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'i‘he seasonél dynamics of aggression and social spacing;
and mate choice Of the radiated shanny, Ulvaria subbifurcata
was examifed using both Vlaboratory.a‘nd field observations.
In addition, the ‘role of _aggression was axamineq in the—
context of terrltorialxty and reproduction.

A 12 month study .demonstrated adult U. subbifurcata

hold and defend a .crevice site year-round. Hence, adults

can. be considered territorial. The field stlﬁ—}; also.

demonstrated that adults hold and defend crevice sites from

: Apri1 to. November. However, adult U. ﬂmﬂm moved

slightly offshore ‘during winter months (December to March).

Although npt observed, it is suspected that w_h‘ile offshore

adults also hold territories. It is ‘thought ' that
territoriality in u. subbifurcata is for shelter and
reproduction. N T

. The laboratory and field observations "also

rated thaft ion in both sexes increased during
s & Rexes:

the pre-reproductive period (March to May) and peaked/

' during thé reprcdui:tive period'(May to J‘uly). A proportion

of the 1ncrease in agqression in the pre-repraductive period

can be attri/bnted to terrxtory establishment in the field.

‘the i i:n ion during the repraduccive :

%

period ‘can_ be - attributed to incr GSI and 1
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1evels.\ﬂence, aggression’is important in the reproductive B
" behavigur of the radiated shanny. " et B e ¥ -
To examing the role of aqqressiun in reproductxﬁnﬁ/— 7
U, ﬂm_:_gg_t_a additional 1laboratory and fl_eld'
. obsérvations were performed.’ Observations. indicated that.
there was variancé in male Spawning, .succe(ss. : It was ¥ ° e
disccvé‘:ed Jhat a‘high‘ .1eve1 of male agéressio’n and large
bmiy size were both im?ertant"criteria for female mate
‘ch’nica and subsequent male ‘spawning suc'cess._ Laboratory
,ohs_eurvatlor;s‘ also indicated that female choice of ;pawning -
partners was _based on active examir;ation of ‘all
,experimental malns and nest  sites before spawnm;. - In
. A ¥ add_i\tion, field observations indicated posltlve assortative
_ mating. = - ¢ s

sion in U. suhhi r llyb and

appears to play an hnportant role in terrxtoriality and *

P sexual se +wo—i £ sociabiti —t—
= 1 lectien; B 2 Hys————
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GENERAL INTRODUCTION
.

An area of evolutiomary ecology that has bedq of

considerable interest since Darwin (1871) is matig

.‘Gs:xateqies in sexual selection. He proposed that

“gngividuals who do not differ in their ability to survive

3 as
may differ greatly in their breeding success. Darwin (1871)

proposed that breeding s on i X

selection, competitioh within one sex for members of the
opposite sex, and ,intersexual selection, . choice 'i:y
individuals of one sex for particular members ‘of the

opposite sex. Bateman (1948) and later Trivers (1972)

stated that sexual selection is’ governed by the relative:

parental investment of the two sexes. Trivers (1972)

¥

Y

defihes parenta .invesi:ment as any investment by a‘ parent \

in an indwidual offgpFring - that xncreases the ot‘fsprxng's
chance of surviving at the cost of the parent's abiiity to
invest in other offspring. Parental investment byeithér
sex will tend to result in e sex inva;ung the least in
ottspring ccmpetlng to matd with the ssx anesting the
most.  The sax who 1nvests mbre is ptedlcted to be choosy
of its mating ‘'partners since it has more to loose from a
inapptbpriuée mating. X . >

Trivers (1982, 1985) points out, that females aré

qamr!lly the sex which invests the most in offspring.

1 i : 7




Females are thought to invest considerable amounts of

metabolic energy in the production of a given sex cell; the -

egg, whereas . males invest considerably less. in spern

prod‘uctio—nJ(Bateman 1948, Trivers 1972). Because of the

initials high cost. of eggs, females tend to increase their

" parental investment beyond gamete production by gestation
and suckling to emhance survival of the offspring: thus,

. maximi;ing past reproductive investment in’the egg (Orians
1969)“‘ Alternati\}ely, males are genérally believed to be_

A\ » reproductlveu limited” only by the number of females tney

- ', can‘ feptilize (Bateman 1948, 'fri"vers 1572) " Hence, c!assic

: Je .rasearch on sexual selection has ' .cnncem:rated on orqanisms '

in whu:h females are ‘the chaosiex‘ sex amd males compete ]
_ among themselves fpr females (Bateman 1948; Triverg 1972,

i Cox and u—;aaeut 1977 Partridge ef al. 1987). B

vy . ‘In  organisms in which ‘male * parental ing gstmenﬁ‘
'increases beyond qamete pruducﬂon to mate-, nest ‘quardin'g, '
and paternal care‘of the offspring, malgs are expected to "
exhibit some degree of mate choice (Trivers 1972) In

organisms in w}uch male parental investment per offapring is

] higher than remale 1nvestment, males are expected to ke

choos].sr invmate selection than females (Gwynne 19817 Petrhe
o2 1983; Trj‘_vers 1985). Among organisms Ln which pa'rental care
by the tﬁo sexesf is cumparablé, bath males .and 'females areg

expected to exhibit choice, hence, the reproduccxvs success

of the two sexes is expecéed to/vary 4in similar ways (Petrie




1953):

The benefits that animals may derive by choosing a
par\:icul_ar mate range from the long-term a@vantage of
nuin:; ui'th an individual of high genetic quality t;
immédiate gains such as ;:ourtship teed;nq (Partridge and’
Halliday 1984). From an evolutionary perspective, the
ultimate benefit of choice is the increase in an
'1nd1vidual's fitness (Partridge and Halliday 1984). Despite
theoretical advances in understanding sexual sgection»
de‘rbived from population ‘models (e.g. O'Donald 1980;
Kirkpatrick 1982; Seger 1985), field experiments (e.g.
Andersson 1982), and breeding studies (e.g. Majerus et al.

1986; Simmons 1987), fundamental gquestions in sexual

" selection’ are still unanswered (Partridge 1986). . For

example, the rules females use tt; choose mates‘\ar!d the
mechanisms of choice are still unknown (Partridge 1986).
In addition, trai.ts important in-lsexual selec}:ion are
essentially unstudied outside of the reproductive context.

