEC .12. 2.50 14.65 6.Hi .12 2.60 22.00 9.04
1986, ( .09) ( .57) (2.25) (2.21) (.09) ( .50) (7.40) (2.85) .~

JAN .96 • 2.00 21. 40 5.19 .93 2.50 21.90 5.89
1987 t.06) ( .0°1 (6.00) (1.6?) ( .09) (.!!O) (4.50) (2.15)

FE8 .1' 1. 00 1~.6J 6.82 .10 1.00 20.50 5.59
1981 (.n) (. 00) (-2.2J) (1.87) _(.43) '(.00) (10.96) (1.16)

MARCH ".20 1.67· 19.22 15.0.4 .19 1.33 23.97 7.83
1987 (.19) ( .17) (9.92) (1. 74) ( .10) (.33) (6.56) (1.96)

APRIL .38 1.20~2.132 ; 7 •.56 .•0 1.88 19.,:3 9.31.
198'1 ( .16) Z)"(2.7J) (2.07r" (.13) (.29) (2.9~) ,C2.75)

MAY .4' ~ 83 3'8.28 15.83 .61 r.67 38.86 14.37
-'1987 (:22) (.29) '(2.79) (2.96) . (.26) (.~l) (7.27) (3.02)

JUNE ••0 f 1.58 25.,80 ' 10.78 .80 1.54 28.48 12.58
198~. ( .18) ( .27) (2.95) p.05) (.34) (.34) (5.82) 13·02)

JlfLY .13 . 1.50 22.90 8.18 .38 - 1.67 24.48 9.89
1.987 (.12) (1.00) (H.Ol) (2.67) (.10) (1.41) (11.14) (2.83)

AUG :06 1;00 10.5a. 7.21 .07 1.00 13.70 8.34
1987 J.06) ( .00) (9.00) (2.67) ( .. 10) (.00) (9.46) (2.50)

SE~~6' 1.00 12.10 6.74 .13 1.50 11.85 8.89
19 (.04) (.00) (6.58) (2.• 27) ( .09) (.50) (4.95) (2.73)

;~--~;;---~~;;--;~~;;---~~;~-----~;~---i~;i--;~~i;---;~;i
(.31) (.08) (1.371 (.49) (.04)1 (.08) (1.60) (.56)--...--------------------,.------------------------------------

55. 55 380 3 •• 79

:I:""•••T-testa indicated no significant differences at the
p-O.05 level in all variables botween fish in each tank tor

~~~~e~~~~~;; a~-~~:t:_~:~~ ~:e;~al~~a~~ :;~;~t~:n~etween rishl
in each t"ank over 'the entire year.' "

20(b)
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x2 _ 6.49; N-24; 3) dusk, X2 '" 7.43, N=24).

Seasonally, all four measures of aggression increased

during the pre-r ~Oduct.ive state, with a peak of

a9'9ressi~~_gpcurr g du~~ng the reproductive state (Figl1res

._ 2-5:Table 2). lI'here/were alsQ observed. increases in all

four measures 0: aggression at the onset of the ~bservatioris
in October ~986, and in January 1987 when dead'- fiatt wete

replaced ",!ith new fish. Overall, females were., less

aggreBB~"ve 'th:'ln males 'in all four variables (Table 3). Both

sex and teinperature and sex and date had significant effects

on all fou.c" a9'~iOn JD;easures (Table 4) •• However,

temperature a~one h~~o effect on the mean total numt;ler of.

aggressive encounters nor the mean duration .,of ~ggressive

encounters (Table 4):L This is not surprising si~ce similarr .
sea temperatures exist dU~in\; spring land fal~; although

. very different patterns "of aggression exists between the two'

'periods, Date alone had significant effects an all four

variables (Tabl~ 4) .

.• Comparison among the four cate'gories Of, aggressive

encounters indicated male to male interactions occurred

significantly more often than all others (t= 14.61, df=1,3,

p< 0.05). Male to female intllractions' decreased

-signif-icantly during the' reproductive s'tate compared to the

non-reproductivef state (X2 ... 19.. 534, df.=~, p< 0.001), and

female to male interactions increased signi.("icantly dU,ring

the reproductive period as compa.red to the non'-reproductrve

21
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Figure 2: Mean total n'umber of aggressive encounters per

30 min observatio~ period, for 12 month

laboratory study. The 12 month perio~ fs

divided into p~, post-, and reproductive

pe~.ds

divisions} .

bars.

(See ta>K "for explanations' of
• I .

Standard errors denoted by vertical
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.,
Figure 3: Mean intensity of aggressive encounters over 12

month laboratory study. Year represented ~s in

Figure 2. Standard errors denoted by vertical,
bars.
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Figure 4: Mean duration (sec) of aggressive encoun,ters per

<?bservatietn period over 12 month laboratory

, "

study. Year repres~nted as ~n Figure 2.

Standard errors denoted by vertical bars.
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