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‘and. i our’ dn the’ cuimer ; Tuutogglab

.e.?m.._ ( VixBeom % were obsefved in Cvnceyt!.lm Buu. Neumnumd.
Dumhr- are ackive rmu May. mtu Noveaber and spend the wintor, honths
-in a state of torpor in the trate. Yales more than 6, yenra old estab.
Lisk*territories in early Sume. Territories are defentéd outside the
-nd-ummr spenniy season, Botii torritorial aid nonterritorial males
. of >150 mn TL acqiire nupuu dn‘nu.mhm betuuumemargencu from over=
vintering torpor and,itie start of the exdining Swechs Nonterritordal
males are vlgorauuly Sxcluded tz-on temtotiea by the resident ales and

appoar to co;xtu\mh Litedd to! the "prrodnct:.vo effort or the population.

mm-mx-m temalon are foudd in the pegiphéral areas of. some meq

 territories and -exhibit -wcu ve behavi.our tmurd other females: - Both |

* torsitortal nd nonterritorisl fenaled pais spavy with t-mtcﬂal males. _ .

g !‘ish.nf both sexes are cegabie’er nulup].a sbevnd. - Gromp spawnhg by

nnntemeerhl cunners -a not observed. ‘The function of- territory da-
“fense in T.' adspersus is discussed. : .
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hm,a_uwxmz@m(muq) is the - cntf Baver

-
‘R the labridae, an mmenny Lroyl.:x.l nd warn tu:rpenh “femily, fouRd

in Newfoundlend vatero. The u'pechq,rlngw from the méuth of Tresapeske
Bay to the Strait of Helle 1o und is comon on dnu.ov inshore reefdy,

i ﬂdi.ﬂfm Tock substrates and vx'-d:l. and near wharves. Such habitats

rrori toth suelter for ic afting no a: g over-
wintn' tcrpor and a suitable substrate for the benthic organians on

_cunma feod, Bt T

Aithough st wd Gy rosasii throughout ito raigs, Ti s (-

sdspersus has ‘beon thn subject of few behaviourasl or ecological studies,

principally because the species lacks commercial i-po;tnc-‘- However,

dmtoxu, q 1 with a 1hn¢cnngu

( Green, 1975; Olla.et al., ms) the cunker bas m?:tm-smmdx-'
cator of tashore envi per as Ty Payme
(w76,

On the southeastern coast of Newfomdlend cunners are active prim- °
arily fros late tay until sarly Novesber, alfiough a fow fish'zay be seen
& fe woels, cazlier ox luter. It vas ence thought taat I. sdsperms

nxp-.ted to dnpn-, warzer water for the winter mnm C Am-oea, 18703

'm;.lw and Schroeder ; 1953 ). A Physiclogical stuly by Engaard wd

Irving ( 1943 ) muc-t.d that cunners could not remsin active at normal

" inshore & iter temperaturen and added credence to the theory. Hougver

field observations hn" shown that cunners ourvintar inshore in a-state

o{ torpor ( Green and Farvell, 1m; Dew, 1976 ). When' water tl}mpurlt\n‘e.

-falls beléw 5 = 6%, cumers cesse feeding and seek shelter in marrod = -

" crevices in the substrate. T. sispersus can vithstesd prologed eosure

o/




/

in u.mllar. Net!omdlnd waters. The period of imctivity vlrxau ﬁ-om

~ 3~ % sonths off ConnectiZut ( De’l(. Jto5 -6 -ouuu o:t Newfound- '
&Bunncrs eserge from their . torpid snn when q\gex- tuper-twre
m.(.n mcﬂ 5-,6%. " " 3 -

N - T. adspersus teedn /primerily upon no].)uaca and benthic ex-uamem. ”

Thiamttsg minbs; u,ms. chitons, ysids and anphipods, althowh a

variety of other invertebrates, both benthic and plénktonic, Tre tonsun- N

ed ( Olla ot al., TH75; Shumay and Stickmer, 19757 Dew, 1976 ). Essen-
muy opportunistic lgnders, cunners also consuzie clrr:mn and fidh offel,

Py
. Nostirmial il ceise La & genssel Teatie oF LASFLA WhAvIaiE [

( Hobson, 1965, 19725 Reinboth, 1973; Boedé, 1972 ). >The cunner is ac~
“tiye only. during daylight hows and spends the night in shelter ou:the
supstrats. . At night, cunners are ina quiescent-state charscterized by -
& marked reduction of responsiveness to external stimuli ( 011a et al., 3
19753 Dev; 1976 ). During field stuties by Olla et.al. (175 ) tagged
fish becase quisgeent 5 - 55 min bef.are_ the end of evening civil tvilight
2d becase active 16 - §1 min after the start of morming civil tuilight.
Oi the basts of aquriua cbservations of a juvesile cumer, KeErlean s

{ 1963 ) suggested that the species might be territorial. The first '

field of both i '- and e behavi

-
Teported in a brief note by Wicklund ( 1970 ). Group spawis by sgere
. gations of 3 = 15 cunners in the 75 - 125 ma TL ranges had been seen OFf

New Jerses in Jure and July, 1963. larger fish of 150 - 250 mm Th ace,

tively defended territories but did’ th participate in spawning activity. »

To date, 1o, further of cunier rial and

behaviour have boen published.
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g kel + - The presence of tmihorhl cuntiers 1:1 Hewtmdlnnﬂ vntm was adn-

ptctld lﬂllnﬂ.ns ‘homing ex'pl.rimentn wnﬂuctld 1n 1973 - 197’# uul con-

i ‘. - firmed rl\u'ing 1975 Field stuties ( emn.-unpubusned data ). T eonn
. trast n \l‘icklunﬂ'u oburmlm, pair ép-vni.ng by temmu‘ﬂm vas-
. 3 e mu, ‘fogm o reprotuctive sehaiow: obamaa., BN

T 4 . " The objéctives of th:.a ltnliy Hi!a to provide a detaila\i‘akcnmt of

" pawning and. territory defense’in . and to_deter ;uu-

function of territorial behaviour in this speciesi
b . F
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Study site
situ at Broad Cove, Concep-

s A1) bebasioural data were collected

tian B-,y, Felrfouhd.land ( Lnt. u7%357 l!. Long: 52 550 W ).: Altlwugh

B iy  small: boulders. " The botton sloped gradually semx:d to_the outer
e-of the! ‘study site, ‘sharp drop from t.ha 4 to the 6.5 contour.

Dspth s nm.cﬁen,e to yzevont di.st\lrhunca o! fish by unarkellmg

6\-sentu. Jet' aha].l.ov munyn to pmnt rmgm. on of mruudm tish
nt nnder a1 bit extremely turbid conditions. “Strong vave-
fated bottoa tnﬂmhnce was rare, and occurred only When wave height

m“!lorgk‘aae'r.;. 3 e, - :

Vand. Jan waﬂdnt'ring !ltn was ! uituated 1%— 20 seaward 'of its cuter
pcri.mt-r. w8 gon, W . B

o m.u wmction T
Lot Mt,y—fm- prelisiiniry SCUBA and. snorke] dives vere madg between .

;o ate April. and ux-ly Jily; 1977. A1 dives were oade betwess 1000, and
i

Crll. connistixg e! b.dmc.k_ mltctops ).ntenpmed )d.tb‘ expanses of large .

Hore th-n 10 rlale I. E datend.ad tend.tarise \rit.hin the uren.' B

&



" ’
| i o - ;
i .
T Ly ) E % ¥
t ¢ . Broad - ¢ Sy
i 3 * ¢:ﬂv'-h : R s
: TN . .
o g & 2 : i v
Figure 1. Hap.of Broad Cove, Conception Bay, showing location of ‘the - . :
prinary study site ( 85 ) and the aroa searched for tagged fish ( lori- ’
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vwmmdﬁnslfudntmnfzncmchmmtm

»
in the 210 - 2@-(ﬂ)m.mldutcdnnﬂnhﬂum@m-

sive sfudy of ial and rep i These were the
first, territorial mmurmp'iud but were not necesserily the
ru-e to establish territaries. A1 subjects vere hsod (-see below )
end m of territories commenced.

brelintiary chotrvations ingicated that a 15 uin observatisn period/"

mvuﬂdprvd,do t i “and dnhtn:nn-

acterize activity at ‘any time of day. Q'a-neumn data were nbhumi
during 442 individual “snorkel- observal ons , nch nf 15 min duration, on

-the 10, tagged miles. Fisiy vers obemed S.n r-ndn order mmd at, fandom '
 hours betweeii 0600 and 2100 daily, on 31 -:ueurm aclected d‘wn Between
- 6 July and 23. hugust; 1977.

n-nn-bﬁ‘nlmnmnbeeruddmldiv‘nu.dfrw'b-m,
and varied with bes

te; witer tesperature ( range: 9.0 - 16.5% J,
and musber of observers available. Vater temperstire was, the principal

limiting factor of dive duration. v " -, !

" During edch & . of social int “related

r were tallied on slates and

s with or,

‘- used in 32 observations to Mda dlh on’ duration ol behlviml ptl'l—

meters. ‘A suffixed code systea’ ;dmem.d fish involved in interactions
rlth em-s.wrhl pales, as i nu slate recordings. The emoh as

umact-d to an Egterline kngus s-rm A -mt Fecorder; carried in

Y
mdm-:.by.my.aaonem.. Recorder chart ‘sp dm7.5m

~Gualitative data obtained diring: cbservations vere .u-;pm at?

_males, l—hl,ijmiles Ambhn-ntnmdermm
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0 3 . e
the conclusion of eath dive and sightings of tagged n-:.u'-m recorded.
+ Brief gualitative obamdm were made on females present ﬁm.ng obser=
'lﬁm of territorial malés. Pcriodiuu.y the cove north of the Broad

Cove Biver was searched to & depths of 105 and the locations of tagged
"fish were recorded.

Adéitional observations ui the b'euvim ‘of both males and mhu‘
0
vero made betuen Hay sad Septesber, ‘1978 Undeda othervise mmd.

>

qumtiw.m data yrmnhd in ‘the ﬁ;\lru and mm. p-ttdn to m'

<97 obsérvations.. ' E

ptm m tagging i
# N
rm cc].'lmhd ‘in 19'1'1 for taegiw. ‘tlﬂnrmt. -nd/m- sex deter:

-u-uun by stiipping vere Captied by SCUBA divers i asp nets qua

| with crustied sea'urchins: Autmtm-lnlnudﬁt—-hsta“ud
mwathvmnmdmAruua:"mw-: uptmdlﬂ.h‘
Lengths ‘of territorial mles vere estimated visually.  ALL other fish .
wére messured‘and sexed at the surface befare releass.

Floy 167 mn-ugmmmnuwmmm
Wmdd-pmtortuwm. A]Jupmmbmd’lnd.ldﬂi
mmqemam.mdmzsmq.m-u-ums-ulmegh62’3
* Masicing ot colour codes by filasentous algas and colonial distons hinder-
d ddentification of several females. If puch'a fiah vas ‘seen diring a
aeries of nhumt&ouulttmttomch mm.uu-a'emu;

aumber ' was m. only after completion ot unvn; x-mmun; (Prelia-

!.nr; dives hni uhm’thlt the presence of \d.inr on. thc subetrah'

mlﬂntmcc larg: mnb-n of cunners toa tJn-l.tory, nn.lt!ng Lnln
lhm‘lnll;mlwgl o!ne'i‘l !nt!l'anﬂon. )(
h19]8.mﬂnhmcqmdhamnd1ldinut¢rmm




- and brought to the surface for axaninat:.vn or tnggmg c;lupr coded Floy: ...

r‘D 67 tags were :.nserted 85 described above. -

" here vere mo kuown togging mrtulitxaa. Tasging dia nnt viui'hly

- affoct. eithot swiming ability or social intamtions. Tag losses wers . |
hi;h 80% of the’ territorial males tagged. in 1977 ):ad logt thatk tags
5 veels. Aa thess fish wore extremsly difficult to reuphu'e. )

nnJ: 3 were !'etaggcd., The use"of & Songer tagg'i.n; Heedls: 1n 1978 redic- . :

S s 'dt-gloss anong males to‘l'}%.

" erritiry boudasy deeaminutsop and mapping 7" s

iy : Tecrritory bmmdur:. e vere'. deterni ¥y surface obse of ters:

¢ Dy n.torin.]. cunners. nuoreacsnt ornnge floats 2.5 cm h dumetnr. attached

3 o 5 load: weights By O. 3 = of mvy twine; vere used as \wundary sarkers.

wty s .. Thesé. were phced at the sitoa of ‘border d.ispum' between adjacent ter~

B 5 r(torial 2ish, Dmputea were: of  tio ?peu -a static mtnal frontal disn

o ety puv and a lateral usphyvhichusm ncotpontedplranelevmmg. |

h'cqumtly, a sactiun or sections ot 4o

temtvry aia nct nd]oh\ mmth!r- v
" 14 such cases T ek pllced at the autex- l.unta o: normal cruiamg

| £ish was 2 4 by others, its

.lta

cruising zange was rest_’riéted to ‘the area within the perimeter defined

by border disputes: :’ . 5 5
St g . e potat: at vhich o tu-ri'curial “fiah termimtad prshit of an \in-
: 1 icator of hmmdn—,y location: . Many chaséi
* exteited feyond e temenry oF ‘sided before the Tldstng £igk had

- nndmrl the -pmmete!'. The.distances bawaen Ilarkers ilére detenlined by

‘. direct mmmene. and ?.lm'nlgh

map of :

“the 1977 territories. vas dravm,. |




’hmpotnry Temoval of fish fron the popiation : ;

P attempt to elioit :nmgmg behaviour ‘and, in the chso of tors

1terill ﬁsh, to determne the 'ﬂ.‘ect of tempnrwy removal from-the

" popnlation en ability te reoccipy the’ territory, 3 i of taged ctin-
V7P, nerg were contined i a lwlﬂhzs cage o veriods of 5= 7 daye. The "
; lwhﬁ.bg cuga vas 1ocated ae a dept-h of 3. 5 m(MIH') ‘inshore .of ‘the pri—
“pt 7 hary study eite. “The cage was conltru/.'.ted o 19 mm ovch tvine netting

Uaa 30°X:90. X60 el high stetl ‘trame.
3} A1 6 cumeérs vm cnphrmd between 1300 ma 1500 A raleasad .