Sexual selection studi¥s have concentrated on

birds, insects, and ‘reptiles (e.g. Trivers~1976; /Cox and
LeBoeuf 1977; Smith 1980; Partridge et al. 1987) There is
an increasing awareness that the behaviour of teleost fishes

. - i
is not a simplified version of that seen in birds and

nammals (6.g. Pitcher 1986). There are well over 22,000

living specias of Eal‘aosts,'includinq n:arly all those of

importance in commercial ris};eries and aquaculture (Bond
3 # , )
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1979) . Téleosts are represented in almost .e_very aquatic
environment from temporary desert pools to deep oceans (Bond
1979) . For teleosts, 'behaviuura‘l plasticity is one of t‘ne
keys to their success' (Pitcher‘lQaG). Moreover, fishes
GHEABTE ot diversity in both their reproductive modes
and ‘the types of parental, care they provide (Gross and
,éarg’}nt iQBS). In those fishes wit!:l parental care, paternal
care dominates (Breder ‘and Rosen 1966).  Male parental
ability has been shown to be impb’r't'ént in-female mate choice
in some fish species (Brown 1981; Grant an_d Colgan 1983;
Keenleyside et al. 1985) . .

u"l‘he present \study examines seasonal dynamics B of
aggx:ession and s?cial spacing,.and mate choice L»n‘) ‘the
radiated shan}xy, Ulvaria supgifggcgtg,' a no‘é}:urnal Northwest
Atlantic stichaeid. Female radiated shannies deposit |eggs
in the males' nest sites where they are left to be ‘guarded
and aerated by the male until they hatch .-as planktonic
larvae (LeDrew and G!'een‘ 1975) . Female choice of spawning
partners may occur since LeDrew and Green (1975). found some
males guarding moyxe than one egg mass, while other )‘n.ales' had
no eggs. Homing studies\ have indicated adults occupy
defended sités during the reproductive season (May -~ June;
Fisher 19,“/2); however, the dynapics and function of this
;pa;:e usage is unclear. _Consequently, mam subbifurcata

offers _an opportunity to examine aggression and social

s_;\:ac’ing and its association with rep ion “Inis -study

4 ¥




is 'divided into 2 chapters: 1) Seasonal dynamics of
nqqtessior‘l and social spacing; and 2) Mate choice.’ 'The

tirst chapter will discuss a year-long study exanining

aggreasion. The role of aggression is examined/th respect |

to tarritoriality and repreduction: The second chapter
examines, more specifica[lly, the role of aggression in

reproduction, particularly in female mate choice.




'considerable d\ispute on the precise definxtion

-

CHAPTER 1 SEASONAL DYNAHICS OF AGGRESSION AND -SOCIAL
SPACING

1.1. Introduction

Agonistic behaviour plays an import‘.ant role in social

behaviour (ovaska‘lssﬂ as it can influence social spacingv

(territoriality), dominant/subordinaté hierarchies, sexual ‘.

_selection, and predatory behaviour (Wilson 1975). According -

to- Reese (1978) space related or terr‘iﬁcrial behaviour is
one’ of the most important determinants of social behaviour

in animals. It is through social spac’ing that many other

i [ p N
aspects of social behaviqur, such as reproduction, can be

"‘affegted and gpverned (e.g. Hixon 1987). '
Territoi‘ial‘i?:y odpurs: ‘when an j‘.ndi\‘liduai dster&

‘area against others, ? Y. gaining i access to

included resqurces (Kaufman 1983). Theré has been

terr:.tonal:.ty, specxfxcally on the subject ‘of axclu,siveness
‘of the space, ana“ the overtness of - the aggression to

maintain-the space (i.e. Brown and Oria%ls 1970; Morse 1980;

_ Kaufman 1983). Reqardless of the dibpytable definitions of

territori/élity, the nature and |the function .of

tertitoriality are better reconciled. °Space acquisition

cannot ' be achieved_ or maintaine without dominance/
subordinance.-. Dominance/subordinan¢e is -a relationship
betyeen “two individuals in which [one (the* subnrdinat’.é)




defers €0 the other- (the dominant) in ,contest situations
(Kaufman 1983). Territoriality is co’mppsed‘ of two
continuous components, space and time (Kaufman 1983). 'Much
research has examined only th;. physig_al components of the
territory and its owner (e.g. Hurly and R;:bertson‘;lgu).
Hofvever, territories vary in thg/ length of time during which
they exist. For example pany animals only defend
territories during the breeding season for alcqu.tsit;&n\or
mates (e.g. Salamsnders-  Ovaska 1987).  In additlén,

territory psize and dominance/subordinance ielationships have

_been noted to change temporally (Kaufman 1983).

qu!‘os\sfqn- is necessary for the establishment and may -
be used, ut "net necessary, for -the ' maintenance’ of
territorles. since territories _determine the usage Qf space
by a group of animals, aqgression* can play a very important ’

role in the, spacing and ultimate social interactions of

" anitals. Despite the enormous 1i:sxqature* on the function of

aggression in territoriality 1little work on aggression has -
gone bayond spacing to the oveérall sccial behaviour of {the
animal, few studies have examined the changes in seasonal
aggresslon and how it is related to changes in terrltonalv
and teproductive behaviour, two. very 1mportant aspects of

sociability (cf. Hixon 1987) .

Furtheérmore;, traditional work *
-

: on aggression and social acing has ‘been’ on birds’or

. mamnals. Not until recently have patterns of aggression

and ‘spatial use bee’n widely noted, in solitary and
. P . ; i
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territorial fish (Cole 1984). This study examines the
seasonal dynamics of aggression and social spacing and its
association with the reproductive behaviour of Ulvaria®
subbifurcata.

Besides work done by Fisher (i972), and Goff and Green

(1978) 1little is 'known about the aggressiveness, site
tenacity, and territoriality of Ulvaria subbifurcata.® THE
existence and function. of territoriality in' Ulvaria
subbifurcata is unclear. No gquantitative.evidence éxists
for terri‘torialif_y in U. subbifurcata. Fi\sher (1972) found
no evidence to support the poss’ibiuty ‘of territoriality “in
!leiﬁ}ﬂm except during the spawning season when’
agonistic behaviour, was noted, but hot quantified for-males.
Fisher (1972)- foind that both males and. females ‘have a
restricted home range (an .area that an animal habitually

patrols), on the order of 2-3 m3. It may be identical to a

- e —
territory or it can be larger (Burt 1943). . Fisher (1972)

suggests the - function of the home range to be a means of

“adequate spacing” as well as guaranteed shelter from

predators. In addition, small offshore migrations have
been observed in Ulvaria-subbifurcata (Green, pers. ‘comm. ),

but migration has. not .been -recorddd with ‘éhanggs in

iveness or on. N .
over a 12 month period I used both laboratory and field

observations to examine the 1 dynamics of ag ion

. K »
and sacial - spacing. More specifically this project




%

- : e . . K

C ) Y
addressed the following questions: 1) 'Is Ulvaria

a territorial fish and does territoriality

occur year-round?; 2) Does aggression in U. subbifurcata

vary temporally “and is this variation associated with
changes ' in space .usage or terrLtoriaiity? 3) 1Is the
variation in aggression and space usage associated with

reproduction in !LL subbifurcata?

