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along much of the Pacific coast of North Ame ica. Al

‘ members of the populat1on occupy ‘the same hab1tatr\and
defend space throughout the year. <Per]pheral overlap ofssx

& ) ’ . I
terr1tor1es was.‘common, part1cularly~between fish of

!
d1fferent s1zes However, each terrttory had a central area
conta1n1ng a refuge that was not overlapped by terr1tor1es
- of other f1sh For small f1sh,,th1s central area ‘was usually
located in the 1nterst1ces of terr1tor1es of large f1sh

Access to space was regulated by d1rect aggress1on and

effects of dom1nance F1sh defended the1r terr1tor1es

ﬁ““aga1nst codom1nants and subord1nates As dom1nance and size -

/-
' were-d1rectly correlated large f}sh controlled the use of

most of the ava1lable space _ ; A
Reproduct1on by C nlchOISI is. typ1cal of many gob11ds

Grav1d females entered the terr1tory of a court1ng male,

ov1pos1ted on the roof of the nest chamber then returned to -

‘their terr1tor1es The males guarded the eggs unttl
;hatchlng Females cons1stently spawned w1th the most

dOmfnant court1ng male Females apparently based-thenr‘

ch01ce of spawn1ng pg{tner on the v1gour of courtsh1p

= Dom1nant males tended to court most v1gorously, and may have

suppressed court1ng behav1our in subordlnate males Males 1n a

the laboratory somet1mes guarded more than one set of eggs

'



at a time. ‘In natural popUIations, males ‘are probably
po lygynous. ‘p | S , .
Sma11 males d1d not court females, but may have engaged

»1n sneak spawning. Testes of sma]] males were

R
L

proport1onately 1arger than those of large males, and smal]

»

males were often: found 1n-close prox1m1ty to Spawn1ng pairs.

| C. nicholsi also. demonstrates protogynous

!

thermaphrod1t1sm Sex change in fema]es may take severa]-k
. months, " and 1n 1aboratory populat1ons, occurred both in the
presence and absence of large dominant ma]es In 1nter§éxua1
gonads.'spermat1c t1ssue f1rst deve]oped around the ovarian
‘lumen,lthen rep1aced degenerat1ng ovar1an t1ssue A]l testes
exam1ned appeared 1dent1ca1 in structure,'suggest1ng that '
a11 ma1es are secondar1]y der1ved from fema]es, in th1sv |
spec1es R
| Terr1tor1es of C nIChO7SI were shown to be
mu1t1funct1onal Terr1tor1es prOV1ded a site for feed1ng,.
_for reproduct1on and for- refuge However neither repro- 7
duct1on nor defence of a food resource. appears to be sole]y“
'-respons1ble for terr1tor1a1 behav1our In 1aboratory and |
i'F1e1d populat1ons, terr1tor1es were centered around cover,g
Hand in laboratory exper1ments, cover Was 1mportant in
ﬁdeterm1n1ng terr1tory 1ocat1on Refuge, in the form of ‘
excavat1ons under rock 1s probably the ma jor resource

‘ prequ1r1ng terr1tor1al defence in this spe01es

v

Vi
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, Generatylntroductjon‘

Soc1a1 organ1zat1on of 51te attached f1shes has
“recetved much attent1on 1n the 1ast two decades Stud1es l'
';}have examwned soc1a1 structure at the commun1ty level (Sale N
"1974- 1975; ItzKow1tz 1978) as wel] as at the 1nd1v1dua]
:a]evel (Keen]eys1de 1972 Reese 1973 Ross 1978 Larson 1980

tgyll 1981) and conclus1ons have been eXpressed in both

fV';ecolog1cal and behav1oura] terms lt is clear that many -

i

_ factors affect soc1a1 organ1zat1on, 1nc]ud1ng resource

,”’abundance and defens1b111ty of 11m1t1ng resources (ThPeSheP ‘
. 9

"7ff1977) modes‘of-reproduct1on, forms of soc1a1 re]attonshtps

k,ramong 1nteract1ng conspec1f1cs (Scott 1956) and caste'.\

vtid structure w1th1n popu]attons (McBr1de 1964)

The maJor1ty of terr1tor1al f1shes stud1ed has been

;nv1nhab1tants of coral reefs, where cond1t1ons are conduc1ve

\

"ﬁw;to 1ong term observat1onsoof natural populat1ons FIniﬁ‘”"‘

7’5Qc0mg\r1son, re]at1ve1y few extens1ve stud1es have been done_f"

ff;on s1te attached f]shes of the mar1ne temperate zone,' , _
| a]though thws 1s chang1ng (ClarKe 1970 Stephens et a] 1970
e”]Brown and Green 1976 DeMart1n1 1976 Moran and Sa]e 1977{;/,‘:

o fgLarson 1980) 'tiyifﬂffff“ 'éT'g_~T dcifff;ffﬁ», 35

o

The sha]]ow (O 15 m depth) subt1da1 zone of the Pac1f1c

‘"fi_northwest has a r1ch and d1verse f1sh fauna about wh1ch

vdremarkably 11tt1e is- Known Th1s area offers many

3_opportun1t1es for the exam1nat1on of soc1al systems of



:temperate zone s1te attached f1sh |
Coryphopterus nlcholsi (Bean) the blackeye goby.,_ a

temperate zone mar1ne goby Ind1v1duals 1nhab1t protected

. ‘subt1dal rock rubble hab1tat from BaJa Cal1forn1a to the |

’fijueen Charlotte Islands (Bohlke and Rob1ns 1960 Hart 1973)

yIn the northern part of 1ts range 1t is one of the most

gfcommon 1nhabﬁfants of rocky 1nshore waters and 1s descrlbed

A\

:vzas be1ng terr1tor1al (Hart 1973 W1ley 1973) However fewif.

.'stud1es have been r1ed out on th1s spec1es

The purpose of th1f study was - to examlne several

“w?aspects of soc1al_organ1zat1on the blackeye goby FTPSt

I w1shed to descr1be the spat1al d1stn1but1on of C n:chols:

| ‘w1th regard to terr1tor1al1ty Second I W1shed to exam1ne‘ |

':Lisoc1al behav1our assoc1ated w1th space defence an determ1ne

wsoc1aJ mechan1sms whereby space 1s acqu1red and ma1n'_f.'
:fTh1rd Imw1shed to determ1ne how soc1al organ1zat1on and

/T ;space defence are 1nfluenced by reproduct1ve processes |
'yF1nally,t1 w1shed to determ1ne what resource(s) may be.izllh
'1f1mportant in determ1n1ng a terr1tor1al soc1al organ1zat1on:
":1n th1s spec1es The results of th1s study have been i
'forgan1zed 1nto f1ve papers The f1rst paper exam1nes

l
fhfeatures of terr1tor1al1ty 1n a f1eld populat1on The second

'-"Je}paper 1nvestlgates patterns of spat1al part1t1on1ng 1n ?d'fV:*a

'*F:laboratory populat10ns The th1rd paper descr1bes the
fl‘occurrence of protogynous hermaphrod1t1sm in C. nIChO7SI and
S N T

jﬁd1scusses consequent 1mpl1cat1ons on 1nterpretat1ons of the S

jadaptweness of the soc1al structure of th1s speo1es The



P i

fourth: paper exam1nee reproduct1on in C nlchoISI and'in‘

part1cu]ar, the 1nf1uence of 1nd1v1dua1 features of malesrﬁ
‘and the1r terr1tor1es on male reproduct1ve success. The 1ast-
hpaper exam1nes the quest1on of resource defence In Jt, |

»_'preced1ng fvnd1ngs are. rev1ewed and nqy 1nformatidn is
rpresented wh1ch offers suggest1ons for - the adapt1ve

"_s1gn1f1cance of terr1tor1a11ty in C n:choISI

NS
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1. Papenh1 Patterns of Space Use in'a Field Populat1on of

Coryphopterus nichalsi a Mar1ne Goby

Coryphopterus nlchoISl is a temperate zone mar1ne goby

. that occup1es rock rubble in protected subt1dal areas along

"«the Pacific coast ovaorth Amer1ca._Inrf1e1d,popu1at10ns,
 fish of all s1zes and both sexes are found in the same
'hab1tat All defended sdace during both the reproduct1ve and

lz;the non- reproduct1ve season. Aggress1on was, 1nvar1ably
d1rected at same - size or: sma]]er fish, suggest1ng»the
‘presence of a s1ze re]ated dom1nance h1erarchy Tenritories

bshowed per1phera1 overlap, usually w1th conspec1f1cs of v
'd1fferent size c]asses Terr1tory size was directly U
~correlated with fish size, but was unaffected by.season.d
7Sociéi,orgén}zation'in'C nicholsf epbears to be defined by.

terr1tor1al behaviour and dom1nance re]atwonsh1ps among

fadJacent 1nd1v1duals
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B. Introduction

Patterns of spatial partitioning among solitary,

,territorial fishes have received much attention in recent

years However, the majority of stud1es ‘has been on trop1cal
and. subtrop1ca1 mar1ne fishes that are primarily assoc1ated
w1th coral reefs.(Keen]eys1de 1972, Myrberg and Thresher
1974, Sale 1974, Thresher 1976, Reese 1978, Robertson 1979,

NursaT1'1981) In warm-water marine fishes, terr1tor1a1

,defence 1s often restr1cted to one sex ( suaiTy parental

ma]es) or to one age c]ass (often adults) and the pattern

descr ibed most frequent]y is .one of exo]us1ve terr1tor1es

'kSuch terr1tor1es are defended for purposes of reproduct1on

- feeding, or both. o ' R “' i ' *\

Territories used solely for'reproduction are usually

" defended by older males in aipopulation; either on a
‘part-time daily basis, as wtth'some broadcasthspawners,

(Robertson and Choat 1974 Bar low 1975a) or for the period

of time requ1red for eggs to hatoh as W1th some

p]ankt1vorous damse1f1sh (Swerdloff 1970 Myrberg et al.

1967 F1she1son et al 1974)‘ duven11es and f]oaters res1de‘s

R

‘etsewhere, in groups or in. subopt1mal pOrt1ons of the

habttat-Aand~opportun1st1ca11y movev1n when a vacancy

: occurs ‘
Feed1ng terr1tor1es of Weef f1shes are usua11y defended."

on a more permanent bas;s (Low 1971 Sale 1974) . duven11es

may settle in the optimum habitat, exist interstitially

between territories‘of adults (NurSal] 1977), andd

-



‘SUbsequently expand their spaces as their size and their
needs increase, and as terr1tory boundar1es sh1ft around “
them due to loss and immigration. |

Constderably less. information is available on the
territoria]ity of temperate zone marine:tjsh. In someicases.
territorial behayiour has been found to be seasonal
(Carlisle 1961, Hixon 1981), and not always-associated with
reproduct1on (Brown and Green. 19f6) .Houever, information on
a few spec1es of permanently terr1tor1a1 fish suggests that
some temperate zone marine f1shes may demonstrate

, cons1derab1e diversity and complex1ty of social organlzat1on'1
related to site defence (Clarke 1970 Moran and Sale 1877).

Coryphopterus nlChOISI “the blackeye goby, is a
temperate zone mar1ne'f1sh having a range extending'from
BaJa Cal1forn1a to the Queen Charlotte Is]ands of Br1t1sh

“Columbia (Hart 1973) Ind1v1duals occupy the sha]low
‘subt1da1 reg1on along protected rocky shores, and are

'reputed to demonstrate year round terr1tor1a11ty (W11ey

1873), but no deta1]ed 1nformat1on s ava11ab1e The present‘

study was undertaken to examine spat1a1 and ehav1oura1

aspects of terr1tor1a11ty in a f1eld populat1o Qf C.
‘vnlChOlSl Four\quest1ons were addressed 1) what'members of

the. popu]at1on defend space° 2) how is space part1t1oned
.camong 1nd1v1duals° 3) 1s space defence of C. nicholsi .
seaSonal or year round’> and 4) if terr1tormes are 1ong term .
/dare border locatwons and territory s1ze unchanged among -

)

1nd1v1dua1s dur1ng the reproduct1ve and the non- reproduct1ve;

~



season?
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C. Methods and Materials -
Study area

The Study‘d;@a consisted of a subtidal rock rubble
patch measuring approximatelyHB x 60 m, situated ét the
entraﬁce of Bamfield Inlet, off Barkley g&und {latitude 49
N., longitude 125 W.) on the west coast of Vancouver Island,
British Columbia. Station records jndigated that the site
chosen had not been disturbed by previous studies, and its
accessibility during winfer storms allowed for regular
winter observations.

The rubble patch consisted of vardéus-Sized rock (5-45
cm diameter) on a bed of sand and finely fragmented shell.
The rubble patch was bounded above by a Neneécystis
Juetkeana bed. (0-4 m depth) and below by a sloping silt
p]éin (12 m + depth). s on |

Four quadrats measuring 2-x 2 m and 'divided into four
equal sectors were set‘one meter apart, qjong a depth
contour 7 m below mean low tide. Fish were observed within

these quadrats.

Method of observation

Undefwafer observations bﬁ fndividual fish were carried
out between December 1979 and July 1980, using SCUBA . With“
 ahothér bbserver, a total of 54 hours of observation were
made. A sefies}of four 40-minute dives on’ four consecutive
days was made approximately every two weeks oVer an eight |

month period. During these four dives, each observer carried

(o}



| nyone quadrat ped d1ve resu1t1ng 1n a total of 80 m1nutes of

v gs1ngle q&adrat for 40 m1ndtes‘“ﬁctqm1ty was genera]]y ‘

‘d’show1ng the 1ocat1on of rocks and sand she]] patches was

&

ﬂi;nﬁigg_gach quadrat over the four day ser1es D1ves

i

_ h t1de.

wh1chever

Data were co]]ected by observnmg aJ]i-f

jenough to perm1t th1s metH%d of samp11ng A substrate map

,\ .

"'hused on wh1ch to record the movements of f1sh and ]ooat1on

"rstrong n1ght 1lghts were used to 1ocate gob1es and record

fof var1ous aot1v1t1es In th1s manner the‘FreQuency and: the

o

Eirange of spec1f1c act1v1t1es were recorded and from the_ﬂoi3~

R

qﬁlatter,*areas ofnact1v1ty were determ1ned

Dne n1ght d1ve was carr1ed out over the study s1te,_?

fthe1r act1v1t1es and pos1t1ons o w_;iﬁ‘ fif‘h“ e

An add1t1ona1 40 hours of genera] observat1ons were e

LT

‘]fcarr1ed out between Apr1l 1977 and November 1979 Notes were f””

ffmade on presence or absenoe of gob1es in var1ous hab1tats,

==

mgtqnclud1ng Kelp beds, steep rock walls a]ong 1n1ets, on phd

'"ﬁv'protected sides of | small 1slands, and hab1tats w1th .fhﬂhtliﬂd

'Vfdsubstrates of s1]t sand orvlarge boulders In add1t1on

ﬂ_sunba1ted m1nnow traps were set out at@yar1ous depths from 3 |

et

-" : s . . ~

‘ffv;"to 13 m in these hab1tats, andschecked per1od1ca11y

e e



Lf\sé\;;v1démtl\1ed more read1]y than those w1thout such marKs Iﬁjf,{ng

& :
. T

'_body4

\--.

posse551ng natura] mark1ngs\\such as\spllt\or\no\ched f1ns,,

e
——

'fsi or unusua] ptgment marksT\were 1nd1v1dua11y

\

S 3
the 1\ttecucase\\behay1oural 1d1osyncras1es such as the’?

defence of cons1si n borders rem\\jve to dTve hab1tua1

perch1ng on a certatn promontory w1th1n an area of act1v1ty,f{‘¥

-

’”.jf.or fo]]ow1ng the same route between two covers or a cover

o were clearly'

'and a. promontcwy (an act1v1ty of h1gh frequency) were a]] R

usedwto a1d 1n 1dent1chat1on However not all 1nd1v1duals‘c%g;

f en\1f1ab1e from observat1on to observatlon

For th]S reason, fxsh were ass1gned to one of three s1ze

c]asses sma]1 (approx1mate]y 25 55 mm standard length)

‘::(”1med1um (approx1mate1p 55 70 mm SL)jand large (70 mm + SL)

rbfdarather than 1nd1v1dua1 f1sh

Behav1ours recorded 'dﬁ’.°

'“'and subsequent data were hand]ed on the bas1s of s1ze groups

e SR ‘ T .
“M"AJ_QO‘ k : L .

The 1n1t1a1 se]ectlon of behav1ours used to record

A

'uf=act1v1t1es of f1sh were based on behav1ours observed 1n




Bt

: -1aboratory fish (see Paper 2). The' location and the‘
nfrequency of the fo]low1ng terr1tor1a1 reproduct1ve and

5 ma1ntenance behav1ours were recorded dur1ng F1eld
St

”pobservat1ons p‘} t”;,v' R ﬁw‘:"n

"Appnoach occUrred when one f1sh rap1dJy swam towards"

“a conspec1f1c "Avo1dance cons1sted of one f1sh mov1ng away ~

Q*from another When an approach1ng f]Sh e11c1ted avo1dance S
q o

behav1oﬁ? on the part of a conspec1f1c the f1rst f1eh was

”J31 sa1d to have d1sp1aced the seCond n .v‘ft d?f_h?‘dif E

“’ \ ‘
'V"Attack" 1nvo]ved b1t1ng or attemdfed b1t1ng by one n

‘”:_drf1sh after rap1d1y approach1ng another Thls usua]ly _.ttl

NP AL

occurred on]y when an approached f1sh d1d not demonstrateﬂklf5i

: favo1dance LAY

[

”"D1sp1ay 1nvolved one. or two f1sh 1n“whi¢h‘approacht e

",ﬂifﬁwas not fo]]Owed by avo]d F1ns were&held 1n an extended o

pos1t1on and the;body co]our pa]ed from a 11ght orange or -

»“brown tan to a cream colour\ Thus, dark marKs on the f1ns"'

o fstood out 1n contrast Body movements wene character1zed by o

:'tjiexaggerated 1atera] undu1at1ons, often aécompan1ed by mouth

3

: tf?gap1ng | }'f-'*t;f 5'7”ia}jr‘;;t*§?;frl*?;“.'-nff'” |

Chase occurred when an approach1ng f1sh pursued an e b R

‘Jﬁfavo1d1ng f1sh :"S1t" descr1bed a f1sh rest1ng mot1onless On'l
“the substrate E"Perch ‘occurred when a fish: resged on top Ofr.
v’aa rocK '"Under cover descr1bed a f]Sh w?th more than half d-b
h?Of the body (usua]ly the cauda1 pOPt1ON) under cover - l‘
| 't’"Feed1ng desCr1bed snapp1ng movements d1rected towardsfrv

V"fpart1c1es 1n the water column or. on the substrate, fol]owed.5



?f'by mouth movements, 1ncTud1ng the' re3ect1on of. an 1tem‘
7"Hover was often assoc1ated w1th feed1ng,'and cons1sted of
an - 1nd1v1dua1 br1ef1y rema1n1ng mot1on1ess»1n the water ,,"'
,co]umn |
" | "Court“ cons1sted of any. of a ser1es of movements
1nvoTv1ng d1sp1ay1ng, approach1ng and Tead1ng to cover used

i

,pr1or to egg depos1t1on (see Paper 4)

—_—

—\

Data anaTys1s },395 l]y o
| After each d1ve data were transcr1bed from act1v1ty
) maps From the Tocat1on po1nts of var1ous act1v1t1es,"
act1v1ty boundar1es were determ1ned The ent1re area used by
,’a f1sh was measured w1th the use of a pTan1meter as weTT as~ :
hthe amount of area overlapped by terr1tor1a1 adJacent f1sh
';and the echus1ve (, e. unshared by conspec1f1cs) port1on

nfof each 1nd1v1d;a1 area. Rates of,aggress1on.were,a1so_it o

‘(. calcuTated

The data were. then organ1zed accord1ng to quadrat the[”: .

"55t1me of year,(and s1ze of f1sh The e1ght months of data .“:1'

”_,were d1v1ded 1nto four approx1mate1y equaT t1me per1ods,‘

1(('December,,danuary February, Apr1T May, and dune duTy The flﬁﬁ_

‘”';Tast two t1me per1ods covered most of the reproduct1ve

7ng§son wh1ch Tasts from March to duly (see Paper 3) Each

‘T t1me d1v151on represented approx1mate1y 200 m1nutes of

| ggobserVat1on per quadrat Compar1sons of the ‘the s1ze of the

'area of act1v1ty were then made, us1ng s1ze of f1sh and the ff‘t

(tTme of year asvfactors (three way factor1a] anaTys1s)



| Small tishvwere more difttcutt to”seed and more -~
f.‘secretwe in the1r behav1our compared to med1um sized and
'large fish. Act1v1ty rates jzre correspond1ngly low 'and

' areas‘of act1v1ty for. 1nd1ytduals 1n th1s sze group‘were;~

‘Anot‘calcUIated;

,Populat1on structure

Gross sexua] d1morph1sm in C ntchoISI 1s restr1cted tO'V

: d1fferences 1n the structure of the gen1ta] pap111a‘(W11ey_ A

‘1973) Therefore,,the sex of a g1ven\f1sh could not be

determ1ned unless court1ng or spawn1ng was observed F1sh v

‘:rfrom the. four observat1on quadrats were col]ected w1th the

| ‘use of the anaesthet1c 2 phenoxy ethanol and a slurp gun, at'

'hthe end of the observat1on per1od (duly 1980) so to- obta1n i

' T‘accurate 1nformat1on on the sex and s1ze of 1nd1v1duals

';observed over the prev1ous e1ght months
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D Resu]ts - hy
F1sh dzstr1but1on ‘:‘
Coryphopterus nrchols: was found in the greatest
abundance in patches of rock rubb]e 1nterspersed w1th
sand- she]] in sha]]ow protected waters,.usually between 3

and 15 m beTow mean 1ow t1de Rock rubb]e hab1tat along the

‘coast 1s d1scont1nuous In 1ts absence there may be sand or

vs11t p1a1n, 1arge boulder and rocK s]ab f1e1d .or Kelp bed.

[=3

The trans1t10n from rock rubble to another hab1tat ts«”_

~'_».

usual]y abrupt

C nlchoISI was never s1ghted on bou]der and rock slab -

,substrate, and trapp1ng 1n these areas was. always»t
o unproduct1ve Occas1ona11y, very sma]] f1sh were seen on .

rocK free areas adJacent to the rock rubb]e patches, but

fh}when start]ed they f]ed in ‘the d1rect1on of the rocK patch

- F1sh were occas1ona11y s1ghted and trapped 1n Ke]p beds, but

the frequency of these occurrences 1nd1cated that populat1on"‘

dens1t1es 1n that hab1tat were 1ow C nlchOISI appears to

prefer rock rubb]e and sand she]] and is- ]arge]y restr1cted_

to that hab1tat

W1th1n quadrats,,f1sh of\all s1zes were seen throughoutyf.“i

‘ the year Seven 1arge and four med1um s1zed f1sh bear1ng
'h'natural tags and fo]lowed over the e1ght month per1od

ma1nta1ned the same area of act1v1ty,‘demonstrat1ng

"d; pro1onged s1te f1de]1ty Dur1ng the reproduct1ve season \“

xn spawn1ng and egg guard1ng were frequent events w1th1n these

same s1tes



"w1th1n the f1rst month

; feed1ng, under cover, perch1ng and s1tt1ng) occurred

"Act1v1t1es assoc1ated w1th cover cons1sted of

”l:of s1ttvng or perch1ng were cons1stent over tT

»Few fish were Seen at the periphery‘of the rubb]e .

.,patches, they were usua]]y smat] and trans1tory However,

‘small and med1um 51zed fish were abundant 1n the quadrats

among the‘adults (Table 1). A]though sma11 f1sh were.

g d1ff1cu1t to 1dent1fy, their 1nd1v1dual use of the same

1

'cover appeared to be - 1ess cons1stent than that of med1um and

1arge s1Zed f1sh The 1ocat1on of areas defended by these

: sma]l f1sh also var1ed more than that noted among the med1um :

and 1arge s1zed fish. The number of large trans1ent f1sh

v-recorded on the study 51te was sma11 General]y such
_ trans1ents rema1ned in a. quadrat for on]y one or two days
-On1y one Case was recorded in wh1ch a terr1tory was c]ear]y

‘eestab]1shed and defended abandonment occurred however,-

Behav10ur' PRI

Durat1on of behav1oura1 states was not recorded SO uf

RS

‘hvtnformat1on on the amount of t1me spent on d1fferent
‘;act1v1t1es w1th1n areas: of act1v1ty 1s not Known However,

> the locat1ons where var1ous behav1oura1 events (e g.