' between ‘1100 .nni 1boc brs. The first ‘2:pairs; each conposed of & terpish: s

torial nlnle and territmnl { a e; w@re,c&pturad on 25 and, 31 July and

ot "
T v nleaaaa attar 5'and 7 days respectively: 4 nonterritoridl male and:fe- .

mile vere caged from -‘I‘oAusuat. -

ap ‘door in the holding cage to allw dhe oo

ST g 2 Adivatopeneda

v e pmtato-acnpn. If & 1y ‘xuugto:mv-vnhua-}mmcage

~.was tipped to \ﬁ.rect the nccupu.nt to the exit. Enc!: sn‘bject was {ollwed

& for at loast:30 iin’ after, Faloase’ §i uafil 1ot 0 sight... Observérs rex. . . T
’ corded. the ‘course lollwed by the !i.sh. !ﬂd ﬁm Bnﬂ lontions n!’ sacial

X Lnt:ractim-‘ :

m-nkm tovs
" Rine surface tows' for. zaxﬂvophnkton me ‘made duru\g tho 1977 sp.yn i 4

g xn'g soum Each" tow covered & mked. 120 w course at' e speed of 3 knotsy :
: on.radopthrnngeo{1-10n,nthl120 mumtexnnamahnqt.

A4 240 mm dismeter het vas used, for 9 tows during July ‘and Augusl: 1978.
s P

o e oge of Qunntitat"e data enalysis

2T stenasa 865 ( !ﬂe et .1.. 1975) mgrm for, correlation. and-




i : L &5 #)m‘

_ dal ‘phase, vater temporature ): " G, teeta ( Solal and: Ronlt: 1}969 ) eve':

used to test for correlations of T..

vith tidal phase, due to' th low racurdel mquenciéa‘ of courtship ap-

proaches and ‘spowns, relative th total Busber ot bservatiois made.’ | Gy

tinta: vers alng isied to anslyze varistion i frequenicy of other dnfre~.
quently observed behdviours { daylight quxmef‘tmaging beh.aviuur', ¥ 3

lbaencn from territory ) with time of day and/or Between au‘baects.

-5 Tuo-wny Hodel: I1 anoves without, repTication ( Schul end Rohif, 969 )

vé-. uAed to analyze nrxnxon in' frequency of :courtship approaches ‘and”.. )
: Epum ¥ith tine of day nd between subjects. : Datawere obtained by re-
veated ohsemtions c! 1 tmitorisl males and for test purposes it was -

2 uu\med ‘that thete oS 20 nt-rlctx(m betwun time and ﬂlese ud.ivxduala




General: obo ns and b

i, e g A -Sex ratio “and popuhmn structure’ . . . E . :
& The Broad Cove ‘cumer popilatics u compossd o juvenueu, aiid m.n,

tan'itnx‘iﬂl éd nont.x‘x'itorill ﬁuh ol Mh sexes. C\lnnera vlth Juvenua

colmxratinn are relatively scarce and are usually found in closs prox-

- 4tty to shelter, pa.rt:.cnl-rly gx‘owt).u! of Agerun cribromm, the only

‘common - sublittoral mcropl\ytc in tha covs.

o T‘rri.tori.nl males are largér. than. the majenty of" mmm m Bon-

% tlrr!.torill malas. The' uvnrlga kA ot 1 territeriaf males uptnx‘ed in

1975vu2}9m(rango 210 = zszml uvppoeeauanemnurztﬂm
- rungo-» 165 - zso m. n'= z& b for ‘both tm-itoml and nontmitorul ol

ﬂahtlkunm1W,und-mmTLo!212m(ﬂnse. 120~ 25 m, n—52)‘ poaTy
for a1} mius cuptura 1978, . Thers was no-dtmtincticn’in size Bitaasi E
3 ten'itnrial and mt-rritoml temales of\170 uin T8, the mimwnim record="
‘ed length for territnrial cumners.: The mean total langths of females

uptm-oa in 1977 and 98 ug- z1.1 m (;-mge: 160 ='320 u;n.'n = 53 ):

and 19% ‘mn ( rerige: 155 - 270 mm, n s 46 ) respectively. The relative - - -

. nuabers ot ia1 gnd ‘o _"_ﬁansn'um' L are -

Agt ngﬂz data. for. Bruad (‘bva mn'x'a 14 llaidu,,‘l%E ) (ndicat.
that th. majority of territorlal males are it leuﬁ 2 1eu'u old, vhoro- ¥

oa the. smallest territorial females are:~k Jois of age. e mean sae

et tmibﬂrh:l males speared i 1978.vas 9.2 years ( cande: 7em 2

‘,~yem R D. !‘hrt!.n. personal’ contumiication: e ¥ T -




¢ Mrred prapuwanma. of females. Naidu's age data indicates that the °

‘o:thpbmu. % ks .

(bnunploeollnct-thulyarAng\m\uw me.n..mu
77 the outflow of the Broad Cove River. (hﬁm’st 1977, 'ounuuuis

.- fegales were'caught at’the same location. Yet a 1:1 sex ratio vas ob-

wwlxersv rmoou.om>zso.m-ﬂ..mtm17mmnuuz.
A sample o wcmmwmodum.m.m.ummzznmcm1

" September 17;8 yilldod 2 1.3:1 male to female ratio. This“@id not aitfer

ssguueanu,y from an expected ratio of 1:1, |

uemwgn males forigs almoit joly within ‘their

e
iuri.ns the apaunins season; fomales and sonterritorial aales cln be

-.ttunted to bait in 1u~ge numburs. Few, u ln:. ton-itomn n-lu are’ o ie

l,oclhd in the brackish water near tke vhnr! - 12 Mdu e cﬂll!ctim was

lldn dnri.n; t.h. spawvning season, ﬁhsea 1nwnwﬂ account for _the ob-

majority of fish in His sample were females lnd nnntlrriboraxl males.

_ :Thé oldest male ugﬁweﬂm 7yuns old and ngma<6yum of age:

e o

»~B.Smnld£krmtin— ' - s
n.maxx—m.mmdoz —mmu«m-
!Lemntbc : by external e xmgf.' are .

brignt orange-copper colour, ﬂthnprdnmtm:kspotutm s
tion of ‘the spinous and soft porticns of the dorsal fix. Although both

sexes may réach) sexual maturity at 80 m T, Juveaile colowration”can be

motainedto 100 ma TL-or. more (Vohamsen, 1925, with.the doreal’ apot

becoatng ‘Tess, mmmc -.m an nsoci-nd overall du:l.'ung and darkaning

Upan ' esorgence from ov.rwintcrin; torpor, cunsers of both sexen

‘>151m'ﬂ4vlro prodomiaantly ainl uasm brova vith a light cast’ tothe

hu; uw there vebe 'xccpﬁm. soet females had'léss Blue 1:.11,




and Kead colouration than sales. A few im of both sexes in the 200 - : ;
@-ﬂnmveﬂ rod-onnp The colnurltim otuu n.{wrny corres- ¢ . ]
pud.dta.ym'-(wzs)hrwnmu

During the & = smkpﬂodb&xmxpmngmedmuzm- e
tndn_lmdmn}a—rnn.rhl "‘"W—""ﬂ“*’“ Johansen's blus_phase - - /
"m.' %] zb.uq o ;m-.uu' : -

ﬁth -ssocnted }uli.ns of‘mm;:-mm znnm. bntnatu]lcnau
t.hasw-rhdto{thnmd'

loped & un ry sheeri. ‘The héad " vigs
prodonmnﬂ;{ brish'c liwt bl\u. aspechuy in ﬂu qporoul-x- and ciroun-

{ m-mu regions | Figura 24). ‘e mm mm. darkenod ¢ desp. blue

or mu‘ple. Pece- € 1974 ) cites  similar uun.n of blue cnlmratim Z
i.n spawning‘male’ c:-gnn-hnu nelgg o

mr-mnnchms.oftnnhmlmuﬂnnhmuﬁmﬁﬂxrmo [o¥

ductive behaviour. n.-:mtymmmq-(ngw.zn).w' -

vlth'nrympt‘truﬂofﬁ 7pd.emﬁellbndl,-3tdimlbvtr

the lateral line. Ripe uuxu “were ugm recognized by their robustaess:

Afunmwmﬂmﬂmﬁ&hpuhhmluﬂu

(ngmac)vmammeumm-tw(i.n.yq w)- ~
)tntvgn-su-odtcbo!nl-dmtnnhc!otblmeﬂlmﬁm,alﬂaw@: -

'

it ia possible that some males do ndt develop full nuptial colowss. - Fig-

3 .
‘w_:znnhw&c\mcrvlﬂrmtmt&mnﬂumnmnkndmm A

peduncle.. ‘one of-33. cbserved spawns involved & distinctly banded

‘female; none of:the -pmug moé vere mud. il

n- banded “Shaba. 42 ita ‘a1’ esprossion i analogous to that deucgib-




Figire 2. Patterns of colourstion. Pdubit(d by k:iult Sautozelabris nd- g
“spersus-in Newfoundlend waters: A)'male approximately one veck after

the spaiming deason; B)-‘brown phase -
lateral line and mottling on the head and uj
distinct palé bends oh. the:upper flanks an

(grapha B and D caurtesy, of li, E. Jacobe ]

malej C) 'female with Llight ‘browi

flanks; D) female with:
dul psd\mcIu. (
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nerablo to predation.

Thn change Zron nordal t to hmd.d phase is more probab]y asgociated

ol with mtivutionn.l state than \u,t'h bar-ks(yund. Removal of, tish. fron .
vater in both the field and laboratory couid induce a pattern chnnge in

<60 sec. Ho pattern changa was observed in fish captured, and raleased

g mdai-wnter. Oneof & paix at torﬂ.turxal fles {nvolved in en unisuakly

long. and mtm: agonist;\.c ).ntex‘action exhibited banded colouratxm. -

o Totta € 1974) reported a siniler pattern change aseocx.ated with both -

n'ight simatmma ( i.8% capture by trawl ) -and pralangea agcnmtxc en~ .
counters Between territorial males in C. melma. Unlike the corkving

¥
wrassq, A_dﬂersus does not lose,its’ mlptlsl eolours when a atruss

induced pmem change ‘occurs. The banded cumers Dow ( 1976 ) oumd”
in the open at might may have beén stressed dus to a lnck of ‘shélter or

.by dxsplacalnent frﬂn aheltar by auother fish.

c: maug behaviowr ) ol l
M.thaugh cunners !eed both benthican.y und hl hhu vator colu ter-

" ritorial malea were primarily bottea foragers ﬂunng the spawning seasons

Loose: aggrsgptmns of females and nonterritorial males were frequently

“ seen taedulg on plul.k.tun m mid-‘vater in" tha manner- deacribed hy 011A

et al. ( 1975 ). Temales forage\i on i‘.hg substrutq either sing].y or-din

ms of 2 - -.6 individualg.
. Bottom foreging ounners moved —alwly over the substrate, scanning
it vith pmno:mcerlcye movementa. It prey was m.ghtad th! fich pitched *

forvard, at a.sharp angle (50 ~'90% ) with the mouth Juet abova bntbam
:

"] (‘.bia ‘position the sion is able ‘to’inspect }wtentiu Frey with both "
eyes, possibly nbtni»lns acnore aceurate f:.x on its location. 'The pro-

W trusible 1ips and sn-on.; tosth vere wsod to Temove By from the‘substrate.

|
\\
o
8
i




observations in which foraging occurred. I

" cunners auring late June and early July, 1977. Dozens of éapelin wiich -
 @led during the spavning Tuns were strewn over the swbstrate-for 2 - 3 |

" weeks. Tn contrast, very few.capelin appoared ix the cove during 1978,

% 3 5 e vl
Large food itens verg torn’apart by s_tro’:yhte';ai movements of theé head
and entire body. ‘ ; h :

| Field cbservations indicate that Ophiopholis sculeata, the daisy .

“brittle star, is the principal benthic prey in Broad Cove. The territor-).
il males studied in 1977 consumed.1 - 3 brittle stars in 27,5% of the

The digestive tracts of two. females collected for gonad examination “

‘contadned 1 Nereis sp., U Tonicella rufa, 1 lytilus sdulis, 2 unidenti-
fied fish adales, >50 primary apmes asid interasbulacral plute fragnents

of is,1 intact arm and large mumbers

of cal us skeletal of 0. aculeat: scomach cuneent anal-,

wu of ~ 4o cmmem conented in Portugal Cova,uCozwep'::mn Bsq. betuee

May and Scp!:ulber 1978, is in progress: ( D. Martin," pepsonal “commumica=

tion ). A sample of territorial males, speared in both Portugal and

Broad Coves is also under examination to test for.dietary differences

between theso fish and the general population:

. Capelin, Mallotus villosus, appeared to be & major food sourcs for

" ‘fower than six doad fish Baing Been in the study area.’

i Prior to the spavning season males could bé Qured fnom their terri- .
torids. vith bait, although this becand progressively more difficult with
tine. The 1977 .sample males were rarely observed feeding outsids of
theis territorida during the epawning season. Male 22 ot} s tervitory,

_ and took part of a~'cgpeun from & nearby group of females, b-f returned
before feeding. Males occasionally seized brittle stars from feniales

. 3

2
)




. ) 17 - °
foraging within their territories. Tvo fish vere observed to turn over
Asteriss wulgaris, and they appeared to injest an object from the sub-

: “ ;

*.:emmmm:m. After the spawning season males readily

lmmtmitmnuhitm 2 “or joined

attracted by SCUM divers. !‘rritwi.ll-ln mcrrmg-ammsﬁ
of..the 1977 observations. wicﬁnﬂq wore foraging was eume% be=
m.ﬁooemm-r(mmn. 2 .

Mid-vater tw'lglthu of nant:rrlmnal males and femlu vere

ltn'm.d to bait from hcyond» ﬂ.su.l nng‘ (h several ocmlona ma

lrd.'ed en m-ue when bait was [presented, or when lobsters ltf‘dned lnrl

. devoured crabs. m.mnmmmm:,yprmedaaw,rwmhm—,

fieh. larger groups may be attracted ‘initially by the movement of fish

. on their fringes toward food which the majority have not detected.

. D. Location of nonterritorial fish

Nonterritorial cunners were most sbundant in mid-water in the same
locations as the aggregations formed after dce from overvintering
+torpor- _umeamc_pnmuxm-z)ﬁn;vmheums-w-pw

‘vard of the study site on most days and appeared to reach maximm size

4n t).w early afternoon. Intrusions by {-h- into —ln' territories
were most mmuunu:mdmmmam At
such times the mid-water groups were often reduced in size or-absent.

Although aggregations included fish of both sekes,’ femilts usually’

mm.a males by a fatio of ‘at least 3:1. The male cunners in these
grougs: were not observed to court females.

An attempt to. oboerve the day to. day behaviour of nomterritorial.
males provided little data. In late June and early J,u:q. 1978, 9 males
of <230im TL ( X = 205 m, range: 182 - 222 mm T ) and a larger nu-
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Table 1. ion in frequeicy of foraging by
male I. adspersus with time of day.

. N
Time of Day b Gbservation
Xes b.* .
0600 - 1300 : 3 3
ey L, 0= 2100 % 254
Gy =:20.89 - dar-=1 Q

. Poraging behaviour is not independent of time of day ( p<:0.005 ).
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ber of femsles were captured by hoop net. As all of the males were col-
lected within the territories of previously tagged fish and were snaller
than the average tersitorial male, they were assumed to be nonterritorial.
A1 vere tagged and released.