. A
.o L
5 ( \
« . .
. ] ' -~
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. 1.2.  Methods : *

1.2.1. Laboratory Observations

Adult Ulvaria subbifurcata were collected by SCUBA
from _Por\:uqéi'cove (‘47 37'N, 52 -56'W), Nevfoun\';lland in May
1986. _'E‘ish were maintained in a holding aquarium (90 X 70 X
40 cm; 25‘2 1) -at ambient water‘ temperature and phot/opel'lcd
until October 1986 (ye‘arly‘ means: water X= 3.8
photoperiod ¥=10.5 hours of light). Males and females were
separated in the holdind.aquarium by a mesh partition and
;:ere fed every two to Ehrqm with brine shrimp, capelin,
and amphipods (when available). | B )

Two aquaria (120 X 40 X 35vcm; 15}5_ 1) weré'placed in a
blackened room with reversed ambignt p_hotoperiod to enable
observations during the! day. Dusk and dawn, and day and

/ ni 't were completely reversed in the experin’enﬁal room.
Dusk and dawn (1 hr each) were simulated by a 25W frosted
bulb located centrally above each aguarium, and day wal
simulated by two 60W bulbs located centrally above each
aquarium. Two 25W red bulbs evenly placed above each
aquarirun‘ enabled observ ons to be made during the
simulated dark hours. Green et al. (1988) found no effect
of reversed photoperiod of red light on the agonistic:and
.reproductive behaviour of the radiated shanny. Furtherm;g,
studies have ihdic‘nted animals do not use absolute levels of
light and dark to cue daily rhythms, but rather use relative
amount§ of light and dark (wﬁliams 1976). Twice a month

10
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~
for, 12 months the - photoperiod was adjusted to replicate
N
ambient photoperiod. Each aguarium had 1 cm of gravel
covering the bottom mimicking substrate where the shanny

naturally occurs (pers. obs.), and each agquarium contained‘

four crevices made from two equal-sized overlapping rocks.

All four crevices were similar in size of. rocks and in
volume.

Dbservatior}s .were made 01-1 eight, sexually mature
individuals once every two weeks for a year (Oc.tober' 1986~

|september 1987). Four individuals were used per aquarium

,/ (similar sized #+0.2 cm in total ,leﬂgth). Mean dis'cargées

between crevices in aquaria were similar to those observed *
in field studies (X = ’.Sm;-rénge 1.5 - .2m). I’ni}:ially,'
each aqu'a;‘ium 'contained two males and two femalés of
similar size. However, due to deaths of six 1ndivid|\als
(because‘ of supersaturation) during aa'nuz;ry 1987,
individuals were replaced with fish of similar size, but of ‘,
unknown sex from the holding aquarim‘:. The effects of these
additions were minimal as discussed in results. Sex could
only be determined visually i‘n April and Mayr' when spawning
colourations of each sex develops (Hn’thiéen 1979; Green et
al. 1988). After the death of an individual and at the end
of the observational period, individuals were measured
(total length), sexed by gonadal 'examination, and aqu by
otoliths." * ’ t . .

Observations’ on each aquarium were made for 30 min at:

11




Ca
1) dusk, 2) mnidnight, 3) dawn, and %) nidday. « JREX

observatmns were recorded with a NEC event recorder. At

the onset of each recording sassxon water temperature and .

initial posltxon of all individuals were noted using the all
cccurrence f;echnlque/%j_ehner 1979) . This technique was used
since the agonistic FeRaviour of the fish aid not cccur more
often than the observer could record them. The total time
a;\ individual si)ent qut of its homé site was also recorded.
A crevice’ was considered a home site when an individual was

repeatedly observed in it (over 75%\5f the time). During

each session all aggressive. encountérs were recorded. An

aggressive encounter was defined as a behavioural
interaction between two fish which ended in one displaying

an aggressive {posture and the other displaying a submissive

posture (see Appendix I for 'description oQf pest\xr‘es). An

_aggressive ° encounter may have begun with both fish

displaying aggressive postures, but lt!fe“finr .outcome

resulted in one fish 'backing down' and digplaying a _

submissive posture. essive ers were described

by: 1) identity and status of the fish involved; 2) duration

'and:‘ 3) intensity of the aggressive encounter;, and 4) time

'spent out of the crevice site. Intensity of aggression was

scored as 1, if one individual’ (aggressor) had an erect
dorsal fin, ~head elevated, operculum flared; 2, if a fish

lunged at the opponent with mouth open; or 3, if one fish

individual made contact with the other individual.
s -
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2 \
\To examiwthe ‘seasnnality c_f aggression the year was
divided into pre-reproductive, reproductive, and non-
reproductive periods. The pre-reproductive period begins in
y late March/early April when shanny gonadal somatic index
: | (GSI) begins to increase (LeDrev and Green 1975).  The
’ ‘reproductive period begins in May and ends in July. At this
stage GSI is at its péak in all vxndividuals,‘ males are
spawning and egg guarding,, and females are. in a gravid
condition or spawning. Post—reproductive state begins in
July And ends In February. At this point both sexes are
- reprductively spent und ar; in gonad recovary (LeDrew and

v

Green 1975). .+ | R M
(Habituation may occur between individuals in. the same
aquarlum. Hwever, in the field, naiqhbours remain
pemnent throughuut April to October (see Results). thus,
permanent neighbours appear to mimic natural conditions.
Experimen;al fish were fed every two to three days with
o brine shrimp,. capelin, and amphipods (when avai\ltablé).
. = Before .data of the fish from both agquaria “au pooled

. for unaXysas differences in daily and annual means’ of all

of ion were exa usiné T 's t-tgst

after square root . transformatioh. l,Also, trends . in

v ion levels t a daily cycle was examine by an

£
ANOVA_. Finally, the effects of sex und»t'empe'rat,ure, and sex
and date were examined using a two-way ANOVA of the daily

means. The level of significance was 0.05 for all

v




statistical tests. =

All aqqressive.encc_tunters were categorized into four
pairings; female displaying aggression to a fe-ala,-‘ie;nale
displaying aqgressio‘n_ to a male, lnia.dksplay{n;; to a
female, and male displaying ta-q' male.. Comparisons’ were
made be-tue the to\:x,- categories using a student's t-test.