1nd1cated that such act1v1t1es were most frequent]y /‘

"conducted close to cover (an examp]e is: seen in F1g 1)

-‘promontory or s1tt1ng on the substrate prefer ed locat1ons -

t

[

erch1ng on a.
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7 Feed1ng movements cons1sted of rap1d forays from a -

_rest1ng spot fo]]owed by a ‘return to a pos1t1on near

she]ter. Approach-and"attachvbéhav1ours were often directed

at intruding fjshes near the periphery of the area of

*acthvity Typically, the area of act1v1ty was defined o

per1phera11y by feed1ng and aggress1ve events, as wel] as'
perching, and. appeared aqu1va1ent to a- defended area.

Chase by one f1sh resu]ted 1n avowdance by the other

Fo]]ow1ng a chase and. avo1dance sequence, the aggressor

wou ld s1nK to the substrate for 2 to 10 seconds, then

rapidly return to a frequently used perch1ng or . rest1ng N

site. Lack of avo1dance genera]ly resu]ted 1n escalat1on to

»_'displays,l1nc]ud1ng‘f1n erectlon, branch1ostegal membrane
r?extensEOn and‘mouth gaping, 1atera1 d1sp1ays, and ta11
beating 1f. avo1dance st111 d1d not occur, the sequence,

' f1na]]y escalated 1o b1t1ng, whereupon one of the f1sh

rap1d1y showed av 1dance behav1our Aggress1ve d1sp1ays_

o generally occurr on - the border of two ‘adjacent areas of

act?v1ty of equa] s1zed fish. Such defence of areas of
act1v1ty by f1shes was cons1dered terr1tor1al behav1our

Aggress1on was 1nvar1ab1y directed only at same- s1ze or

sma]]er f1sh The presence of a 1arger\f1sh W1th1n the
adefended areas of act1v1ty was generally uncha]]enged - and
: any chal]enges observed were usual]y unsuccessfu]

f Therefore, behavxoural 1nteract1ons between f1sh of the same

and different s1ze classes strongly 1nd1cates that s1ze

'fregulates aggress1on 1n»thjs,spec1es, and thJs in turn

e
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suggests that size may be an 1mportant factor in soc1a1 f
dominance within f1e1d populations. Large fish had a higher -
frequency of'initiated aggression than did med1um-s1zeq fish
in each quadrat, regardleSs‘of the time pertodf(Table 2).
- Although there‘wae a_sﬁgnificant.effect_of'fish size |
(p<0.01) and*of quadrat (p<0}05' three'factor anetysisLof
var1ance) on the frequency of 1n1t1ated aggression, there
was also an interaction effect between these two factors:
'»(p<0 05) The source of 1nteractTon may arise from the very
“high va]ues of aggress1on found in large fish in -Quadrat 4.
‘Th1s quadrat had more 1arge f1sh on 1t than d1d the other
quadrats wh1ch may exp]a1n the e]evated levels of :

vaggress1on.

Terr1tory d1str1but1on S ; ‘ ',{, )
Terr1tory (i.e., defended area.of act1v1ty) maps show K
that territortes of adJacent fish frequent]y over]apped -
v(F1g 2) ¢ However, over1ap was ma1n1y on the per1phery of
’defended areas,‘and cover was rare]y 1nc1uded in the '

overlapped area In 116 areas of act1v1ty where the location

of 129 covers were.used for she]ter by defend1ng fish were

, Known, 1n on]y 7 1nstances was cover in the area of over]ap,

in two such cases, a second cover was, 1ocated 1n the
Q

exc]us1ve port1on of the defender s terr1tory
_ Because of per1phera1 over]ap, between 5 and 20 per
-’cent of the ent1re territory was shared by conspec1f1cs, for .

both large and med1um 51zed f1sh F1sh overlapped 1ess with
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conspec1f1cs of the same s1ze class (1 e 1arge w1th
large), than w1th those of a 1arger or . smal]er size c]ass
, (Table 3). ‘

- Small fish occup1ed a she]ter and defended a small area
around 1t. She]ter was often 1nterst1t1a1 to the act1v1ty
areas of larger fish, or on the border between"two_areas'of
activity.'Frequently; when a ematljfish was chased fbdm the
‘area of'aétivfty of a ]arger'fish, the small one would
-ksimply-move to an area overlapping that of another fjeht Inm.
this Way‘tt'avoided"permanentfdieplacement by larger fish.

' However, it would also defend the area within wh1ch it was
4found aga1nst same- stze or smat]er f1sh .

~ The entire terr1tory was the ‘total area occup1ed and
-defended by'a f1sh,vThe exclus1ve'area of<@ teprntory was
" that por tion ndt<ueed'by any other censpecific.

The'entire areas of'territony‘foh'both large and
medium-sizednffsh;wehe unaffected'by seasonl(p>0.75) or
quadrat}(p>0 25; three-wayvfactoria] anatysis°of‘variance)
but dVeralJ} ]arge f1sh had cons1stemt1y 1arger terr1tor1es,,.
than did,med1um-s1zed fish (p(0.00t). Th1s d1fference ‘was
_Signfficant forveachﬂtWO-month_observatjon period (th.Ba).

The exc1us1ve areas of terr1tory,_as with the entire'
‘terrttory areas, were cons1stant1y greater for large fish
than for medium-sized f1eh ( p<0.05, t-test). However, the .
‘s1ze of the excﬂus1ve area was also strong]y affected by .

. season (p<O 001) (see Fig. 3b) and- there was an: 1nteract1on/

‘effect between f1sh s1ze ‘and quadrat (p(0.0S)J



: quadrats, kKnown retreat spaces‘were exam1ned The maJor1ty
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Nocturnal activity - ’

During a single night -dive in June of 1980;
apbroximate]y 400 m2, including: the four Qbservation
quadrats, were scanned for the presehée'of C. -nﬁaﬁglsi . In

an area that contains an est1mated 2000 to 3000 gob1es

'(based on day11ght counts of small areas) only one goby was

vseen,‘1t wasvpart1a11y under cover. On the four study

\

of those ‘that 11ght penetrated conta1ned a single goby,
located at the rear of the excavated chamber; There was no

evidence of nocturnal shahtng Of'rerge.'Thus,'1t'appears

~that C. nicholsi isWstrictly diurnal, and uses cover as a

|

“nocturnal retreat.

Popd]ation structure

With the use of anaesthetic, 84 fish on quadrats 1-4

w o

‘were co]]ected (Table 1). The size range and sex ratio were

s1m11ar to that of populat1on est1mates from trapp1ng
! e

. co]]ectlons (see Paper 3), except for a greater’number of-

very sma]l fish obta1ned by anaesthetvc collect1on me thods .

The average number of fish_per m? on observat1on quadrats

‘was 5.3%0.6, based on the'anaesthet1c cpllect1on. ThTS”_f
:compared to 6.0+0.9 flsh per m2, ‘based on visual counts from ,vv

1,underwater observat1ons
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E. D1scuss1on

Territorial behav1our is character1zed by the defence
- of space (Nob]e 1939) or by soc1a1]y med1ated exclus1on of
1nd1v1duals from an area (Brown 1969) which may be. fixed or
floating‘(Wi1son 1975). However, when examining natural_
‘populat1ons under cond1t1ons that restrict observat1on time,
'defence assoc1ated aggression can often be too 1nfrequent to
de11neate terr1tory boundaries comp]ete]y. Facing a similar .
problem in av1an stud1es of. terr1tor1a11ty, Weeden (1965)
proposed . the term:’ space of actqv1ty , which is analogous to
~area of'actiVity in this study. The~quest1on rema1ns, how
: close are approx1mat1ons of terr1tory boundar1es to

\ .

boundaries of areas of act1v1ty7 , o ‘\;\

Laboratory observat1ons indicated that all act1v1t1es
: of 1nd1v1dua1 C n:chols: were pr1mar11y conf1ned w1th1n
borders defined. by aggress1ve defence (see Paper 2) On'\”\sf"
coccas1on a fish left its. territory -for a brief, rap}d rush
" at some part1c1e of. food Just outs1de its boundar1es, but
the maJor1ty of feed1ng occurred w1th1n terr1tory :
boundarles, as d1d rest1ng on the substrate perchlng on a
promontory,.and court1ng durlng the reproduct1 e season:
» Hence in 1aboratory populat1ons, the area of a t1v1ty,and
:the area of terr1tory were. 1dent1ca1 1In field/popu1attons“'
~ the area of act1v1ty is probably .a good est1mate of the
,.tern1tory Aggress1on seen in the f1e1d 1nclud/d rushing
charges aga1nst 1nvad1ng f1sh and pro]onged d1sp1ay

.contests on borders between adJacent res1dents that weré ;///

~ .
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identical to the territorial behaviour observed\under
laboratory conditions. |
Partitioning of ~space among territoria] individuals in

~a population 1s generally restricted to breed1ng adu]ts when

territories are solely reproduct1ve, although helpers may be

present (Woo]fenden and F1tzpatr1cK 1978, Taborsky and

L imberger 198t). Adults unsuccessful at obtaining space may
. become wanderers or floaters_tSmith 1978, Brown 1968, Clarke

1970). When individuals other than breedingtadults form part
.of a soc1a] comp]ex of territorial individuals, territories
are often mu]t1funct1ona] _ 7 “

Coryphopterus nicholsi of both sexes and ‘all size
¢lasses maintained territories throughout the year in the
same habitat. Terr1tor1es of C. nzchols; were not enttre]y
exelusive; thereVWas a combinatidn of periphera] over lap
with other individuals, similar to that found in Abudefduf
zonatus (Keenleyside 1972) and Hypoplectrus spp. (Barlow |
'1875b ), and defence of space:by,newly and recehtly settled
jubehi]esftnterstttiﬁl‘to 1arger¢§errttories as descr ibed
for other species (Sale 1974, NursalL/1977 Ross 1978,

iarson 1980) Whether or not these 1nterst1t1a1 areas

develop 1nto centers of future terr1tor1es, as suggested by
Nursa]l (1977) is unKnoWn |

New]y settled juveniles were not actively exc]uded from
| the habttat occupted by adults. Res1dent C nlchOISI mere]y
E seemed to ignore sma]l conspec1f1cs Moran and Sa]e (1977)

found that aggress1on towards juventi les by adults in an -

~
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Australian temperate dameetfish, Parma microlepis, was low
i;nediately fotlowing juvenile settlement. This may retléct
a swamping effect by juveniles, coupled witn the
avai]abiftty of suitable in-habitat refugia, as appears to
. be the case with Pomacentnus wardi (Sale 197%). When
'su1tab1e alternative habitat is absent, as with Amphlprion
melanops where the number of anemones is 11m1ted juvenileﬁ
defend mutually exclusive territories w1th1n the boundar ies
of territories of breeding adults (Ross 1978). The absence
of juvenile C. nicholsi in other habitats adjacent to rock
rubble fpgéests that 'such areas are unsuitable for survival,
and thatiaWternative habitat is not available.
'ﬁeripheral overlap does. not preclude territoriality

(see anguments by Kéenleyside 1972 and Barlow 1875b).
‘Because of the slop1ng and outcropping nature of the
terra1n,.a defending fish did not always have an unimpeded
view of its entire territory, which undoubtedly contributed
to the occurrence of peripheral over lap. Larson (1880)
explains the presenc§3of.over1ap in Sebastes sp. as being
- due to a 1acK oF patrolling behayibur on the'part of
defenders. C.. nichplsi qus not patrol its territory
boundaries either, but rather makes ﬁorays from a central
perch1ng or rest1ng spot .This, in additien to topographical
heterogene1ty, may promote per1phem€1 ‘overlap.

AR overlapp1ng pattern of space, use resulted from the

‘shared use of terr1tory per1pher1es, with a trend towards

greater overlap between size classes. Within each size

&
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p‘class,vftsh had more or 1ess mptua]ly exc]ustve terr1tor1es

Desplte overlap,vretreat spaces were genera]]y exclus1ve .
. / ’ - o
ln add1t1on to non exclus1ve part1tton1ng of space,,Ct*

j'n:cho]Sl demonstrates a dom1nance component to

',seasons, may 1nd1cate a stab

'tdrr1tor1a11ty 1n the f1e]d Large f1sh have comp]ete

~dom1nance over a]l ftsh w1th1n the1r terr1tory Sma]ter

o «-ftsh as a rule, are abte to exctude on]y same s1ze or

e

| smal]er fTSh Th1s pattern 1s §1m¥1ar to a. descr1pt10n of

dom1n1ons f1n whtch areas of 1nf1uence are

. dom1nance dependent (Brown 1975) In C nIChO751 fhe‘ZOhé'”

hfof overlap 1s used at d1fferent t1mes, 51ncelsubord1nate C

l

'fnlchOISI av01d domtnants Hence whtle terrttor1es v |
dﬁoverlapped spat1a11y temporally they d1d no i In add1t1on

t‘hisubOrd1nates managed to matnta1n an eXC]U51Vj area, desp1te

o

IF]OW dOmlnance status, as. refuge space was generalty out51de L

‘Jlthe terr1tory boundartes of adJacent domtnantk Theg-n‘fd,ﬂq_e

&

'”_ 1mportance of dom1nance relat1ons among

_gt%rr1tor1a11y organ1zed f1sh has bgen noted 1h 1aboratory

.:tJ(Greenbe g’ 1947 Newman 1956 Chapman 1952) a d f‘e]d ,““ssﬁ"

!

'e:vT;populat1o;s Of f1sh (Newman 1956 Myrberg 197 ,,Larsonxn’

The apparent 1acK of change in terr1tory{s1ze of 1arge :
1

r,and med1um 51zed f1sh over the e1ght month o servat1on

l
year round soc1 a1,

'pertod encompass1ng the non reproducttve and rbprod@ct1ve

/

}_organtzat1on based on space defence Thts is in contrast to f

l

xsome temperate zone martne f1shes that exh1b1t seasona]

oo
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”'flvterr1tor1a11ty, usua]]y assoc1ated w1th reproduct1on (Moorel

1970 Stephens et a] 1970) or, ]essnfrequently, feed1ng (

V(Brown and Green 1976) The:overa1l 1ack of change 1n» h»:f_}

,‘terr1tory s1ze 1n C nlchoISI d1ffers from that found 1an{‘_ -

o jmlcrolepls an Austra11an temperate pomacentr1d that 1s. -

hf_would have been m1ssed

'terr1tor1a1 a]l year and shows an expans1on of terr1tory
,'tarea dur1ng the reproduct1ve season (Moran and Sa]e 1977) o
:1iThe 1ack of expans1on 1n C nlchOISI under s1m1lar ‘
{bcond1t1ons may reflect a 1ac& of advantage to hav1ng a

‘_"1arger terr1tory s1ze dur1ng reproduct1on,_or a res1stancet7.

{to compress1on for whatever purposp_y'

cause However it -

*x?ﬁay also be a«resu]t of" my method of group1ng t

VaFcord1ng to s1ze c]ass rather than by tracKwng 1nd1v1dua1s

: fvt rough t1me S1nce ma]es and: fema]es of al] d1fferent s1zes f.”‘

i f"",

:ﬁ'(%nd therefore probab]y d1fferent dom1nance) were present

“'on the quadrats, any 1nd1v1dua1 changes in area defence *'vaa';

~I)

Year round terr1tor1a11ty 1nd1cates that the resources 1;f’:

.:'be1ng defended are requus1tes thnoughout the year Th1s may

"f';tbe for she]ter, as suggested for burrow 11v1ng Hypsoblennlus

”JenkrnSI (Stephens et a] 1970),’or food or both Th1s

i

-:quest1on s addressed in another sect1on (see Paper 5)

| y To date, the d?fferentxpatterns ‘of space part1t1on1ng o
'»onoted among f1shes of temperate zone mar1ne hab1tats,.appear
‘5d1rectly comparabte to those noted 1n the trop1cal f1sh s
| fauna,_at ]east 1n regard to ‘the var1ety and comp]ex1ty of

terr1tor1al soc1a1 systems (DeMart1n1 1976 Stephens et al
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" 1970, Moran’and Sale 1977
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Table 2 Mean frequency of 1nteractlons 1n1t1ated by all r
territorial fish per 45 minute observation period. Fish
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efare grouped according to size (standard length mm). Data

_SD is standard dev1at10n

. are grouped into two time periods, December to February
(D-F), and April to July (A=T).

. Qn 1ndlcates quadrat
“number, M is mean; N is number of observatlon periods;

FlSh pime '  e

f,Slze I' Period -

.~ D-F N

. Large

SD 178

Mo . 2,0

3.7
357
RN
: 9 ) v//“‘
ﬁ3‘54j

3.5

7.1

‘1 e

7
8

S D-F N

‘Medium

Sl QJL/M1’>H,;2?O‘.
a3 N o

-'.1 9
e

17
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Figure 1. All activities observed in territories of large-sized

. "fish occupying one square meter of Quadrat 4 during the April-

" 'May period, 1980. Bottom level: terrain, showing outlines of
“large rocks (pebbles and rocks measuring less than 5 cm’in . ...
diameter are not illustrated). C indicates the location of _ -

~retreat spaces on corresponding territories outlined on the

 upper level. Axes show grid units {(m). Upper level: location

. and frequency of occurrence of activities of individual fish,

denoted by lines. Symbols:for'activities are: F, feeding; P,

- perching on.an elevated surface: 0o, sitting on substrate; C,

- under cover-used for retreat; Ex, excavating sand from under:

cover; X, aggressive behaviour used to displace intruders; Ct,

courting; H, feeding while hovering in the water column.

\



Flgure 2, Terrltory’maps of. C° nlChOlSl in. Quadrat 4

"complled during April-May 1980 Bottom level: terraln.‘
showing outline of rocks. Axes show grid units. (0.5 m).

Letters indicate rocks under which. retreat spaces -
were excavated by territorial holders, and directly

,corresp0nd with the location of letters in the territor-

ies shown on the middle and upper levels. Middle level:
territories of large fish. Letters indicate the location -

--of excavations used for retreat in different. terrltorles.

Upper level terrltorles of medlum 51zed fish.
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" Figure 3. Effect of season and fish size on.mean terri-

tory size of individual fish for .a) entire territory

and b) exclusive portion of terrltory # indicates

: 81gn1flcant differences between pairs of bars represent-
ing 1arge and medlum 31zed fish (p<O 05, t- test)
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I1. Paper 2. Patterns of Space Use and Social Organtzatton

“in Laboratory ‘Populations of Coryphopterus nicholsi (Pisces:

. Gobtwdae)

1

,

o ' ™M

AL Abstract.

Coryphopterus ntcholsr 1s a temperate zone mar1ne goby -

In 1aboratory groups o& ftsh terrttortal behav1our and site

7f1de11ty were demonstrated over . a pertod of time 1ast1ng 10

t

months Terrttortes were not exo]us1ve over]ap of '

‘ﬁterrttortes occurred parttcular1y between fTSh of dtfﬁer1ng“
f;s1ze -and domtnance ranK Access to space was R

’:m'domtnance related domtnant f1sh control]ed the maJortty of

' »the substrate and subordtnate ftsh defended area

'J'condtttona]]y upon the absence of a domtnant S1ze of. ftsh ey

iah‘and domtnance ranK were strong]y corre]ated Under SOM@ B

‘ 01rcumstances 31ze of terrttory and domtnance ranK were
halso d1rect1y correlated An 1ncrease dn the area of

' ;terrttory of domtnant ma]es was: assoc1ated w1th the onset of“’"“

the reproducttve season The presence of eggs 1n a male s

;terr1tory resulted 1n 1ncreased s1ze of the exc]us1ve

portton of the terrttory
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B. introduction

Observations on natUral populations of'territorialffish :

" can prov1de much 1nformat1on on the nature of space

<part1t1on1ng and the behav1our assoc1ated with space
‘,defence However in some cases- cond1t1ons are not conduc1ver
‘to 1ong term underwater observat1ons, and the tracK1ng of

- untagged 1nd1v1dua1 F1sh can . be d1ff1cu1t As ‘a conseqguence,
: the social dynam1cs involved in the acqu1s1tion.and |
‘ma1ntenance of space, and the 1nd1v1dua1 responses to

‘f_seasonal and reproduct1ve changes are d1ff1cu1t to d1scern

Coryphopteﬁus nIChO7SI 1s a temperate zone martne goby

,"whose range extends from BaJa Ca11forn1a to the Queen R &;

-“Charlotte Islands of Br1t1sh Columb1a (Hart 1973) .. Fteld B

“observat1ons 1n the v1c1n1ty of Bamf1e1d Mar1ne Stat1on,,s"'
Br1t1sh Co]umb1a (1at.49 N,' Long 125 W.), have shown that S
“all members of the poputation 1nclud1ng both sexes;andv o
,g1mmatures, defend space throughout the year ’apparentJy_onda,f
‘ddom1nance ordered bas1sv(see Paper 1) However, individua]sdd
in the f1e1d cou]d not be tagged w1thout h1gh 1oss rates
Therefore, track1ng of 1nd1v1dua15 throughout the year. was
’d1ff1cu1t \Moreover, low’ v1s1b1]1ty and co]d water"
rtemperatures made 1ntens1ve f1e1d observat1ons unfeas1b1e
S Under ‘these c1rcumstances, the re]at1onsh1p between
h"character1st1cs of 1nd1v1dual f1sh and accompany1ng :
“,terr1tor1a1 behav1dur cou]d not be eas11y determ1ned
‘A ser1es of 1aboratory popu]at1ons of Coryphopterus |

*JnIChO7SI were estab11shed to answer the fo]low1ng quest1ons:
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1) s s1te f1de]1ty demonstratéd over long per1ods of time?
2) how is space part1t1oned amoné terr1tor1al f1sh° |

3) what character1st1cs of 1nd1v1dua] f1sh are assoc1ated 2

with acqu1s1t1on of space°

'4)‘are there changes in the size of area'defended associated

‘vw1th,a change 1n reproduct1ve state or dom1nance rank of the ; 

‘berrltory h%]der'7



47

C Methods and Mater1a1s N

A]l exper1ments were carrxed out at Bamfield Mar1ne
Stat1on, Br1t1sh Co]umb1a Three groups of nine f1sh each
~ were estab11shed in s1m11ar poo1 cond1t1ons and observed for

f1ve months_(Exper1ment 1) ‘Three other groups of 14 fish

. were estab]1shed in pools twice the size of that of ‘the

~first three groups (Exper1ment 2) ‘two of these were

N observed for 10 months. the other for f1ve months Fish for

both exper1ments were- co]lected 1n unba1ted m1nnow traps
'd1str1buted a]ong rocKy shore areas in Bamf1eld Inlet and
“off nearby 1s]ands The seXx of 1nd1v1dua1s was determ1ned by
an exam1nat1on of the gen1ta1 pap111a (exam1nat1on of the
fgonads of over two hundred f1sh showed 100% correspondence

‘w1th sex determ1nat1on based on pap111a form) Each fish was

' 'marKed by a subcutaneous 1nJectlon oF‘oye (Pe11Kan Draft1ng

£
. =T

'1nK) placed individually in opaque conta1ners having rocK

-she]ter and flow- through sea water and ma1nta1ned on a djet

;of fresh- frozen euphaus11ds A1l fish were held for a |

- m1n1mum of two weeks prior to use, and any f1sh not eat1ng, -
or show1ng signs of 1nfect1on in the; dye mark area were not‘
Mused When 1ntroduced into an exper1mental pool, al] f1sh

 were. p]aced in one- bucket and added s1mu1taneous1y to the
Anew envtronment. |

:r"n'. .
ST 2
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Exper1ment 1

Exper1menta] pools and f1sh

Two 1.8 x 0. 3 m circular wad1ng pools were d1v1ded

into equal'halves each with a bottom area of

approx1mate1y 0.9 m2. A substrate of sand . and small

she]] fragments covered the bottom to a depth of /5 cm,

{

‘and rocks and bricks were added to form a cont1nuous

border around each section. Bricks were propped up on

rocks to provide cover Sma]] stones, p]aced in O 2 x

'033 m contiguous rectangles, formed a bottom gr1d that

was used as a guide when mapp1ngvfjsh movements (Fig.

).

\Unft]tered fresh sea water entered each section at;

\

a. rate of approxwmate]y 2 1/min and at a temperature

rang1ng frOm 10 to 13.5 C over the five-mcnth interval.

’_111um1nat1on was prov1ded by pairs of'fluoreecent_tubes’

1,8 m above each pool and connected to an outdoor

phdtoCe11 Photopervod var1ed in accordance w1th naturaT

L

.daylength

Three groups of n1ne f1sh (four males and f1ve

fema]es) were estab]1shed in three of the four pool

'iseCtions (Groups i, 2 and 3 Table 1) ApprOX1mate1y 65%1u
of the fish were under 70 mm SL. This was similar to thei. "
proportion'of fish. found under 70 mm SL in minnow trap

‘ samples

. The three groups were estab11shed on 15 May 1978

v~and]ma1nta1ned unt11v13 0¢ tober 1978. Throughout the



- 49

exper1ment fish were fed flahed food (Tetra Min) daily.
Observat1ons and man1pu1at1ons h |

In the first week after introduction into the pool
‘sect1ons, dlsplacement 1nteract1ons between 1nd1v1duals.
:cons1st1ng of approach display, chase and concom1tant
‘avo1dance were recorded Each group was watched for 90
minutes dajly. In thig way, the dom1nance rank of
individuals within each group was determined.