Subsequent observation showed one fish.(.215%m TL ) was tm;eériu.

Ouly three of the others were resighted.  One male was aven in’é mid-water

* paggregition on 17 .m1y} M wecks later; both this fish ot s e )
cbserved in the'sane location, ssaiz in & groi, Tosding on zooplankton.
Kbyira nenterritorial male vas scer in'an uggregutlun attracted to bait

August. ’

E. . Behavioural parameters 2 ®

. During field observations, ‘occurrences of nine distinct sctions re~

lated to defence and reproduct iour were

Postures and stiated vxth el ( “courtship

lppronch, circling, spava ) are described on pages 55 = 5B. Actions

with m'e deum'hed below:

Approach . " 4 i .
This action consists of a forward mva-ant by one’ fich emrd ‘ano~ .

ther on an interception course. A slow approach is G!Wnted in the

J.abrifom mda of prapulaion, a I.lndium qrprmh in a coﬂbi.ned mrifom

and cerangiforn mode; and mpid approach in the.carangiforn mode alone.

Dorsal and’ssial fita’ are  adducted or yertly aréct.. ., e
Ghase .

The chase action is a high speed movement toward another fish moving
rapidly ‘away from the subject. Movement of both:fish is 'in carengiform.
mode with, quick, low amplitude caudal beats. Pectoral and pelvic,fins

3 - . .
_are adducted.and ‘the caudal fin is spread. ~ Other median fins may be




sdducted or partly erect. g .

- lateral display and parallel swimming

mg-nlmpmuunummwy-xmmum-

7/ nmgmmwﬁu-mumm'rmn-m’mie.o:zs-ﬁ
‘cm. Medisn and pelvic fins are usually aiducted: Parallel m-us
aosiaiisiiies, gk snt.ncnon; in whs.ci; both participants.exhibit lateral

B i 5 Y displays shmltln«msly. The fish tollw parailel courses, just above

: ‘the mmn,.m distances up to 3 # ‘nth internittent halts, t‘:ou‘.\

or. shllta trola ) Fo to, Tim speod carangiforn 1ocmcm. "

Brodti of medthn finsoosurs only during inususlly long interactions
vhieh‘ involve other. forms of -goniitic ‘behaviour.
Frontal display - '
m‘mmmml-.puéunu'masﬁ;h zuu;nuypax;-nt
at a distance of 4"~ 30 cm. mbﬂwhmd@tmmnm;t1&>°
S " to the ‘lxijofﬂu 7~ Median fins are adducted..
Geping is a-frequent component of the display. . Opercular flaring has
mmuaunummm(:.n.m.mm\
mﬁm)m"mewmmm Movement associated A
uchth-wcmupn-tm-uurmwmmmuzmmmnu Fort

ofﬂprt mmnm-hmmrmmuhumuaiwnn- s
,.mtmmwmmt.
O-w'

mx is & !toqmt component ot the spayn and frontal displv o

FrAPD: aat of thé cod h m-atiancon-.‘

1 - sdnts of a'mariad d.‘l.stl.nnion of the java and protrusion of the Tipe,
vidch, exposes the prominent, ewm teeth and vhite ]J.ni.ng of the. bu:c-l

eavity:’ ; : e




ton of meles,’ are presented in Tablg: 2. .

21

Bite

e bite io'an action in which a fish closes its javs on part of
enother, with or without infliction of visible tissue damage.

Helée ¢ ‘

A'meles consists' of a number'of actious, both postures and movement, -
) It 8 hg‘ﬂm #1ow Llabri-

VEiich follow a predic pattern.

for approach of ono 5B|1Lng and frontal mplm.ug ish to mother. or’

by, mitual farward wovemenit, which rssulu in. ﬂw auxtnpuxtmn of huda

a8 11 Figure.3. . tne hsh makes' & Almrp lateral’ hml nwve-ent ihich tore

Binates with a sérike or bite against: the épponent's jsvs. ‘The’ opponent
responds. alnost . simultaneotsly with the same movement.: In extrese us;s ;
both fish Tock jaws, for >1 ae'_:‘.‘ In a quick series of movements éach

fish circles ong or more'tines aboit the othier and’ exchanges oe or more.

bites. A melee ends when the pmtcipma turn avay. fron. each other or

" ‘agsume frontal mplay pustura. §

.!!ht mean. dllx'lhons of. the acﬁm dencribed above, \d.th “the mep—







with, % defense and - ..

Table 2.
reproduction in T.

of

‘adspersus. .
" Hosn Duratién (o)
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s smwu ©of the main .ggu.;utm’

24

*'. ‘Male'territorial behaviour

- AL Eht..ablishme{l? of territories and duration of territorial . T -

Active cumers were first observed in early nq. 1977 and in mia-

m, 1978 when vater tampentune ruv).wd 5« 6°c. The fish. urpunraﬂ
51nsgl.uh lnd, although tErRited tn bait; afa Sk fead. Mo’ cunners ve‘x‘q
aéen on days when water. tomperature vas <sc. m lite May; 1977:lorge
mpommf -ggx‘agatim wers located near’two knwn overvintering uiteﬂ.

‘Observations ‘were cpnemtrat 4

on’a group of cunners located over 2'10 m
vide strip of ‘liose rock substrate betueen tho dropoff at the oister ‘odge
of ‘the prinary study ares, and the nearest svivintaing Kils,

. Taltially the asgregation comprissd <D tish of sither sx, .11
5120 mm TL: .The £ish vere either. stationary or’ moved: slovly over the

sybatrate at hemes ot0 = 5 a.i ' The aggregation resclied a pakimua uug(,

ot 60 = thshnn 31 May 1977. Ammmunsiza ‘0t '~ 100 cunn-ru\'!a

abtatned by the same date. in 1978. Chaaes and’ bites were ohierved uthm X

the agsre‘ltion but - were not u!ociahd \n.th territory defense as the'
fiali ‘involved eit‘har ‘remained within or rat\x‘nuﬂ to Wé gz‘onp :medintel.y

l{tlr ﬂu mterutinns.

By early- .yun., 1977 ‘several uum-, fish were located 10~ 30'm © - ig”

and polarized grous of 23 fish vere
svimming throughout  the inshore area. - During, uu first veek of
Jmu lwcgat:xm siZe decreased to 20~ 30 fish ‘and. chppe” vﬂthin the ©

goup wers more frequent. _ The. uubm of solitary cumiers and swadl

ms inshore l:autuued to im:rtaal. By 8 -T\mt :h'ﬂntil él.uplqy!, htar
ii.upla;ﬂ. lnd chaﬂas ‘had bean obeerwd lnrl it vas élelr thlt maxxy aolita.ry

. cunners were te.rx;iberisl. As qulntitahve dnh wera not collected dun.nq

14




* aind developmant of Zhght flank, “colouration had begun by, 21 Jine:

“'seen at. the mceueenenn@ cemearim % 21, snd 25'( Figire e

. this cunrier moved: slwly beck -and. foRth over; or z'ested
. n vas mot obumaa to spm and sade. ohly 2" ecorded court

Cte fmlas. Tlu.s male.was not meen.in 9B L

: 17;7 tmitun.ea. Hale % m Tost ita tag but 'vas. Ltontis

25 .

, the frequencyof agonistic’ ions between

- .adjacent territorial males cannot ba compared with data obtained dn.ring '

the nonths of July'ind August. =

At Yeast 6 of the 10@3: nhuerveﬂ in 1977 had established terx‘i-

tor!ea by 7 ‘uneysad the others a bom tag@.d or-ideitified by mid-

?ﬂh The bllle nnlnuratﬂqn‘ of nula cunners was' pronwnued by 10, Jure, I P

A mmmc attenpt ‘to establish a new, territory vas observed .in ol Y i

J\lly and’ Aus\lat, 1977- A m&lu cunner .of ﬂpprc)d-nately 220 mn TL was ' -

‘on 11 July. | Approches aid laterul asspxwu by adjacent territorisl R

* males failed;to displace the sntruder domdiabely, Howsver, s howr ater

it ves a{men! This' Tich, or one of sipilar site, was seen in thie. sane
Location. on 13 and 13 - vy, It hadrstu.n{hd againby 25 Jul:; and” .
rémained on'thé - ‘bomdary ‘hefwech the territories. until st :mee 25 Aignst

Thrausheut ﬂm per:\.m‘l the mile was invul\hj':.n agonstic mtenc— ’

7 ions with all 3 .djacent territorial males, - and it seffements were ros—

Ericted to.ui aren ot a2 ot bare beirock. Botueen intera:tim

on ithe éubstrate.

ied - their old

Beverrnl wile cunners ngged in 1

m1978. m- 23 had, ‘refumed by 30 H\y Ho tish ere seen’ batweon 30

‘Hw and: 7 Juno, dua, to amp in v-.ter tel!pex‘atux'e. ‘o 7 Jlme Male 2}

was' lgnin on his territory lnd ‘Hale 11 Been in: the laiize ngsregaticn B

to qnaward. On the follmng ddy Hales 11:and 26 were seen-in their

by asplit .
et




-uud-ll fin. * pile 7y identified by a tag scar and a vhite Bpat on the

lﬁ the ovemntsrmg site: Glosest to lhore. Hany more were founﬂ m A

. when bl.‘l.t was pnunted bllt showed " llttle 1ncli.natx

% i .
.

»

< R

:ight caudal Pﬂd\lncle' h&d ied his ter

_dther tan-xtorus mapyad in 1977 were Dccupxed in’ 1w8. However, ‘the

resident males could nnt be 'pnsl.tivd: 1denﬂ.!‘1ed due to bbg loeaEB and

lack - of ishing physical sti Fou!‘ t!rrl.torinl mle!

Hmtiﬁcd in 19‘7'7 “but n.ot hcludad in the stmple grvu‘p ﬂeflndad \‘.he um

. _tmitudcs in 1978. Tiree o! these J.sh were tasgsd nnd the ‘fourth Had - )
Y aidtinctive white pmh bntveen the ayaa. B e - o ¢
Malos obaerved in 1977 pied to show. & ‘behaviow at.
“least’ wntil late Se , although t tently sadn otf thetr ter-

ritordies vith feeding aggregations following the spawning season. Five
terri€ories were still.occupiéd on 5 October. Wated'tedperature os®

6.8%. A ge ( . 6) tish vere seam movm ‘aziong”the  large “boulders

vices 4n the substrate. Approximately 20 cumers metgsd tion sheltnz

to geed- AL !ish

moved :.nasluggmh manmner. oy o i .

One da.i.].y basis. tarriturinl muu remn.ined -on their t&'itnries B

' from 0600 or enrlier watil “dusk; botween 2000, and 2100 hro. Att pte “to

{ullw ttﬂ"ibvl‘h.\ inaJ.ea to thai:’ noctnrna.‘l. shelters were \msuccaauful.-
e fiah vere qusclgly lost tn'light‘ wder Tov e mdmona, oven with -

‘the uaistnnce of undcmtar lighi‘a. Prnv:,euu ohs'mtim 3 Gxun. un-
publiched dska ) bad ‘shiwnthat soms ales’ reraised onthoir tm;torias
ifight, althoves in a:états of rgéturnal qld.escence.

Bales loft fhoir territories’ for periods of 0I5 = > 15.0 st sin
.5x of 'the 42 qbsenttions sade’ 181977 .In‘ 9 9t 16 casss: the, ;i&h ;




; g R -5
w ., . £ b ; | 1
i "~ The'cause of thiese brief absences is not known. Gn two additiomal occax ] A
v  ions males joined feeding aggrogatios on e substrate 8 - 1.5 fron New
ti:eir‘ erritori There was si it between fich yariation in fre-

quency of nhse.nce !Mm -the territory ( Table 3 ). Hale 21!s'absences

e total mher@:baarvea. Tho tervitory occnpied

. -cuvunt'd for. 56.3% 0

by ths fish vas of nédium size (732.3 a®) with a su'batx-atn canaistmg S

prum-uy of axgomd uedmek. :

Bs The nathre ‘of  the torritory

Lo " %
4 =, 5 > 'rmimieu £ Broad Cove were ‘Located at deplhs of 0.7 ~ 15.0

¢ . Y. e sm.nwese were vithin 5 of shores subme to. strong.
em-bulence during heavy mess, and a{obably uncemble junder such‘condi tions. -
mu deepest territories Were found near tho outer Linite of the ‘hadrock :

n\i baulﬂnx‘ strewn ant&ratev Bélow 13.0 ma level. pm_u Df uand extnmiu

Benward. ’l‘. 2 may establish deeper tux‘ritﬂx‘ieﬂ in areas 'n.th

Bﬂitnbla aubetrate. as thay hlva been ceught at,. de])!:hs up to 130 a.( IAm :

g » lndScott 1966). : o5 $ E g ; e R
Tl T e horizontal eurface arm of 10 t.nx Do msuaured inagrr -
r.ngedrrom161_7k;m( .7m)(1‘igur 4) wh-mun.u-ea: ,

b f I territories meauu.red dlu.'ina an sarlier Btudy vas 18.6.a° (‘Green,

These were mmd .t ‘depts of e +10m o‘.\a substratu =

B q{ lnos. rock. ru'bbl!- ﬂute appeared to be no ralatinnship hetvn’n fish

<. pine and avea of the territory occupied as some large males uccupiad small
tmmrd i ders; “measured

‘the para-

‘Heter Chase,:vas sot correlated. with ten'il:ory size ( * = 7003, ar s 9,
38 e L p>0:90) ( Table hA Y Tt Gas expected that qqu-m:y o}‘ ‘agonistic

S with nd_]m:ex_:t rrits 2isH woiild be, more closely related

" to teritory size then agsre ko Lopaed bransisnt’
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Table 4. Correlations of total mumber of chases (), latersl displays ’

(B), and frontal-displays (C) performed by territorial male I. adsper-
£ms with area of territory defended.,

9 Fish  ases - Avéa of Territory
? 4 g )
8. &5
" 135 .
L A b6
19 L om
21, w Tl e
zZ .- 123 A
. 2 o020 2
S e ¢, 28 el
B o % 11;_ . ) vy
/ il .z—=-oo; e e:-ou9 ] | . '\ g
i 5 “¥o uipiximt corrnlltim between area o! territory gofended and s
e mo?mmpérfma(pﬁogo). ” il B
f | B+ ‘B - Lateral ggggg " Area of Territor
4 ) S 8. & 68.8
8ol " . = 8 ° 4 19 + 553
gl A R | 32 29.7
o T Y ML -
| . B 6 S TR 32,3
‘ & 22 23 20:4 - 2
Jox ' 23 . 26 .~ 164
2 ‘| : 23 . 35 -, . - k0.9
. Y ; F . %

e L pmeod. < t=aag 4 7

i e '_ bupmmcemmmm-r-n:tmmutmwm
7% . ’ ber o:hnr-:l dia'nhv- portm-nd [¢ p>0.20 ).




ber of frontal displays performed -( 2>0.90 ). i ; w2
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, However, performance of neither lateral ( r = +0.41, df = 9,'p > 0.20 )

nor frontal  r = =0.005, df = 9, p-> 0.90 )displays was correlated with
territory size ( Table 4 B, C ).

to pro ic features
ouch as bedrock ridges, edgen of .dropoffa, and Lorge. botldors.  Host of
these features were of gutficient height to visually. isolate’ ndju:ent

males, as r:unﬁom tend ‘to remain closa ‘to the unbuernte. (h relatively

lerel c:pmes of substrate,. territory. “boundaries sd:andad from one, anl]. e

but prominest rock or outcmp ‘to anottier.’ /Border confrontations oc%ux‘

¢ red almost exclusively on Ylevel ground; pussx‘bls au. to_more" freq

e 4 vi.mml r:ontuct bchnen territorial males. Py i
m ‘majority of te.rribories contnined a large boulder or hedrur.k .

dutcrop near which the resident cunner ‘vas found when nat patrolling or

foraging. When mm-bea by divers, cumers often utilized these feas

. tures ‘as shelter. Deep trsvice! mqy have allbati.hﬂ:ed as a source of .

shelter in two other terriéoriee. o 8
Tmitpry ‘boundaries appeared to be stable 'on a seasonal basis.