& Comparisons were also made between reproductive and non-

reprnductiv.‘vperiadé (summation of pr’e- and post-
reproductive periods) within each ‘group uslnq'av chi-square

test. - i

* 2 .

1.2.2. Field Observations % ‘ y g v
s - e
% - -
Field observations. were carried out at Bellevue (4{ X
38°'N, 53 43'N), Trinitx Bay, ilewfonndhnd,.in a shallow ceve
(maximum depth 2 m at low tide) at the ;mouth 'of‘the estuaryg
¥ known as Broad Lake (Figure 1). In April 1986, g_scidy_si:e
was establisfidd n' the mouth of Broad iake, running NE'to = <
SE. The site E as in a natural depression (approximately 1.5m
X 9m), containing high densities (1.05/m2) of shannies.
' The vsite_ was surveyed once per month_except during April to
g July, when the site was rveyled each week. Number, size
(total length), sex and crevice sites of the shannies in the
% . : site, and’ substrate of eaéh crevica site were nctad’.
Substrates were define,as 1) 100% rubble .(rock

~ . '
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Figure 1:
t
*

. v
Field study site at Bellevue,” Trinity Bay,
| e B

Newfoundland. . .
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Y
less than 1 cm in diametef), 2) a mixture of rubble and
boulder, or 3) 1(;0! boulders. Fish total lengths were
estimated by placing a ruler on the subst-rate next to each
fish. Mature individuals were sexed when spawning colours
and gravidness hecame apparent in May. Individual body-
markings were noted for la‘ter identification. During each
dive the crevice in which each shanny was positioned was

" recotrded on maps of the transect. '

. Five aduft 'ma.l'ss/and five adult females were tagged in
August 1986. " Coloured beads were attached b’elow the dorsal
fin, through the epaxial musculature midway between the head
and ca;xdal ,fin by monofilament thr;ad. Over one year the
site was surveyed for tagged fish: An estimate of activity

levels was.determined by swimming on the surface over the

site for 10 min and recording the number of individuals

outside their home sites. The site was surveyed during

late aftezno‘on or dusk to control for behavioural
' 2 .

aiff due: to jod. Ideally, the site should
Pav‘e been suneyeé during the same four periods when the
laboratory observations were performed; however, strong
currents ‘with back eddies during tidal flux made field,
observations impossible except during ebb tide.

" In order to datemi‘ﬂe temporal or sexual .variation in
aggression /l.evels, a model pre‘sencatien experiment was
perfoméd during each' diye, commencing June 1986. A m?del

\ s
male intruder was constructed by freeze-drying a large male

. BN
v 16 . .
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(larger than the mean _t‘otal length of the adult population X
7.23cm) in an aggressive posture (i.e. fins erect, head
elevated). The model was gutted, shellacked, and mounted on
a stick. Methodology of presentation followed that of Colgan
et al. (1981). During each test the model was presented -to
a male six times. Fach presentation involved moving the
dummy "hofizontally and broadside at a constant speed
(15sec/m) towards the crevice, pausing for three sec at the
mouth of the crevice, then withdrawing the model at the same

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

- for 2-3 sec between each presentation. The occurrence and

distance of each response to thes intruder by the male was
recorded.  Response distance was estimated by placing a
weighted mefre stick im front of the nest prior to testing.
The model was presented to five males ;nd to five females
during the monthly :survey for a 12 month period. The five
malss and females were the same from June to November 1956,
hawever, when ind)vlduals returned to study sxte in April
1987 (see section 1.3.2) identity of 1nd1v1duals could not
be guaranteed. Hence, an-additional group of five male; ‘and
five females were used from April to July 1987.

° Both the number and the distance of response v;ere
compared between sexés _using a’' student's t-test.
Cumpa;:isons ghong the three reproductive perioé§ were made
using an F-test after tdstihg for normality. " ‘Also,

habituation of residents to the model intruder during the 6

. f

17




presentations was examined by a comparison of the first two.
‘ ;i b

introductions and the last 2 introductions using a student's

t-test. The level of significance was 0.05 for all
statistics
] .
~
\
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1.3. Results

/41@.3.1. Laboratory Observations .

Fourteen fish were observed during the study. Frm;\
October 1986 to January 1987 each aquarium contaiyed two,
males and two females of similar size and age (See Appendix
2). However, from January 1987 to September 1987 one
aquarium contamed three males and one female while the
second aquarium contained two males and two females
(Appendix 2). During Ma)} 1987, a spawning occurred‘ in the'
tank containi_nq two individua{s of each ‘Cex, .

The fish in.,each aquarvium were not significantly
different Erom'eaéh other. in daily or annual maéng of
humber of ‘agqressiv‘e’ encounters, per qbservacion ;{eriod
(M'I:OT), duration of en.counters (MDUR)" intensity‘o‘t
encounters (MINT), and time spent’ou£ of.the’.crevice per
observation period . (MTSN) (sthéhts‘t—tests; Table 1).
Consequently, for further analy‘_sas the da;:a of the fish from
both aquana were pooled. | w

- *Aggression as measured by the number of aggressive
encounters, differed slquicantly among mid- day. dawn,
dusk, and mié-night rfdpectively (ANOVA; . F=6.11,- df=1,3,

p=0.05). The ir}and was ah increase from mid-day to mid-

'night. During mid-night there were significantly more

aggressive encounters than during all other: times (Chi~
square: midnight vs: 1) mid-day, X2 = 14.67, N=24; 2) dawn,

.