In thefsecond week , hourrlong observations were
carried out daily aneach group{ The locations of
activities and movements Of'individua1s were recorded on
maps accurately 111ustrating*pool substrate}topography[
Act1v1t1es cons1steduof feeding, sitting under'cover
sitting on the substrate, perched on an elevat1on (rock
or br1ck) and 1nteract1ve behav1ours consnsted»of
‘*approach d1sp1ay, bite, chase and avo1d Terr1tory
boundar1es ‘were constructed accordlng to points- of
defence and areas of uncha]lenged movement by the
terrjtory‘ho1der, and areas of avo1dance by adJacent
}conSpeCifics These observat1ons were cont inued. severa]
- times weekly for the f1ve month durat1on of the
'exper1ment Any changes in dom1nance ranK that occurred
were recorded | | \K -

' Areas of terr1tor1es for each observat1on per1od
Were»ca]culatedVWTthvthe use of a p]annmeter.rBoth the
‘entire area‘of"thedterritory.and,the:size ofmthe. |

exclusivetportion'(j.e. the portion not overlapped by

N



territories of conspecifics) were measured. Mean values
(from all observation periods) of areas of the entire
and the exclysive portion of territory were then
calculated for each space;deFendtng fish and compared//
with respect to dom1nance rank In'addition, the
proport1on of the entire terrltory size that was shared

‘was ca]cu]ated For each- f1sh and re]ated to dominance

rank. In two of the three groups the most dom1nant f1sh S

'(atpha) courted femates, and was successful in obta1n1ng
.eggs. These fish and the1r eggs were subsequent]y
removed, as was the a]pha f1sh in the th1rd group (also
a- ha]e) Subsequent changes in dom1nance ranks and
«terr1tory sizes of the rema1n1ng fish were’ recorded
Experiment 2" | |

Exper1menta1 pools and f1sh

Three und1v1ded 1.8 X 0.3 m circular wad1ng pools
were . used each w1th a bottom area of 2.6 m2 and w1th
sand and she11 fragment substrate to a depth of 5 cm.

W1th1n each pool, 14 un1ts of cover formed by one br1ck

propped on another ‘were spaced at regu]ar 1ntervals over‘

. the bottom, and a gr1d of sma]] stones 0.2 m apart was
vmade Fresh unf11tered sea water (9 to 10 C) ﬂrowed h”

through each poo] at a rate of 4 1/m1n Photoper1od was

regu]ated by an outdoor photocell and 1]lum1nat1on was s
-provided by pa1rs of fluorescent tubes. 2. 3 m above each

/"poo1. S o N
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Three groups of 14 fish (seven males and seven
females) were. estab11shed An effort was made to match
fish for size and sex, between groups (Table 21l Un11ke
Exp. 1, on]y 15% of the fish were under 70 mm SL the
~average fish size per group ranged from 74 to 78 mm' SL,

Two of the f1sh groups were estab11shed in
September 1979 and maintained for 10 months (Groups A
and B). The third group of fish (Group C) was |
estab11shed in danuary 1980 and ma1nta1ned for f1ve
imonths. For the durat1on of the exper1ment, all f1sh
were  fed fresh-frozen euphatsiids once é/day.

: Observétions | - .
As with‘Exp 1, tnittelfdominance ranks were
. determined in the first week of observatton and
_‘cont1nUa1]y re- eva1uated on the basis of 1nteract1ons o
'recorded dur1ng observat1on per1ods Subsequent]y, :
" locations of act1v1t1es of individual f1sh were recorded
- and terr1tory boundar1es were determ1ned. In add1t1onm
the amount of cover within the entire tertitory and_l
wjthjn the‘uneharedhportion of territory wae recorded
. tor_each terrttoriaT-individual, and occurrences of
aggression initiated'by territory holders Were recorded.
threés OF\shared end unshared oortions of
'territories‘were calculated in the same4Way_as for E&ﬁ.
1 Meen values .for both.the entirehand the ekolusive
earea of terr1t0r1es were then compared w1th1n |

'-1nd1v1duals between the non- reproduct1ve and - the

»
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repbbductive seasons in the two 10-month groups (A and
B). The beginning of the reproductive season was |
determined by the presence of courting behaviour within

Q

laboratory groups of fish. Because the fiQe*month group

.‘.v,

(C) was estab]1shed so soon before the onset of the
reproduct1ve season, it was omitted from tnese
compar1sons S1m1lar between- season compar1sons were
made for the number of cover defended and the number of
aggressive acts initiated per minute of observation..

During the reproductive season, the undersurfaces of

‘bricks in all three groups (A, B and C)‘Were Frequently

checked for the presence of eggs, to determine spaWning

success. The presence or absence of eggs was then

. corre]ated w1th territory size. | ' : : ' ﬁ )

re-measured to note changes in standard Jength, then

o

returned to their'respecfiVe boo]s..ln late March 1380

Inlﬂate danuary 1980, a]] fish from the two

10-month groups were removed from their pools,

and in mid-duly, at the end of the experiment, the

procedure was repeated for all three groups.

P




Q. Results . : v
Exper iment 1 |

General

Territorial behaviour waé demonstrated by
approximatefy 50% of ‘the fish, and courting and spawning
oceurred in each grodp. Thus, fish appeared to respond
favourably to laboratory cdnditions.

Individual fish demonstrated territorial behavtour
throudhout”the entire“experimental period, and their use.
of territories occup1ed during the spawning season‘
cdnt1nued after the end of the reproductive season.
Defence of space within the same area of the poo]
throughout the six-month period sugqeéts’that'space\use
may be Eonsistent'throughout the entife year .

Of 27 individuals used, only two fish died.

ngwstrlbut1on of terr1tor1es

-JGeneral observat1ons showed that the most dom1nant

dflsh in a group usually contro]led up to. 35% of the

.bottom area ava11able Cons1derab1e over1ap ex1sted
ibetween defended areas and access to areas of ,over lap
was dom]nance related. The more dom1nant f1sh of the
overlapp1ng pair used this area w1thout d1spute whereas
" the. more subord1nate 1nd1v1dua1 had access to and
defendedgth1s area on]y when the dom1nant was- e]sewhere'

'Therefore defended areas of some adJacent conspec1f1cs

' oVer]apped in space but not in time. However, defence of

@

:«:ﬁ
B
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W?Somet1mes these same f1sh defended .No area, but - too'

7subord1nate i .h , fe ”‘__wg e

’<ﬁent1re terr1tory that was overlapped was 1nversely

';than d]d terr1tor1es of more domtnant ftsh
:';overlapped the terr1tor1es of more than one dom1nant
1,flsh When d1splaced by one aggress1ve dom1nant the

'1t,subord1nate s1mply moved to a new pos1t1on in the

g by e1ther of the two dom1nants, the subord1nate

N S o N . I
. . s . . . [ - . .
ot . " . . . . o .
s ' [ 2
. ’ . : : '

the overlapped area by the subord1nate aga1nst les{f‘

dom1nant 1nd1v1duals was as v1gorous as defence of \the

‘rema1nder of its terr1tory In each pool a small n mber

= ,
'of fish defended areas that shlfted from day to day; -

.cover in per1pheral rocK rubble and rema1ned there or’

g‘days at a t1me These f1sh were usually small and al ays ‘

A l1near regress1on showed that the proport1on

e

'yecorrelated w1th dom1nance rank (Table 3) Terr1tor1es of:fv

'-gsubord1nate f1sh had proportlonately greater overlap

In some cases. the terr1tory of a subord1nat§

/

l

J

it cont1nued to defend 1ts borders and exclude flsh less
-f,domlnant than 1tself When d1splaced ent1rely from 1ts

u.terr1tory, the subordlnatefgenerally retreated to the ‘l'

v rock rubble at the per1meter of the pool and rema1ned l :

out of s1ght for a short per1od of t1me4_1n th1s way, a.tf,f

ubord1nate could escape cont1nuous harrassment by :"f l/’

e

VJaggress1ve dom1nants St AT e T )

R4S IR e P

'“i'adJacent dom1nant s terr1tory When not be1ng dlsplace dt" o

o
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The resu]t1ng pattern of space use 1s one of a

”

terr1tor1a1 mosa1c among dom1nant f?sh W1th sma
fish defend1ng some of the same area aga1nst iih
subordlnate 1nd1v1duals, in’ the absence of res1dent

,‘dom1nants

L

’Character1st1cs assoc1ated w1th space defence

L1near dom1nance h1erarch1es were rap1d1y .

-estab11shed and dom1nance w1th1n groups d1d not change .

'd/éver the exper1menta1 per1od pr1or to the removal of

”the a]pha f1sh ‘There was a strong correlat1on between

s1ze ranK and dom1nance ra K of 1nd1v1duals (r 0 89

The ent1re area of t‘rr1tory of 1nd1V1dua1 f1sh was

v “fhstrongly affected by dom1nance rank but not by group

(p<0 001 two- way ANOVA) In a]l three poo]s,.the a]pha 5

‘.-f1sh contro]]ed the 1ar est area of terr1tory, and a

:ffdecreas1ng area of ent1 e terr1tory was correlated W1th,

_1ncreas1ng subord1nanc, (Tab]e 4.

e

The s1ze of the e cIus1ve port1on of terrltory was

i
L

A'»also s1gn1f1cant1yfafﬁected by dom1nance ranK (p<0 001

ajtwo way ANOVA) but not by poo]s (p>0 05); Aga1n in a1]‘*‘> .

.'three pools the most dom1nant f1sh contro]]ed the
: . O
1argest exc]us1ve area, and decreased swze of the

yvv‘ S

exclus1ve area defended was assoc1aved w1th'1noreas1ng !

, . e LT T : .
' -subord1nance (Table 4). _,;'- s ‘-1d.fw*-3]mf"v

| am—
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A'In two of the three groups, when the most domthant
kf1sh was removed the beta f1sh became the new atpha,
one of these new alphas was memale (Table. 5) In the
k,th1rd group (Poo] 10 after alpha removal tnf female
:beta f1sh dropped to fourth ranK Thts was the only 1oss
of ranK recorded .all other rank changes 1nvo]ved an

"1ncrease 1n dom1nance Assoc1ated w1th an 1ncrease 1n‘dv
- dom1nance was a correspond1ng 1ncrease in the ent1re

tarea of terr1tory (p=. 001 W11coxon two samp]e test

§rTab1e 5) However' the new a]pha d1d not neccessar1]y

have the 1argest terr1tory A]though the remova] of the -

"alpha f1sh resu]ted in fewer ftsh per pool thefr

.':'subsequent 1ncrease in terr1tory stze of rema1n1ng f1shr

»_f:f1Sh dn 1ts gro o The area of terr1tor1es he]d bei"<

"kiother groupse(

R

“ N ::'_‘
W

may not have been due on]y to reduced populat1on |
dens1ty, since prwor towthe remova] of the dom1nant
-fapprox1mately 25 per cent of the substratg%was e
w”undefended Q t' | | 1 | | /

| In a]] groups, femalesysuccessfu]1y hetd.aﬂg
,ffdefended terr1tor1es In no case was a female the mostw
a_gdom1nant f1sh 1n the group (pr1or to the remova] of the

»Vpalpha f1sh) bu no female was 1n1t1a11y the 1argest v

a tfema1es was.s1 11ar to that of s1m11ar ranKed mates in:

vab]e 5).
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- more . subord1nate status‘(F1g 3)

'z:

Experiment 2

General _ o ”/

Fam

| In both groups (A and B), estab11shed 1n late
'September terr1tor1es were rap1d1y estab11shed and

_v1gourouS1y defended.by both females and mates
"cases, terr1tor1es were at the same 1ocat1on when

(J‘b
z1nd1v1duals were removed. 10 months 1ater

For ma]es
such terr1tor1es were often the site for court1ng

thav1our and egg guard1ng dur1ng the reproduct1ve
' season R

i

The morta11ty in Exp 2 was h1gher than that of
Exp 1 Of 42 f1sh

[
_reproduct1ve season started By 1ate\dune, -another 15

were dead (Tabte 6)

Th1rteen of seventeen low rank1ng
f1sh that d1ed were female,

the-rema1n1ng»morta11t1es
vwere h1gh rank1ng males

Dne of those deve1oped a

d1ed However

necrot1c abscess 1n the shoulder reg1on and subsequent]y

the otheﬁ three ma]es appeared hea]thy,

and a]l had successful]y hatched eggs w1th1n the
prev1ous month '

D1str1but1on of terr1tor1es i Bt

Terr1tor1es of. dom1nant fish were iarge, and d1d

not overlap extens1ve]y w1th those of other h1gh ranK1ng
S f1sh However

super1mposed upon the terr1tories of

dom1nant f1sh were smaller terr1tor1es of 1nd1v1duals of

Often, terr1t0r1es’k

6 were dead by ear ly March when the

57.
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.,In most



among subordtnates were a]so mutual]y exclus1ve but -

»

over]apped to a 1arge extent ywth those of. more domtnant

\‘«7

F1sh The degree of over]ap was not corre]ated w1th

g .

’ dom1nance ranK in Group A or B dur1ng the
non- reprdduct1ve or the reproduct1ve season (Table 7)

In Group C estab11shed Just prior to the reproduct1ve

,season, however, there was a strong correlat1on between
7

4 overTap and domtnance ranK\
Vel
As in Exp 1 .access to areas of overlap was"

dom1nance re]ated and‘ ome subord1nate ftsh frequent]y

over1apped more than one dom1nant s t,@ 1tory However,v

occupat1on§and defence of these overlappﬁng areas by
subord1nate f1sh was cond1t1ona1 upon the abgence of thed,
‘co res1dent domtnant But un]tke cond1t1ons in EXp 1, |

subord1nates d1d not have access to retreat that offered

= v1sua] or phys1ca1 escape “from dom1nants Such f1sh were t:“

S often d1sp1aced from terrgtory to terr1tory of dom1nant

f1sh unt11 a temporary h1d1ng spot could be found Some
'subord1nates were unabte to estab11sh terr1tor1es at alT
and moved cont1nua11y from ‘one area to another 1n an'
"ttattempt to avo1d aggress1ve behav1our by terr1tor1a] |

i
8

Character1st1cs a55001ated w1th space defencev'v_=‘“"
| The s1ze ranK and dom1nancr rank of each f1sh in }'
groups A B and c were p]otted shortly after the start

of~the exper1ment and aga1n after the start of the

- Y
- i oo
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reproductiveiseason’ Linear'regressions show thatfsize
'ranK and dom1nance ranK were s1gn1f1cant1y correlated
(Table 8): In a few cases “high- rank1ng dom1nants were
ifemale but mos t of the subord1nate f1sh in. ‘each group :
ﬁere a]so female. As. most fema]es were . also the smallest
f1sh in each group, thts may be a reflect1on of the1r
sex-swze d1str1but1on rather than a sex re]ated effect.

_ Corretat1ons between the enttre terr1tory s1ze*and B
)‘the dom1nance rank of f1sh w1th1nvgroups were h1gh 1n
'Group B and Group C (Table 9) dur1ng both. the g
.reproducttve and non- reproduct1ve seasons as
7»subord1nance ranK 1ncreased area of terr1tory

1.\,

decreased. Group A howeveS%ﬂshowed no such correlat1on‘l
bﬁdCorrelattons between the exclus1ve area of terr1tory and
1'dom1nance rank 1n ftsh of Group A were 1ow dur1ng both g
}the reproduct1ve and non- reproduct1ve season (Tabte 10)'
uas was the case w1th f1sh in Group B dur1ng the
non reproduct1ve season However ; Groups B and C dur1ngltp
the reproductTVe seasons showed a 51gn1f1cant
correlat1on, the area of exclus1ve terrttory decreased
fas subord1nance rank 1ncreased vrr I h ;ﬁa | ;—4
' Effect of season on terr1tory area

C]ose to. half of the terr1tor1a1 f1sh 1n Groups A

and B showed a s1gn1f1cant 1ncrease 1n exclus1ve onr the;
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i

‘terr1tor1es appeared to have stabte outer bophdaries,

'ffw1th e]astlc cehtral areas from wh1ch al] oﬁsﬁecﬁties

60
(Tab]e 11 and 12) . These increases were not'Consistently
correlated with the dpgree of spawn1ng success, nor were

% s
they cons1stent1y assoc1ated w1th an increase 1h

"domynance rank. An 1ncrease in the number of structures

B prov1d1ng cover was often, but not always concom1taht

w1th an 1ncrease in terr1tory area.

»F1ve‘of th1rteen terr1tor1a1 f1sh exam1ned showed

~an increase in aggression during.the reproductlve

_season In three of five fish th1s was assoc1ated w1th

an 1ncrease 1n e1ther the ent1re or the exclus1ve area

ofpterr1tory,,or both«(Table 11 and_tZ). Of theseisame

fish, three showed an increase in dominance rank from

- the non-reproductive to the reproductive season,:one

showed- a loss of dominance ramk, and one retained its:

. PR . . IR

“original rank.

1Effect of presence of eggs .on terr1tory s1ze"

In on]y two of nine cases was the entire area Qf
terr1tory affected by the presence of eggs (Table 13 14
and 15},‘1n both cases, terr1tory size 1ncreased

Otherwise, 11ttle d1srupt1on of. the overal] d1str1butxon_

"OF'terhitor1es’resulted Howeverv-1n seven of nine -
'l cases, the exc]us1ve area (i'e ,unshared by
'conspec1f1cs) was s1gn1f1cant1y 1mc§eased w1th the

'presence of eggs Dur1ng ‘the reproduct1ve seasoh7;*§'

AR

'ﬂ i<

L

e
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were a]ways exc]uded ‘and the'size of the central area__

was dependent upon the presence or absence of eggs.

,number of chases was genera11y unaffected by the

The

presence of eggs _except for two 1nd1v1duals, where;

'aggress1ve act1v1ty s1gn1f1cantly 1ncreased



62

E Discussion
‘Generat |
Popu]at1ons of flSh from both exper1ments demonstrated
tong-term‘terr1tor1a11ty and strong site-fidelity. This ’
sdbports fte]d obseryations that ihdjvtdual"C{'nfcholsi
 demonstrate 1ong-term tehritofial behaviour. |
Morta11ty in Exp 2 was much h1gher dur1ng the
reproddct1ve season than prior to this time. Many of the
deaths were'those of sbbordinate females. .Th1s suggests that
there 15 a heavy cost a55001ated W1th 1ow dom1nance rank,
the product1on of‘eggs, or both. Since most subord1nate f1sh
‘were female, “however, conc]us1ons about the relative effects
fo these two factors cannot be made g&n Exp 1, where

”~

‘mortatxty was very.low, the reproduct1ve seasop was over
eabproximate]y eight weeks after the groups were estab11shed
'and there . was only one recorded spawntng event 1n each poo]
dur1ng th1s time. In add1t1on, many h1d1ng spots were
‘ava11ab1e in the per1meter of rock rubb]e In_conthast{
groups.of f1sh 1n Exp.2 had no'such add1t1ona1:cover
ayatlable,‘ahd were maihtaihed.for the entire rephoductiye
season (approximate]yFQO Weeks) Lttt]e is'Known about the
cost of egg product1on in fish, but it is an energet1ca11y»
'demand1ng per1od for mature 1nd1v1duats, and may be: a factor
in fema]e morta11ty | | '
1 The deaths of three 1arge apparent]y healthy ma]e f1sh

are unexp1a1ned A]l had just. recently hatched eggs, and7

’thetr cond1t1on appeared good Parenta] act1v1ty 1n01ud1ng




. e
defence behaviour may place considerable stress on males,

‘and be a factor in male morta]ity.during the reproductive
_season | " | -
D1str1but10n of terr1tor1es

| The pattern of spat1a1 part1t1on1ng found in these
exper1menta1 groups matches that found 1n field popu]at1ons
(see Paper 1):'Dom1nant (i.e., large) fish were spaced out
and contro11ed arlarge-portion of the available sﬁbstrate
. area. Super1mposed upon th1s were terr1tor1es of less v
dominant (i e y sma]]er) f1sh However unlike the . f1e1d

s1tuat1on, the subord1nate f1sh in ‘the’ exper1mentalspoots

“rarely had’ an exclusive area of terr1tory with an U”Shaped / .

‘ retreat In these groups, the art1f1c1a1 pool boundar1es_
) prevented escape of supgrd1nates In add1t1on, rocK rubb]e'
. cover that is abundant in the field was soant_(EXp.1) or
-absent (Exp 2). Henee subordinates'were rarely out 6f‘sjght
of dom1nants and some had d1ff1cu1ty estab11sh1ng |
terr1tor1es The ab111ty of smal]er C nlchOISI to ex1st
_~alongs1de large, presumab]y dom1nant f1sh in f1e1d |
\populattons, at high dens1t1es, may be d1rect1y related to
the . greater degree of topograph1ca1 heterogene1ty present in
,the1r natura] habitat. | ‘ . .

The pattern of space use demonstrated by C nlchoISI
and typ1f1ed by cond1t1ona1 terr1tor1a1 exc]us1on based on
_re]at1ve dominance rank of 1ntruders, appears s1m1lar to

\
that found in Juven11e sunf1sh;_Lepomls‘cyanellus\ Greenberg

(1947) described these as tpartialfterritdries“; Te -

, ) . v - \
. . . ’
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cons1dered such territories 1ntermed1ate ‘between a dom1nance
hierarchy and a terr1tory S1m11ar1y, Newman. (1956) fe]t
that dom1nance subord1nat1on re]at1onsh1ps showed a level of

aggress1ons1nt\ med1ate to the ]ow 1eve1s requ1red for

'schooling. and the h1gh level necessary for terr1tor1a1ity.

' Th1s att1tude ref]ects a more restr1cted view of terr1tory,'

ras a comptete]y exclusive area. I feel that the cond1t1ona1
/

territories defended by subordinates: and descrlbed here are

true terr1tor1es, but with d]fferent character1st1cs ‘of

defence than those of c]ass1ca11y exc]uswve areas such as
breed1ng terr1tor1es ‘The pattern of space part1t1on1ng
characterized by spat1a1 but not. temporal overlap of

defended areas may be more typxca] of long term terr1tor1es

part1cu1an1y in populations of m1xed sex and mixed size.

Characteristics associated with space defence -

The presence of dom1nance effects w1th1n the’

terr1tor1a1 organ1zat1on of 1aboratory popu]at1ons has been

c]ear]y shown. Dom1nance h1erarch1es in C. nIChOISI are of

,the)fnip-dominant type (Myrberg 1972), as opposed to a

"nip-hight“'type‘(BPaddocK'1945) where subord1nate f1sh
never cha]]enge dom1nants The outcome of any onhe

1nteract1on between two f1sh was not automat1ca11y in favour

-of the dominant, and changes 1n dom1nance ranKs of

1nd1v1duals d1d occur over the exper1mental per1od
- The presence of dom1nance h1erarch1es in laboratory

populat1onsrsupports the apparent pnesence of dom1nance
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hierarchies in natural p%puIations (see Peper 1);.HeWever,
while dominance beheviour is common ameng fish in captivity,
clear evidence for it in natural popu]at1ons ‘of f1shes is
limited (Keenleyside 1979) In the bicolor damselfish,
Eupomacentrus pantltus;/s,speeies with‘tenfitortat'males‘and
associated females, there is a stfong hierarchical stPUCture/.
within females in both laboratory and field colonies
(Myrberg 1972) . Other nepertstof dominance hierarchies in
territdrialnfish also often involve haremic situations (Ross
1978, Fricke 1380). | ”

| .'Laboratohy:populatiens of C.\niche7si haveubatterns of
tspace;partitioning, invasive behaviour of oVer]apping
terﬁitortes, and defencevdeterminedfby,1nvadeh's1;e similar
‘to that of field pobu]éttohs. Hence the inference isvstfeng"
'that'deinance re]étionsﬁibs play as important a role in the
sociat;ofganization of fiele popu]atieﬁs-OfIthissspecies as
that found in 1aboratory popu]at1ons |

~In 1aboratory popu]at1ons, there is a strong direct -

o correlat1on between fish s1Ee rank and dom1nance rank S1ze

has frequent]y been found to be a determinant of dom1nance
ih,other fish (Nobte,1939, Greenbebg 1947, Newman TQSSf
FVChapman 1962, Myrberg 1972f This relationship'may bé
respons1b1e for the common pattern of space part1t1on1ng
found in -mixed- age and mixed- size populat1ons where smal]er
fish exist 1nterst1t1a11y«or per1pherally to terr1tor1es of
larger flsh, and consndereb]e over lap in space ‘Use occurs

(Keenleyside 1972, Barlow 1975, Nursall 1977, Moran and Sale

3



1977). Differences in the amount of in overlap between

territories may reflect variation in dominance -relationships

between adjacent conspecifics.