Hodever, the death of Hale 17 in late September, 1977.rsulted in size

inereases of at least two adjacent _{m-itoziea‘ in the following spring
' ( Male 17 bad béen speired by anotter divet ). The central-portion of * R
Territory 17 appeared ‘to have beeu ocoupied by another nale. Tmeon}
. 26 had-decreased in size in 1978, while the boundaries of m-n.cques 11' :

mazawnmdunged., . % : \ o -
Iy . ’

e ions with ifié-ix

Lo . Following the establistiment. of ‘Safritories in' early May, intruders
Of.eithier gex wore chased. However, during the July to Aug\lst apa\mmg ’J\

season tarﬂ.torlll males were more ].ik-ly to court ﬂsan chese. Iem-lle
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intruders. Territories were actively patrolled, usually in an apparently
rendom fashion, although some fish followed a predictable route when
moving from cme part of a territory to another.  Responses to feaale
cuniers were variable. Although most were courted or chased.otiers were
. ‘ignored. ' Thcluded in-the lattér group wers, the tu-rltarhl feasles.
' mtri.n isem;u of ‘the males’ territories.  Tuese u;h}'-re Chased,

p and courted, ‘but l.m freéquently than were’ tmmxmt females. n:e behav i
o dour of territortal females and their interdotions vith malessre: m—
cﬂbnd below (' 13 -«.} Yol i

)luntmitudnl males were always driven fron tmuo;xeu by th ros-

% i.dant Inleg and did l?ot exhibit lgopistic 'blhlvimn'ntm‘lu‘dv ‘them. On two

occasions monterritorial males which
male from behind turned and fled, although the 1._'{::: apparently failed

11y came upon a

.. i to'see the intruders. Territorial males may be recognized by conspecifics 2
: -wmhmmudcmmpmmeulmmlmdum o |
’ t.hnnhtnu. . J [ L

.Kmtmmunmntmgembmo!hm s.naw.ng ¥
males, i memuehmtnhumm- : «
M“mf-mgmdmunu-hhmnhnﬂm_ T
{ vmuvsm,muamrm. 4 HRal, > 2 ; ;

; r.ncmcum Titben aifosest beiitiiar. itan vere aloost exclu-
! uu:.y "howmdary disputes! . in vaick lateral and Trontal d.upms were
uenally vhile dmsinsan ntrader tios thets owis' AS dntrvilon by, teza %

. Hnlen r‘rl]’ intruded i.nec nﬂlar tnr!lt&u‘ias, and d.id 80 .

ritorial Bale, if detected, elicited an L-mum approach by the Tesi

dént ‘Tioh. Unless the intruder vas desp within the territory further
 interaction vas unlikely. If the fish was slow to leave the territory
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and was chased by the resident, a border dispute often tollmmd.' Hore

§ rarely,. the males éngaged in a series of short reciprocal cb.sns across 4

the honndary -
mtmu ampma and para]_'lel 'swiming were* initiated most frequently .
q 3

by one territariul naleb approach to-another mear. their coninon boimdary -

“Leng bouts of parullel sulfiming vere' siocesded by or Lnternperaed \ﬂth

'grontal diap].ayu. 5 Hore 1y, -tx‘onta_l ditplnys were followed by b:_ltes

frod und molm

Seqngnce d;agx'am of ses. by territorial male T, 5'to

ial palés, ‘and to intruding or nenrby

(( /; .tarritorlnl piles aré «yreﬁen(:ed in Pignre 5. S

. " D. -Interactions with' juuniles F i
Fewer than 20 juvenile cunners were seen in the etndy area., Nearly

all were lnbatei in the s}:alluveal: part of the site; vhere Adorun cpibro=

sum vas most nlmndant. ’ﬂm cx'unge cnlm‘u‘abaon af Juveniles clnsel; mntcb—

.8 Hmt o{ A. cribrosum. Jnhansen ( 1925 )’stahed .\]u\(mlas were uaually

‘the sume colmxr as’ the predoﬂinmt ulgnl apal:i.ns m thl hnb;tut, and.

could ocour in greeri; brown, or ‘orange phases. Juveritlés generally’ fo M
naidied wmm 1 - 2w of an algal growth or narrow ecrevies and ook shol-

T * ‘ter i.n ore or ‘the nthet whon threat: by divers'ior. ethar cunners:-’

1 males did not' cor pursue’ juveniles; nluwughv 3

i g, - 'the- lltter were almst nlvq; ptesant nbdve the suhstratl, uppu'antly P

Teeging. on Plankton. Hales oztenmsad close to juvenilea without aggre- .

vio\lr, the em&'ucr iinh ei(’.her ulov).ng a short! diatance away.or

sm}uing no rench.on to. the adult 's'preseace. ‘Several’ chuseq appeured tp

L i “Mne. tern ‘ivenide, as used hére; veférs to coloiration onlys: ¥
"/ 4 aewiad maturity. ” Juvenile colauwration {o gene.rnn.y restrictsd to txsh
0’,4100 Poes
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e 5. Sequencs diagrams of interuc(:mns between un‘xtorm mld‘ B

T dd!gersna snd ‘male. (A) ‘and fenale (B) conapecifics. -

-» - Patrolling ——

. Conspecific i y
+" Male Sighted i

L Male
Outside Hutual

!‘nmle nghted 0




in'mgti..eed iq' the sudden flight of n:{"jinvnnxlo from a slowly approaching > .
S, e mle. ¥
" Men chased,. juveniles shich failed to reach shelter imsediately
utilized their small size and greater manoeuverability to elude- pursuit.

>3 sec’),

. ; Chases were restricted to'a saall area and, if long{ 1.
R & fol1oved extrensly ciavoluted paths, 06 5 D aianit Nee it el S
ticel turns by the ssaller fish.: Chsses ended when the adult nu. cawned
\p\lrsu:.t, often still within his eon'ltury or, ‘more frequently, when' uu
4.0 juvenile reached ahelter. O Hlived chinplton, ‘malea pade prolonged .g-

Dl tempts” ( max 5'min’): ce reach j\lvenileu in orevices or entered alsal

 clurps ‘uded as ‘shelter; only rarely forcing the ‘snaller fish intothe | . . ©
open. -Sudden dashes at, plants ised a5 u.\:anu- ocourred when j;:/q_\

) vere not visible 'to. the observer: 3 (/‘
X : Social interactions bétween females or nonterritorial males and . ;
mﬂummcm &'@mm-menmum» %
ing only juveniles were recorded. The principal areas occupied by Juv= -
eniles (ngtb, P29 ) wmdthnpmo!uxndi:hh adjacent. to
3 Vth' territoriesyof Males 11, 17, 21, lnd zs. Conloqmu’. these wnn
initiaded 87% Yot ‘e agmhtic intéractions with yowng fish
s wecorded m 1977, 3 . : 5 o
Lo B e vith e T i F
only cunners observed in i.ntpm;iou :

i Territorial males were th
th contraspecific icthyofauns:’ Males exhibited sgonistic behaviows -
=16, nectes |americanus (\n =

tovara Prlis gumnellus (
), Gaus morhus ( n =1 ), and Kallotus villosus ( ﬁja 12 = mumber .
of c!msea xv'a‘corded ). Two \dntsr flounder.were bitten I! M were driven

. . frma . Although quanti dataare lacking, uuenmnn 2%
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o :
I ‘ * suggest Pholis gunnellus is the most abundant contraspecific in the area.
1 ! Male T adsgerdus made 15 approaches to -
'.(' % f 8 without au&s’eéuenz. contadt, pursuit, or displw; A large Anguilld
. restrata, two P. smeric and'a 0 aners were followed
=z _qu;n;;‘tran;“ita of territord .. KMy \lus N two - IR

canus, and two ellus, all initially resting on the sub-

strate, Slowly swam ar{ when npproachnd. Seyeral spproaches to flounders

nd sculping, and ‘ono each, to.a cod and gunnel ‘elicited no réapoiiss, T
' these  cases tlis cunner showsd po further. reaction £o the intriuders! pre-

" “senc

EE of

l I to 1 :
cY . . other Q‘.hun B well were inconsistant. 'l’hmlgh Aintrusions hy {lﬂm}-

. dor ‘and various cottids were froquent, cunnerg rarcly exhibited agonistic -

B behaviour toward them. Rock gunnels were mmnlly chnsed at high speed ;

W et mever et Gunriols elvdys,attempted.to reach shelter in the sub- N
strate o in Agarun cribrosun. - Two guniels were dislodged from their

firstishelters and chased again, one for 4 m beyond the terfitery.

Pho!

Funnellus is probably mot a.prey species Of the cunner. Both'

cunners and gunnols have Leen observed feeding together on crushed sea
urchins. - In addition, a gimnel which §id not flee when approached by a
o cunner wes répeatedly nudged along) the substrite for >2 m wntil

ed. from the territory.

- There was no evidende of ‘serial tu—ritoria]it? vrith rupect to con~-

traspecifics, as observed in glenitrona ( ).
( nu-wm, 1976a 33 A single boundary seemed: to nppJq for all Lntnxdex'u,
B s whether conspecifics or, com:rupeeuics. Lty
’ b . [ IR s 1 % % >




F. Daylight quiescence . ?
Territorial male I. adspersus roumed' immobile on the substrate for
periods of 0.5 - 15.0 min ( X ='7.0 min, n = 2b ) in 5.% of the 1977 A7

By . observations. G tests ( Table 5.) showed hx@ificmt ba(:uten X‘Aah

“variation in the occurroace of daylight quiescence:

Qui.um:ent mxlos .were nomally found in creviceu beneuth bolllﬂersy

* under. rock Wex‘hﬂb&ﬂn ‘or »n-tly cmcesled by Ag cribrosun. %

tvo cunnore were seen in’exposed ositiohs. - Ome male, renained 4

( for ->15imin ) 1n shadow ~ 25 cai froa an Guterop of bedrock. :.’méher‘v

. .. .esttled on the substral And. :m.ﬂ to'Sne side it proppld against
a rock at an anzls'ot ~45%. After. tuo’ minutes it x'esumed pm-o1 of

the tcrrimw

"o ‘mmber of shelters used by quiescent fish rarged from 1~ b Por
s - Earritory. Melen occasionally avitched from one shelter o snother or -
: 7 made cmfeu cucuz.ts of ‘their terrItofies before beconing inactive

o a;-in Deyligat \;ﬂiﬁ!c!nt wes, nore Zroquant before 1300 than mu"

( Table 6 ). '.l‘he cause or functlon of this bahavxcur is not lmo\m
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Table . Betveeh fish variation in exnibition of, dvlight quiesgence by

territorial male T. adspersus
N

! Quiestent during Observation
B

Eish -
; ot .} B

om




e
¢ ~

[ Table 6. Variation in frequency of daylight quieseence with time of

day. Data for all’ fish have been _con\si.@ ) . =

’ . Time of Quiescent during Obsepvation
. ) : No
2 LT I
0 20 . ! 3 =

ation in frequency of daylight quiesceriee
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Female territorial behaviour .

A va"am for femals tMltorhlity

! "By early August, 1977 it was npp.lr.nt that ons or more cumhers with

female & ion were Almat ually presant in some mAles' terri- .. . . v

toriu. In cmtx'ast to other brown phase cunners; these ﬂj.d not’ flee

" tron the tedritories whoa approdohsd by the zésident ‘males, uml ocmmn-

llly madu rapid dashes’ at“the mlou' mnka Such !ibh gunerdly‘ restric-

kaquntl,y chased ‘other brown phua cum.mrs. v ‘w

N Al.ﬂwush one o.f these eﬂnnars was obemod to”spawn. cldce with, thl!

i 5 i
! 'same terri 1 mala, u vas that soie of the. others were
o e either males which had'failed to develop. spavning colouration or females
aph L in L

adspersiis’ birs ‘nst ‘wmoowmen i tbe family hbridne ( Robertson aad choat,”
\ A4 ). Housver, sonoof thde fiak sourted Gthiers vith fomale olons-
Cation. 0 ¢ . g
5 07 pridsnce trat oty it ot all, of these cunmers’were hnuleﬂ vas

i obt&i.md id late sumer. 1977 and d\lring the 1978 field obslrvntions

"By easly hugust of both,yesrs the majority of. brown phase fish coild

not be'sexed by stripping. However, spern could be stripped fron nearly
all .biu- ph;an fieh two wesks later. - The gonads of tuo territorial byown/
phiase’cunners ‘collected in August and Snytm‘hn-, 1577 appeared idontical !

to spent ovaries.: A ths.rd. tlggerl, fish co]lected ‘on, 10 August 1718 s.n

“the sane’area it had defendéd in 11970 zeTeased 10 - 20 am when gpear=

éa Dissection shoved that this cuimer vas a ssaslyspeat mml.. During

the 1978 riela ahsarvnt),m 5 o 8 taggea, eex-um-m “brown phus: -




k2
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B. Nature of the territory

As territorial females are difficult to distinguish, in a casual

survey, from other females foraging in, traversing, or being comrted in
a male's territory; the location and identification of such Tish vas con-'
) fined to ther peimcy 'stuly; aftes . As-n result, the depth Tenge over which
" femalas establish territoriss is unibowi. A total of 16 territorial f-
males were identified in 1977 4nd-1978, all at depths of 4'- 5 - { Mv).
%12 cases 'a Lirgo Boulder' (‘vAdth >75 ca ) or préninent bedrock out-

erop was ineluded in tho territo Y Females generall i vithin
= 1 ‘. of suéh tupogruphic fenturus, venturing :ureh.r -u.y to faras- or to

dx-ua off i.ntruderu. At 1aaae five territories euntu.\mrl a cmr:c- tq

wuchth-teula -eated -when itene w-' "‘mlu. A
:mm—xu were either mum,y or partly vmu.n st of & male, usually
" onor adjacent to its border. For reasoms cited below, the size, f fo-

male's bs was diffic to. vith ‘accuracy.” The majority
lppoared to cover 4 - 6 2. 5
* Territorial females were absent from 5 of the 13 males’ territories

examined in 1977 and 1975 1\10 of the males® mimu were cmlxdor.-

. C. Intqru:txona vith eona'pac).ﬂu

‘between

% B
i nl{amlu and torial males ..