% )

\
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Comparisons of the monthly and annual means of
thé total number of aggressive . <e;1<:cunbers
(MTom), intensity (MINT), duratiofi- of
encounters (MDUR) and time spent ot of crevice

(MTSN). among, lgboratory~held \eich, . Standard

errors in parentheses. Note comparisons were -

-
made on square root values. :
: >




DATE /7 TANK 1 TANK 2

MTOT MINT MDUR  MTSN MTOT MINT MDUR MTSN
OCT' .21° 1.25 20.59 12.63 .58 1.28 27.01 19.39
1986 (.17) (.25) (6.32) (1.46)  (.44) (.15) (6.41) (3.59)
NOV .39 1.33 3.77 4.50 .50  1.10 4.35° 9.69
1986 (.10) (.33) (.46) (2.33) (.22) (.10) (.52) (3.19),
DEC .12 2.50 14.65 6.16 .12 2.60 22.00 9.04
1986 (.09) (.57) (2.25) (2.21) (.09) (.50) (7.40) (2.85)
JAN  .96°' 2.00 '21.40 5.19 .93 2.50 21.90 5.89
1987 (.06) (.00) (6.00) (1.69)  (.09) (.50) (4.50) (2.15)
FEB .15 1.00 18.63 6.82 .10 1.00 20.50 5.59
1987 (.11) (.00) (2.23) (1.87) . (.43) (.00)(10.96) (1.16)
MARCH .20 ' 1.67- 19.22  5.04 .19 1.33 23.97 7.83
1987 (.19) (.17) (9.92) (1.74)  (.10) (.33) (6.56) (1.96)
APRIL .38  1.20_22.32 & 7. .50 1.88 19.73  9.31
1987 (.16) (.20) (2.73) (2. 07)’- (.13)  (.29) (2.98) (2.75)
MAY .44 +1l83 38.28 15.83 .63 1167 38.86 14.37
1987 (.22) (.29) (2.79) (2.96). (.26) (.31) (7.27) (3.02)
June .50 V1.s8 25.p9. 10.78 .80  1.54 28.48 12.58
1987.(.18) (.27) (2.95) (3.05)  (.34) (.34) (5.82) (3.02)
gLy .13 - 1.50 22.90 8.18 .38 L 1.67 24.48 9.88
1987 (.12) (1.00)(12.01) (2.67)  (.10) (1.41)(11.14) (2.83)
AUG 106 1:00 10.504 7.21 .07  1.00 13.70 8.34
1987 [.06) (.00) (9.00) (2.67)  (.10) (.00) (9.46) (2.50)
seer 136" 1.00 12.10 _6.74 .13 1.50 11.85 8.89
19877(.04) (.00) (6.58) (2.27)  (.09) (.50) (4.95) (2.73)

.22 1.49 20.29 6.75 1.68 24.17 7.41

(-31) (.08) (1.37) (.49) (. c4)t (.08) (1.60) (.56)
N 380 - 55 55 380 356 79 79 356

#x#***T-tests indicated no significant differences at
p=0.05 level in all variables between fish in each tunk for

each month.

differences at the

= tests also indicated no sigpifica
=0.05 level 1n'a11 Vntlubles between tish’

in each tank over the entire year.

¢
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X2 = 6.49, N=24; 3) dusk, X2 = 7.43, N=24).

Seasonally, all four measures of aggression increased

during the pre-rfproductive state, with a peak of
aggression ocourring du\“{ng the reproductive state (Figures
_ 2=57 T‘abie 2). Thex:eﬂ/were also observed increases in ;11
four: weasuren of- sggresion At theiensst of the; sbservatishs
in October 1986, and in January 1987 when dead fish wele

replaced with new fish. Overall, females were less

aggressive ‘than males in all four variables (Table 3). Both
s;x and tehperature and sex and date had signifi‘cant efgects
on all fouz ag?inn_ nmeasures (Table 4). ., However, N
temperature alone haf no effect on the mean total number of. i
aggressive encounters nor the mean duration of aggressive i
encounters (Table 4). This is not surprising since similar

sea temperatures exist d\u:ing‘ spring 'and tal}; although

’ very different patterns of aggression exists between the two

‘periods, Date alone had significant effects on all four

variables (Table 4).
* comparison among the four categories o% i aggressive
encounters indica‘ted male to male interactions occurred
siqniticant’ly morg often than all others ' (t= 14.61, df=1,3,
p< 0..05) % Male to female interactions ‘decre_ased
F significantly during the reproductive state compared to the
non-reproductivetstate (X2 = 19.534, df=1, p< 0.001), and
- female to m;le interactions increased significantly during
the reproductive .pericd as compared to the non-reproductive !
21 ! !




Figure 2:

Mean total number of agjressive encounters per

30 min observation period for 12 month

laboratory study. The 12 month period is

divided into pre- post-, and reproductive
~——’

pegjods . (Seé tex7 ‘for explanations of

divisions). Standard errors denoted by vertical

bars. PS
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Figure 3:

£
Mean intensity of aggressive encounters over 12

month laboratory study. Year represented as in
Figure 2. Standard errors denoted by vertical

bars.
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Figure 4:

Mean duration (sec) of aggressive encounters per
observation period over 12 month laboratory
study. Year represented as in Figure 2.

Standard errors denoted by vertical bars.
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)

Figure 5: Mean, time spent out of crevice site per 30 min
observation period over 12 month laboratory
study. Year represented as in Figure 2.

standard errors denoted by vertical bars.
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Table 2:

Comparisons among the pre-® post-, and
reproductive periods’ in the mean total number: of
aggressive encounters (MTOT), mean intensity of
encoun(;ers (MINT), mean duration ’of encounters
(MDUR), and mean time 4spent out of crevice
(MTSN) among laboratory-held fish.

.



Gl &
\
- >
P ¢ «
% : i . -
o s
PERIODS AGGRESSIVE MEASURES
. o :
. MTOT MINT MDUR  * MTSN o F
REPRODUCTIVE ' " o E
24.0* 26.0% 23.0% © »25.0 >
PRE-REPRODUCTIVE A .
P § : :
REPRODUCTIVE L.
vs 69.0* 67.0% 72.0% 68.0% "
POST-REPRODUCTIVE B
+  PRE-REPRODUCTIVE 4 . .
vs ¥ 55.0% 49.0* 51.0 47.0
POST-REPRODUCTIVE * 5 2
AN . - ¥
* indicates’p< 0.05 (Mann Whitney test), \
T w \/‘K\ b
5 5 ~N B
" * 7)
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Table 3: Comparison of mean values of four - aggressive
measures between male and female laboratory-

- % :
held fish.

) . -




N
" AGGRESSION MEAN N S.E. F T p
VARIABLE . =
Mmror © 0.1 96  0.02. 4.89  <.001 .
; < 0.37 96  0.04, ~
N CmInt o 1.29 28 0.10. ~ 3.67 .0\27.
a 2.65 106 * 0.07 -
G . i
MDUR @ 17.65 ‘28 2.58 4.21 .048
g 26.88 106 1.20
*
o TSN ° 6.87 96  0.57 5.13 .025
‘ i 10.82 96  0:49 z
. MTOT= "  mean number of aqqresskve encounters per 30 min
- . observation period.
5 MINT= mean intensity of aggressive encounters.
= » MDUR= mean duration (sec) of aggressive éncounters.