Dominance rank and the size of territory were also
strongly correlated in mos t 1aboratory groups Hence)
.through-ddmwnance large fish controlled huch of the
available substrate. Smaller fish used interstitial areas
undefended by larger fish, and defended‘other area.
conditionaily in fhe absence of. an oVer]apping dominant.
That larger dom1nant fish defended larger terr1tor1es than
smaller f1sh may explain the inverse corre]at1on found

_between dom1nance rank and degree of overlap. The actual

'amounts of overlap may be the same between s1ze classes, but

represent d1ffer1ng portions of ent1re area of terr1tory,,'
depend1ng upon 1ts terr1tory size. |

Increases in dom1nance rank a]so brought an attendent
1ncrease in terr1tory size. The. subsequent expan51on of
terr1tory sizes fol]ow1ng the.remoyal of fhe}alpha~may
indicate.innibﬁtien of space use by dominants over
;eubordinates, and a COncomifant‘increase in accees to space
. _with {ncreased dominance<rank.fAs dominant fish determine

. the movements of eubordinate fish, .the control of space .

appeaﬁs to be behaviourale_reguTated,by direct aggreesion

and dom1nance effects. o , : ‘
. -~ In 1aboratory populat1ons, the seX of simi]ah?siZed
1nd1v1duals d1d not appear to affect thelr ability to defend

space, as shown by h1gh ranK1ng females However , W1th1n age
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_“jclasSes. females of this species tend to be slightly smaller

(1-4 wm SL) than males‘(W1]ey 1973) . The f1nd1ngs in these
exper1ments suggest that sug% a d}fference s often
sufficient to generate‘dom1nance'd1fferences. Th1s may mean

that females tend to be at a permanent"disadvantage to ma]es

of the same age class in their ability toracquire and defend . ' .
X 2% ' s . s

a territory.

Effects of season and reproduction on territory?size
The genera] 1ncreaee of terr1tory area assocxated with
the reproduct1ve season byeh1gh rank1ng dom1nants d1ffers

w1th f1nd1ngs in the fteld where no effect of season was

_found (see Paper‘ ) ,However 1n the f1e1d areas of all

large 1nd1v1duals were grouped to ook for seasona] effects .

“on terr1tory s1ze, 1rrespect1ve of sex,, domfnance or

\‘.

'spawn1ng success'(none*of wh1ch were known) Hence, changes
'1n terr1tory areas of successfu1 spawn1ng males may ‘occur in

natura] popu]atrons much as they d1d in ]aboratory groups

Having a. ]arger terr1tory dur1ng the reproduct1ve
season prov1des‘aﬁdarger area in which to carry out court1ng
d1sp1ays Court1ng behav1our by males involves consp1cuous _
movements 1nc1ud1ng f1n extent1on and exaggerated body

undu]at1ons wh11e sw1mm1ng to and along the terr1tory border

)

(see Paper‘4)t A’larger terr1tory border prov1des a larger,_‘

. d1sp1ay path and v1sual access to a greater number of

- females S1nce ma]es do not leave th61P terr1tor1es to seek .

females, an increased display per1meter may inlrease



-!

/

_/4reproductive success. " L L o o

Within the reproduct1ve season the‘entire territory

/ e

@rea of 1nd1v1dua1 f1sh appeared to remain constant pver

' ¢1me, but an 1ncreased s1ze of the exc]us1ve area was.
}strong]y corre]ated w1th the presence of” eggs A 1arger

’f exclus1ve area dur1ng egg- guard1ng may ref]ect an attempt to

educe egg predat1on by both conspec1f1cs and |

heterospec1f1cs (see Paper 4) ;v"_:‘_ ' ﬁf

‘W;Dom1nance ranK 1s a measure of an 1nd1v1dual s freedom of

'-.vﬁ_access to 11m1ted resources dns th1s case, space Indeed

y; lcomp]ex 1nter re]at1onsh1ps between season s1ze and

'X

: f these exper1ments 1nd1oate that terr1tor1a1 soc1al

S~ '
szstems are extreme]y dynam1c on’ t%e 1nd1v1dua1 ]eve] w1th

\
\

dom1nance of the terrltory holder,_as we]] as the parenta]

<.{ o

state f ma]es dur1ng the reproduct1ve season ’?fc,
Rt

'LExtrapolat1ons to f1e1d populat1ons must be done w1th care

'l

PR _,",.," ‘y»

=HoweVer 1aboratory stud1es on C. nlchoISJ suggest that upon

1e

“more deta1]ed f1e1d stud1es such factors may be found to be

//\

[of maJOr 1mportance 1n understand1ng the terr1tor1al soc1a]

structure of th1s spec1es

M

1

» [ The 1mportance of dom1nance in: the terrxtorlal system o

“ﬂt:of Coryphopterus nlchoISI cannot be overemphas1zed 1”@j:”,av

;all factors 1nvo]ved in dom1nance are also 1mportant 1n the~"

b

vjstab11shment of a terr1tory (Greenberg 1947Y vThe f1nd1ngs-'
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Table l Standard length (mm) and ‘sex ef flsh’ueed in
‘each of three groups 1n Experlment 1 M is- male, F 1s
female : :
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Table 2. Standard length (mm) and sex of fish wsed in
each of three groups in Experiment 2. M is male; F is
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Table L4, Area of terrlt@ry (m2) for entire area, and area
of exclusive portion of” terrltory defended by fish of -
different domlnance ranks prior to alpha removal, ‘in Exp-.
eriment 1. 1 is most dominant and 4 s least dominant, r

values are based on linear regres51ons-
) . ’

'a) Area of entlre terrltory VS domlnance

Y - Domlnance Rank
&= -~.‘ ‘ l ) 2 . . 3

S pooL 1. .B1 . ez

POOL 2 .36 ' FHg. .

POOL 3 , - 32 . - ..2)

‘exclusive portion of ‘territory vs dominance .
. e ot (’ . \ T . ‘
TR I T Domihance Rank' R

‘POOL 1 .32 o a1 L_‘.06if N
TeooL 2z . w300+ .16 101' .03
| POOL_BYa’"' {29'- SR Ko R 06 o

S
. . S g, :
S e g;

o 94 £=0.00001:
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~Table 6. Fish mortality in Groups A, B and C of Experiment
2. Dates at column headings indicate time period during .
which mortalities occurred. M is male; F is female. Values
fﬂllOWlng indicated sex are standard length (mm). Numbers
1 brackets indicate dominance rank at time of death;
: 1 is highest and 13 is lowest; fractional numbers 1ndlcate
. %Lodomlnance with. another fish in «the group

» group .
F i R By By - By
b ' Mar.4 May24 Junelg “
T M 90 ‘M 88
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| Mo87
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- Feb 8 Mar .6 © Juned o Junegs
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Table 7. Mean proportion of entire territory shared for

a )non-reproductive and b)reproductlve ‘seasons. Numbers at

- column headings indicate dominance rank just prior to the.
reproductive season; 1 1is most dominant; 10 is least domi-
nant. Where fish have equal dominarce rank, both values for
proportlanal .overlap are listed under the: approprlate dom-
inance rank. r values-’are based on linear regressions of
‘dominance to proportion of shared/territory. Individuals

- showing little or no- territory de¢fence are not included

a) Non- reproductlve season ¢ /f 

Domlnance Rank -

2 2 ;“’ ’5 6 7
23 uu N S - . r=0.54
| R | “ | p=0.27"
Group I S o -
B .39 .56 39 . .03 .0 T 16 r=-0.34
S sl T eoubs.
b) Reproductiveﬂseasoh_  B
o ' ' . Dominance Rank:’?, -
1y 2 3 W .5 6. .7
Group ' T R R -
A .50 W19 o k251 r=0.39
S .1 SRS o -~ p=0.4b4 ¢
Group N - o Co -
B 26 .3k 5L W35 .53 '1=0.66 -
. . .35 L ' :46 p=O;lO
. | ”Domihahée Réhk | v ‘
-1 2 . 3.5 5 7.5 10
Group - Sy : S S

oy i - S o . .p=0.0005 -

-4
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Table 8. . Size rank (standard length) and dominance|rank of

- fish in Groups A, B and C in Experiment 2. Ranks were
assessed in Ocfober and the following March for Grpups A and

"B, and in March for Group C. D represents dominance rank; 1
is most dominant and 13 is least dominant. S indicates size
rank; 1 is largest and 14 is smallest. In cases of|equal size
or dominance rank individuals are both -assigned an inter-
mediate valu® w.r values are calculated by ‘linear regression.
* indicates female

AT

_Group A o Group B "  Ggroup G
. October' - March .Octobér _March larch
D S D S D S D S D S
. 1 1.5 1.5 1 . 1 1 11 1
e %215 150 2 2.5 w2 bos
3.5 4 7 3.5 2.5 %3 . 2.5 3.5.3 5 k.5
*3.5 7 3.5 4 4 Tk 3.5 4 5 7
5 4 5 2.5  %5,5 .5  %5.5 5.5 2.5
-6 8.5 6 8.5 *5,5 6 %*5,5 5.5 2.5
7 g.5 #7 6 xp 7 w7 .5 9.5
*8 4 8 .10 8 9.5. 8 g 5 13
*9~  11.5 #9.5 7 *9.5 8 - *9.5 8 i1
*10 6 %9.5 11 9.5 9.5 *d.5 10 9.5,
*12.5 14 %11 12, | | 12
*12,5 11.5 12 8.5 8
12.5 11.5 *13 13 | 6"
;12.5x 11.5° - . g o ‘;' |
,r:b.85 ~ r=0.%5 - r=0.97 / T=0.98 X r=0.61
p=0.0001 - p=0,0002° - p=0. O?Dlﬁ p=0.000L | p=0.03
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Table 13 Mean values for the area of terrltory (m2). and
: and number of chases initiated per’ mlnute by fish'in Group.
A, Experiment .2, during perlods ‘with:spawn. (S) and ‘without ™ -
- spawn (NS). M is male; Mp-is male: recently. changed from L
~ female. Fish are: ordered by decreasing dominance from left ‘
to rlght.wThe bottom row indicates the total.number: . of egg -
. masses acquired during the experlmental period. e 1nd1cates»
. an insufficient humberof ‘observations either with eggs or
: ////w1thout %ggs, to make a comparison. ASterisks indicate ;"‘
‘ ;//jr<v s1gnlflcant dlfferences between: values .for’ perlods w1th
' eggs and w1thout eggs (p<O 05, b= test) S

'J;; ) :h’;Q£‘Mf1y- pr ; o ME;; "s:M”sff.-iM ?;sksﬂ;_r

o

_sEXQiusive“§gtjjvs“_f;,\;'%41s1$f432_' ‘f’36;s> »G:ffV%$“f_" RN
. Number S . . .20 .07 . .18




's‘»eggs and w1thout eggs (p<O 05, - test)

- Entlre

Chases ;'_;NSQ;“'f;}‘EM'Sg

i Table 14, Mean values for. the area of terr1t  v (m2) and

number of chases initiated .per minute by f£ish Group B,
Experlment 2 durlng periods with spawn (S) and without
“*spawn  (NS). is male; Mp is male recently!changed from
female.. FlSh are ordered by decreasing dominance fxom lTeft
to right. The bottom row indicates the total number,of egg -
masses acquired during the experimental period. ®° indicates
an insufficient number of observations elth&ﬁ\Wlth eggs or ¢
without, eggs, to make a comparison. Asterisks)indicate\ = -
significant differénces between values for perlods w1th

A?ea :iNSfﬁ ‘ .,  ;‘;'s;371;4' 3-.203e_, NG
§ . oo e 62"7u
-:>.NS; L p".lZ U,'fs‘_'lé S

Number g ”fi¢ililss‘i-j;21ﬁsx .

Number-'_”f"~:ek";;:3“»_‘- S
of el Sm T gt ]
Egg Masses e T

e
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’_‘Table 15 Mean values for the. area of terrltory (mz) and
" number of chases initiated. per minute by fish in Group C, -

i“vExperlment 2, durlng periods w1th spawn (S) and without

‘-spawn (NS). M is male. Fish are ordered by decreasing

- dominance from left to right. ‘The. bottom row-indicates

;v'b(p<0 05, t- test)

the total number . of egg masses acquired during. the exp- .
erimeéntal period. ® indicates-an insufficient- number of
observations either with or without eggs, -to make a com-
© parison. Asterisks  indicate. significant differences
betweeh values for. perlods W1th eggs and w1thout eggs

.
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Flgure 1. Illustratlon of substrate topography of one of .
the pools in Experiment 1. Clear shapes indicate rocks used

L"rfor perlmeter border; stippled shapes: represent bricks
o .propped up on rocks 1o prov1de cover; hatched shapes show

;usmall stonés ‘used 1o mark a bottom grld at 0. 2 m 1ntervalsg

"j.Arrows ‘show-. the dlrectlon of water flow

'_t".;.
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DOMINANCE RANK
\

;l - T . T _ AL — R
1. 2 3 4 5
.- SI1ZE RANK

O A

- Figure 2. Dominance rank versus size rank for fish in

" Experiment 1. For size rank, 1 is largest and 6 is smallest.
‘For dominance rank, 1 is most dominant and 6 is least =
domihant : o L ARV



! G
. ) ® . ‘%()

Figure 3. Terrltory map showing overlapplng ‘of terrltorles

in Experiment 2..Stippled shapes represent units of cover.-

Solid lines" 1ndlcate territory boundarles of dominant fish;
~dashed lines indicate territory Borders within boundaries ‘ oos
of more dominant individuals. Dotted lines show territories '
.0of most subordinate fish,defending space. Border locatlons

were determlned over one’ observatlon perlod

-
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I11. Paper 3. Protogynous Hermaphroditism in a Temperate

Zone Territorial Marine Goby, Coryphopterus nicholsi

A. Abstract

Coryphopterus nfcholsi.is a temperate %Pne Pacific
goby. Fish in laboratory populations demonstrated the
ability to change sex from female to male (protogynous
hermaphroditism). Intersexual fish collected from the field
indicate that this process occurs 1n:natural populatibhsn
There are two females fdr every male in the population; most
small fish are female and most. large fish are ma]e.'Chahges
‘in'gonad sthucturé:consisted'df the development of spermafic
tissue aiong the qéribhery of the old dvan{an lumen. This
' was accompanied by degeneéationvof ovarian'fissueﬁ Sécoﬁdary
testes had mulfipﬁe 1umina‘for the retention and transport
of sperm. All-tesfés.examined‘ih the p §u1ation shqwed the

same structure, §uggesting that this gpecies may be\

ihonandric. Social cues are important in initiating sex
- change, but_other fadtors, as yet unknown, also appéhb to
. . ~\\“’

\

play a role. = . ‘ 4
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B. Introduction
Hex chang@ among marine fishes has been dmaum@ntéd for
many families (Atz, 1964; Choalt and Robertson, 1975,
\ ' -
Reinboth, 1975; Warner and Robertson, 1978, Jones, 1980
Shapiro, 1981). 1 am aware of‘only two papers on confirmed

hermaphroditism in the family Gobiidae, including four pair

or group-living Paragobiodon spp. from the western Pacific

(Lassig, 1977), the schooling Coryphopterus personatus, and

solitary Gobiosoma multifasciatum from the Caribbean
(Robertson and Justines, 1982).
C. nicholsi is a small (maximum 100 mm standard

length), benthic goby that inhabits rock rubble areas in

protected shallow waters along the west coast of North

America®(Hart, 1973}. Externally, the only evidence fon

ééexua] identify is the shape of the genital papilla, which

is elongale ih males and short and bfoad in females (Wiley/,
1973). In the course of laboratory behavioural studies at
Bamfield Marine Statton, Bamfield; British Columbia

(latitude 49 N, longitude 125 W), evidence-waé found for the

~occuhrqpce,of protogynous sex change in this species.

e, i
-
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\g”_ C. Methods and Materlals R 5~f5]7"—* ‘éf'-‘

’ Exper1menta3 f1sh were captur‘d W1th the ‘use of minnow.,
‘traps and the1r sex determ1ned on. t e bas1s of pap111a

Vr'structure Of these f1sh some Were K111ed 1mmed1ate1y and

2

»fgonadectom1zed and the rest were g1ven a subcutaneous dye

Upmark 1nd1cat1ng~ass1gned‘sex and ma1nta1ned in 1aboratory

v_groups ’atti.ﬁf” t . "Qn s ‘tffixf' -T* ”'ryf&
: S S S -
; 1n September 1979 a census was carr1ed out on a

¥ i

hold1ng pool conta1n1ng over 30 Cm nlChOISl oflboth sexes,
T and on three exper1menta1 popu1at1ons, each of 7 to 14 ma]es .
and fema]es that were estab11shed for one month in August

1979 Dye marks of 1nd1v1duals,u1nd1cat1ng 1nﬂt1a1 ass1gned

T e,

e sex were compared w1th present pap111a structure Where
B ', R N

chan@es 1n pap111a structure had occurred the 1dent1ty, and

g

where poss1b1e, the saze rank of the 1nd1v1dua] were

v recorded el T e T Sl ,,

i In 1ate September 1979 two laboratory groups of 14

‘ f1sh (7 fema]es and 7 males 1n each Groups A and B) were~,r¥
“'rt estab11shed and re checked 1n danuary 1980 for changes 1n ftp
the shape of the gen1ta1 pap1]1a assoc1ated W1th sex change i g
- A th1rd 1aboratory groupﬁof 7 females and 7 males (Group C) |
‘ was set up 1n February 1980 A11 three pools were censused
5 1n March and aga1n 1n du]y 1980 Fo]]oW1ng th\w the f1sh

taz‘- i

were K111ed The gonads were removed p]aced in. Bou1n s

Harr1s haemotoxy11n/prec1p1tated alcoho]1c eos1n

P

v : e . i . o L o
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In add1t1on a. poo] of 16 fenates was set up in danuary
1980 and exam1ned month]y unt11 du]y 1980 for s1gn§ of sex ﬁ
- change based on change in pap1]la form At th1s t1me, a]l
Jf1sh in. the pool were K111ed, and the1r gonads exam1ned
_hlstolog1ca11y A second alT female popu]at1on of 19 f1sh

Ob'was estab11shed in du]y 1980 No 1nter1m observat1ons were’

ng made on th1s popu]at1on,-bu§ f1ve months 1ater» a]] the o

‘_L;1nd1V1duals were. K111ed and the gonads sect1oned and j,fdi. ef

ﬂ‘exam1ned
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D. Results and D1scuss1on !

" In over two hundred gonadectom1zed fish exam1ned over a
‘-three ye;r per1od there was complete correlat1on between't
vthe form of the gen1ta] pap111a and the gonad type (ovary or-
:‘_testes) 1nd1cat1ng that, sex of 1nd1v1dua1s can be o
g determ1ned re11ab1y from pap111a structure .
‘ In Groups A and B, f1ve months after estab11shment
f,lﬁeSeptember 1979 three of the fourteen f1sh or1g1na]1y |
.'des1gnated female had typ1ca1 ma]e gen1ta1 pap111ae, and

»another two had short but po1nted pap111ae that appeared to Htu

be trans1t1ona1 By 1ate March e1ght weeKs later, t“é, u;:‘_ft

jf]atter two f1sh had fu1]y deve]oped ma]e pap111ae ATT .

‘iitransformmng fema]es were etther the 1argest or. second .
;]argest female in the1r group at’ the t1me of. sex/ch@nge'(sg‘;cv
afmm to 82 mm SL) %however,‘]arger mates were present When S

Qfema]es changed sex

rf-:[‘ ¥ Between March and du]y 1980 the f1rst three f1sh 1n :~:
| Groups A and B noted to change sex act1ve1y courted females,:y;

R

obta1ned spawn, and guarded eggs through to hatchtng,

'5f1nd1cat1ng a successfu] trans1t1on to male The other two

-Pb

“'j!f1sh that changed sex were not observed court1ng fema]es orp“gd
r}.;ihﬂiguarq1ng eggs that summer H1sto]og1ca1 exam1nat1on of the

HVigonads of a]] f1sh or1g1nal]y destgnated fema]e in these:'
-’/
'fgroups,.at the enduof the reproduct1ve season,'conf1rmed

».: J\ .

\‘*{;test1cu1ar development 1n the f1ve ¢ransformed males,_the}‘

'““*fgonads of the rema1n1ng females were ent1rely ovar1an In
e o L

R fffGroup C -no sex changes occurred
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“j¢fema1es to have develop1ng or fu]]y formed testes (s1ze

.98

*

F1ve instances of sex. reversal were d1scovered in otheri

"m1xed sex groups of f1sh Three transformed f1sh were
‘d1scovered in September 1979 in groups of 7 to 14~f1sh;‘each'
" was | ‘the largest fema]é in 1ts group (75 to 85- mm SL), but |

'n'larger ma]es were present at the time of sex change Tw o"'

/ ) . P

~f1sh from a genera] hold1ng pool censused atgthat t1me,'

\g-were also transformed The1r s1%e relat1ve to other f1sh at:

the time. of sex change was unKnown h;",f" bvj‘/~“
In the group of 16 females estab11shed in

danuary 1980 a]I st111 had typ1ca11y female gen1ta1

~’pap111ae by Apr11 1880-. However by the end of May,'the‘f
_‘second 1argest f]sh had a- typ1ca1 ma]e gen1ta1 pap111a, and S
<f.by mid- duly, four more f1sh had become ma]e (s1ze ranks of

.transformed f1sh were 2 5, 8 1, and 15)

In the a]] female popu1at1on of 19 f1sh htstologtcal

'hfexam1nat1on of a]] f1sh after f1ve months showed elght

‘/,‘

'ranks of transformed males, based on 1n1t1a1 s1ze were 2,/;;

>7”73 4 5 6 8 12 and 13) Because no 1nter1m observat10h5°“

' 'change occurred 1s unknown

were made in’ th1s group, the t1me at wh1ch 1nd1v1dua1 sex

N S

In 1980 four f1sh hav1ng short pointedeaptTYae wére,ff

nf'collected from f1e1d populat1ons The t1me of co]Pect1on and;f

Vft standard length of f1sh were danuary, 67 mm and 84 mm;

:,1‘Apr1] 77 mm May, 88 mm When the1r gonads were exam1ned

“;h1stolog1cally, a]] were found to be sexual]y trans1t1onal
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In a h1stolog1ca1 survey , of gonadal t1ssue based on
approx1mate1y 40 fema]es 35 males and 20 trans1t1ona]
'spec1mens,.the fo]low1ng structura] patterns were found
-In anbovary, the egg bear1ng cortex prOJected into a.
‘centra] lumen. no spermat1c t1ssue was eV1dent (F1g 1a) In
'{early stages of trans1t1ona1 gonads (ovotestes) exam1ned e

' var1oﬁs ovar1an features were st111 present 1nc1ud1ng a‘b'

\
1*jth1CKr¢OFteX*<¢he old,ovar1aﬁ?wa]1), oocytes, and 1arge»

R

follicles containing yolk. In addition, small nests of

Lspermatic Cells were‘present' adJacent to the. 1umen
(Fig. 1b) The 1umen was\usua11y cons1derab1y reduced, andl,"‘
i much of the rema1n1ng t1ssue was unstructured 'and ‘
. S

%’V'character1zed by macrophage act1v1ty\\1n progress1ve1y ;

'ttransformed ovotestes, oocytes and yo]Ky\depostts were

TN
-'genera]]y absent and 1arge d1screte areas of
- ;

;und1fferent1ated t1ssue formed the perIphery of the g’Q\d

”tThroughout the 1ength of the gonad we11 deve]oped medu]lary f:

7fihspermat1c t1ssue 11ned the old ovar1an lumen (F1g 1c)

h»,lum1na may have resu]ted from the format1on of tubu]es of

”tspermat1c t1ssue 'and at th1s stage, sperm were frequent]y o

"_gpresent In 1ate stage trans1t1ona1 testes, the 1umen

: ;tﬁcons1sted of branched and anastomos1ng channe]s Un]1Ke

'ear]1er trans1t1onal stages,;the test1cular waT] was th1n,
hovar1an remnants of any Klnd were genera11y absent and the

= gonada] t1ssue was ent1re1y test1cu1ar (F1g 1d) A‘] male

\
< \

L

jgtestes exam1ned had th15*form
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Dlpper and Pull1n (1979) found in fhé temperateflabrlds