®nq juveniles wore not observed 'remm-m alen ived freely throiigh '

thnu pms of ehm- torritories écoupied by females. :As they 24, o

. males cﬂ.n mnd.é either a’ slow nmx-ou:h and par!m!d a brief (<2 acé )

lateral display or a rapid upyro-nh mu'd the male's flank’ m.th an
g abrupt tln'n w Jﬂ!t before wntnct. Aucm}n& or i.mad:utd\y lttlx‘




- ‘male, Brief c!maeu oemmw.ly followed and d.umuae covered muy '

ﬂu tum, the !Seh made 1= 2 cxasgerlted movements of the c!\udal fin,

shich thmew the body ute a distinct signoid curve. In Hli.s posture the .-

fenale's head was ox‘:.entad at an angle of- 45 = 60 avay fron, eh asle's,
\

ial males generally ‘enfjco ; folloving a lateral.

Qisplay by a rem.le. Hoyever, tollmr.i.ns a rapid approach and. turn awdy,

the ml trnqnmtly turned. toward and h-ym to {Ibﬂ.w the !pmle- Ia

B\wh cases ':h‘ Keniale Bccelerated and cuntlml&d toove. _away from the

.xcendod 3 o, Tarruwrinl females eihhex' am:ght sholtor i.n the suhatrnto

vhen chuld or -Tetre lted until tho mle ceased Pursuit.

'.I!hn mmsas of tmitorial tmlaa to ‘mal

judnrn are thought
to be related o texpitory defense, rather than ropr (uctiv'n behaviour:

‘Courtehiiy neved folloved those interastions.  The. behdh :
above may ‘allow $torial males to.distinguich m;ms'n transient non-
ial females and.individuals present-in zhe i on & regular

‘baisis, Territerial fenales were bomma and duaed less frequéntly than” i .|

‘others. . There were no di.stim:ti.ona between thu reproductua behaviours e O

"uL erri "Lgnk "1ruuus., uwmnmapum” =
s

t\dc- vi.th the male m whoso t

 Nontersitobial runaa.-a \lmll:f o ofs’ yhen qpprdnched by at

ritorill fish. A fut Rppx‘alch by the httor, or Zaﬂnre ‘of“the i.utrudur

to leave the ten-itory l!tll' anl inftial approach, m !ollwmi by l bz

chaqe. M to ﬂle allmn size af the tlrritories lno!t ehases covcred a
.. distance of

3 m. Turﬂ.tm'ill temﬂ.én were kequently

cl\ule larser c\mnsrc !rcm ﬂm:Lr ten-itunau.

Ve he\i, mge u-



fish, In such cases the latter always retreated. B
Intgractions between territorial feaale cinners were infrequent as
o L ' tew sharod mutual boundaries and territories were gmmmy several me-
I}

ters apart. ‘With one t: p 47) isti vere res-

23 -

. tricted to brief laternlﬁ or Ehnrt chases when one ﬁah entex‘ed anothex"s
barritory Due . to the. 1w frequency of interac!im batveern these femllea

énd other tmiurial fish, the ‘bwund.u‘xeﬂ of thei.r terxitwies \'e.x‘e aif-

ficult to detmine with nccnrnn‘y and no maaauramnta of terntory area

- were bbtaineﬂ. S . . 3 H

D. * Duration of territorial behaviour O

Complete seu;anal data on duration of territorial behaviour is avail- e
sble for one female only. This cunner, Female 156, had been tagged in
1973, otherwise. its presence: on the Zringe of the primary stuly sité. . %

 would bave gone unoticed. - First seen in early June(1977, it defented

a territory in the sqme location until carly September, and vas subse =

quently observed in midwater agp'a@atim. Female, 4156 occupied the same .

berritory from 8 J\me 1978 uufid speared for sunad emninat:.on in Augnst. =

Five othcr Zenalés had left their territories: hehuen 6 and 17 August’
y * 1971. trom ﬂ- 27 days u.ftur detection. ‘In 1978, 6 females tlgg.ﬂ in
s "' late June'and early July vacated um: territories between, 24 July and

1% August. “Two females were o111 territorial on August. hn"atmn
of territorial behaviour aftor initidl detection ranged tron 11 ="k
: v On & daily basis, fenales occupied their tesritories -Lron before
-intu dusk. Tt is not Jmown'whethier the fish remain in the terri=
o ies at night or seek s‘ae:u;er ehévben. ' { o 8 3




E. Movements of tagged females

Sightings of tagged females indi that mosf
25 m of the tagging sites ‘dllring the spawning season although some ranged
considerably further aftervards. Data suggest that 5-of 24 females tag-
ged at the primary study site in 1977 vére vtmiwrinlv( Table.? ).
+ These cunners were repeatedly séex{ in the sang Jocations .on ‘the substrate,
- -all within nalne' turritoriea. anl- 38, tagged in Tex-titury 22 on 16
y Iy, ves Licatsd 70,1 {nshire- fron 23 July 'to. 6 August. .
L B . rmmmavmmmd')o-1h0mmmctthetaggingsmdmng'
. vl 11 10 combined sightingsy from 28 July to 24 August. Two ofters were
seen 100 m and 158.0 south in‘late August. _
| . In late July, 1977, 2% femalos) many spent or nearly o, yere cap-'.
tured at a depth of 8 m, 10 m seavard of the study site. The fish were

tegged bo provide data on postulated inshore movements during the after-
| noon. Tags Je‘re not colour. coded.
B & n 1017 of 19 :\lbueqx;ent sishti.;y bétween 3 August and 1 Septeaber,
.. f imx fromthia group were in midwater aggnganena within 10 m of the

j m site. One fonale vas located 100 m to o orth and another was

A f‘ Been at tho outer edge of. the. stuly ssce. in 'rmmry 25. Another vu(
seen in tho pane area in early Juné 1978: Tae .
Two {mlnlus tagged in 1977 were temtm-inl in 1978 but, due to

- thick a'mrths nl algae on the tags, could not be'identified. One of these
fish oecupied thé’ same area defended by Female 57 in 1977.,  Attemts to |

capture and identify this female were wunsuccessful.
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Table 7. Frequency of sightings of tagged female I. adspersus gnd maxi-
mm recorded distances of fish from tagging sites..

Fish Frequency of eightil Time Max. Dist.
4 N o Lo o
10 o L 30 29
12 ‘/ a 5 38 - © 20
. 130 2, o st ;
% 4 e 20 ;
1 i :
35 o =0
36 . 19 31 t;s
e 33 Bt 25
38 6 20 ]
39 3 31 0
Lo 2 Ve 8
P 5 i ko
12 1 73 ]
> b3, 7 4o 73,
i 2w i 23. .10
45 16 t 38, 158
4% ) ) . -
47 L . ~26 N2
. .. 31 o 13 ;
49 & 38 73 g
» 50 o o peis
- 3 % e 9 s
3 38 g

B . * Fien ﬂumg‘nt o have Toen territorial on ‘e basis ef x-epam;d ux;ht-, -

ings 1n the same locati
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Temporary removal  of cunners from the population

* e girst padr of cunners,plated in the holding cagh were released
on 30 July at 1230, after 5 days of conﬁnemene. &urses followed by o

‘éach fiah are plotted‘in Figure Ga..

P Hale 104 moved "~ 10.m 'seaward but was d.riven hi\ck by males - in ter-.

= - 3 ritori!s A nnd C, und chﬂseﬂ choreward by Male 111. ’l'he ‘#igh’ swanm north-

it mt, yumu %o shore and reversed course ueer. encountering annthar

emmrm male. Tt ‘Vogan to, zig-zag, Still i moving parallel  atirey

e lmt turned Beaverd after passing a large autcrop', and Iollwed a nearly

ok m-ugn sourss to Territory 7.~ Hale 104 ‘then- m—ned, [passed thirough
- Teﬂ:!.eoriu 7 and 10} ‘and, eutex‘ed his own, c)used aver the last 3 m hy
P ;

s ' Hale 103.

Once in'his terx'xtory, Hale 104 ‘turned on 163 anid engaged in a lorg

. 0. w3min ) sgonistic interaction on tthr mtuAl borﬂex‘. Frontal end

Sy lateral disp].ays were xnm-speraed wﬁth neless, bites dad 3su-1o=!r.s. "

Hale 0k cngsgqi ia 3 similar bat shorter (<1 min ) Lnterutions it 4
Maden 11 and G ‘nalon @ second encounter with 103. “Jiale 104 nnd hale ¥

: _pn‘l’urmed mml mmm with parallel sJaming. Fe)ulaa in the m-

ritqry were ce\n't d or chased betva»n lnt:x'actinns with nalee. Dhs.erva-

. ‘tlon ceased st 1520 i M sl 5 i i
Fesale 5 utumad to hér em-xm-y Within 15 nin, atter pua!ng
1
T . thmngh a mhﬁ‘ of males® tomtonos \dtheut Sncident- A lengtl\y inter-

ution with a nelshbo\lring ten‘:.terinl hmale (63) !clloved her return

i

-This was the only'ifcident i.n vhich fedales par!'omed frontal displayu,,

And Jaw-Tocks: . Bothi inulu were engaged in’ another, or possibly

e .g Hale 10, and-Fenale 53 successfully




followed are

Mile 111 and Female 68 were releaséd on 7 August at 1122. Courses

plotted in Figure 6 B. ( The holdiifg cage was in the centre

of 111's territory.”) Female 68 was i 1y chased: from

"111 and passed through Territory c/ into 126, She m' driven- from Terz- e

tory. 126 into 26 and 1medinte].y turned. tovard her ovas | ‘At 1124; 2 min

after releass; she vas lost to aight due to poor visibility.| At 1929 .- .

ahe m relncltad in Tmitm‘y 7. chnsed by the x‘eaidnnt male; female

‘68 ma into

 moved seavar

she was seén
e

.reoccupy her

Territory 103. At 1130 Eha was. Bsaiu lost to aight hav:ulg

or entered a deep crauca in. ’l'en'xtcfv 23..0n Auguat 10

under & ‘rock nrnrhang m ehe same location. She did ot

territory.

After oliasing Female 68, Male m engnged Male A in & short. jonistic

interaction
foXlowed, an
-melees. The

were engaged

Phrallel swim, frontal with

ﬁth:lnﬁmﬁ.n

111 and asaumad a strnngly

lhlul!ter

n their mutwal boﬂndury A 101)5 intéraction with Hale 4 -
anludad frontal display!. "parallel swimming, b:.cas and

Lnteruction cﬂntinlleﬂ for nt least 35 min. The oyponents
in an ihnost uontmuv\m repctition of parallel svh, t\xm,

jape, w«l ovin ... . Approximately 30%

vo{ the !rontal dilplnya vero fo]_lwed by.a melee Idth bitﬁu !md jw—locka

of “‘the utarb of ithe 1ntn‘act£en, Male B was bitten by Male
ded. colouration in <10 aec. An. hour and

releasé both 2ish were, gap:.ng and pnrullel swimming in thu

e 1ac;t5.m. Howovex‘. bites were 1ass frequent. Only one. m recorded ~gn

in’5 dinnof

Hale 111 its itory.

Hm:tnrx'itot&&l Male 133 and mmtorx‘ltor;ll chle kﬁ Iure relaa.sed

plathd i.n ngro 6 C..*liale 133 svan ‘toward Tenitm—y 10’6, turned, and

- on.1 August, 7 ws after capture. . Caurssa tc].'lwad after releun are |

Boved Vithout ‘incident through 'l'mitotiee 26 71 103, and 23, Be a.u-



LA .

v

appeared mong ‘boulders at the overwintering site at 155,
Female 45 entered Torritory 126-and spavned with the resident mle,
3 uin. after relewse. Sio then ovan seavard through Territories 26 and 7,
and remained at the {;a.ue of -a large ‘buuliar in Territéry’ I for ~ 10 min.
Ui ALB0 dhe vma'seen moving seavard through Territory 23 At 55 i
was sighted in Territory.7, lost, and Josated again, at the boulder in
) l‘mibory I Femul- 45 vas Last seen in’ uus location at 1515.. ( In
1972, shn was, u Territm-iea H and_ I in8 ot zo sightings. )

407 In sumary, temporary renoval of alels from their “Yerritories did
ot supate their abilify zi:-meqpy tHiiae wisii von reieue.‘ Femalo
/ ' '53.vas, also able to regcepy her sorkitory. 1L e engagsd ‘in wmusually
Tong and’intense interactions Vith' theis, neighhwta imediately’ after
* ‘their ret\lrn. Female 68's !a.ﬂure to" mux-n to her tmltery cannot be - *

explained: She vas probably o&pable of J.ocatlng it. Vhen lost to] siy:t

at 112‘#. she -was vi.thm normal: mu.u nnse nf tha tmitory end “in th'

location wvhere ahe was !{.ret eap':uteﬂ apd tagged.
A].ﬂwa@ pravented from :eading at leut on’ benthic, arganigm, for . o

plriods ot5 &7 wa none "of ‘the fish unibit.a t-emg or torag:.ng 3 A

’ behavlm upon. rehuse.

vu:u tlw ttrtitoml mles were cvnﬁ.ned, their naighbo\lru srmi-

ually encroached upon thou undltonﬂad areas, adjacant to their m ter- .

- ritories. nw pissence of Hale 111 iTbeit -angod 4n the centre of s

' feiled to &l Sons by Fales A, B, C, and D. Nefther
oL oftmentedarm by a’ dsly nonte jal fich or

cmpletelzr Plrtlt(oned between nd)l:ent ‘territorial males. * 'Border. dis-

" putes! /betwesn’ encroaching males' were: ot observed. i e | e




< : ;
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: » ; > ’
Figure 6. Novements of cunners after release from tho bolding cage and . -
ions of i with ifics: A) al male 104 5
and territorial female.53; B) te;‘itéﬂal male 111 and térritorial fo- “
, male 68 C) nonterritorial
o %
- .
.
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Reproductive behaviour -

\ A. Courtship and spawning behaviour % ey -
Reproductive behaviour is initiated by a territorial male's ‘court=
ship .approach!. Pigure‘ 7) to a female yithin his territory. In this
a.upia.} the tiale evins tovard ind o one side of the female, with the . .- y i
hright: blue mea:m fins erect, nd the head burned: tokard her st sharp !

angle to the body- The bnll: ie inclined s1ightly tovara the fenale aad

" lneumotiun i.s in thn wungltm rather ﬂmn ‘the uaual la'br:.fvm mode,,
nlthw@: rapid beating of the p-ctorlls is a component of the d{u‘pb.y.
In'the: vertical Plane. thé nale's course dasctibns a ahnllw mh above.
the ﬂu‘hsh-eto toa maxmm height uf 1-5 m. Tha mean durutian of 72
courtship qpproachoa measured from activity recgr@er ne}lal'tu was 3.2 Bec

%

Courtship behaviols vas observed on 6 Jnly 1972,°5 dm before the:

( 8.D. = 1.8 sec;. range: 1 - 10 sec ).