. MTSN= mean time (min) spent out of crevice per 30 min
observation period. ¥ :
= number of 30 min observation periods, :
S.E.= standard error of the mean.

e
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Table 4:

Effects of sex and temperature, and _sex and
date, on mean total number of -aggressive
encounters (MTOT) , mean xncér;'sity of encounters
(MINT), mean duration of encounters (MDUR), and
mean time spent out of crevice (tfl‘SN) among

laboratory-held £ish. .




TWO- WAY ANOVA

SOURCE OF - F d.f.
VARIATION MTOT MINT MDUR MTSN
SEX AND TEMP 7.79%*  g.s1**  12.25%*  g4.e4** 1,0
SEX 31.03%*  30.e9**  31%98**  8.14** 1
TEMP 5.18%* - 0.01 1.99 4.20% 9
INTERACTION 2.17* 3.09% 3.70% 0.23 x 9
SEX AND DATE 4.60%*  5.04%* 7.66%%  3.21%% 1,23
SEX 22.80%%  24.57%%  24.08%%  6.53) 1
DATE 3.50%* 3.94% - .66**  3.02 23
INTERACTION 1.24% y3* 2.08* 1.72% 23
* indicates p<0.05. l
+* indicates p<0.01.
N
N \
*28(b)




Figure 6:

Comparisons between the reproductive and non-
reproduct.we peneds of the number of aggressive

encounters among 9 vs @, Q vsd , dvs ‘7,

and ¢ vs ¢ during a‘'12 month laberatory study.'

* - test. p<o 05; ** x2v p <0.05.
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ur

period (Xt 3.87, df=1, p<0.05). Thus, males reduced the
number of aggressive encounter with females, while females
ir‘xcreased the number of aggressive encounters towards males
during the reproductive period.

Finally, aggressive fish grew more in total length over
the study period than less aggressive fish, regardless of
sex (multiple regression; r=0.82, N=14, p= 0.016; Appendix
s ' '

1.3.2 Field Ob‘servations

In 1986, the Bellevue site contained 23 adult shannies
11 males which spawned and guarded nests, two males which
did not spawn, and 11 females which at one time showed
gravidness (Figure 7; Appendix 3). 1In 1987, the Bellevue
site contained 19 adult shannies, eight males which spawned
and guardéx:es}ts, two males which did not spawn, and nine
females which at one time shawed ‘grévmness (Figure 8;
Appendix 3). In both years the sex ratios did not deviate
from a 1:1 ratio (1986: X2 = 0.04, d'i=1,.p>c.osr 1987: X2 =
0.05, df=1, p>0.05). '

Adult shannies( left inshore areas in late October/
early November 1§86 (?c watér temperature = 1.0 t 1.2°C) and
returned inshore in late April 1987. buring the onshore

period in 1986 and' 1987_a}iu1t shannies did not change

) ' » L
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Figure 7: Bellevue, Trinity Bay, study site 1986.
® indicates one egg mass. Drawn figures

denote boulders.







Figure 8:

Bellevue, Trinity Bay, transect site 1987.
Symbols identical as those found in Figure 7.

‘
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crevice sites.  In addition, positions chosen as crevice
sites did not appear to chape from year to year. It is <)
unknown whether indjviduals re-established the same homé
GEEViGEs. ol yesr b YA wlnce JdeHEiFiecien. O
indivi’duals was‘i";ﬁ‘bt possible year-to-year. Some
individuals definitely do not return to th\e‘ same crevice, as
the sexes of inhabitants were not the ste between years.
Juvenile ‘shannies were not found in the'same area between
dives, and were presumed not o be territorial.
Individuals which were tagged in August 1986 ltemained
on the transect until Novgmbe: 1986.  However, no nged
individuals were found on the transect in the 1987. #
R Activity-level counts‘ revealed fish activi;y was
-~ " affected _b) tidal _cycle and time of day (cont‘ir}gency ‘table;
X2= 6.42, df=3, p< 0.05; data: Appendix 4). Morg.fi_sh were
=  sepn during dusk dives at high tide, than dusk dives at low
' tid; or afternoon dives at high or low ti?e. Activity-level
counts werg not significantly different between the three
N reproductive pé{iods (F=4/.21, daf=1,2, p='0.361)‘0 However, C
this sult may be confounded by jthe fact that counts were
i only done during day or dusk, hnd\m ;ounts were performed -
from November to %\pﬁl 'when> fish wére not present on the
. 3 tran;ect. / ~ .
¥ Males were significantly more aggressive than females

in response to the model in both mean distance of response

N and the mean number of responses to the model intruder (t-~

/ v ’ TN
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test; t=11.56, df=1, p<0.05; i5.84, df=1, p<0.05). Females
stopped resp;anding ‘to 'the model when reproductively spent
(Figure 9 and 10). Male response to the model decreased

late in the season wheh thefr eggs disappeared (presumably
hatched; Figures 9 and 10).  There was a\significant - —
difference between the three reproductive periods in number

of the responses to the model (F=345.84, df=1,2, p<0.01), ~ °
and the distance of responsé to the model (F=65.43, dt-1,2,
P<0.01). Tha reproductive period had the highest valués for

both variables and for hnth sexes. Both nales and females
increased their aggression during - the pre-reproductive:

period after returnan to the study site. Pe,ak’ifeincal‘e . VAA

aggression occurred at the onset of the reprcduutive period

and decreased abruptly after spawning: Malé aggression

peaked later in the reproductive period during.egg ‘giarding.

Male aggréssion incieased as time ‘spent guarding eggs

- increased. Among males, non-reproductive males were

significantly less aggressive throughout the, year  than
reproductive males ‘i.n respmanse to the mode} (t=14.70, dle'
p<0.05) . x

Within the S‘i'X. introductions of the Vmcdel during the\__)
weekly presentations, the first two introductions elicited a
significantly greater ,mean distance  of resp;nse than the
"last: two Ln‘troductiong (t= 8.34, df=1. p<0.05). l:lence;' it

appears habituation “add occur duriné a presentation series.
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Figure 9: . Mean number of responses to male model intruder 5
B by fish on fielq study site over one year. VYear
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Figure 10: /;Mean distance response to male modél intruder

‘by fish on field study site over one year.
Year represented as in Figure 2.

.
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However, habituation did not increase from week to week as
the mean distance of response of males peaked at the onset
of the reproductive period, a month after the model
presentations (Figure 10). In addition, patterns of
response to the model were different between the sexes
(Figure 10). If habituation had occurred there should have
been a steady decline in mean distance of response for ‘both

sexes. : .