Labrus bergylta and L. oss:fagus that sex change occurred o

~ only after the reproduct1ve season In field collect1ons of

[y

C. nlchoISI made over success1ve summers and w1nters, r1pe
females were not found before March, or after mid- duly,
1nd1cat1ng that the reproduct1ve season is approx1mately
‘ﬁlf1ve months long The occurrence of sex change dur1ng
pawn1ng months 1n one all female pool and in the f1eld
suggest that 1f there 1s a tendenoy to change sex 1n the'“
- w1nter months, the ab1l1ty to do SO 1s not restrlcted
'yto any part1cular season | ‘ S |
‘ Us1ng m1nnow traps, I caught a. total of 804 gob1es over—
1-a three year per1od The proport1onal dlstr1but1on of sexes |
1n d1fferent s1ze classes 1s 1n accordance Wlth what would

~ be expected 1n a. protogynous hermaphrod1t1c spec1es There

is a marked reduct1on in the number of females found betWeen

Jy_470 and 90 mm - SL concomltant w1th an 1ncrease 1n numbers of

‘t}males of that s1ze range (F1g 2) Th1s cannot be ascr1bed totf_

'vsex related s1ze d1fferences s1nce males are on average only

"ﬁfa few mm larger than females for any age class (W1ley,‘

“;g1973) If the decl1ne reflects h1gh female mortal1ty,u_tﬁii

- ;,does not expla1n the correspond1ng 1ncrease 1n numbers of

T

‘TH‘nj51m1lar s1zed males .ﬂ"T-‘jf;vl'~_‘ ;j:-"i ."_r ”:su*b’"

I collected 295 females betWeen 30 and 90 mm SL dur1ng S
"fthree reproduct1ve seasons, the smallest 1nd1v1dual exam1nedu
vcthat was carry1ng r1pen1ng eggs, was 50 mm SL The smallest f

.Tmale exam1ned (31 mm SL) had well-formed crypts of
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spermatogonia tn his testis, 1n add1t on. to a few oocytes

scattered throughout the tissue If -th test1s of this mate

had 0varian5origins (the“eXistence of obcytes in a testis is

\
\

in 1tse1f not conc]us1ve ev1dence for 1t>be1ng a secondary

testis; Peters 1975) prematurat1ona1 sex{change occurs in
'th1s spec1es B ,"‘ | ' !

| Males that have deveJoped from females are termed
secondary, as opposed to pr1mary ma]es wh1ch start life as
‘males. No 1nformat1on is ava11ab1e on sex: ratlos of . B
‘“newly hatched or newly sett]ed larvae 1n C nlchols: )

, Therefore, 1t 1s not Known if a]] males are secondary, or tf"
“some are 1n1t1a1]y ma]g Because secondary testes in th1s°
"aspec1es do not have permanent structures 1nd1cat1ng former
ovar1an h1story, means- of d1st1ngu1sh1ng between

"dsecondar1]y developed testes and \\prwmary test1s (if

e pr1mary ma]es ex1st 1n the popu]at1on) have ‘not been found

The reproduct1ve behav1our of C nlchOISI is typ1ca1 of .
_most gob11ds (Breder and Rosen, 1966 a]so see Paper 4)
.t'dSpawn1ngs I have observed in the" laboratory 1nd1cate that o

Q:dom1nant (1 e. ; 1arge) ma]es of C. nIChO7SI have the

g greatest reproduct1ve SUCcess w1th1n the1r ‘sex, 1n terms of
acqu1r1ng eggs Because 1arge males are- polygynous they
'probably have a greater reproduct1ve success than adutt
hffema1es of the same age The 51ze advantage hypothes1s for
.tthe evolut1on of sequent1a1 hermaphrod1t1sm (Gh1sel1n, 1969;f.
pa‘warner, 1975) states that sex | change evo]ves when the -
»itreproduct1ve f1tnesqusrgreater for.one sex'when'

g



/
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/
sma]l s1zed and for the other sex when 1arger This .
-c1rcumstance seems app11cab1e to C. nlchOISI part1cu1ar1y
if spawning success is high in small fema]es

S1nce large males have the greatest spawntng success;
lwhy are sma]]‘males so prevalent in the-populat1on,.
part1cu1ar1y if some or all of them are secondar11y deq1ved°
cIn 1aboratory groups, small males are attracted to spawn1ng

;pa1rs The opportun1ty for sneak1ng (van den Assem, 1867.),

e
m,,;

ewhereby sperm ‘are released in the v1c1n1ty of a COUrt1ng
pair and'some fert111zat1on of eggs by the non- court1ng.ma1e
is poss1b1e, is, high (see Paper 4) Hence; Sma11 males may
;have cons1derab1e reproduct1ve success through cucko1d1ng
1arger ma1es If there is a h1gh cost of egg product1on to
.females, at the expense of growth there may be strong
se]ect1on under certa1n soc1a1 cond1t1ons to change from
female to ma1e\wh11e still smal] L 1 e |

'7, In1t1at1on of “sex- change in C nlchOISI does not appear
to be the resu]t of a s1ng1e factor Unl1Ke many spec1es |
'bdemonstrat1ng soc1a11y 1nduced transformat1on (Amphlprlon
SpP- Fr1cke and Fr1cke, 1977; Paragoblodon spp , L@ss1g,
"1977 Anthras squamlplnnrs Shap1ro,‘1981); C nrcholsz
lives. swngly rather than 1n pairs.or 500131 groups (a]thoqgh
'g1t 1nteracts extens1ve1y w1th conspec1f1cs) In the‘“
‘,1aboratory, fema]es change sex ‘in the presence as we]] as
the absence of males Data from 1aboratory and natura1
Vjpopulat1ons suggest that there is no cr1t1ca1 s1ze for sex

change, as found 1nIAnthlas squamlplnnus (Shapjro, 1981) ¢

’
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most females of C. nicholsi transform between 65 and 80 o
SL.'The actUaa size of transformation for different

individuals may be controlled by a vériety of factors.
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Figure 1. Structure of male, female, and intersexual
‘gonads of C. nicholsi: a) ovary showing central lumen
(L) and absence of testicular tissue; b) early inter-
sexual, showing degeneration of ovarian tissue, com-
pression of the lumen, and small nests of cells forming
the first spermatogenic tissue (S); c¢) late intersexual,
showing concentration of spermatogenic tissue around
the old ovarian lumen; d) testicular, showing anastomos-
ing lumina, each lined with active spermatic tissue.
Scale is 200 microns’ '
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Figure 2.

&

Sirze fﬂequency distribution of fish collected

in minnow traps from 1977 to 1980

2
|
A
et o
N
\V\
]
g
~t
&~

—

‘/ e : | Poor cow

Y ATl

] COPIE DE QUALITEE INFERIEURE ..




PO

E

FEMAL

100

60

B

40

180

1401

1001

i
o -
o

HSi14d 40 H43I8gWNN 1v1iO0Ol

T
o
N

- 80

20

MALE

80

- 60

100-

T
o
o

204

100 -

40

" STANDARD LENGTH mm



109

f_F;*Literature Cited
‘;fAssem J.. van den'd1967 Terrltory 1n the, three sp1ned .
.:Qjelst1ckleback (Gasterosteus aculeatus) Behav Supp] 16
Cistpp. L | .

&

“rrrﬁA%; u‘w 1964 Intersexua11ty 1n f1shes, pp 145 232 In
Intersexua11ty ?n vertebrates 1nc1ud1ng man C N
Armstrong and A. d Marsha11 (eds ) Academ1c Press,iﬂ> -

LondOn frfl: }01,

.»(‘" . o

v, ,Q_] PR R A o L
”1:‘ o

Breder, C M d and D E RoSenv 1966 Modes of

reproduct1on 1n f1shes oNatural H1story Press, Garden'

o .
: &£

r‘i'_,pxtyp New YorK 941 pp
'f} Choat H and D R Robertson 1975 Prétogynous
E hermaphrod1f1sm in. f1shes of the fam11y Scar1dae -
pp 263 283 In Intersexua11ty 1n the an1ma1 K1ngdom
Spr1nger Verlag, New York | | ‘ -

'o

D1pper, F.A"“and R S V Pu1]1n 1979 Gonochor1sm and

sex 1nvers1on in Br1t1sh Labr1dae (P1sces) Zoo]
Lond 187 97 112 ;" [:?;f” ' |

Fr1cke H and S Fr1cke 1977 Monogamy and sex change by
aggress1ve dom1ndnce 1n coral reef flsh Nature,‘Lond

| 266 830-832. G



e 10
Gh1se11n, M. T 19ﬁ9 The evo]ut1on of hermaphrod1t1sm among

B anjmals. Q Rev 8101 44 189- 208 l*ﬁff,;'

Hart J'L '1973 Pac1f1c f1shes of Canada J. FiSh.:Res;
Board Cénada, Bu]] 1Q0q/74Q pp. - B |
: dones, G P 1980 Growth and reproduct1on in the protogynous L
hermaphrod1te PSeudolabPus ce]ldotus (P1sces Labr1dae)'

in New Zea]and COpe1a 1980: 660-675, «:l..

\
-

%@ﬁh; Lass1g, B. R 1977 Soc1oecolog1ca1 strateg1es adopted by
o ob11gate cora] dwe111ng f1shes, pp 565 570 In Proc ,, ‘
| Th1rd Internat Coral Reef Synp M1am1Ai B1o1ogy dl;
Peters, H M 1975 Hermaphrod1t)sm\3n c1ch11d f1shes,l-;;
3 pp 228 235 In Intersexua11ty 1\\the an1ma1 K1ngdom R
hh;a .__v Relnboth (Ed ) Spr1nger Ver]ag, ge'dYork o

R€1nboth . f1975.”IntehseXua1ity'in’the‘an\?%T:Kingdom{df.'

Spr1nger Ver]ag,fNew York. 9449 mp 'ff {p"

1
e

-,.Qng BT .‘,‘_'vﬁ1 ,»_.hedrg o

hf; Robertson,.D R }and G dust1nes 1982 Protogynous,“dh
i WV_ hermaphrod1t1sm and gonochor1sm 1n four Car1bbean reef
*aéi »df; gob)es Env B1o1 F1sh1 137 142 ‘ o ey

A e

Sﬁap1ro D Y 1981 §1ze maturat1on,‘and the soc1a1 control?h'

Lo

‘ ”f( of eex reversal 1n the coral reef f1sh Anthlas



~squamipinnis. y. Zool., Lond. 193:105-128.

0o -

-jwerneh;fR;R;h1975 The adapt1ve s1gn1f1cance of sequent1a1

?herhabhhoditism.1n animalg. Am. Nat 109 B1- 82

S Warner, R'R ,'ana D'R *RbbehtSOn 1978 Sexua] patterns 1ﬁ N

L

“the | labro1d fishes of the Western Car1bbean Ib-the

o

.wrasseev(La_bmd'ae)..‘._Smt.thson.v. Contr. Zool“ No 254:1-27,

E 0 o . 2 . . .
teo B . o . ; -
[ .

W1ley, J$w 1973 L1fé h1story of the eas ern, North Amer1can,5'.”

Dco'

goby, Cor'yphopter'us mcholszr (Bean) San Dlegd Soc . i

79,51N t.‘H1st.; Trans 17 187 208



IV Paper 4. Ma1e Reproduct1ve Behavﬁour and Spawntng
Success 1n a Temperate Mar1ne Goby, Coryphopterus nlchOISI
Y , T

‘ A Abstract

Coryphopterus nlchOISI is a temperate zone mar1ne goby.

In 1aboratory groups of f]sh fema]es preferent1a1]y spawn T

w1th dom1nantwma1es, assessment of dom1nance appears to be L

—
e

AR based upon court1ng v1gour Male s1ze (standard length),and

- dom1nance were often but not always h1gh1y corre]ated 1n_;t'
.contrast there was no cons1stent correlatlon between ma]e*’

.i'terr1tory qua11ty and spawn1ng success Sma]]er ma]es 1n |

'“l.ftlaboratory groups d1d not court females or guard eggs

;31:iHowever the1r behav1our and test1cu1ar development dur1ng

o

'fthe reproduct1ve season suggest that they may engage in.

,"7msneaK spawn1ng Dom1nant ma]es are more ltKe]y to

‘a .

-a:csuccessfully guard eggs aga1nst conspec1f1c predators than R

o are subordtnate males and hence ¢ema1es shou]d haVe greater

» neproduct1ve success 1f they choose dom1nant ma]es for_,ﬂﬁ?‘”

'“'spawn1ng partners
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B. Introduct1on 'Q~~-; ?‘t o wai;f“f”m:-f
Coryphopterus nlchoISI is a sma11 temperate‘zone mar1ne-
"ﬂ‘goby (max1mum 100 mm SL) found along protected rocKy shores'
~ of the west coast of North Amer1ca, from the Queen Charlotte
'hIslands to Baja Ca11forn1a'(Hart 1973) Its pneferred» |
”habitat rock rubble 1nterspersed w1th sand and she]] _
cifragments,.1s w1despread but patch11y d1str1buted‘ ahd the
;»populat1on dens1ty w1th1n su1tab1e hab1tat is h1gh reachtng.
up to e1ght 1nd1v1duals per square meter in SOme 1ocat1ons
;(see Paper 1)"Towards the nOrthern end of 1ts range,‘wt i's ;-h:
‘:_fone of the most abundant benth1c spec1es 1n rocky 1n§hore
'T#f1sh commun1t1es o ¢3rg,tf; LN e Sy
i C nlChoISI 1s'terr1t§r1a1 tHart'1973.iWﬁ]eyité7é . see’ .
h_falso Papers s and 2). Both ma]es and femates of a]] s1ze
"h,c1asses,k1nclud1ng the 1mmature demonstrate some degree of
= sites constancy and space defence throughout the year Thepr5i,,
tlspec1es 1s protogynously hermaphrod1t1c w1th a predomtnance V
»fgfof fema]es among sma]]er f1sh and ma]es among larger f1sh
’-Dveratl there are approx1mate1y two females for every ma]e
-;:(1n the popu]at1on The reproducttve season 1asts from ear1y
d_ March to m1d duty (see Paper 3) (p_f”_,'h:\fl'h'if:vtl |
- W11ey (1973),supp11ed a brtef descr1pt1on;dﬁf~fr.}

fdemonstrat1ng that reproduct1ve behav1our 1s s1m11ar to that}

'7[i£of other gobles (Breder and Rosen 1966) but mechan1sms for_t7.

, Rk - S
}:mate cho1ce have not been determ1ned Because of the

“Jmportance of mat1ng systems to soc1a1 organ1zat1on,»l'

-undertook to 1nvest1gate how male domwnance and behav1our .ﬂ'
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3

< a

reproduct1ve success.»
Two main quest1ons Werefasked' 1)315 thene a

'correlat1on between ma1e dom1nance or s1ze, or both ,and
male spawn1ng success’ 1n laboratory groups of fish, and 2)

 what_e1ements_of“ma1e behav1our 1nf]uence female cho1ce'>

E3

nnfluence female choice of a spawn1ng mate, and hence male

-
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C. Methods and Mater1a1s,
Fish were: " collected us1ng mtnnow traps and sex was

determ1ned by external exam1nat1on of ‘the gen1ta1 pap111a

Lstructure (Wiley 1973) Standard ]ength measurements were

',taken, then 1nd1v1duals were g1ven a sma]l subcutaneous dye

mark - (Pe11kan draft1ng 1nk) fo a1d 1n 1nd1v1dua]

'_1dent1f1cat1on, and placed in separate conta1ners After a,

'?exper1ments, ftsh were fed frozen euphaus11ds tw1ce da11y

o

|
m1n1mum hold1ng per1od of two weeks, f1sh ‘were- p]aced 1nto

t exper1menta] pools Whlle in 1so]at1on, and dur1ng the

Unless otherw1se 1nd1cated the pools used were

';ctrcular, i, 8 m d1ameter, with water to a depth of 25 cm,

- and sand shell/substrate<(a m1xtUre of ftne and coarse sand

a

“and small’ shell fragments) to 5 cm All were supp11ed w1th
"t'unf11tered fresh -sea water (9 11 C) at an approx1mate rate J"
. of 4 1/m1n Patrs of overhead fluorescent 11ghts connected
ﬂ;to an outdoor photocel] prov1ded a laboratory daylength that S

é_var1ed 1n accordance w1th natura] photoper1od

A]l exper1ments were carr1ed out at the Bamfweld Mar1ne

t;fStat1on, on the west coast of Vancouver Island (1at1tude 49"

B N{; 1ong1tude 125 W ); between May 1979 and du]y 1980

Dbservattons on groups of ftsh establ1shed dur1ng theljb

‘reproduct1ve season (short term groups) were 1L1t1a1ly used’:
o to: answer the above ment1oned quest1ons, but spawn1ng events
Tjtdn such groups may have been 1nf1uenced by the unfam111ar1ty.»t

5df females w1th males ava11ab1e for spawn1ng For this o

'reason, supp]emental observat1ons were carr1ed out on, ma]e

’//v : ey
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fspaWning success in three'groups of fish established at .~
‘1east two months pr1or to the onset of the reproductive

.' season (1ong term groups)

~ Short-term groups | )
Three groups of seven. ma]es each were estab11shed

' dur1ng the reproduct1ve season (Group A May 1979 Group B,

| dune 1979 Group C, ‘March 1980) In each poo] seven un1ts
of cover. formed by one beick- propped upon another were
d1str1buted at regu]ar 1nterva1s around the per1phery, and 3

. small stones were scattered about the substrate In Group A,

| four br1cKs were med1um s1zed (approx1mate1y 10 X 10 cm in

.:; area) and three br1cKs were 1arger (approx1mate1y 16 x 10 cm'

in area)’ In Groups B and C, all cover‘was med ium- s1zed

- Over the next week observat1ons on d1sp1acement and overt
taggress1on 1n1t1ated and rece1ved by each. f1sh were recorded |
to determ1ne the dom1nanoe ranK of each 1nd1v1dua1 in

.kadd1t1on the 1ocat1ons of d1sp1acement and aggress1ve

"» events, the areas of hab1tua1 ocCupancy, and the areas

‘avoided by adJacent conspec1f1cs were used to determ1ne

'terr1tory boundar1es, wh1ch general]y were establ1shed ‘
: dur1ng the f1rst weeK o SN ‘ |

Bottom maps out11n1ng the poo] boundar1es and pos1t1ons

. of cover,and stones were-made, and\terr1tory‘boundar1es were

»
e s

;’added."Territory:areas werevsubsequently’oa]culated,‘ustng:a
s ey as were: subsequenth. ted, ]
~ planimeter..
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Approx1mately one week after the establ1shment of the
experlmental‘groups, a grav1d (i.e. d1stended with eggs)
'female‘was introduced intoveach pool. Upon spawn1ng, the
female was removed and.another added; females that did not
spawn were removed after four days and replaced with another
grav1d female SlX females were added to each of, Groups A

-, ’and B, and seven were added to Group C. Correlatlons were
then calculated for male spawn1ng success with: male
domlnance rank (most dominant to least)r male size rank
(greatest standard length to least) dnd male terr1tory size’
rank (largest to smallest) Male spawn1ng success was . based

~on- the acqu1s1t1on of one or more d1st1nct groups of eggs in
the nest chamber The ranK1ng, by size, of male terr1tor1es

‘1_ was based on the terrltory s1ze one week prior to the f1rst
' .spawn1ng event in. each group In addltlon, the ranking was

'noted Just pr1or to ‘each spawn1ng event w1th1n ‘each group

| over the total reproduct1ve season |

| N In Group A, after two successful spawn1ngs in the pool 3
the’ most dom1nant (alpha) male was removed and sequent1al
‘1ntroduct1on of grav1d females was dont1nued A second male
(the most dom1nant after the removal of the alpha) was also

1

removed follow1ng two successful spawn1ngs ~In Group B and

|

C, no male removals were carr;ed out 3
In addltlon to female: cho1ce of male deta1led
descr1pt1ons of male court1ng behav1our and’ female responses

- were.made.
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" Long-term groups |

Observations on male spawning success were also carried
out on two 1ong-termbgr0ups‘ofp14 ftsh each (seven-males and
seven fema\es) in.WhiCh indtviduals were in groups for'five
months pr1or to the reproduct1ve season. These groups were
established in September 1979 and ma1nta1ned unt11 July
1980. Observat1ons were carr1ed out on a third group of 14
fish (also seven males and seven fema]es) established 1n:
}danuary 1980, -two months pr1or~tovthe‘reproductive season,
and ma1nta1ned until du]y 1880.

In each of these groups, dominance rank and terr1tory
areas were assessed as in. the short term exper1ments The
1dent1ty of‘ma]es~successfu1 in obta1n1ng/eggs, the1r
vstandard length terr1tory size and dom1nance ranks were
recorded, and the dates between wh1ch males guarded ‘eggs

& .

were noted.

‘Male behav1our and female cho1ce

| ‘To determ1ne the effect of male dom1nance on ma]e
'bcourttng behaY1our and spawn1ng success{ fema]es were.
presentedeith-two ma]es'inwmhich the major difference was
one of dom1nance ranK - \ | |
) Two males of nearly equa] standard length (see Table 1)
- were placed‘1nto 1denttca1 compartments of a subd1v1ded |
:wading'gool KFig: 1), each conta1n1ng one unit of cover, .
severaltsmatlvrocks, and two sma]l (<50 mm SL) f1sh to ]

“exercise dominance over Between the two compartments .
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housjng'males-was a third compartment also containing
cover, into which a graV1d female and two add1t1ona1 sma]]
fish were placed. All barriers between the compartments were
opaque. The f1sh ‘were 1eft for several days to become
fam111ar with their compartments, all demonstrated domlnance
over the smaller fish in their compar tments w1th1n several
hours. Followjng-the adjustment period, temponafy.barriens
between compartments.mere.removed{ and the gravid female had
access to the two males. Because each pool was d1v1ded into
stx@gompartments, two rep11cates could be run
simd1taneodsty.

Using 6‘20 chénnetﬁEsterﬁtne AngUs event recorder, I.
recorded the frequency and durat1on of courting, chas1ng
(aggress1on d\rected towards all other conspe01f1cs) and the
vt1me‘spent‘under cover,_over the_course of several hour-long
d observations. ObServations continued until the femé]e ‘
vspawned'with one of the males, or'released heb eggs onto. the
\’substrate After spawntng, both males were Killed, and'their
testes removed for h1stolog1ce1 exam1nat1on to determtne if

they conta1ned sperm.

Thisbexperiment was’nepeated with new males and feméles,}f‘

seven times. 5
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D. Results o : )
Courting and Spawning Behaviour

Courting was observed | frequentlyin4the-laboratory
groups of fish The fo]]ow1ng description is based on 14
successfu1 spawning events, for which general descrtpt1ons
of the courting behav1ours of males and responses of females
were recorded. T g
_Courttng by a materconsisted of two phases:'

adver tisement and enttcement' thts was followed by Spawning.
In the advert1sement phase, court1ng was initiated when the
‘male drifted d1rect1y upward from the substrate, and with
11tt1e fin movement ma1nta1ned a sjataonary position in a .
'_hor1zonta1 p]ane 10 to 20. cm up 1n the water column
‘(hover1ng) Dorsa] anal caudal and pe1v1c fwns were all
-,fully extended Body colour,’normally 11ght to orange tan,
,w1th dusky pe1v1c f1ns, became pa]e The deep]y f]ushed
black" pe1v1c fins and 1r1descent blue spots under the eyes
jand on the body stood out in sharp contrast to body colour. \\i,
dHover1ng was: usually fo]lowed by stow, exaégerated o |
undu]at1ng sw1mm1ng movements.'1n bouts rang1ng from 3 to 20
econds in durat1on Then . abruptly, the male turred and |
rapidly swam to ‘the nest entrance in h1 terr1tory, c1rc1edw
the br1cK'structure, then entered the excavat1on underneath
"it. Short]y thereafter he emerged swam to some promontory ,
in h1s terrltory perched there briefly, then repeated ‘the

process . These events were often 1nterspersed by the removal

of sand shell. from underneath the cover by the ma]ef/a/d
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conspicuous deposition of mouthfuls 'of substrate 20 to 30 cm
from the excavation. Sometimes a small piece of shell was
picked up, carried‘for a short distance within the
terr1tory, then spat out. All of these behaviours were
conspicuous, and attracted the attent1on\of nearby
conspecifics. The adver tisement phase occurred in the
presence or absence of females in the 1aboratory groups.
Uninterrupted bouts of courting behaviour during this phase
lasted for over 30 htnutes on'severa] occasions. . |

The enticement phase commenced when a courting male

fperceived a gravid fema]e‘ Recognition of introduced gravid
.femates was always rapid, and may bé based on‘the distended‘
"abdomen and the br1ght1y tinged pink. anal. reg1on produced by
' ,the presence of egg-laden ovaries. Hover1n§ and exaggerated

'sthmtng were directed;towards the female. As the female
‘approached'the maTe’s'terrttory, courting behaviour |
increased. Upon approach1ng the female, the male e1Fher
rested on the substrate near her for a moment or swam past
her, then p1voted and raptdty swam to his cover. After
4901ng under coVer and 1mme21ately emergtng he . repeated
hover1ng,and exaggerated sw1mm1ng between the female and
his cover, Often,.the female remained motionless .on the
substrate near or in the male S terr1tory, with dark mottled
colouring and‘depressed fins. In th1s case ‘the male
conttnued to court. If, however, the fema]e showed avoidance
behaviour; the_malevoften attacked. If a femate approached a

';courting'male’s.coVer, the male often nudged her, in the
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anal or tail region, towards cover. Sometimes, the male
graeped'the pcctornl fin in his mouth and tried to pull the
female under cover. The enticement phdse ended when the
female enteréd a courting male’s cover,ﬂund started to
spawn.