" tisst recorded spam. ’ Alfhough initially described as. ocetirring in the

! sbsence of intruders, it is possible Hliat ‘femalés immobile on the /rodq
substrate may have bsen overlooksd. me;,the spnwnins a:ason xu;i begun
fesmles were present during all cbaerved courtship aypronch-s. f.n 1978
courtehip behaviour was aot. seei @atil 1 July, 7 days before the fizst -

- recorded spaim. ] A

Honterritorial females umuy f1e when approached by a courting .. .-

male, the mile oftei giving clisse: Tt is‘imosrtain hefher these chisés

ars atbempts to drive the feaale m.y ar to direct her back ints the m—-

ritory. Chases often end vith the fouale ati11 vithin m lmites T

Beveral feiales' are prosent an mt contimuoua series ot couttship”

l.pproachqa and chases can occur. Territorial ‘females us\mlly turn, wld <

- moye slouly avay from a male’ if courted adjacent to, the substrate, but




m Ayprunheﬂ m muy mmm—,y okl o e, cmu; slf;htl:
" avay anid tm bu:k @ he pusdn,’ vs}h nedian tine aruut ‘and. head ‘turged







iWard md ‘the mele’s quivering i

arq mpre li.kcly to tlee for dover vien Sersiatantly courted in e

Receptue femnles Test on or meve slowly™ avar tlu Buh!trut! while

‘the nale makes onq or moTe courtéhip ammnch:s.

£ the Temale does not
166, the male ususlly begins tocirele hir at a height of <1.m,. efther

m_ng n - conplete o

anpmmg on each 5ide'an dna mrtsup upptm‘n, duplo.viug briefly’
Fins or head cumug

£

vithout ruising the medun
 ox maug the' cor {slup/ approach posture, duri.ng

the entire u:.rcuxt

T ile m ‘nale circles, he feriale w‘m,;.kn one or pore sty gl 3

tel ‘onch ucer ircling, - the uale smay lpproachas thn
tau:u fren h:hind end pas

s over her several.

an lnglu ot~ 60° to Her 1mgitud.i.na.1 nds.

8
@
,I\,
X,
°
.

¢oning Lu conkut with hcx
dﬂx‘!ﬂl Bll-!'fnct a.nd Bﬂfﬂq flnx:mg his head .nd ml l‘:nm Eidi to Bidl
\iﬂrhg e ot e pebses.

thig shase of' courtahip the female
Bay ‘wove’ Zorvard agiin in a '8top - - tart! !’aebion.

'I'ha male. enan plnceu 2
hi.a htl.l: agliut Her daﬁ'sal uu!'b,c!. with his“Bnout ,‘]\mt ‘behird hevr head,

and: h.gu. to. qniver rrum snout, to tail. In soge spam the alw ‘body -
ﬂ.uing is reyuuted. ws.tmn 5 - 15 seconds’: the pdr Begins. to move fors

intc slow,. high

by rlpid Accelaw:atiun of both mh e
Appu-cxi.mtely 2m t!un tha etuting pe:i.nt both uke a s!m'p uym‘d tum,
\dth the temal! 1ess ‘:bnn L bod.v 1en5th ahead.

( I(: is passibh hhaf the
m.le hndgea the female in the caudal regm Just het‘oru thn tm.

xw-
ovur, e “tothe rap:ﬂit;y w the tnm.mu from harizonnl tu nearly

[
..,

B
4
!
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vertical swimming I cannot be certain of this ).
The spavming pair rises at high speed at an angle of 60 - 80° to the

substrate, with lnl;d.il.m fins erect, both gaping widely just before and

during gameto release. Duration of the vertical run is ~ 1.5 sec. Spawn-
ing runs peaked.1.5 ="2.0 m above tha Substrate es both-fish ﬂ.exed shury-"
-1y into a U-shape with their vents i.n c.loso prmmilv- Jiandal]. And Rnnﬂnll
- ( 1963 ) have suggested that such nmon at ‘the peak pfrvertica.'l. spaim~ /_
‘. hi.ng runa. combined \uth a2 sudden expans:vn of the air bladder, 1 probably
. muues ‘the releass of sex products.” Mm‘o ucenuy. Robertson and”
: Hoffaan (1977 ) and Joh-nnea (1978 ) have 'uuggasted that similar spawn-
ing Tuns in & variety of coral reef apecias may Gerve the dual function |
: of releasing ganctes far enough from the substrate. fo minimize reot-based
o . ) egg predation, while only briefly exposing the spawning pair to predation
T * away from the shelter of the reef. o -
‘ Inmedistely attér gamete ‘release, the female folds her median fins - :
and descends to the substrate, ‘usually resting for'a period ranging from ’
several’ seconds to minutes, before lsamg the-territory. The mile swins
rapidly around the descending female in a vide; shallow spiral, again
'-x;.h median fins erect and head turned eharply tovard her. " The fovele
, may.be chased for séveral meters if she ewims off imediately after span~ B ?

+" 7" iig. The patrolling of the m—mm and u-mup of females is then
resumed. On two cccasions. fenales which have renained in the urritary

have Bpl-vnnd a sac:md time id.thin 5 minutes.

The duration'of a full bout of rayrodllctlva be'lmrimu‘, from court-

“ship approach %o spaan, ranges, fion'3 - 10.in, prinarily in relation’to

J ﬂ:e Tesponses of the female. Tex of i viour By

17" aigartae of e femmle 1s most. somon duing the. cpproach and’edrcling




kg

phase. Onco' tho sale ia in direct contact with the female premature
teruinstion is raré.. One fensle went dhough the entive courtehip se
quence four times before gpawiiing. Each time the pair began thé horizon-
tal component of the spawning run, she turnéd under an Gverhanging rock
face or entered a_crevice, energing after additional conrtahip éiwlsya
by the male. " Auother fomale svan uander a Fock as thie male begii to quiv-.
‘er byt did not emerge witil he avan off: cmmup can be interrupted

or, aven terninated by ithe presence of ottier: figh. . In ona casd'a mm.

lett'a barritory atter the Fesident nalé had rapeatadl: iriterruptod court-
ship to éhase intruders during both the circlinz and quivering phases.
An atypical spavn followed two-long chases (~8 sec éach ) involving

a territorial iale and en umusudlly suall female (120 - 130-ma TL ).
After f1coing ( or 1§adxng ) back and forth over the territory at a height
ofe1.5 - 2,0 'm, the female mtiated an upvard dash, which ended in én ap~
parently norsal gme.te -relesse. Another ‘spawn’ folloved a uhnrt (<3 sec )
nid—vater chase of a female which bocupied a territory ou the sigo ot the.
sale's.” Ths fonale had fisd atter single courtahip approach by the
male.  Similar pair opovns,. “Laielag spoctilized courtehip displays) huve
been /npottod a8, normal far ' four species of Halichosres.( Boede, 1972 ).

B Interference by meles-in pair s'p&mi.ng
Nonterritorial miles with nuptial: cnum-amu were offen seen in mid~
. vater, several meters Bedward of the drop-off at the cuter edge of the .
. m'im study sita, nd were ﬂ‘equunh]: chiased. by. mea ccl:u}:ymg ths

from this grom attenpted to join the
: vcﬁcnmo:mpmam-ugzu)s(ss%) !‘lvurdedspman *
Only one attenpt was mceum The ‘{atruder had been chased repeat-

- edly from the sdge of the terhitory’ diring’ courtahip, but teeuma each
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timo the male rejoined the female. In the other avtempt the intruder

was not seen before the spawn occurred. It arrived at high speed, mo=

“.ments too late to spawn, and immediately fled as the reafdént male ap-

proached. Similar by S or suborginate nales

bave been obsemd in Thelassoma bifasciatum ( Warner et al., 1977 ). end

Tautoga ontits’ € c1a et al., 1977 ) respectively. Territord
‘sdspersis uséd siiler- tectics to spavn with :aure:mg pairs néar thoir 2
1 d on ‘two 5. 1978 a cunner. with. juveni].e

zg 2 a epawning sair. TE resched the poak -

"ot o' run 207em bahimi the mger cunhers and mde he shxrp ﬂa:uon g

Iuoc:\.ntad with g&mte .release ac (:he aame point that they had. ’l!ha

!juvenile! imsdiately le!t the turx‘xtﬂry at high spted. althmzsb -ypa.r- .

ently not, séen 'hy the" haiﬂm male untu severnl meteru aistant.
llnntarrxtm'ml males: ocmlonhl];{ tri.ad to court t:males in a terri-

hry while the residsnt male was cuurti.ng or’ chasing nthcr i.ntrudnrs.

M1 were ‘quickly -driven” ntl. Due ‘to 'poot visibility, the' cnloutac:en of

:th'udors approached or chased by terx'itotial males could be ‘determined -

1non1;2055nf>5000\‘emtdﬂd

ip es ‘ex=

. cluded ). Only 5:8%0f these iz ior mvolveﬂ 6 itorial blue
phase cunners:/ (-A1L tem.mm m).u in the immediate vici.nity of the .

10 sample territories vere: emm u@g or cauld e racogrized size,
+ colour or location: Hence, iidre, was nan.igible “contiision b#u n zeh

rstmu and nonturritoﬁal ale Ln’truderm ji s
S e

c. mum.l pei-iodmity of sax\m]. actinty _' %
1) Corrélation’vith tim of tiy. - e, "

cau!mup approaches wére sot” tau.uea prior to 19 Juiy,197/ although
mst rewrded 13 ‘days® earlien.’ After (:hi: date 88.7“ were, nbun-d after




5
1300., mb. in 1978, 84.8% of recorded courtship approaches occur-
red after 1300. Frequency orecwtmp-y_&ouhmua significantly
with time of day ( Table 8 ). Courtship was most intense between 1400
nd1900mn{mnaum1mmd1tmmu.1m(uswe8).

a0 n.u?nut_-p-;nm recorded at 1345; the latest at 2040. Spawn-
mnmmuﬁm»u-o q@(nm-a)na-ppmahri-ca

: -p'-ll; betueen 1700, &ad 1900 ( Figure 9 A ). ga.imx-', 1978 a.g.-w
| .MWma(umc9n). g
\ : .~ 11)" Correlation vith tidal oycle

' Tre tidal eyele ves atvided s.nto four phnou to test for csn-ah- S

vith cunner x'uproduct!.vo bnbnviaur ok s
Phase 1 .~ high tide to nld—o'bb N : : P:

.  Phase 2 ~ midsotd to low tide %" g - ¥

Phase 3~ low tid@ to mid-flood _ S

Mi-nd-nma(imuu s : St

Gy testa ( Sokal sod Renlt, 1969.) vere selected for the anslyses 1.

4 v a..umlumbmumm«cmmuwmmrm- 5
tive to the m of mtm made. h&l collected in 1973 could’
mhwuml:ﬂl:atnmmﬂmmmmdﬂd o
phases 3 and 4. hm«mu\upmachuﬁdmmwx-
mﬂyv&thddllph.n(hblc10l7 m.mm-i@mmt
mum my(hhhw!). Mmommun

dlkw1-7ﬁ—un(x=- .OM/Ichu)dmnqﬂle 1977
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U7 . Figure 9. Hourly variation in £ spawns by terr al ‘male,

. sdspereis “in 1977 (K) and 1978 (B). Vertical'akes repiesoittho per-

i " . centage of observations in vhich.ons or more spaims:were recorded:’ . . .t
| o @ 3 ) < : Ly ¢
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Table 10. Variation.in frequency of I. b
with tidal phase ( see p.59 ). Numbers.in the 'Yes' columis represent .
the number ‘o' observations per tidal phase i which ong or more court-
. suip approaches (4) o ‘sphvns (B) were recorded. Only observations
' <. bade after 1300 iri ‘are included in B.r -
g i A

¢ I8 “ " Gourtehip Approach Observed
B - 1% Yes No'
. : /,715 s e (32
. . , Y 29 M o8
¥ 5 Sa e e
W : :
‘ % a0 5%..
g - ¥ ; e
»~ ‘0 ﬂl
. . g hen | arey i )
" ™ Frequency of courtship approath behaviour is independent of tidal-
& phase p>0 16 ).
’ . B. * .
s
. 14
: ~ 2 : N r
i vt 2 . D
3 Y e S s
2 £ ;
Y i W : i
3 Qi -
. o i B
o s ‘Gg =185 . dfe= 3 )
' Spaminig freqiiency is not independent of tidal phase ( p<0.0050). 1 ¢
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. cbeervations.  There vas no sigaificant difference betwess sample fish
in either the mumber of courtship approaches ( Table 8 ) or spawns
( Table 9 ) perfored. gommumzmlummnluma;q
mmnq/daymm-thnmodqyothesm--’Ehr*oelchetmi- . .
toridl males spawned twice within 15 min, while a fourth spawned three :
H.ulnéd.n, twice with the caso. fosale. During 177 a female spma- p
- o with the ‘same male.on 28 July’ and 9 hugust. in 1978 aaother spavned
/ | vith  tersiforial Bale en 30'July. sud 3-Augusts’ In boih Gases £he fo-

_males were territorial within the ‘area doferded by their spavning pert-

iE k The  first spava of ‘tho. 1577 seasr vas rocordod en 11 July,. the Jast ;
o 9 hugust. Mo courtenip behaviour was cbderved after 12 August. ‘Moot
: ' “of 21 females tagsed on 28 July vere nearly apeat, eggs being strivped |
from thon with difficulty. At least.10 speit famales vere discarded dur- :
ing the tagsing operation. Twelve Tish eoix,cx.a on 16 huguist vere exan-
.- ined in conjunction with & study on cumer ensyme ( AN ) activity. Cne |
of ' Sales and 7 of B females'vers speat ( D. Valton, personsl commuri-
cation ). Only 25 of 57 fish captured on 17 and ao'n.sut, and'released 1
_after external exanination,could be gexed by stripping. - ALl of thsse a
were Galea and, with te exception of a tagged territarial tish, vere
nearly spent. Four of the remaining fish were identified as spent mafes
’ by colouration.. Tn 1978 the first span vas recorded ‘on 1 a5, the
L st on Th dugust. - ;8
: " surtace tow rosuts for 1977 ( Figure 10 A ) chov & peak in s ‘nusie
Ean e W \nru ot Flauktonic ogge and Laivas on 21'July, and a shasp deciinein
. mbu-: by 26 July. Only 3 oges vere collected on 12 August, and heither

eais o Jervae were. o prsbent 1 the 23 higist u-p:l.e. Surtace’ ow results - |
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’

for 1978 ( Figure 10 B ) egain show a strong peak in egg nusber, which

occurs on 17 July, followed by & gradual decline until the end of the

spavning season in mid-August. Only 4 larvae were collected, 5 on §
E August end 1 oa 17 Auguat. - .
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© Quantitative-data’ .