1.4. DISCUSSION

Territoriality is exclusive use of space by one
’ individual (Kaufman , 1983). Active defense and overt

aggression may be necessary for establishment, but not

y for mair of a territory (Kaufman 1983).
Results of tiiisrstudy demonstrate that at Bellévuq? Trinity
Bay, Newfoundland, adult Ulvaria subbifurcata, have

exclusive use of a crevice site which is actively defended

from late March to early’ . In the 1 y, each
fish maintained exclusive use of a crevice site for 12
months, with no crevice sharing or switching. . Hence, the
crevice site can be considered a territory. Single burrow
' territories : have also been noted for the mudskipper,
Periophthalmus sobrinus (Magnus 1972). _From field and
laboratory observations, it appears a home range - exists
around the crevice site which is not exclusively used by one
fish. Thus, the use of space by U. subbifurcata involves a
’ Scombination of territoriality. and space sharing.  The
phenomenon of peripheral space overlap has been rep’atted in
other territo‘rial fishes, including Abudefduf ¢ zonatus
(Keenleyside 1972), Hypoplectrus spp. (Bar.lo'w 1975), and
2 Sebastes spp. (Lars?n 1980) . s
In November,- shannies at B‘el‘levue, Newfm:ndland, leave
their crevice sites. No fish were observed on the Bellevue

5 study site during the ‘winter dives (November- April), and
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presumably fish move offshore to ice-free areas.- It should
be noted that offshore refers to short distances from shore
in slightly deeper water. Seve:lal other fish species
migrate offshore -presumaply for foo‘d resources (Newell
1979), .themal preference (Hestagen 1979), or ice-free
habitats (Gibson 1986). The offshore migrations noted in
this study may be a field site anomaly. LeDrew and’ Green
(1975) were able to c?llecr_ mature adults during winter
months in other inqhore bays in Newfoundland. Because of
the shallow dépth of the channely at Bellevue, ice may be a
problem during winter months (pers. obs.; D. Methven, pers.
comm. ). In fact, t‘he study site during winter dives was
barren of all fish (pers. obs.). - .

While offshore, space usage of U. subbifurcata is
unknown. Gen‘erally,. little is known about offshore activity
of fishes during ‘the wir‘n:er months (Gibson -1986; except
Fisher 1975), which is a result of the difficulty of field
work done during winter. During the time of offshore
migration, laboratnry-haldv fish maintained a crevice site.
However, aggression ‘Was extremely 1o'w. If territories/
crevice sites were not maintained in the wild during these
winter months one would expect ; diminished amount of
exclusive use of space in the laboratory during this time.
This did not occur. Nevertheless, laboratory-held fish were
cellectsd fron Porengal Cove, Hewtoundland,: an area where

migration has not been determined.
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Why does U. subbifurcata need a territory? It appears
that at Bellevue, territoriality is needed for shelter for
females and males, and spawning and egg guarding for males.

Other temperate marine fishes that exhibit seasonal

territoriality, associated with reproduction, are
Porichthys gcrgsisgemgs (Moore 1970) and Hypsoblennius spp-
(Stephens et al. 1970). However, if territoriality is

maintained year-round in a seasonal spawner, territoriality
cannot solely be for reproduction. The function normally'
ascribed to non-reproductive territoriality is partitioning
of environmental wariables, such as shelter or food, to
ensure efficient use of resources (Gibson 1982). Access to
shelter is especially important for small intertidal fish
which are incapable of sustained swimming. They can best
avoid capture by predators by entering holes and crevices
(Gibson 1982). 1In fact, in Chasmodes bosquianus, dominant
individuals, which have greater access to Frevice sites than
do subordinate individuals, escape predator attadks more
frequently than do subordinate individials (Phillips and
Swears 1979). In the radiated shanny it is unclear whether
the territory functions as a feeding territory. Howeyer,
the manner in which the fish feeds suggests that
territoriality is unnecessary for food acquisition. The
shanny bites at food within its crevice and also, actively
swims outside of its crevice (territory), biting food (pers.

obs.). In é‘pmmary, territoriality in U. subbifurcata might
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be maintained for reprodugtion and shelter.

- As stated previously, aggression is necessary for
territorial establishment, but is rarely necessary  for
maintenance of a territory (Kaufman 1983). Generally,
- social sp‘acing in nature is in a state of dynamic
equilibrium and aggressive behavicur and territorial
disputes are minimal. i'l‘ii.es' (1974) showed the rate of
aggressive activity can increase when the existing social
structure of mudskippers was altered by .i‘vntrt.;:ducing a new
fishy  If texrnﬁi_-;- maintenance was the sole function of
aggressiveness in U. su‘pbi:urcata, one would have expected
an, increase in agqreséion when migrating fish re-establish
territ’t’:ries during spring, or when fis.h were introduced in a
laboratory aquaria. However, aggressién in Ulvaria
subbjfurcata began to increase during the pre-reproductive
period (March - April) and peake,gll during the reprnductivé
period (May - June) for both males and females. Hence,
aggression peaks later in the season-in'the field than would
be expected for territory re-establishment. Furthermore,
peaks inv\ﬁgessiun in laboratory-held fish were observed
vhen no ind‘ividuals were introduced. ' Increases in
aggression, other ‘r.h.an territory dynamics, have been
attributed to temperature (e.g. Fitzgerald et al. 1986),
density N (e.g. Stanley and Wootton 1986), and(reproduction
(e.g. Davies 1978). Temperature alone can\r\w’t/‘explain the
levels of aggression in this present study. "I‘he same sea‘.
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temper‘atures are found during spring and fall, and the pre-
and post-reproductive periods corresponding to similar sea
temperatures (approximately 4.0°), show very different
levels of aggression. Density cannot explain the increase
in aggression in the laboratory or the field since density
in laboratory was held constant and density of shannies on
the transect was constant from year to year. It appéars
that aggression is Yinked with the reproductive cycle of the
fish. During the pre-reproductive pariodv, individuals in

the‘ field are returning inshore and  establ

ing
territories. A proportion of the increase in ‘aggression
could be attributed to territcry establishment. However,
the fact that the increase is also recorded, in the
1abor@t$ry suggests that increased GSI and hormonal levels

during the reproductive period could be a proximate cause

for the increase in aggression. : e

,Other evidence for the link of aggression to the
reproductive period is the change in male aggression towards
females from the non-reproductive s;aéon to the reprodictive
period. Males: reduce' the number c_f aggressive en’c_ounters
with females while incyeasing the number né encounters with
other males. This suggests male/male .competition at the

time of reproduction. During this period, ‘females are

increasing the number of encounters with malés. Because it

is the female that searches for a mate, a female may have to

increase aggression during her %ime outside the crevice.
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The cost of increased aggression and searching for mates is
attributed to higher mortality in females. in the beaugregory
damselfish (Itzkowitz 1555).