Spawning consisted of a female rotating upside down in
the excavétion and, while moving forward, depositing eggs on
the roof of the excavation. Shortly thereafter, tht male

'fo1lowed, fertilizing the eggs. Periodically, he woula'
emenge from cover to hover or chase away intruders before
rejoining the female. After spawning, up to an estimated
5500 eégs covered an irregular circular patch on the

" spawning surface. The length of spawning time was difficult
to est1mate in most cases,;because females somet1mes emerged
between per1ods of ov1p051t1ng, and sometimes stayed under -
cover after comp]et1ng spawn1ng Usual]y the female was
under cover for 10 to 30 minutes.

Other male conspecifics around a spawning pair showed

'interest in courtship and spawning events. Adjacent
territorial males sometimesvapproached to within 4 cm:offthe
spawning site' well withinﬁthe boundaries of .the resident
ma1e s territory. UThese 1ntruders were often small (50-65 mm
SL) terr1tor1al ma]es, who were nevér seen to court females

‘or obta1n eggs 1n 1aboratory poputations. (

| \ On one occasion, when a spawn1ng ma]e'chased an
-intruder out Qf_h1s ferritory, a nearby small male*rapidly ‘

went into the excaYatien.with the female and stayed there

W

&



3for approXtmateTy~15.Secgndsluntil thefreturning:male,chased”'

”h1m out

p R R , : o
H1sto]og1ca1 exam1natlon of the testes of seven sma]l

p°ma1es between 48 and 70 nm SL co]1ected in dune 1981

C\

"showed that a]] possessed functwona] testes w1th sperm The h;_* 3

: ptestes of these small ma]es occupled a: greater proport1on of

h'\tthe abdom1na] cav1ty than d1d those of 1arge ma]es col]ected,,

¢

: *nat the same t1me and were usual]y larger 1n abso]ute s1ze_

"than those of 1arge males Mean we1ght of pa1rs of testes

ffremoved from seven sma]l ma]es (mean SL 58 3 x 8 2

L range 48 8 to 68 4 mm) was 57 1 27 3 mg, compared to 22 6

"rf,range 70 0 to 80 6 mm

5pi 3 7 mg for n1ne 1arge mates (mean SL 75 7 3 7

ln 1ong term groups, the behav1our of ma]es w1th%n a
egroup var1ed 1n the presence of a’ grav1d female Behav1oura1
Tafelements that predom1nated 1n a dom1nant male s court1ng
{’f{reperto1re 1ncluded hover go under cover, exaggerated sw1m, ﬁ;

'":sexcavat1ng,;and perch1ng on' promontor1esv(here, cover) 'In”;_v"

w'c'ntrast a f1sh 1ess dom1nant than the court1ng ma]e spent

‘ of 1ts act1ve t1me chaslng conspec1f1cs or mov1ng from
-a. ;,‘

',cover to. cover (travers1ng) w1th1n 1ts own. terr1tory One fh;VV

e day after spawnlng w1th the female, court1ng behav1our by

.ffthe successfu] male was often st111 elevated wh1]e other

o

‘-f f1sh remalned unengaged 1n reproduct1ve behav1our

Court1ng behav1our by smaller or more subord1nate males R

iﬁwas rarely seen. These f1sh often rema1ned mot1on1ess on the o

| substrate and occas1ona11y chased 1ntrud1ng f1sh of both '

L oo -



fsexes However a subord1nate s behav1our raptd]y changed

‘._’12'4 |

&

| if, by c1rcumstance, 1t became the most dom1nant ma]e among

'f1sh not 1nvo]ved i egg tend1ng Court1ng by such ma1es was :

'h}“somet1mes observed to be as v1gorous as that by the top

1h:ava1lab1e for spawn1ng

|

ddom1nants 1n the group before they had acqu1red eggs Thus

'hmale behav1our toward grav1d Tema]es var1ed accord1ng to .:' T

v N

ff.1t s re]at1ve dom1nance rank among male conspec1f1cs’~e ' R

Ln seven tr1ats of the female cho1ce eXper1ment foUr%[

| ”ﬂ pa1rs of ma]es were successfu]]y estab11shed each w1th af ‘-H’

s

"-'s1ngle grav1d fema]e that subsequent]y spawned When the

"1dom1nance ranK

»fﬁtemporary barr1ers were removed the two ma]es rap1d1y J' .

S

V,estab1tshed a dom1nant subord1nate re]at1onsh1p (Tab]e 1)

\

;gibut retalned terr1tor1es W1th boundar1es def1ned by the lffh'tgi'
pear11er pos1t1on of the barr1ers, thus the fema]e had a |

A:cho1ce of two mates of s1m11ar s1ze, hav1ng equa] terr1tory

51ze and amount of cover, but d1ffer1ng 1n re]at1ve

| Males successful in obta1n1ng eggs courted more than - _”
'c.b )

”;'the unsuccessfu] male pr1or to spawn1ng (F1g 2)

.In three of the four tr1a1s, the dom1nant male of the

»tpa1r courted more than the other male In Tr1a1 3 carr1ed

’“g‘out 1n m1d du]y, however the a]pha ma]e d1d no court1ng,_

.irand the beta ma]e spawned w1th the female A h1sto]og10a]_;,

L exam1nat1on ofrthe'testes of both ma]es (7 m1cron sect1ons,lf: E

!

“';sta1ned w1th haematoxy11n and eos1n) showed no apparent

k‘d1fference 1n the qua11ty ofhspermattc t1ssue,.e1ther'tn.-fg

i t/fibjf/;;-
e T

///'> u‘
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'J;terms of abundance of sperm present w1th1n the ]um1na, or ﬁn‘fi'
‘dterms of stages of deve]opment of - spermatogon1a However |
the alpha male’ = testes were approx1mate1y ha]f the 512e of
.*beta s,,by volume "fd | ' | |

In Tr1a] 4, both males spawned w1th a small

.accompany1ng f1sh pr1or to the 1ntroduct1on of a grav1d

o female, demonstrat1ng that both ma]es were. fert1le 'although"

nbonly one u1t1mate1y spawned w1th the test fema}e

OVer the céurse of severa] tr1a1s, successfu] spawn1ng
S

"ﬂjoccurred under bdth un1ts of cover 1n each cho1ce s1tuat1on

';_compartment 1n F1g

. (see numbers, 1nd1&at1ng number of spawn1ng events 1n each Sl

1"“ . \ )

1nd1cat1ng no cons1stent preference '
‘"\for one posat1on of the poo] ‘and therefore one of the two ;V

. teQrttor1es,.over the other

”“_Male Dom1nance and Spawnlng Success R

| In a]l three short term groups, the f1rst female to :,

””:ﬁspawn d1d 5O w1th the most dom1nant (alpha) ma1e of the':a o

0 \

b“;group (F1g 3). In atl cases, genera] observat1ons 1nd1cated

sfthat other males br1ef1y courted the grav1d Female but only

" the beta male approached a]pha in; gggms of frequency and ‘jf,ff"”

‘jdurat1on of court1ng behav1ours "f Crn “d : j@,:"
In two of the three groups’(A and C) alpha obta1ned a f_=f”

'[second set of eggs shortly after the f1rst spawn1ng event

R fHowever “in Group B no further spawnlngs took place,

~

”iv¢perhaps because of the 1ateness of the season In Group A

| V.vremoval of dom1nants resulted 1n the acqu1s1t1on of eggs byff?f-
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,subord1nates However, 1n'Group C from which.no;fish’weref
vremoved the beta f1sh was. successful in obtatning eggs{-
*after the alpha f1sh had obta1ned eggs from two separate “_'b‘
’;'spawn1ngs, was 1nvo]§'i in egg guard1ng, and no longer_,
‘courted A fema]e spawned with gamma. whose observed

. court1ng behav1our pr1or to th1s had been m1n1ma1‘ when bothﬁb

“h'alpha and beta ‘were defend1ng eggs and no: 1onger court1ng

Therefore, fema]es cons1stent]y\spawned w1th the most

i

"_dom1nant court1ng ma]e in the group on]y the. most dom1nant o

:male obta1ned more than one set of eggs at a t1me

In two of the three short term exper1menta] groups,
- fl .

},” dom1nance rank and s1ze rank were strongly corre]ated (Tabte _”5

‘_?2 ) In genera] 1arge 1nd1v1duals were dom1nant over*sma]l ./fv

:1nd1v1duals Standard 1engths (mm) of males 1n Gro p A

*idescend1ng order of dom1nance were 92 6, 91

704, 874, 67.5 Cand in Group B, 87;15 89.2, 80 5, 77,7,

b.68’3 67 6 However in Group C the sma]lest male was the'ﬁ'd"

"most dom1nant of s1x ma]es asur1ng 79 5 85 2 83 7 o
. 82.8, 84 o “and 81 1 mm- SL) and obta1ned three of the f1ve’-p‘*

'afsets of eggs spawned 1n that group Therefore, 51ze was not;bf

T_always an accurate pred1ctor of dom1nance ranK

In the three 1ong term grOUps of ftsh over a per1od

‘”;last1ng from 1 March to 15 du]y 1980 24 spawn1ngs occurred

:rvof wh1ch 18 were successful]y hatched Abandonment and '

hsubsequent egg predat1on was the cause of egg morta11ty 1n4;fh o

]the,rema1n1ngﬂstx,spawns;;:



-a the other) Therefore,_the only f1sh more dom1nant than

»;'reversa]s 1n the dom1nance ranKs of some of the Kema1n1ng

"1 f1sh a]tered the relat1onsh1p between spawn1ng success and
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‘The acqu1s1t1on of eggs by ma]es w1th1n each of the
| groups was generally dom1nance ordered (F1g 4) F1sh of
lower dom1nance usually obta1ned eggs on]y after most or all .
: of the h1gher rank1ng ma]es were engaged 1n egg guard1ng
behavlour | | ’ o ' "

't In Group 2 the order of acqu1r1ng eggs.was directly |
corre]ated w1th dom1nance rank (as ca]cu]ated pr1or to the -
'start of the reproduct1ve season) among courténg ma]es .
S | In Group 1, beta obta1ned 1ts seiond spawn1ng of the
Iseason dur1ng a per1od when a]pha had no eggs However,uv.
‘alpha was 1n the process of 1os1ng 1ts domtnance status, andfﬁs

soon after hatchwng 1ts second set of eggs, d1ed Short]y :”

thereafter gamma a d1ed and gamma b after hatch1ng 1ts o 1

o eggs,;lost 1ts dom1nance status for no clear reason (a and bs"

des1gnat1ons w1th1n a rank group 1nd1cate c]ose or

co dom1nance w1th ne1ther 1nd1v1dua1 a clear dom1nant over

“de]ta" was "beta who was a]ready engaged in. egg guard1nq,

and when the next fema]e became grav1d de]ta was\able to -jib;'u

court successfully Thus morta11ty in: top domrnanﬁs and

or1g1na1 dom1nance ranK but was in. accordance w1th rev1sed -
dom1nance ranks | h . ,"’gd | : |
}gv In Group 3 beta b obta1ned eggs after rather than‘:"
before gamma a However, betgﬁb’s terr1tory was d1rect1y

L adJacent to that of a]pha, and short]y after obta1n1ng eggs,;-
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was drivenlout‘of’its'territOry by alpha: whose:own spawn
‘had hatched 24 hours prev1ous1y The abandoned spawn
vfd1sappeared w1th1n a-week and becauSe of alpha S frequent
’v1s1ts to the spawn 51te, predat1on was suspected as . the
}cause of egg morta11ty .f‘ L
On one- occas1on (Group 2) a female spawned w1th an
:'a]pha male who atready had eggs Both groups of eggs were
‘attached to the ‘same cover surface and both hatched w1th1ni

,ka few days of one another w1th 11tt1e apparent morta11ty

. As w1th short term groups, dom1nance rank 1n 1ong term _F‘\d

:‘"’groups was correlated with s1ze ranK in two of the three

7igroupsv(Tab1e 2b) Thus, wh11e fema]es cons1stent1y chose

- the most domtnant court1ng ma]e 1n the exper1menta1 group,A;
'.fath1s was not always the 1argest ma]e '_
'{CTerrttory Qua11ty and Dom1nance Re1at1onsh1ps

In the short term exper1menta1 groups, terr1tory s1ze

tdupon establ1shment of these groups was h1gh1y correlated

'?w1th dom1nance ranK th1s was not the case however,5when‘_;a*;ﬁ'

.»spaWnlng actually occurred (Tab]e 2b) Therefore spawn1ngvi{,”_

fappeared not to be dependent upon defence of the ]argest
"cterr1tory g B ' IR )

In Group A, where cover con51sted of regu]ar s1zed and

'"uflarge s1zed br1cKs, alpha a]ways defended at least one’ 1arge

':jﬂ cover structure, and 1n four of f1ve spawn1ngs, the ]arge

t“fcover was used for ov1pos1t1on In Groups B and C .al]

"“?,covers were s1m11ar 1n s1ze A]] successfu] ma]es defended

@
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three or four covers, as'did some males who had no spawning
success - On three occas1ons, when an alpha terr1tory became o

vacant through death or remova] the beta f1sh ‘made . n01

h‘ attempt to take: over the m1ss1ng a]pha s terr1tory,‘and

\SUbsequent court1ng and spawnlng occurred on the successfu]
ma]es or1g1na1 terr1tor1es |
In one ‘case a dom1nant was removed before 1ts eggs had

~hatched the eggs were. rap1d1y eaten by the most dom1nant
;adJacent terr1tory ho]der (who was not the new dom1nant tntgtt
'vthe group)"‘1nd1cat1ng that conspec1f1c egg predat1on may be -
ha threat to egg surv1va1 S RN ‘ |
‘ In 1ong term groups, ne1ther terr1tory stze rank pr1or
to the reproduct1ve season,'or at t1me of spawn1ng, was
R ons1stent1y corre]ated w1th dom1nance (Table 2b) and

'therefore w1th spawn1ng success' The number of un1ts of

"_cover defended by the terr1tory ho]der, wh1ch var1ed

'd1rect1y w1th terr1tory s12e =were s1m11ar1y unre]ated to
.T7spawn1ng success (Group 1 r- 285 Group 2, r 0 Group 3
| -50 Spearman s ranK corre]at1on coeff1c1ent test for a]l |
'fvalues, p>0 05) The spawn1ng frequenc1es on large and sma]] i

over un1ts were not d1fferent than expected based on the

Gh relat1ve ava11ab111ty of each Of the 11 ma]es that obta1neddg‘”

;imore than one set of eggs, only one used the same cover more‘

“ﬂthan once The except1on occurred when two sets of eggs werew

| :ov1pos1ted w1th1n several days of one another under the sameg'ff;.

unit of cover, and were tended together by the parenta]

j;wmale.- RLI
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E. D1scuss1on

In stud1es of both benth1c (van den Assem- 1967) and

.rpe]ag1c (Warner et al 1975) spawnerS' female fish have been

shown to spawn preferent1a11y with o]der 1arger domtnant

ma]es that appeared to occupy h1gh qual1ty terr1tor1es When

age, size, dom1nance and terrttory qualtty are so CIose]y

1nterrelated it is d1ff1cu1t ‘to. determtne if fema]es are

'respond1ng to the qualtty of the terr1tory, the male or

both..

It 1s genera]]y he]d that when" ma]e parenta] care 15

'1nvo]ved resource abundance on ma]e terr1tor1es, nest s1te,

or both are 1mportant determtnants of female cho1ce-t0r1anSi

31969) and that when male parenta] 1nvestment after

ferttttzat1on 1s small or ‘non- exnstent females tend to

_choose males sote]y on. the bas1s of male qua11ty (Trtvers

31972) In the mott]ed sculptn however, the male tends eggs

-on a terrttory s1te yet fema]es select on]y on: the bas1s of

tmale qua11ty prov1ded the male can prov1de a s1te fOr

ov1pos1t1on (Downhower and Brown 1980)

g

In. thts study, females cons1stent1y spawned w1th the

".Sdom1nant court1ng male, regard]ess of h1s stze or the

'locatwon s1ze or qua]1ty (1n terms of” the number of un1ts

;of cover) of terr1tory Females appeared to base the1r

'cho1ce on: the dom1nance ranK of ma]es that were prepared to i

';spawn However s1nce th1s study was conf1ned to the

laboratory, env1ronmenta1 charactertst1cs of spawn1ng s1tes

":were not examtned Hence one cannot rule out the poss1b111tyl,‘_

S
|
/'

i

,



of . s1te seTect1on in situ by C. nlchoISI in additton to
~cho1ce based\on maTe quaT1ty |
: The removaT of dom1nants was not’ necessary for less

dom1nant maTes to spawn successful]y wi th females in

' ~exper1menta1 groups However. subord1nates usua]ly did not

.spawn unt1T more]dom1nant Fish were aTready occup1ed w1th

- egg- guard1ng and\no Tonger courting. The order of
_acqu1s1t1on of eggs by maTes 1n relat1on to the1r dom1nance‘
rank suggests that in naturaT populations, dom1nant maTes .
'spawn earT1er than subord1nate maTes, as has been- found in:
the mott]ed scqu1n (Brown 1981). In C: nlchOISI, where

repet1t1ve spawn1ng occurs throughout the f1ve month

t,~reproduct1ve season the ear11er acqu1s1t1on of eggs w1TT

resuTt in more spawns obta1ned over the tota] reproduct1ve
,lseason (as was the case in Taboratory popu]at1ons) in
_compar1son to subord1nate fksh and hence, greater
_reproduct1ve success '.'_~ /
| The general preference/of fema]es to spawn W1th
dom1nant and'(usuaTTy) Targer maTes,:means that small males
‘w111 have T1ttTe reproduct1ve success US1ng convent1ona1
‘ court1ng methods The d1sproport1onate1y Targe testes in
vsmaTT males, and the. prox1m1ty to ov1pos1t1ng s1tes wh1ch 3
:: smaTT males attemptwtovestab11sh during spawn1ng events,_'
suggest that these: 1nd1v1duals empToy an aTternat1ve
g-reproduct1ve strategy, sneaK spawnlng, to 1ncrease the1r own f
'reproduct1ve success,-as has been found in some other f1sh

i_(van den Assem 1967 KeenTeys1de 1972)‘ As yet however,' -/;
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there is no direct ev1dence for th1s . _
On occas1on, males in laboratory groups obtatned more

than one spawn, suggest1ng that polygyny may occur in
natural populat1ons In thelr natural hab1¢at where rock
rubble is abundant terr1tor1es often encompass a number of ,/’“\~
vrocks prov1d1ng su1table spawntng surfaces Hence,: the |
v_resource cr1t1cal to gaining: mult1ple mates appears |
econom1cally defendable .creating an env1ronmental potent1al’ '
- for polygamy Furthermore,lsexual recept1v1ty of females in.

1the populat1on appears asynchronous, and females outnumber
' males,,both these factors are also likely to encouyége
' polygyny (Emlen and Oring 1977) If males at the,dorthern

end of the range are normally polygynous, it is unclear why
kmore mult1ple spawn1ng by dom1nant males was,not recorded in

the laboratory groups That may have been due to the ratto

o of females to males vary1ng from 1 1 5 to 112 (due to sex-

AR

reversals) in the long term laboratory groups This was much»
lower than that normally found (2 1) in f1eld populat1ons
(see Paper 3). | :
Eggs from- several females tended to be acqu1red by a f
s1ngle male w1th1n several days of one another In- .
1laboratory groups, males were never seen to obta1n more’ eggs:’
after the f1rst week of tend1ng a spawn although based on’
‘the. occurrence of other spawn1ng events in the same group,
themerwas ample opportunjty It may be that males w1ll
',so]lcit succe351ye~spawns by court1ng females only forva

" short pertod.of timevfollowtng the_flrst Spawn, then
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restrict themselves to tending and guarding eggs until all
hatch, before resum1ng court1ng St1ck]eback males cease
court1ng and become htghly aggress1ve towards fema]es ©one or
- two days after obtaining eggs (van Iersel 1953) .

In the th1rd exper1ment, fema]es showed a c]ear'
'preference for males showtng‘the mos t courting behavioUr.
~The high correlation between courting behaviour and -
dom1nance, together w1th the correlation of. d0m1nance with
female" chowce suggests that females may use court1ng V1gour
to assess ma]e dominance. In Poec:lla Petlculata there is_a
: hpreference for males w1th h1gher rates of d1sp1ay, and
females make the1r cho1ce on the bas1s of relative rather
than absolute rates of courtshlp (Farr 1980) In my
experﬁments, few compet1t1ve court1ng s1tuat1onsbwere
-observed where frequencwes and durat1ons of. court1ng
gbehav1our were recorded but the data suggest that C
nlchoISI males were also assessed on relat1ve rates of
'_ d1SpTay
| "In long term groups, subordinates courted less'inf%he
presence of courttng dom1nants than when the same dom1nants
were'guard1ng eggs and were not court1ng. Thus, dominant
individua1s may inF]uence subordiﬁates by suppressing,their

Vcourtsh1p behaviour . Subord1nates can try to cheat by
1»court1ng, but may susta1n greater aggress1on from dom1nants,
as was true for gamma-b in Group 3 of the 1ong term
exper1ment In that case, -the acqu1s1t1on of eggs near a.

more dom1nant f1sh w1th no. eggs of 1ts own, resulted.not

~
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on]y in the loss of eggs by the subordinate, but a]so of
"terr1tory Such an event, if frequent in natural
‘populat1ons, might alter dom1nance ranK reproductive subcess
relat1onsh1ps, accord1ng to the prox1m1ty of a dominant with
no eggs, who may interfere with either the courting or |
- egg- guarding process of an adJacent subord1nate

1 have no eXp1anat1on for why the a1pha male in one
vtr1a] of the male courttng fema]e cho1ce exper1ment did not"
court or prevent beta from court1ng The small relat1ve
_ s1ze of its testes compared to those of beta, however and
the late date of the-tr1a1 (mid- duly) ‘may 1nd1cate,seasona1

gonadal degenerat1on on the part of alpha and a loss of

mot1vat1on e1ther to court or to 1nterfere w1th conspec1f10~'

_court1ng ‘ _

| Egg predat1on‘has been well documented in the fish
sltterature~(van den Assem_1967 KeenWeys1de 1972 DeMartini
1976v Rohwer 1978) In mottled scu]ptns{ conspec1f1c‘
'canntbattsm is the primary source of egg mortality (LAn
Brown, pers. comm.); If egg predat1on is a common source of
'Jegg morta11ty in C nlcholsz females spawntng with dom1nant
ma]es w111 be ch0051ng a mate that will be a successful
egg- guarder on the basis of the ab111ty to repe] 1nvad1ng
_conspec1f1cs D1scr1mtnatton of domtnant males will
therefore be strongly selected for Fema]es that base the1r
cho1ce on: court1ng vigour in th1s system w1]1 be mak1ng a-

moderately ‘accurate assessment of the re]at1ve dom1nance,

gand presumab]y the parenttng motivation of avatlable ma]es,
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at re]atiye]y little cost to themselves.

i
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Table 1v. Standard: length (mm) of males”/placed. in pairs
. with a gravid female. The number. in brackets following
: ¢ 'standard length; shows the dominance rank of the Indiv--
~idual (1 is dominant, 2 is subordinate). Asterisks -
indicate fish successful in spawning with the female
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_mab]e 2. Correlaflon between dominance rank, 81ze rank (SR)
territory size rank before. reproductlve season (Tl), and
. territory size rank at‘time f spawning (Tz), for males in
' short-term and long-term groups. Numbers in brackets under
group headlngs indicdte. the number of males in each group;
numbers in brackets under T, indicate number of males that |
o obtalned eggs. The value: in each column is r the correlat- -
" ion .coefficient (Spearmer's rank cofrelatloni. #* 1ndlcatesv_5
31gn1flcance at the 5% level g SR
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f_Flgufe 1.
. female ch01ce experlment PB is permanent barrier; TB.is
‘temporary barrier. Mt 'i's adult terrltorlal male;

“female; m and f .are small (less than 50 mm SL) fish. Numerals

indicaté riumber of separate spawnlng events as
veach unlt of cover -
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- cover (UC), by two males in male courtlng -female . choice
experlments. Lined bars indicate males successful in

obtalnlng eggs, open bars represent unsuccessful males
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V. Paper 5. Resource Defense in a Territorial Tempehate Zone
 pacific Goby,CoryphoptePus nicholsi

%

A Abstract

| Conyphbpterus nicholsi is a terr1tor1a1 temperate zone
goby that occupies rock rubble and sand‘substrate‘in |
_ protected subtidat waters..Defence of territories 1s‘
ewhibited by all members’of the population throughout the'

year. Reproduction, feedtng, and the use of cover to avoid

//

predatorssand stronngater currents are all poten?~
functions of space defence Reproduct1on is seasonat
'Females spawn in male. terr1tor1es and ma]es a]one guard the
‘eggs until hatch1ng The terr1tor1es of females and small
non- courttng males appear to serve no direct reproduct1ve
function. Territories show per1phera1 over]ap between
conspec1f1cs part1cu1ar1y between fish of d1fferent s1ze '
classes Feed1ng is both benth1c and plankton1c F1sh of
: d1fferent size c]asses may part1t1on food resources on the '
’bas1s of prey size and prey type but stomach content data
are 1nconc1d51ve. The use of shelter prov1d1ng cover appears
common to alf 1nd1v1duats In the f1e1d “refuge is prov1ded
by eXCavations under rock Terr1tory overtap in field and
]aboratory popu]at1ons rarely 1ncluded areas with refuge In'
laboratory expertments, structureslphov1d1ng cover_”

determined the location Gf ‘territory. In field populations,

148
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cover provides nocturnal refuge, protection from

displacement by water action, anQ'protection from predators.