A between bebavioural ara R o TRy S o

ﬂm ﬁmtlnﬁ.on coar{icxente between ‘the hﬁmvimn'nl paramtarn Ap—

Y proach, Chase; Lateral; h‘untll, Cnuz'tshirl Approach, and Spawn, lnd. their

-significanc ;,,-. Pr in Table 11, Sample siwg ( n )

: som- Vs’ ziot recorde Auring ‘tae l:.rut 13, a.m of data coneumn.

2701) u-re uaad in coapnt-uon of' con-ela~

mt-uoo observations ( n

' tion’ costticients. ‘botween Spaun and other. parametm aide ol

.

the ing paraget m‘t-’oz The! covarianta of each

psrmtex' are Iisted in ﬁcecemiing order ef sisumcme in Tablé 12,

S 1;. nm-m

| ;. vation from 0600 = 2100 Hﬂv-vcr. the.re was siyliﬂ.cant hourly variac

» ) tion of y of A n Spalm. hip Approacht behaviour

(“Table 3 Yl Gmphs nrmnn I / ion, 3 'u'p“k

g -cti.vity Bt rlBoo and' 1900 for. 411 3 parmet.rq ( Figures 8,.9,-
X ‘).

of ﬂ:e L vith tima of dw

»vtu-e pu‘lorzad with.2' ma of datd; one of: pn-ngao obnmcxm and

ol tho Other o pou 1800, obsarvnhm‘ ‘thius brsckotms uu period in vh;\:h

ﬂngr-yhedpenlm Approel ip A h,’ and Spaw .
; 3 s

- were, pauiuvnly ccrulatad vith time, bexeu 1900. Approach and Spau:

e a “m»-u ste 1aoo‘mmmmegs;\mz"

i post=1800 Courtehip App: tHie pardmstors varied significantly
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Table 12. of

" lin descerding order of r value i

Courtahip spproach

1 Covar are listed

‘are positi

Covariants

 Courtship approach, Chase,Spavm; Lateral
‘Abproach, Courtahip spproach )

Frontal :
Lotéral, Aymnéh, Spawn

‘Appm;ch. Bpa‘wn,» Chase .
Approach, Courtship w:ﬂ Frontal
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sl oo r 5
.. Table 13. Reeults.of simple bivariate regressions of behavioural’ para-
. meters on ‘time of day.

- Parameters '

Approach - 15.98 .
~ quase; [ _0.01
W pataral HepTa 0.66 .25

Frontal display . 1 hest 005
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ii) Variation with tidal phase
indicated that the Spavn ari, Approach varied

Tha rami‘onship bstween ‘spawning :nd txdal phase

with #1421 phasé.
' hag, beén describéd above. * Beth approaches. snd spans wore most :requent,

botu n’ mid-f1o0d ‘and; ng\ tidap ( i.e. tidal Phase 4 )¢ Fign.ro 12 ).

*aéwvnd ; YR ‘,,' 0 2
2 . parameters, ¥ ]
: . ‘Simple i 51 ahma 51 n : of the
N patmtm Appreach und Chabe \uth vatcr tempnx'atura 4 Tuhle 1‘(» ) None
of the" ophiers behai al’ varied with during the

A /ﬁ’ = Avsxst' “1977 6bnmtiom|. - :
& i The puz‘lmoters cmﬁw. rnmeal. !ntera:l, ‘and Courtship AppFoach
variod vith waek of ubusrvn{l on\ measurad from the start of regulu- ob="

. s on 6 July 1977 of’ !rpntal_. ‘displays,’ lateral

was

a
duyws,p cuurta'lup sy e
* whereas. perforarice of chases wa ositively cm--uud with veek of,
.
f of erontal displ

3 g A v 4
i ""‘\d.ﬂ:veek, ’

T L e ). - The ‘weeldly vari: "muan
- LT 7% 50 S ¢
Iateral ‘displays, and co » ir por. vdtion is plotted’
in ﬁgm 13, The. weekly vafiation in ean fr uf beer

{gon, ang in siean tmpera'qn-s/obaemum is ple\:tod in Figure 1" ! m-

_ though “thie sx‘aph shows &b gerall increase in chase heh.viout vith tine







% Table 14. Results of sifple s of behavi para-

“meters on tempersture (¢° ). . . . ok v




(---»- 3, lateral dxuph,yu (- ~). and’ frontal’ d.i.upl&y! fiube¥ i

‘ldugeraua (s gy, 23, Ausuaf 4977')’ ¢
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T Higure 1«./

hlt mﬁul axis: rspraumta thn mean mnnm of c_hlus r;cvrd-d /

; ohm—vnmn / week.
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DISCUSSION ’ A e
. , Sy o
" “Feld obeervations of torritorisl male fautogslsbrus adsporaus indi-
cate that the apoyning season in Conception Bay Nawréundimd' spans a'k - ¢
6 ok period fron edrly y to nid-hugust. Thisicoincides witn the :
period Reid ( 1529+). concluded, ou'the basis of icht!wuplankhn data yas,

" ‘most flvuura'hle“ for development. of cunnor eggs. and larvu in. the Guls

3 ot 5t lﬂwrenca. In the Woods Hala roglon a.nd oft: Connectinut. the un-
" 3 ner spawns in June’and early July ( Knn.tz and Radclif{e. .1918; coateuo
ot el., 1957; . Dev, 1976 )« Cunners off Connecticut become active by mid-

_ April st e water temperature of 5= 6% ( Doy, 1976 ). w-u;a’micat- .

that cunners 1n Conceyh.ﬂn Bw dre inachv: unt).l thu sume t:mparuture
o - . -is reached, ususlly after n;dfﬂcv, It thragqhoub the range of’the spe-
oué. a similar péricd s required to bring cunners to spavning condition
after snergonce from ovorvintering torpor, the later spawning seesci in
LEY T the nm-them reglon may bé ‘dus 6 lntar varming of the waters. -

&id's ueas:ma.l dlta shoved & ml'ku‘d peak in egg. abundancs ltam nid- %

to.1ate fuly: Abundasos of esgs in, Broad Cove peakedin tHe cm.ra vosks,
O . lof July in b6t 1977 ‘and 1978. Surtace tow Tesults, the sigxufxcant - N

3 . crease. in' cou.rtship activity after nid-Vuly, ad the. Largs Froportion of
" ‘gpent fenales asong thése taken from late' July:onwadds ausgeut that most
' spawns oogur durina the' first 2= 5 ‘veeks of ths spawning season. AL~
5 thm)gh ce  'spauning ey aid not- vary signi ic vxth wuk

: dur:ng tha sealion, it is {e‘lt that,a decrease in xrequney s the eason:

progresses Sanmot; be ‘ruled out’ due to tie' lml pwsr £ the sc.cmtml

¥ ‘ﬂu mla,timahip hstwaan Bpavnj.ng and’ tlﬂ.ul p!uae i.a difficult to } s

lccm.lnt fort, “Tigal offucts. on. dsspmu would be ninor in Conceptinn Bay’
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~ % .
"duo o-lov tidel emplitude (v1 m ), but could be considerable in other
Fiwts of. the species’ range. Maxidun otfshore dispersalvould be obtaine

l\‘l if spami.ng occ‘nzrld at high tid.. Fish \'hic'h Dpk\vned at; low- tide-

would achnve minimum b!fahm‘a egg dispersal md if in. shallow water.

g viuld, x-m: hnvi.us eggs washed umm. 1 mndmum dispetaul was ‘the-ob=

: J-ctive. npawxuns would be: mqmceed in approx:mately equal trogueisies

-+ ifi the later part'of ‘the mid-tlood to'high tide phass and in. the early’
Bk J pert of the high tide to iid<ebb phase; However, this dows'hot appéar ®
to be tho case s most spawns were, observed between mid-flood and High - : i

ST Tl 3 L

. ¥ e e ¥
Whatever: -the cause of the quantitative MJ.atiollaﬁip "betveen tide -

% «-and nymmmg !&'eqliency, time 1! ‘the more im'portant factor. Ln tha regul

" tion of reproductive behaviowr; Spawning is obServed only aster 1300 haxg -

ud. llthnugh ‘most. Fregueat before bigh tide,.can occur during any phasa

‘of the oycle: late momitig of afternion spavnmg appoiars. to be chartic

terlstic of Labrid fish. ; Thoro ae clear advantages, ‘in teris, ol Thdnos

¥ el predation pressure; fo not spawn in the. easly meming or lat averi—

i.l:g inﬁ:vul reef hAbitats C )labsun, 19@, 1972:) - Field nbsax'vuhens
o 4 tmitoﬁal male T.:ads] E inﬂi:lte “that the i.lwreaue in appraanh

i b;hniour atter 1}00 1|.rl llrscly duo tQ an ;Lnrlux of. femlle anderua o

Data .on t\mg;i.ng tr&qw-ncy s\lggists that cunners. dm: c\n moming to" ‘ .

. Zesdirig" and the ‘affernos p;-m.rxxy o Fop: ive activity during the
| : "D adspor: pn;u: spamig i ,g.m.m.y 'sinihr “to. that of other
[ | labrid quc:.es. mo vertical n‘pmln:mg run’ is'a’ comon zeume of repro—

dm:tive ha'havxour alno‘n; \wth lsbrids- lnd acax.‘i,
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Crenilabrus melops (- Potts, 1974 ), Clepticus parrae ( Robertson and
3 Hoffman, 1977 5 8 onmé ( Olla and. Samet , 19775 0lla et .1:'. 1977 ),
’ end T2 bifasciatin ( e, 1973') ard a1 sggressive’ cama other 7

- = i nales dux'mg thie spaumiing seasén. “The first three sy,meavd-fsnd torrie L

BT 2 £ tm-iee. \ihnreas the laat ﬂu‘ae attempt to qxc]Lud.e mlllu ﬂ"om a 1955 ﬂJ.B— 5
" tinct spming uita or altea. AR Ve

“Prdr to_the spawning season maleu ar ) sd.sgemus, T. onitis, and. .’_'

ﬂ cxhi'b aggreesxvs huhmriuur to cunspac:.!icu of both sexes

- I usually inttiate by a bigh ap.aa approach fo igtrudirs.: This apyruaeh,

& . " modified in the" ellnner. tantog;.and corhvmg rasse, eubueq\lently buwmes
% S B a . of . ; Circling ofa female brboth cir-

elin,g anf repid pasces to the'side, with exagglrntcd uwmmlng movemnts,

c.are coﬂ-l;ébnents of co\u‘tship in thesu species and in L&hroidsx 2h‘thi.ronhas§

(!mmsblnth. 1968 Y, cnnuum.s temincleii ( Hoyer and. Suepurd.~1975 ),
flagellitora '( uakazm and Tsukaharn, 1974, ‘and pair spewning

P i R
(-Rei 1973 )nd . cupido (May«, 1977) Like the - * -

., cumner:, L. ghthuoghﬂ faces the tmlt d\u‘m ev\u‘ts.hlp d.:.splnya and -

s the dorsal surface nvaw. simiTar; m.ts.-.g by 1: & dsparsus. may Bnse

ook the disquy thx‘cnlgh preaentntiun of the bright boily ma flanki

5 1eun$.ngl-,y a temienl:y to mn w}nla the mms

a Tm is turnad ‘tovard the female

S TR e Pallalscunnnradamt
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5 : =€ 1973 ), Roberfson and a:nat 4 1974 ), Roeds ( 1972) Younguuehl

1068 ). fe east twe apecige, m'halé:aoma bifasciatunand'T. Lunasi

z | cexhibit dnnlistic feproductive behavidir. Roeds C 972 ) describe
1 . may hAvs biun groip spaming. 'thuhseren bivi ttatus and H. 'pacul dpima,. | %

| apuc!.aa pr-vionsly thovght to be' exclusivaly pu.r Spaiers. e

et o \Group spu\ming by mxtosulubrus nd.agere us'has ‘been. reeorﬂmi only k;

American vatera end  pais spaentas only i, Newfoundland, . Tt nightidoem
that these dualistic reprotuctive behaviwurs ‘afe mutidly exclusive in*

T "7 - paite’'of ‘tho cunner's ramgs. Hovever, & number of factors indicate sich -

o aeunclusienm prematuu. 4 - ' PR CERN

e grow ; cunners described by, Wiklumd ( 1970, ) vezoiof &

size at which se:

5 posrly. bed:or iLacking nnw-'»

! :ounu}u}a- waters..  The. larger cumers. yrnsen\‘: défendsd territories \m

- were nvt observesd w Spavi. The uctiw “hfﬂﬁae“ of thtse territorids

may have ucluied wmctsmp a.pprmh to fedales.’ LT ene casial ahm- :

ver, thase ould emnily bo misi “eted as.

-males usually flee wien approachel. The low !'requexwy o pair spsunm;
—~
o3 ‘spavié/hour of: observation in the present study ) may vxplain vhy
/
1t {sa "ot nbaerved. The nori-p: ; of.lirge, torritorial fish
75 A v

in group.- apmmg is consi vdth p of gua_nscx‘c P

\ J tive behaviow in other Tabria upec:.ea. ‘ 3

. Ryenougs goq apawnmg/ by L adspereus has nm( been sen sn eiau- oy

fmmdlmd‘ Mpcsslbilﬁy of ita -geeurrenca’ cannot - bb- diaconnbed‘

ﬂnln TL of ﬂsh tnkan in the yx‘cslnt\atmly vas Z'l1 m. Fish qt less fhan ©

125 i wx. £ g 0se uhsah panp spa«m in Eouthern waters ) were scei a,

mmm-. " callootbns onithe mman Tt of waotmdlmd
.nlv o{ fish of thi.u i

1970 céﬂshtld maj

ot smaller, ‘ome vith maturs |-
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gonads ('Green, unpublished data ). Although several dives were made in

the area in 1978, group spawns were not observed. Again this may be a

consequence of limited Gon time and i Too

Tikt1p e tnionss VIl begard £ o bebertode of young cunners to explain
their low numbers at Broad Cove, or to suggest why they might be more .
~ plentiful in other locations. c T -
Robortaon efdThoat ‘1§ql+ ) suggested that group spawning in labrids
coulfarise vhen small, b swcaniiy matube msien verg,able to collec-
| % tively over-ride fenale mate choice for older, more colourful males %
'éauﬂies.' Under normal conditions young males.would be largely unrec-

ognizable to females as potential males, due to their similar colouration.