Cover appears to be the primary resource determining ™

Q

territorial orgahization in this species.

2



B. Introduction )

Coﬁyphopteﬁus nicholsi, the b{nekeye goby, is a common
inhabitant of subtidal rock.rubble along much of the\western
coast. of North Americé. I'ts Known range extends from Ba ja
California to the Queen Charlotte Islands of British
Columbia (BShike and Robins 1960, Hart 1973). It has been
described as territonﬁa1ﬁ(Ebert and Turner,tQG?. Wiley 1973,
also see Pabers 1 and 2), but reasons for space defence héve
not-been‘reported.

Reproductive behaviour in C. nicholsi is typical of
vmany’gobies (Breder and Rosen 1966). The breeding seasen,
lasts fon ftVe to seven months (Wiley 1873, also see Papen

- 3). Parenta] care in the b]ackeye goby is res{r1cted to the
ma l®s and cons1sts of guard1ng and tendtng the eggs, after

‘hatch1ng, the 1arvae enter a p]ankton1c stage for an .

.ﬁndeterm1ned per1od of time prior sto’ sett11ng (Witey 19730 .

0" Field observat1ons "and 1aboratory expertments show that the
;ab]11ty to defend space is un1versa1 1n this spec1es, betng
vev1dent in fish of both sexes,~of all stzes
;(post-settlementJ at.aln t1mes ;f the year (see Paber't):
Because of the un1parenta1 and seasona] nature of | |
reproduct1on. un1versa] space defence - wou]d not be pred1cted>f
on the basis of nest s1te defence alone. Hence, sehe'other
resource t%s) must be of 1mportance in the estab11shment of
wterritoria11ty . fsl‘ ‘; ;- o j
*Two resources comnonly assoc1ated with terr1tor1at

&~behav1our, in add1t1on to defence of a site for

o .

g
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‘reproductaon, are food“and refuge. C nlChO7SI js‘a.wt
vgenera11zed predatory spectes, 1ts members feeding. on. both
benth1c and plankton1c organ1sms (W11ey 1873)..1 found that -
' 1arge f1sh deonded larger terrwtor1es than smat]er f1sh =
:‘ﬁsee Papers 1 ‘and 2) 1n\both f1e1d and 1aboratory v
ff.populatlons suggest1ng the poss1b111ty that defended space ?;
'protects a food resource However, terrttor1es were not ‘ :

'completely exc]us1ve, per1phera1 over]ap w1th other oo

']gfierr1tor1es was common part1cu1ar1y among f1sh of d1fferent7

LR S

s1ze'classes The use of terr1tor1es pr1mar11y for. feed1ng

¥

;would only be predtcted if $1sh of d1fferent s1ze elasses
‘have a 1ow d1etary over]apL and hence do not compete for the

»ssame food resource To determtne 1f food hab1ts of

yllfdtfferent/51zed ftsh cou]d be ctearly separated on the basws'
',of s1ze or type/of prey, an analys1s of stomach contents was~"'

‘-f;carrted out on two groups of f1sh one co]lected durwng the’
e : .
V*w1nter and another dur1ng the summer '

' Refuge 1s ‘also an 1mportant resource for many

vterr1tor1a1 ftsh (Moran and Sa]e 1977 Ph11]1ps 1973

'{}‘_Ph1111ps and Swears 1979) C nichOISI defended and used

ij_siructure& offer1n cover or v1sua1 1so]at1on 1n both

",1aboratony andh

anot Known whether suoh structures pr1mar11y offered 2

: nppotect1on from water movements that mtght d1Sp]aCe L

e

"ﬂ£1nd1 duals from predators,.or both However,‘1f spch!

trefuge is mportant 1n space defence,_1ts locat1on shou]d

§ o !

teld popu]at1ons (see Papers 1 and 2) Itdts d: :

-"1nf1uence terrltory 1ocat1on Therefore .a set of 1aboratory'\"4

: l

0 !
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e;periments was designed tq»detérmine the.%o]e'of~structhtes

0,

By
‘yerence of .

l

offering cover and visual isolation in sitg!
C '» LI ¢ o o ‘ o ) o ’ . = a L
territorial fish. In addition, to determifig role of

“cover in predator avoidance, I recorded the use of cover by
' C. nicholsi during interactions with other common N
A e e B

inhabitants of its habitat. -




c. Methods and Materia1s‘ B = ;gyf

| Exper1ments were conducted at and;fishﬁégttécted in:‘
“'the V1c1n1ty oF,,Bamf1er Mar1ne Stat1on. BarK]ey Sound
'Vancouver Is]and To examwne stomach coQtents, two
Vco]]ect1ons of Fxsh were made one 1n danuary and one 1n
‘dune 1981 us1ng 2 phenoxy ethano] f1sh‘anaesthet1c F1sh
fwere K111ed w1th1n two hours of capture The stomach and gut
contents were removed placed in 5% buffered forma11n, then mgf
"transferred to 30% 1sopropy1 a]cohotﬂ Prey. . 1tems were : )

\ |
-,subsequently 1dent1f1ed and measured a]ong the %ongest ax1s_

‘ -”The type and tota] number of prey 1tems were then compared

."throughout
fp;of the geni-

tebetween fish of d1fferent size ctasses .

. | Underwater observat1ons w1th SCUBA were made on four-

~ft4m2 study‘quadrats, located at the mouth of Bamf1e1d In]et
p_f(see Paper % for a deta11ed descr1pt1on) to determ1ne ‘the

role. of cover 1n predator av01dance x@gsh w1th1n each

[N T ;r, U

f‘quadrat were watched dur1ng per1ods of approx1mate1y 40 m1nL
"all observat1ons totalled 54 hours Intera?t%%ns were p_:if'”‘
;"recorded between C nlchOISI and other heterospec1f1csa',V
2 common]y found 1n the same hab1tat and avo1dance resgpnses :

Zvyof C,Mnlchol I were noted

'hLaStly, to exam1ne the role of cover 1n 1aboratory

dpopulattOns, f1sh were co]lected in unba1ted m1nnow traps

he year The1r sex was determ1ned by exam1nat1on.
a]lpapilla (W1ley 1973 see also Paper 2) They
--hwere measurwd (standard 1ength) dye marked w1th | “ o
“subcutaneous 1n3ect1ons (Pe11kan draft1ng 1nK ) and he]d 1ny »/
) ~/'f' - f‘»'3 y:f | EarEny R
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. 1solat1on in 1nd1v1dua1 holding conta1ners pr1or to

/
exper1mentat1on All exper1ments ‘were performed in- c1rcu1ar.

'wad1ng pools measur1ng 1. 8 x 0. 3 m, supp11ed w1th fresh sea':

\

water at-a rate of 4 1 per m1nute A 2 cm layer of sand and o

--V'Shell fragments covered ‘the bottom of»eachfpool and

scattered sma11 stones acted as v1sua1 1andmarks Three

a\n

exper1ments were carr1ed out Experﬁment 1 ran from-2

"'September to 5. October 1978 Water temperatures were from

"October to 28 November 1979 In the second and th1rd

:13 15 C and daylength was 14 hours. Exper1ment 2 ran: from 20 -

'Dctober to 10- November 1978 and Exper1ment 3 ran from 1.\

s

’ exper1ments, water temperatures were 11-12 C. and daylength

&

;:was e1ght hours

In Exp 1, .10 f1sh (f1ve of each sex) were 1ntroduced

. into each of two poo]s, des1gnated Pool F and Pool G Ftsh

'twereematched for sjze_between pools (Tab]e 1) Dur1ng a

.r‘jtwo;hour'pertod fotlowing intrOduct1on the identity of each

~ff;gf1sh in an’ 1nteract1on and the outcome of the 1nteract1on‘f‘f;

: were noted so as to determ1ne the dom1nance ranKs of at]

'nyff1sh in each group Th1s procedure was repeated on the

second day and aga1n on the: seventh day after 1ntroduct1on

Fo]low1ng th1s, the terr1tor1a1 boundar1es of the f1sh that v

\L

v'fdefended space were determ1ned by ecord1ng per1phera1

po1nts of defence or unchallenged movement by each f1sh aéﬂf
‘“well as the areas or po1nts of avo1dance by adJacent f1sh
uWhen terr1tory boundar1es of the three mostbdom1nant f1sh

lh(a]pha beta and- gamma) had become estab11shed cover was
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nintroduced ~In‘both poo]s} one'Unit of cover, consisting:offr‘
/ .

one br1cK propped upon: another, was- placed on the poo]

}3‘

per1phery at a’ po1nt farthest from the terr1tory of the

':alpha ?1sh Fo]]ow1ng the 1ntroduct1on of br1cks, changes in
fkthe 1ocat1on of" terr1tor1es of fish were noted After new |
-terr1tory boundar1es had been estab11shed a second un1t of
"cover was added at the<oppos1te s1de of the poo] from the ‘f

7

.f1rst un1t of ‘cover and changes in the terr1tory boundar1es
V :

',; were noted Subsequent man1pu1at1on of the two br1cK

L J Ce Py ’ ‘
'structures fol]dwed Man1pu]at1on 1nvo]ved convert1ng cover. .

’ ,to v1sua1 1soPat1on 'by dropp1ng€%he propped br1cK to the
"substrate as well as 1nterchang1n- the pos1t1ons of cover
: and v1sua1}1so]at1on W1th v1sua1 1solat1on structure f1sh
l cou1d h1de beh1nd or between the two br1cks but:not under d"
;i"’them ‘ ;} | | i : : s
| Follow1ng the man1pu1at1on of cover and v1sua1
'd1solat1on 1n Exp 1 f1sh were removed and returned to
‘d1nd1V1dua1 ho]d1ng conta1ners for a per\od of two weeKs : .jt:,
"Dur1ng th1s t1me, fish were exposed to reduced day]ength and

1owered water temperature In Exp 2 the f1sh were returned

ta-to the1r respect1ve pools, w1thout cover After new'

1'terr1tor1es were estab]1shed and dom1nance ranks aga1n d‘.J
fl:assessed structures were\1ntroduced into each pool O e
':iun1t of cover and one un1t of v1sua] 1so1atlon were p]aced

fat oppos1te s1des of the ptol but both outstde alpha s
‘;terr1tory Cover was placed farther from alpha s terr1tory :

than}was thevunjt of v1sua1 1solat1on After: record1ng
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- changes in terr1tory 1ocat1ons, the 1ocat1on of cover and
‘_v1sua1 1solat1on were 1nterchanged Lastly, a second un1t of
'“cover was: 1ntroduced to the poo] per1phery, equ1d1stant from
fthe other two br1cK structures. and outs1de the. former and
hpresent 1ocat1ons of the a]pha terr1tory. | A
B In Exp. 3, new groups of fish (s1x males and four
‘females).were estab11shed 1n each of two- poo]s, des1gnated
Pool 1 and Poot 2 As w1th the f1rst two groups,‘f1sh were
',bmatched as c]ose]y as poss1b1e for s1ze between poo]s (Table o
l_i); Exp 3 was carr1ed out 1n a. swm11ar manner as the
‘i?preced1ng exper1ments, w1th two except1ons Fo]]ow1ng the
ﬁistructural man1pu]at1ons, flPSt the a]pha, then the beta
- f1sh were removed Chnges in th@ ]ocat1on of s1te defence

a*were noted after each removal In: add1t1on, nocturna] checKsy

,'on the users of cover and v1sua1 1solat1on were made This .-

‘f 1nvo1ved p]ac1ng an enclosure around the structure and

:exam1n1ng the occupants by flash11ght two hours before
v,11ghts norma]ly came on. In the case of cover thevlean1ng -
‘;1br1cK wa5xtemporar11y removed to expose any occupants
' ﬁunderneath RN B '

Lastly,»1n 54 hours of underwater observat1ons by .

”'.,jSCUBA avo1dance 1nteract1ons were recorded between C.

“wnlchoISIIand heterospec1f1cs common]y found 1n the same p

%h‘hab1tat
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D. Resu]tss

Stomach cohtent ana]ys1s . ‘

Twenty- e1gﬁt #1sh were collected in danuary 1981, and
' f1fty ntne in dune 1%@1 In the latter sample, two haq empty:.
} stomacbs: Fish from each co]]ect1on were.d1v1ded into,three‘
‘sizeegroups matchtng;those.used in field observations (see
5aper 1): small Fish, less than 55 mm SLtnmedium-siZed'Fish;
‘55 70 mm SL; Jarge~ftsh greater'thanl70 mm SL. | | |

1n both co11ect1ons, smal] ftsh predom1nant1y ate sma]]
v(]ess than 1 mm) prey 1tems (Tab]e 2) These 1nc1uded both
p]ankton1c cypr1d larvae ‘and benth1c organ1sms such aS“
'4cumaceans, harpact1co1d copepods and gammar1d amph1pods;e1n
'general ]arger sized f1sh ate 1arger 51zed prey 1temsﬁ

, ostracods being an except1on Large ftsh also ate more

B barnacles,‘b1va1ves and gastropods than d1d sma]] 51zed : J'f

'ftsh Medtum s1zed ftsh tended to eat a 1arge number of.
1sopods and gammar1d amph1pods S _

| A greater number of fish scales was found 1n the
’stomachs of 1arger fish. S1nce no skeleta] rema1ns of f1sh'
‘were present the scales were probably a result of o \.'
-aggre551on related n1pp1ng rather than predatton

Some prey organtsms, typ1cal of the winter sample Ai; "\

(1 e., gastropods) were absent from the summer sample |
”S1m11ar1y, cypr1d ]arvae ‘cumﬁ@eans and nematodes,,whtch S
" were abundant 1n the summer sample; were not found in w1nterv

‘_stomach contents

R N . . L S 1)
. 3\ g » . .
N . R e
. o .
B : )

e
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HeterOSpec1f1c 1nteract1ons '

S1x other Spec1es in add1t1on to C. ntchoISI were seen

regu]ar]y on or moving Justrover the observat1on quadrats

kelp green11ng (Hexagrammos decagnammus), painted green11ng

\(Oxyleb;us plctus) juvenite rockfish (Sebastes spp.),.11ng"

cod (Ophlodon elongatus) and str1ped sea perch (EmbiOtoCa

lateralls).-Less-often seen were ratfish (Hydnolagus

éolliei). o

Large Kelp green11ng (300 400 mm SL) were abundant on

the study site. Movements of green11ngs through goby -

‘territories were frequent and attacks on gobies were

common._", S . | » I o R
Lingncod another common f1sh on the quadrats, evoKed

. : | ¢

no'response from nearby gob1es unless they moved rap1d1y by '

’ or djrect]y‘over a goby terr1tory, 1n,wh1oh case, gobies - A

- moved under cover.

" On one occasion, a cormorant (Phalacrocorax sp.)

h‘appeared oh the7study stte and‘foraged alongfthe bottom,

per1od1ca11y 1nsert1ng Tts b111 into crevices. A]lxgobtes

'w1th1n my range of: s1ght (approx1mate1y 5 m) d1sappeared

under cover and stayed there unt11 the cormorant _after

5repeated d1ves; 1eft'the area about 10’ m1nutes later

In marked contrast to these react1ons, gob1es

: demonstrated no. avo1dance response to e1ther str1ped sea

}

: perch or ratf1sh The d1et of both these f1sh is. restr1cted gf”

to 1nvertebrates
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: Response to cover )
Table 3 shows the responses of the most dom1nant
.(a]pha) and second-most dominant (beta) f1sh to the

1ntroduct1on "and movement of structures offer1ng cover In

o

Exp.1,~1n-both‘Poo1 F andJG, alpha preferent1a1]y occup1ed
and defended cover . Cover,was preferred.over structures
proViding'only visual iso]ation,'and4territories.were moved
to accompany shifts in the 1ocation of structures offering

‘ cover..Beta preferred visual isolation.over no structure,
and when ava11ab1e cover over visual isofation Houever. if

on]y one structure was: present $1pha defended 1t and beta

- defended an area outs1de alpha’s. terr1tory borders

In Exp 2, responses of the same two 'groups of f1sh to
“the add1t1on and alterat1on of structures were unchanged
. (Table 4) “although water temperature gnd photOper1od were
'decreased | | b
ln both EXp 1 and 2, other f1sh somet1mes used and

defended cover and visual 1so]atton. When a prjnc1pal

L3

»defendtng-f1shvwas‘temporartly e]SeWhere} the most dominant'

of the adjacent‘subordinates wi th nodstructure-of its own

imnediately occupied and defended the structure. If it left

a

 for some reason, the next most dominant fish tooK:over:_f

'rule more subordtnates demonstrated this form of defé q% of

_kbeta s structure than that of a]pha, often a]pha s
~'structure was unused by other f1sh even in its absence In
al] cases, access to a defended structure was dependent upon

,Tthe re]at1ve dom1nance ranK of contestlng 1nd1V1duals
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"In Pool G of Exp.1, the response to strUctures Offering |
ctota] or part1a1 cover was comp11cated by the creat1on of
exoavat1ons by some f1sh These excavat1ons were formed by
the removal-of‘gravelvimmed1ate1y adjacent to one-or more
landmark rocKs; By occupying the depression thus created,
' often against the side‘of a rock having .a slight overhang, a
fish‘could experience some of tne_features offered by the |
'visuat t501ation structure. Typicatly,'it was the,beta'fish
. that defended such an excavat1on Onﬂy once was the atpha
- fish in Pool F or G observed to exh1b1t th1s type of
defence o

The. attract1veness of such excavat1ons became more
'eV1dent in Exp 3 (Tab]e 5) In both pools, excavat1ons were
;used extens1ve1y, and were shared much in the same manner as
cover and vnsual 1so]at1on shar1ng in former experTments
However the add1t1on of nocturna] checKs on cover and
v1sua1 1solat1on users may have d1m1n1shed the des1rab111ty
 of- these structures and consequently enhanced the
t.attract1veness of excavat1ons that were less protect1ve, but -
1so less d1sturbed The pattern«of the a1pha f1sh defend1ng
cover, beta defendlng visual 1solat1on and subord1nates
shar1ng defence of these structures on a. dom1nance ranK
'"bas1s, was ma1nta1ned dur1ng the 1n1t1a1 stages of the
exper1ment pr1or to nocturna] checks

“The 1dent1f1cat1on of f1sh occupyfng cover and v1sua1
1solat1on 1n the early mornTng pr1or to the onset of 11ght

y1e1ded unexpected resu]ts. Several f1sh were_found to share



161

both sfructures,'(Téble 6). This is in marked contrast to
diurnal behaviour, when structures were §c¢0pied by only dhe
fish at a time. | |

Upon theé removal of the a]pha f1sh from each boo], beta
vimmediaté]yuaddpted cover. In Pool 1, gamma occupied coVe;
‘upon beta’s removél} in Pool 2, gamma retained_dcéuﬁation.of

the excavatfon, rather than moving to cover. '

'/,
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E. D13cussioh
Territories have frequently been described for fishes
. consuming benthic prey (Low 1971, Vine 1974) and weter*borne
2'prey (Keenleyside 1962, Slaney and Northcote 1974). C

nicholsi appears‘to have a highly varied diet of both

/

benthic and planktohic prey items,.includihg many

crustaceans and mo11uscs. Wiley (1973) found that C.

nicholsi at the southern end of the range also had a h{gh
. ph0portioh of crustaceans. end mol]uece in 1ts diet, inl"‘
edditton to annetids, ech1noderms and bryozoans However,lhe '
d1d not find gross. d1f;erences 1n d1et between size classes.

Any 1hterpretat1on of the results phesented here is
limited by the small sampte-size.'However,ethe results
suggest'that fish of different size classes meyﬂheve"
' ‘different'pheferehces inuboth'preyvstZe ahd prey type. Small
fish appeab to teKe emaller prey‘than‘tapge.fish, and thise
. méy.resutt ih preferences'for different prey,types.‘Largebv

fish ats. many more hard—shelied'orgehisms than.smaller fish.

. Although such prey . tkems hay'require‘gheefeh crushifg power
or larger teeth mos t she]]s were found 1ntact in the |
- stomach. The lacK of such organ1sms in small f1sh stomachs
may indicate d1fferences in prey cho1ce

Whether d1etary differences are suff1c1ent to reduce »
food compet1t1on among s1ze classes and perm1t spat1a1
overlap in terr1tor1es that are used for feed1ng, is
unknown. A more r1gorous examination of dtet is necessaryb

| before the extent of food.preferences can be accurate]y



assessed. On the basis of these results; however, a fesding
function for territoriality cannot be ruled out. ~ |
The greater amount of peripheral overlap between »
different size c]asses‘found in field populations may
reflect the importance of factors such as sett]ement
patterns,‘topographicai heterogeneity, and smaller space
needs of smaller fish, in addition to‘possib]e‘diet
differences When young fish sett]e on a suitable substrate,
they are able to occupy and defend areas interstitiai to
' territories of iarge fish because of their small size,
'Therefore, they can use areas of suitable habitat too small
to support 1arger fish. In. addition, their sma]] size will
enable them to remain less ViSible to adJacent dominants
than their larger conspeCifics '
| The results of the iaboratory experiments show that .
structures offering cover are important in determining the 1
1ocation of territory The use of cover derves many | |
functions. Cover is used at night for refuge (see Paper 1)
In addition, during peak periods of tidal fiow,.Water.
currents are strong and most fish remain close to the
substrate, often partially under cover {pers. obs.). Duning
winterimonthsf WhenAwave action is‘heavierfand water
aconditions are general]y turbulent, it is likely that cover

- offers Similar protection against displacement by water

‘action

Fieid observations of the reactions of gobies to

p;edators showed that cover was also used in predator
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{'J i ) . . 2D

W av01dance In the laboratory a strong S%eference for cover .

aver visual- 1solat1on was demonstrated. If the main funct1on
of defended structuﬁ%s is antlpredatory, this would'be

‘expected, as structures prov1d1ng v1sual tsolation'offer
less protection than cover: Phillips (1977) found that the
banded blenny, (Chasmodes bosqulanus), preferred closed
shelters to open shelters, and stated that shelter use was

/most probably related to avo1dance of predation,

Z“gé» In laboratory populat1ons of C. nlchoISl access to
cover was dom1qance dependent, suggest1ng that cover
generates compet1t10n Phillips and Swears (1979) found: that
domlnant banded blemnles had priority of access to shelter,_
‘and by us1ng protecttve shelter escaped attack from

' predators s1gn1f1cantly more often than dld subordtnates
The h1gh number of ptsc1vorous predators present in the
hab1tat of C nrcholst suggests that predat1on pressure may
be great The rar1ty w1th wh1ch terr1tory overlap inc ltuded

p areas of cover in f1eld populat1ons (see Paper 1) emphas1zes',v
the appatent 1mportance oF refuge to terrttory holders The
1mportance of cover 1n these contexts suggests that
predat1on may be a maJor determ1nant of terr1tor1al
behav1our 1n th1s spec1es |

Demonstratlng terr1tor1al defence of a resource depends '
upon show1ng that the resource in questlon is l1m1t1ng
"f Cover for this- spec1es is created by exoavat1ons under

 rocks, ‘and along’northwest Pacific shores, rock is abundant

How can this resource be;limiting?-‘
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g R TR , o
u‘ D1str1but1on of C. nicholsi 1s 11m1ted to protected
“fshores hav1ng rocK rubble 1nterspersed w1th sand and

\shel] fragment substra{e wh1ch al]ows for excavatton Such

"‘f hab1tat is- patch11y\d1str1buted and populat10n dens1t1es

'v;w1th1n patches are h1gh reach1ng 8 f1sh per 2, (see Paper'

,[1) The estab11shment of new hab1tat (concrete blocK reefs)

"v]iw1th1n 10 m of goby hab1tat resulted 1n rap1d co]onlzat10n

'.Uf!by both 1arge and‘smal] gob1es (Gascon 1982) ‘suggesting B

':ﬂ_that su1tab1e habitat is Jimited.