If young males exhibited ip behaviour-mear territorial males they - -
might risk recognition and attack and the female could still select the
gaudy male over the di;b: Robertson and Choat suggest that the solution

. . is the formtion of aggregations in which drab males heavily outnumber
“fensles. "Because these large concéntrations tend to be away ffom gaud-
tes' torritoried, the probability of a direct choice situation arising is
ooneed.. Wil & Skolce deea dxian U 16 6F miay deubs Seatiat eitape
a single gaudy, which would help reduce thé relative stimilus value of :
the gandy."® The sti;ngmun provided by many drab males, clustering
about a' female would then be sufficient €6 elicit a’spawm. ~ . . °

This being the case, it is curious that the nonterritorial males '— =

in Broad Cove have not basichasrves 4 group spevn. Fbet nontertitorial
males are of a size at which sexusl dichromatisn is well developed. F)

Presunably an aggregation of 'gaudy' males would be more stimilating to

a female than one ofsdrab males. Lack of group spawning may be {eﬁned

+ " Zhonertson and Choat ( 194 ) p. 22k
R . N
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to the 7low numbers of males in mid-water aggtzgntionn. Vithout data on
the relative numbers of .territorial and monterritorial cunners in the
population ax‘;d the relative abundance of different age classes, the q‘:—
parent lack of group spawning 1n Broad Gove samst be explained.

Only territorial male T. adspersus were observed to successfully
court and spawn with females. This suggests that sexual activity is
largely restricted to females and to the older and larger males. Thus,
the sex ratio of the lreeding population must differ from thie observed
111 ratio of the general population. Similar idacrpanotes inimex ratio
of the breeding and general populations have been recorded.in other prom-
iscuous apd polygynous bird and fish species ( Noble, 1938; Randall and
Randall, 1963; Selander, 1965 ). M

P

Although spawning is alvost 1 by territorial

males of at least 7 !ear)of agey Johan&en s data (1925 ) and the obser-

ved attempts ot ‘juveniles' ‘and nontex-nmual males to join spmmulg
pairs mdicate that the sexual maturation of male T. adspersus is not

delayed. In a situation where males defend the same territory: from year

to year and are capable of maintaini ively inflexible

some fish may. never obtain a territory. Natural selection would favour
P

the expenditure of energy by young and/or nonterritorial fish in gonadal

It is

development; in case an opportunity to join pair spawners aros
it o ot Shat, satsse ety e 2, 7. adspersus were most fre-
quently seen T nid-vater, seavard of the territories along the edge of
the drop off from & - 6.5 m, and that the observed attempts to join
spavning fish occurred in these territories alone: It is probably easier

to gain access to fringe territoricisuch as thesé than to territories
4 N < v

)

in more central locations. R ]
¢ Be Y
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With such a high premium, in texms of reproductive fitness,-associa-

ted with male territoriality, intense -competiti‘on for territories voud =
be expooted in late ay and early June, hen territories ard recccupied
~——_previously territorial fish, and vhep competition for sreas vacated

dus to overvintering mortality would be expected. Although nét recorded, «

such competition way ocour, As:/rslativeh' few observations have been hade
5 in %ﬁnd June. No qmtitative.daea are available for comparison of

of ion toward ifics during - kY

) .

ment with frequency later in the season. o
Territorial behaviour in reef and other benthic fish can have sev- \
eral functions defense of spawn, shelter, and/or a food resource. The °

cumner's pelagic eggs ‘and larvae preclude defense of spawn. Tepritorial

behaviour in male T. does entail mai of an exclusive  §
spavning area, and this may be its primary furction. A number of dsta &
_ fupport this viewpoint: the consi isti ges to male in-

truders as opposed to tolerance of recepcsv.e females within the- territory,
the concurrent decrease of courtship behaviour and aggressive interac-
.> tions between territorial males, and the ‘mre frequent forays outside
the territory after spawing season.” ’
There are indications that territorial del;ense b%fore and during
Q the spavning season may serve another, subsidiary function: provision
of an adequate food .supply for the resident fish. Observations have

shown that males forage almost exclusively within their territories dur-

‘ N ' ing the spaining season. If a cunner is not to be forced to forage away i
froa the territory, both canspecitice sad citics with similar
diets must be prevented from feeding within it. The brief absences noted
.® * anong some offihé males may. be indicative of & scarcity 3f prey within *




‘ their territories. I -

A .
With regard to conspecific competitors, transient females notr recep-

tive to courtship and male intruders are alvayg chased. Although ;&:-i-
r 2 torial Yesales are present in some territories, the constant presence of
a potentially recoptive fesale may offset m,d.iudmugu of coipeti-
tion for prey. Tu—ntmal Tomalen ‘are uswmlly fomd i aress vith rub
Me-substrate; md. not oa bare bedrock where both shelter and benthic
yrq would be less dmdmt.

§ Interactions with contraspeciﬁcs w1e0 sisgest defense.of s food

i & “supply by terr pales. ‘T fic ageression hds bean xdenti-»

‘ fied as an important component ofterritory defense in n&mber 6! coral -
reef speckes which madntain terntcrns “outside of the reproductive sea
son ( Low, w1. Nursall, 1971; Myrberg and Thraaher,q??‘t ). Befense
of shelter, food supply, or spawn are possible ‘functions of interspeci-
fic territorielity ( Thresher, 1976 a., b.). Pomacentrug flavicauda,
& herbivorous species, defends the entire hose range as.a territary and
exhibits tovards 38 omni or species, but_

not to carai: ( Low, 1971 ) :

It is doudbtful that any of -tho species chased by terrih;rhl I.
sdspersus pose a threat to shelter availability. Capelin, Ih;nder, and
cod are not norsally found in crevices in the ;umta. Although B.

- funnellus does seek shelter in rocky substrates, the species is consid-
erably amaller than tho cumer and tigre 1o 146tls overlsp in shalter
. " size requirements.. Ocean pouts, Macrozoarces americanus,' occupied cre-
vices in soveral territories but were too large to be Gisplaced by a
cunner. In a territory where a single large -nravicu was available for

B shelter it was used by both the resident cumner snd ax ocean pout. How=




I ’ ¥
ever, 'the temoral overlap in"occupancy vas ‘probably smell es ocean pouts
i are active nocturnally.
" 3 a - - -] B Ao~
o 4 Defense of a, food .Yesource is a more probeble cause of interspecific |
- aggression in T: “Béspersus: Ai?aseim tovards flounder and cotfids ves

4 . most fiequent during and Just -aBter spaunmg Tums of. Hallstus villosus.

s mti.ns this perfod ‘alj ‘three specm were in competxtmn !or injured cape~ S

. Linand dead fish fmlmi on. nw suhmate.» The single obderved chage og,
L a capal{.n by a cunier'was ‘more 1:.( ely an’ attempt, fo captuu it uum te

ucludl the fish frop a territnry. ’.l'he rock g\mnnly which !'eada on - shrmp. Z

Oﬁyhipods. and‘maring worns, aybe a constant sawce ot cnmpetxtxon for

o benthic prey. FPholis elilis was the. nnly conmspecmc Y bt
, . donsiatently chased by jal mle . - "

Female territorial bshmrioux- inl. a\isgersus is a rather puzzl;ng

phenomepon. The hmed data euggese that, a5 1j the case of seless

2 " the terpitory mncmne primrily axa spaining site from which potential ML
b2 ' rivals ere excluded. Four cf the five wecorded spawris by these tish '
oscurred witain: tneu territoties. l\mthumte, Bost . territories were %5

vncntad by m.iﬂ Augu.st e.ttsr the peok ot BDMI-D& nct:.vity and at a per-
‘iod when most (emales were spent. . It is not known whef:hur female terxi- i
toriality is also absocisted vith defonse of a food resourde. flthough L

8 forialen’ territories are far snaller than nalés®) this ddes not necessar-
ily imply that they Are‘inaﬂequnte in'terma of :am;.vaﬂmueg Fomales, *

: unli.ke sales, do not exert energy through "Gourtship behaviour ; rasply ol

engage in-'border disputes® with, cmpecima and, due "to the Rl 2
,of their territories, vould be expected to expend less -energy in their
déténse. Howeler, as the timing and enérgy. requiretents of gazmdal maturs

ation are tmlmow, it is possible that the expected greater expenditure
g : .- : :




"“ciated with defensa of  small territory, z

X uae‘ttemm-y then are nalés.  This may. uaimc that tmnvrm !emalea :

.tluborduruotmles""“lb’imvba, rmi bynmle onisti

" bahaviour,, "Salé ( Wfl ) moted that'vhere food wis plentiful, satiring .

) wessmn, and 2 tail\nre to flee when npprouched by a ‘malé, which can

of females in"a nale's territory on a contiriual hu)s, and their presence

 there

: i ! . I . 3 .
gy females in egg developmentmuld‘ offset the energetic advantages asso~

w

Territorial females d pear to graze on zooplankton more frequent-

Iy fhas vsles and, may cumpeuaato for & ack of benth' prey. in this man-

 In addition, Zenales. are tiore readily. qttractod to bait outeide’

are less restricted, in f.hax:- mavemenbu ¢ or hnng'ior D) than males and

might be more’ likely to forage ar! tho territory botween apavu. K

The ‘snall aizo a( femalas tenitoriea gad ﬂ\eh‘ Tocation on ‘o nsar'

Ponacentris wardi were hble to es erritories on the boundaries.s
“botween areas defended by older fish. The'sinigle oboerved attenpt: fo’ ca-
tablish a new tm%ry by &male _cunnér. ncmred on-a houndary betuesn

previously uccupxed areas. Th:se obstyvations uggest that sone terri- p
s

torial specxes are less o tovard ifics on

of the territory than vt th e central avea. T T

their colouration, which prebussbly wiil elictt coirtehip rafher than
‘signify receptivity:to cwx-tshie. $his nay account for. both toiération ¢ .
in per:.phml aresss . . }{ o :

. The prwsmm of !-mluu uhich exiibit ﬁamtur:a‘l. behaviour is ‘
wiknown; althiough data froi tagged fieh indicate ' that Up o 25% of Lo < .

Hilos’ are territorial during the Bpmming séason-- With the present data

.20 readily 'appmn: advantage in temtaml defenso by fenale

cuiners. : If ‘15 clear that there are buth territoridl and. sikeettorta
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- {-lu, and that both betaviowral 'types’ spam. ALl ! eppese capable ot i
hltipleupmupod&ylndpcnnm g i .
g Although this aspect,of the, 2" ‘o H

u!unlnmntorhl hcﬁmmn-u.nbeoem ilhﬂimmulﬁm
mﬂ-hfcrtﬂiuluf—l— spmnaum-m&mmnot

B s e ndl-hlaﬂ:‘eakenpﬁusluk‘ unanmchmdumcmpeueim

bwms females fof spavning p-rmm vod be expocted,. with restricted -
Prosumably, tmﬂ:erm females

p nuun to nles as a pouible nanlt
‘u reventing sone onte Fia fiahttmenurmgn

;| alets t-nm Vith fever tmnent um». nvaihhle o0 spgimiag g
=) pitders, there would Be e incpessed- probability st thé el cguld
feytilize all egge prod.\w.d by the nmm-xu femalen. ’7

g g £ The Broad Cove cunner popuhtmn wﬂimunc a reproductive sys-

tem in tramsition from that inmch-rnm-nmu.m fiahwm E "»
* an .opportunity to spawm, either in grouss or Pairs, to one in which coa- </’
 petition is Laiitioet Tos Sooee 16 sm'g;‘th in both sexes.
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Some male T. -adspersus defend territories” against both conspecific
and contraspecific intruders from urly'Junn until at least late

September. Sutmmmgq:@m”mmmm

Suta s'ndxe-tc'a that the -a;',mq of un-iem-‘lf-m are hrger

i 210 m Tiya -tmmcvmnu;a. ’

B l(antnl-narinl uloa m nmv\lsly mludod n‘m territnrhs nml

. appear to cantrﬂmto :.itth to the z-m-oduutivg aueput of .tha bpn-

clea. . . i i J .

nales vith, either juvenile or adult
to join epaviing peirs during,
e S )

/ -

Nonterritorial, s mat:

colouration occasionally a

‘ ganete release.

5 o N
- A number of females defend 8-11 territories in' the peripheral areas

of some males' ferritories durizg the spawning season, and exhibit

aggressive behaviour toward other females. - =X
i \»
Telritorial females usually spmm within thoir t ories, wvith
'-mm-nvnmzenmrym;mm.u . may be pro-
aiscuotis. ) .

The primary function of territorial behaviour in both sexes appears
-to be defense cf-lyﬂﬁn\mi.ng area from which potential rivels are

mllidgd. i Nl s .

. # ' '
Both territorial wa ‘nonterritorial females qm with teizitorial
males. nonunuuzm Tochles afe ﬂwnght tc e onucw
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! L. 9. . Both sexes. are. capsble of miltiple spawns.. -
& ) ¢ . .‘
. . .
.10, Gcraup spawning by nonterritorial fish bas not been observed.”” 4
PaL “ e #\
5 i 1. Epn\mihg opeurs over a 4 - s,unk p.noa ‘trpm ey July to md- .

Ausuai, and rebohies a poal in g third ek ot Julys .

T2, Courtably moitiour md agontity
tenitorinl nal's yulua:uy dlcx-me in freqneny,as tl\l spe).ming
:Qn pfogtesses. A 1o e vy o SR 5 o

batween adjacent .

T, gt . ,

u | 2 G SRR R P e Y of
s 18 13, m&ggaxry ‘basis, g]{;iuﬂ and courfehip displays to fémale in-
: o8 are more.frequent after: 1300 hrs than

truders bx

hafm-e.,and reach a peak in frequency between 1800 and, 1900 hrs. E

N S ¢ .\ Spawns occur, between 1300 and 2100 rs. ! N
. % 4

: e
iy more. spams ‘andya . to female ers by

e tidal cycle. . P .
P ¥ P e pBE % . i

. 150 mar;icm.i es, and tmaleswnnfméd without' food in a mesh cage
b (ykﬂhstr e, for 5\- 7 days dwing the spavming sesson, ex-

- % hlbit ihcreased lreqn ncy ant 3:10}1 of. agonistic interactions

\dth adjacent territorial fuh return o their tlrritul‘iau

l(vnten'}.torisl fish do not lx.hihi{ sgg!‘essinn tohla!‘d coﬂsﬁ.flna

" after releaae . L
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WEEK': = tram sm-e of! 'ba-mtim ( 6 Juy. 1977 )

*\i, DAY " = frem start of ?bsemtiena %

TIME - hourof, observation
"iTIDE S tidal phase

SOl e & m .
S .+ APPR. < number of apyreachu ohgmea

™ .
s .CRASE" - number of chisses obsn'ved : .
= %rhmu dieplays: observed
numbe oFfrontal diaplawl dvserved .

S A = humber af\fﬂlrtuhip lnprmhaa obasryed ™ *

"SPAWN - number of ‘spavms ohanmd
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