W1th1n rock rubble patches,,not a]] rocK 1s su1tab1e-
J7F.for excavat1on Sma]l rocks are 11ab1e to sh1ft 1h w1nterJ
'storm surge, and many 1arge rocks ane set too deep]y 1nto?»

the substrate §p pérm1t excaVat1on under them Hence w1th1n L
_ , 7o

occup1ed hablt tL, appropr1ate rock may a]so be 11m1ted

- { Why then 1s cover not shared by 1nd1v1dua1 f1sh asflf
occurred 1n 1aboratory popu]%t1ons7 C nlchoISI tends to

forage away frd 'cover In emergency retreat c1rcumstances,

a convergency of several 1nd1v1duals at a s1ng1e refuge'
:__._\ d T ﬁ .
iéntrance wou]d reduce escape chances for all Hence,,the;.

‘”Vvvalue of cover as refuge from predators wou]d be reduced 1f
shared On a s1ng]é n1ght d1veJ an’ exam1nat1d% of refuge
"_eexcavat1ons 1nd1cated that nocturnal uée of refugeGWas :
‘,solxtary (see Paper 1) The nocturna] shar1ng of cover found
51n the ]aboratory may therefore refTect cond1twons 1mposed -
“? by the exper1mentA generat1ng aberrant responses. It may

,j ;talso 1ndlcate 1ncreased tolerance/to consbec1f1cs at n1ght
v 1 : ]

“.when f1sh are a]ready under cover and rap1d escape routes

[
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‘hTherefore, an argument cannot present]y be made for the o
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s /
tare-not needed. ;iru hsw |
lLarge males use cover as a spawn1ng S1te for f1ve.
“months of the year (see Paper 4) W1nter\oefence of cover
would guarantee a’summer spawn1ng ‘site for. these. v{pe

"4pr1me facton\oromq§

’?1nd1v1duals Sma]]er males, 1n contrast appear to have 1ow .
l‘courtlng success, ‘and terr1tor1es may serve no reproduct1ve

’vfunctlon Females do not spawn in the1r own tern1tory,,51noé*‘¢ﬁ

“'“ pa.nq»

“they engage 1n no parenta] act1v1ty As tranformed ma1es, ﬁa« N

\a;they may defend a spawn1ng s1te at some t1me 1n the future,

but whether 1t is the same s1te or a new one ‘1s unknown

1*evo]ut1on of a. terr1tor1a1 5001a1 system to guarantee
“:,possesS1on of a spawn1ng s1te for 1mmed1ate or future use by

‘T,all members of the populat1on Access to cover 1s 11Ke1y the'

PR MER ‘t.

r31ty 1n th1s spec1es,qur;nigy

ng terr1tor”

IRV

:'w1thout defence of a su1table%space prov1d1ng cover,\many

“f51nd1v1duals are not 11Ke1y to reach reproduct1ve age

¢
v
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Table 1. The sex, standafdxlength (mm) and domlnance rank

respectlvely, of all fish within each experimental pool.

- ‘M_1is male and F is female. Dominance rank from high to low

o

rénges from 1 to 10. Fish of equal domlnance are a551gned

ranks of equal value

POOL F . - POOL G . - FoOL 1 x ;j,jPooLf2 e

T R R T
=
QO

o 93.2. 1'

‘.9520 
95.0
88.4
s
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" Table 2. Number‘éf‘prey items found per fish in each size
group (<55 mm standard length, 55-70 mm, >70 mm) for

" winter and summer collections.

"All prey items measured less.

‘ than 1 mm along the 1ongest axis, unless otherwise indicated

Prey

Prey
Size

Winter :

SSummer

<55 55-70 370,

<55,

55=70

‘>7o‘

Qyprid‘iarvé
_Cumaceans .
Némdtodés
bstfaéddép

/
i

N

Harpacticoid

Copepods -

L B @
‘Foraminifera

) .

© Gammarid:

“’Amphipbds'n

‘Goby

| SeRI%S otner

Barnacles

wGaétrdpde:?

‘Bivalves .

~ Decapods

e .

e,

i =1.00
1.0=2.0""

- >2.0

<O,,5 .

0.5-1.0 -

=10

2.0

,“SampleﬂSizef:

>2101 

0. 0o o

1316

29.4
',3.2'

NI NSRS

9.3

1.2

0.2 -

0.9
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0
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o sy




~ 170

Table 3. Responses . of the alpha and beta flSh to. 1ntroduct-
ion and removal of cover and conversion of cover to visual
isolation in Experiment 1, for Pool F and Pool G. Entries
under alpha and Qeta columns indicate structures occupled
and defended by those fish, respectively. C is cover and

VI is visual isolation. Superscrlpt distinguishes: cover:

~introduced first from cover introduced second % 1s.
excavatlon '

‘Cover.
Condition -
i ol c
+ Cover+. Ca U
o a2 "
.+ Cover®y- e Z
:;Cover;" ¢
, ;'C6Verl‘
VVlsual Isolatlon et o y V.I.
POOL G
S Cover . S e " S :
Condition. =~ * .~ Alpha. .’ .. _Beta
f‘+ Coverl Z“ :_ e "C1 ,,, ';y-> o Other 
+ CoveE? %@ﬁ@ o '» . : ) CZ ‘-“;, "” . . . . ‘ CZ .
i e T S N
L Near C% _c? Neaxg T
c=-C C
. ) cl-. CZ
‘Coverl “"'1 Pt Wﬁxilv B SR
»,Vlsual Isolatlon TR V.I. * :
k-;CoverZ-—‘ e ﬁfff,’_ o o E
;Vlsual Isolatlonj A ¢t ° Other * \
‘ Poon COPY e e e
_*COPIE DE. QUALITEE INFERIEURE :
A y.“w"*vf%ifeggoﬂﬁh'f“”'7“:' M. et ¢



Table 4. Responses of the alphagnd beta fish to intro-
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“duction and interchange of cover and visual isolation, -in.

"Experiment 2. Entries uhder alpha and beta columns

indicate structures .occupied ‘and defended by ‘those fish,

respectively. C.is cover and V.I.

Superscript dlstlngulshes cover introduced flrst from

cover 1ntroduced second

#* is excavatgon

is visual isolation.

L3

“*hcopxs DE QUALITEE INFERIEURE

‘.‘;, ,‘kgq ] POOL F S T ’k” POOL a f'; ‘ _,-v’
- ™ Cover R ] S S
. Condition - Alpha  Beta Alph¥ Beta .
+ Coverl v.I. T cl klv,f)'
& Visual ' o ' e
-~ : B l T+ . . [N ) ,a’;‘,;,‘%'\ .
Isolation. R e . | .%ﬁ§
Coverl ¥.1.  cl-v.I. Other Jet VLI
.ol | "CH-V, ¥ Other#
o ‘ el -
+ Cover? cl-c?  Other cl-c2.vi1. - otherz
. | €2 . Other cl V.1.:ER
4 ‘ E o w
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s
- Table 5. Responses of.alpﬁa'aﬁd beta fish of Pool 1 and Pool
B 2, to cover, conveérsion of cover to visual isolation, and to

~disturbance of nocturnal checks, in Experiment 3. Responses
of gamma fish are added with removal of alpha and beta fish.
Alpha, beta and gamma collmns indicate ‘structures occupied
. and defended by those fish, reéspectively. C is cover and V.I.
. is visual isolation. Superscript distinguishes cover -intro-

to ~ duced first from cover‘introduced second. % is excavation:
Pk o POOL 1 ~ .POOL 2
i Cover . - ) —¥— o . }ﬁf L
Condition ‘ Alpha - Beta R A\l}‘p’ha w2 Beta
,%waverl 2 Cl-' o Other‘yg ' " ¢ other ‘
e el a2 SRR NI
+ Cover . C . . C C~=C o
‘Alpha Cover 1 : - ; g L
— V.I. C Other# C2-V.I.  V.I-*
after Nocturnal _cl-v.I. V.I-~* SRR B
Checks | clowzv.,1, cl-x-v.z. VT Ce-%*_V,I,
S ‘ o o | CE-% CZ %
. Cover=sV.I.  C2 . V.I.-* e gl V.I.
:%*; S Betaa - Gamma - Beta , ! (amma
- Alpha cR-#  Other el
co L gRe¥ VLT SRR o *
;Beta RS *CZ-* #
R , 2
f‘,h- : ?'PbQR copy - A o
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Table 6. Number of fish found using cover and visual
. isolation (V.I.) prior to onset of light, in Experiment 3

’T;‘ﬁ

g

pior 1 ~ POOL 2

Date

v Nov. .

13

. NOV»\

§OV:

‘Nov .,

Now.,

Nov..

o8

16
19 

20

21

Cv.IL Cover i - V.I.

None

" None .

N
_‘(\) \A)’/I\) )
N
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Concluding Discussion

 The purpose of this study was to. examine the
relationship between social behaviour and patterns of space
~use in the temperate zone marine fish Coryphopterus

nicholsi, and subsequently to determine what resources may

e

‘be.important for; a territorial social system in thig,

(-

species. _ _
Field and 1aboratory stud1es show that C nlchols:
. deonstrates a h1gh degree of s1te attachment and site
defence, and that territorial behav1our was demonstrated
W1th1n the same habitat by all members of the populat1on,
throughout the year . However, fish genera]]y defended areas
on]y aga1nst same stze or sma]ier fish. .
- The pattern produced by terr1tor1a1 part1t1on1ng Was
ne1ther spat1a11y reguldr ‘nor cons1stent over t1me The s1ze
. of terr1tory var1ed directly with the size of the holder.
‘Typlcally, terr1tor1es had a centra] area that was used
exc]us1ve1y by the terr1tory holder and conta1ned cover
ATowards the per1phery of defended areas, spat1a1 overlap
occurred with other terr1tor1es "This overlap was" often
!between f1sh of dwfferent s1ze classes However, the use‘ofv~ﬂ

ﬁbtareas of overlap was not equa] beiween conspec1f1cs

Genéﬁalty, the larger of the two f1sh had unchal]enged N
'access to the overlapped‘area the smaller fish defended

\ th1s area on]y in the absence of the larger fish. - f_ﬂt
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Territories defended by sma]] f1sh often had exc]us1ve

areas that were 1nterst1t1a1 to the adjacent terr1tor1es of

. larger f1sh, By~frequent1y moving from an areafof‘overlap

" within one territory, to another, and by using interstitial

_refugia‘ smaller f1sh were abie to coex1st with larger f1sh.

The resulting pattern of smaller fish occupy1ng

1ntenst1t1a1 areas, with mor e terr1tor1a1 over lap between -

size c]asses than w1th1n s1ze classes, produced a complexk

d1str1butwon of terr}tor1es, Fish w1th1n the same genera]

E]

size class formed a single terrttor1a1 mosaic. Terr1tortes
' : ' \

of all size classes togeather produced a superwmpos1tjon of

severa] mosa1CS - ' o

oo
Y

’(Keenleys1de 1979) Populat1ons showhng a non- overlapp1ng

format1on are usual]y monomorph1c, ds with same- 51ze

Juven11e,sa1mon1ds (S]aney and Northcote 1974) that hold.
feedtng‘territories and adu]t c1ch11ds (Bar]ow 1974 )

'e) . P
defend1ng reproduct1ve terr1ton1es ‘However ,. re . f

comp]xcated patterns of space use have been d scr1bed 1m

- other f1shes (Keen]eys1de 18972, Nursa11 197Z£\tarson 1950)

e

Cand two common factors appear to be 1nvolved terr1tor1es

=

| .
are permanent rather “than short termﬁ and/the hab1tat is .

e

ocoupled_by adu}t males and females,bas~well as 1mmatuJ

. o i

“Fish., ‘fwt"""“ - ‘hfnT”f‘_‘ ‘-1~,df o

x '&5 N . . ) N

terr1tory size. Howevem in laboratory populat1ons,.,

.7

terr1tor1es of some 1nd1v1dua1 f1sh fo]lowed through a RS

o N L

1o : I PR,

S1mp1e mosa1cs have frequently éeen described 1h'F€5h'"””

F1e1d obsenyat1ons did not 1nd1cate seasona1 changes in

g



’aVTreproduct1on The terr1tor1es of other f1s

ﬁ"substrate was ut111zed dur1n

1Tunused hab1tat was TIKeTy

Ty
L

d1d not

O

QVfts1gn1f1cantTy decrease Th1s 1nfers that more of the

vthe reproduct1§e season T?:f

T

PopuTat1on dens1ty was hwgh in. f1e1d popd\at1ons, and

A\
nava11abTe If terr1 ory

gfteld some 1nd1v1duaTs 1n the populat1on,-such as smaTT

\

f1nterst1t1a1 f1sh shouldfbe d1sp1aced from the1r
"terr1tor1es ATternat1veTj,,adJacent subord1nates coqu

"csreduce\the1r terr1tory s1ze to accommodate the 1ncreased

'i'h pace demands of Targer maTe ne1ghbours

Space defence 1n Taboratory popuTat1ons was aTso

'dsThaffected by the parentaT state of maTes dur1ng the

'H'preproduct1ve season The s1ze of the echus1ve port1on of a

f"maTe s. terr1tory 1ncreased s1gn1f1cant1y when a maTe was

“*a'fguard1ng eggs . The most T1Ke1y reason. for the 1owe”ed

!?tolerance of conspec1f1cs at th1s t1me was to reduce the

\" g

nw.occurrence of conspec1f1c egg predatton = ‘*Lﬁﬁ_S\ ,»“f‘

:tqd1str1but1on of terr1tor1es 1n C nrchols: 1s var1ab$€t*""" :

wf'between 1nd1v1duals and over t1me However there 1s another'igﬂ

?j” The preced1ng Fﬁnd1ngs show that the spat1a1

;factor 1nf1uent1a1 1n the part1t1on1ng of space by th1sb
]spec1es Space defence was usuaT]y exerc1sed aga1nst

'_same 51ze or smaTTer conspec1f1cs 1n both f1er andT

-

C e

ddom1nant spawn1ng males 1ncr ased dur1ng‘the per1od of ‘s“%i,;f
3 _
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_ . 3 . o
1aboratory popu]at1ons,,suggest1ng that there 1s a domtnance ERIRRA
N ST

"\hqerarch openat1ng w1th1n\the soc1a1 organ1zat1on of C.

mchols: S e T e e A

£
ok

"~f Laboratory populat1ons demonstrated the 1mportance of
. ' LR ,
‘ ”‘dom1nance ranK w1th regard to the successfu] defence of

.

\«Yi‘lsdﬁce As w1th many f1sh s1ze ranK and dom1nance ranK were

v*h1gh]y\\o{r§1ated Dom1nant f1sh had pr1or1ty of access to ‘:Wb

'v,space,‘tn areas\of over]ap; subord1nates could only use and
rdefend space 1n the.absence of dom1nant 1nd1v1duals Thus,vE;Q
o the pattern of over]app1ng mosatcs is. actually a. spattal
‘}f}pPOJeCt10n of d1ffer1ng dom1nant subord1nate relat1onsh1ps v.ii%;
vfMosa1cs made up of small f1sh had 1ess dtrect access to 'ﬂdjh

1ess contro] of substratectban/t ose mosa1cs con51st1ng of
e _

/,:1

s 1arger ftsh ’If 11m1t1ng resources are substrate a55001ated
S O N SRUEETNY
R domtnance rank w111 determtne growth and surv1va1

Dom1nance was also a maJor factor 1n ma]e reproduct1ve
o success Fema]es cons1stent1y spawned w1th the most dom1nant\\\
‘T:court1ng male 1n 1aboratory pODUIattons Hence dom1nant \jv : ';

' flma]es spawned ear11est 1n the reproduct1ve season, and thus,v"‘A

‘t,most frequent]y

Gauthreaux (1978) has 1nvoKed dom1nance ranK as an

LN

:und5ﬂ1y1ng regulatory factor Hdn the populat1on dynam1cs of a 2
fispec1es through 1ts effects on d1spersa1 d1fferent1a1 e

tffhab1tat ut1lzatlon, the estab11shment and‘gua11ty of an‘f;'vy's '
Ce 1nd1v1dua1’s terr1tory, and reproduct1ve success Dom1nance e

has often been d1scussed‘W1th1n the context qf soc1a1 un1ts,fif*f

A el e

but not frequent]y when those un1ts are terr1tor1a1. ;14 A

ﬂ S R o Lo - TN LI .
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'?1However, there has been an 1ncreastng apprec1at1on of
'cont1nua 1n behav1our, and the eXpresston of dom1nance
“_uh1erarch1es ahd terrttortes in the ‘'same soc1a1 context

1947 Myrberg 1972)

'ﬂlﬁybecom1ng more recogn1zed (Greenber“,
4 | Reproduct1on in C n:chols: occurs for five months of
‘?ﬁthe year Therefore, 1t s a 1ong term factor in soc1a]
irtorgan1zatwon and space use Reproduct1ve behav1our 1n th1s
"'*fspec1es 1s typ1ca1 of gob11ds (Breder and Rosen 1966)

&Grav1d fema1es enter the terr1tory of a court1ng ma]e,d'

”'7¢ftov1pos1t on the roof of the nest chamber, and return—to ‘”_
ﬁ’TIffthe1r own terr1tory Males guard the eggs unt11 they hatch

e fThe 1arvae are p]ankton1c

gThe ro]e of male dom1nance and spawntng success. andi‘""”‘
i \ .

;ithe effect of reproduct1on on terr1tory s1ze of domtnant

- =

fgjjgfmalés have already been dhscussed Less 1s known about the

“t”freproduct1ve andd%QgtaT ro}es pf females and sma]] males Lyf.{

=

Ethompet1t1on among.females of C nlcho751 has not been

‘bat;documented but as’ has been found 1n st1ck]ebacks (L1 and A
‘ “Vﬂfi0w1ngs 1978) 1t probab]y ex1sts Females of C nlchoISJ can |
i .;tcontrol the movements bf sma]]er f1sh to some extent |
ff%S;\; through domtnance effects Therefore, femates may 1nterFerevf

M~
\

wqth smaller fema]es attempts to approach a 1arge male to
'vﬁ;:spawn f\emales may also act1vely compete among themse]ves
fijhfor terr1tor1es 1ocated hear those of Targe ma]es Direct |
;access to spawn1ng ma]es wou1d reduce the r1sK of predat1onv
‘d'fwh11e outstde fam111ar terr1tory Thus, prox1m1t*:to 13P99

'1ﬁima1es could be a maJor factor in fema]e rePT‘OdUCt‘Ve j
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‘Small males were never seen to court fema1es However, .

the test1cu1ar deve]opment of small males and the1r

‘ behav1our when near spawn1ng pa1rs suggest that small maleS' 4;,

‘may. emp]oy sneak1ng as a means of achxev1ng some

:r reproduct1ve 'success . If th1s 1s so sma]] males also

: benefit from defend1ng a terr1tory 1n\close prox1m1ty to

't:1arge ma]es that frequent]y spawn and have h1gh reproduct1vef

"'success Thus, the defence of 1nterst1t1a1 terr1tor1es by

b‘vf1sh adJacent to the terr1tor1es of larger f1sh may not onlylv

<

‘*'prov1de refuge, but a]so enhance reproduct1ve success

, Another aspect of reproduct1on and soc1a1 organ1zat1on’

;1n C n:cholsr is the occurrence of protogynOUS
‘.‘vhermaphrodmtwsm Fema]es have the ab111ty to change to

ﬂrwcfunct1ona1 ma]es The soc1a1 cond1t1ons that typ‘Ca11y

gfavour sex change 1n other spec1es appear to occun 1n C

[ nlchOISI Because fema]es preferent1a]1y spawn w1th 1arge

“jmales, 1arge males have greater reproduct1ve success than'w,;l

'tsmall ma1es Th1s assumes that‘Sneaklng 1s not as product1vefjﬁ'*

/

ass the convent1ona1 means of spawn1ng, a]though the extent

u*pthat sma]] ma]es contr1bute to the gene pool each

reproduct1ve season 15 unKnown Because 1arge males are'_"

tpo]ygynous, 1arge ma]es probab]y have greater potent1a1

’greproduct1ve success than do 1arge females Accord1ng1y, tdii~u

v_ﬁbased on dom1nance effects Litis probab]e that among sma]]:** 5

';flsh females have the greatest reproduct1ve success
"" i . N oo Lo .

TSI R i
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| kThe occurrence of‘sex change wiTT'have a profound" ‘}"
“{effect on the soc1aT structure of ‘this spec1es Instead-of
Tan equa] sex rat1o two thirds of the population is female.
TMoreover, mos t smaTT f1sh are female and most Targe f1sh areﬁ
Tma]e Hence,‘advantages of dom1nanbe,‘1nc1ud1ng access to
””space, are b1ased towards maTes The sexuaT ro]es of fish
'afe not f1xed because of the’ ab1l1ty of fema]es to change
fs For large males, an adJacent conspec1f1c may - be a -
h1ghly des1rab1e mate one year, ~and a- reproduct1ve
'VcompetTtor ‘the next Thus, soc1a1 reTat1onsh1ps among
fi}conspec1f1cs based on domlnance and sex are both subJect to .
‘change | | | ‘ ‘
Thresher (1977) has suggested that the var1ab111ty of
';;soc1a1 organ1zat1on among s1te attached reef f1shes may =

“pr1mar11y reflect the effects of resource abundance and

"'-}:defens1b111ty In C nlthISl te(j1tor1es ane

""multvfunct1ona1 they prov1de s1tes for reproduct1on,{~]

_"feedtng and refuge The Un1versa1 defence Of terr1tory in a”

’:“nspec1es wh1ch demonstrates un1parenta1 behav1our and

-:seasonaT reproduct1on suggests that the pr1mary defended

: 'ﬁ,resource is not a reproduct1ve s1te However, the occurrencej“

“tuof sex change 1n some females and the posstb111ty of sneaK

£

"f spawn1ng by smaTT maTes makes 1t d1ff1cu1t to determ1ne the

;"1mportance of terr1tor1es for reproduct1on to aTT adu]t

:77ma1es aqd fema]es W1thout adequate 1nformat1on on

FT'_areproduct1ve success among the f1sh w1th1n a g1ven L

'populatton,'the relat1onsh1p between reproduct1on and "gj'
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TOng term terr1tor1a11ty cannot be assessed - ‘%

F1sh obta1ned plankton:c and benthic prey w1th1n thev
’terr1tor1es The size of tern1tor1es var1ed wi th fish s1ze,p
‘and there was some indication . that f1sh show1ng terr1tor1a1
overTap did not compete for the same food resource But as
no adequate measure was made of food abundance, its
.potent1a1 as 'a 11m1ted and defens1b1e resource is unKnown
Yeﬁ, apparent]y adequate feed1ng areas adJacent to occup1ed
(',‘hab1tat were not occup1ed by C. nicHoISI Hence,. feed1ng .
alone does not appear to be the.maJor factdr determ1n1ng
-permanent terr1tor1a11ty in this spec1es L E

: Cover, ev1dent]y 1mportant 1n both the f1e1d and
”'Taboratory s1tuat1ons, appeared to be the pr1nc1pa1
& er&1tor1a] overlap rare]y

A ki3 Q..,u'
: 1nc]uded areas contaTn1ng cover In laboratory populat1ons,'

”_the Tocat1on of structures offer1ng cover governed s1te
vtpreference in the estabLlshment of terr1tor1es In the v

_f1e1d areas w1thout cover were unoccup1ed ‘but the o

&

e

'T1ntroduct1on oF.cover to suchrareas led to- rap1d
coTon1zat1on by both smaTT and Targe, adu]t C. nrcholsr
W1thout the use of cover to avo1d d1splacement by strong
ii.water act1on, for protectlon from predators, and for“.
.fnocturnaT refuge, surv1va1 appeared'low e

- C. nJChOISI demonstrates permanent space defence by a]l

."members of the popu]at1on, fo]low1ng settlement The contro]

~vof space appears to be behav1oura11y regu]ated by d1rect

‘V”;aggress1on and effects of dom1nance The d1str1but1on of '
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territories is qependemt.ubon seVeral faetors; ihcluding
fiSh siZe dominance ranK an&'f“';time'of year. This study -
shows that spat1a1 and behavﬁoﬁénl?rwlat1onsh1ps among

i . ,
}Lé,%&QWM$%e relat1onsh1ps, in

conspec1f1cs are comple#

‘ w,

- comb1nat1on w1th 11m1tat1ons of substrate related resources'

' that contro] the soc1a1 structure of this. spec1es o
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