. Several . other characteristics of aggression in L’_
subbifurcata support the association of aggression to
reproduction. Males are g more a;g_ress'ive than -females
throughout the year. However, this. difference i,s greatest
during the pre- and the reproductive peyiods. Males engage
in encounters which are'inox;e intense, longer, and in g‘rea'teur
frequency than those of females. Interestingly, .outside the
reproductive peric’d males show mo;‘e ac_;qression to females
thafl females show - to males. ‘If aggression was not
associated with reproduction one would expect the sexe's to
be equal in agqressi"on levels’ since the value of the
shelter should be\e“quivalent for l{oth. The fact that males
are more aggressive than females has béen not‘:ed in several
other fish species - (e.g. bea\lgregery namselflsh; Itzkowitz
1985; 1umpfish, Goulet et al. 1986). .

< " When_examining aggression -levels in the reproductive

' period, female aggression reaches ‘a peak at the very end of

the

pre-reproductive period and the beginning
reproductive éeriod. Females. cease being aggressive after
spawning (mid-May). However, male aggression peaks at the-
onset of the reproductive perxod and dramatically fa}ls off
when eggs have hatched, several weeks‘after females have
ctased being aggressive. This peak may indi‘catg the-end of




’ ) e §

the reproductive phase and-the start of the parental phase

of the reproductive per{8d. Males need to be aggressive

during the parental care phase of the reproductive period in

oider to guard against egy predators (Gross and MacMillian
1981; Bain and Helfrich 1983). However, it is also not
advantag@ous to be téo aggressive as circumstantial evidence
exists 'for ‘detrimental effects of high levels of male

aggression on the quality ahd quar!tity of parental care, and

subsequent hatching success of eggs (Van den Assem‘&%\
|

Sargent and Gebler 1983; sfarqenc 1985) .
~

Another cBaracteristic pattern of male shanny °

aggression occurs at the time pf parental care. As time
spent with the 'eggs increases male aggression decreaseT
This is in contradiction to.Sargent and Gross *(1977) and
Colgan and Brown (1959)' whe state mk nest 'defense
intensity is directly related to time spent guarding‘eegqs,
since the ;value of the eggs increases as. investment
increases. However, Knight and Temple (1986) coptend that
4

increases. in‘'nest defense through the nesting cycle faund in

several avian and fish studies are largely methodological .

artifact.s. They suggest that when én observer repeatedly
visits or:brings a potential predator to a nest and records
the parent responses, the hest-deteise behaviour is
gradually modified by positive reinforcement and fear
reduction. That is, -after being‘ approached, the potential

nest predator leaves without harming the nest, ,fear is
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reduced; and response to' ‘the potential predator increases.
Although a nest predator was introduced in this manner for

L this study, habituatif}n appeared to occ:.lr during a set of
_ six presentations, but not from week to week. In this
_study, aggression vas indirectly related to time spent with

the nest.

In summary, this study d rated U. subbi at

Bellevue, Trinity Bay, holds a territory from March to

g . October. The territory is surrounded by a home ,range. It
appears the territory is for shelter and reproduction. .
.
During WNovember to March, U.” subbifurcata found at
£y
- Bellevue, Trinity Bay, Newfoundland, probably move offshore
to ice-free areas. Finally, the observed pattern ef o ¥
aggression appears to be associated with both tarntory
establishment and reproduccinn.
\
{ ¥
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. ! )
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CHAPTER 2 MATE CHOICE

2.1. Introduction N

Halliday (1533) defines mate choice as any pattern of
behavlcur. shown by members of one sex, that leads to their
being more 1likely to mate with certain members of the
opposite sex than with others. The benefits that !ni;ﬂllg
may derive by choosing a particular mate over another range
from immediate éa'ms such as courtship feeding to thé longer
tern advantage of mating with an individual of high genetic
quality (Partridge and Halliday 1984) . %

In species where fe;nales are the choosier sex and males
neither defend resources nor provide parental care, females
shouid be interested in sexual competence, as measu;ed by
fertilization efficiency (e.g. Davies. and Halliday 1977) or
sperm supply (Trivers 1972; Nakatsuru am; Kramer 1982).° In
additioni to sexudl competence,  females should alaovselect‘:
for "good" male genes as expressed by thé ability to live
longer than others (e.g. Trivers 1972), the 'ty’tb grow
large (e.g. Gandol£i 1971), or the ability to be\ dominant.
among other males (i.e. Cox and'Leboeuf 1977). Longedty,
growth, and dominance are not necessarily mutually exclusive

characteristics and are often difficult to separate. In

addition, although females choose mates with these

.
characteristice, the traits are not genetically “driven® by

sexual selection, but rather by natural selectibri.
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When males provide resc;urces females should be
influenced by the qualities of the resource and the
defending male (Emlen and Oring 1977)."  Females may select
for nest sites (e.g. Zimmerman 1971; Kodric-Brown' 1977;
Itz;cowitz 1978), food (e.g. Verner and Willson 1966; "
Thornhill 1976; Gwynne 1984), refuge (e.g. Searcy 1979;
Borgia 1981), <;r parental ability (e.g. Nisbet 1973; Grant
and Colgan 1983). :

Studies of mate choice and reproductive success in
marine fish have focused on broadcast spawners that defend
temporary spawning sites and show no parental care (e.g.
warnerr et al. 1975; Warner and Robertson 1978; Jones 1981).
Among territorial egg-guarders, Schmale (1981) demonstrated
that mating was non-random in t!’le bicolour damselfish
Eupomacentrus p';:;it’gs, and that male mating success
qorrel‘abad with : total length, inter- and intra-specific
ng?tession, and courtship frequency. Thresher 'and Moyer
(1983) found that male reproductive success correlated with
male size in the damselfish Glyphidodentops cyaneus ahd E.
partitus, but not in Pomacentrus wardi, G. rollandi' nor Gr
kioullotus. Information on mating systems of temperate
fish species is scarce. Reproduction is seasonal and short-
term in temp_kraté marine species, and this can affect
selective pressures on temperate animals. Cole et al:
(1986) found that in the temperate narine goby,
corvphopterus nicholsi, females preferentially spawn with

~ 5
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males which court most vigorously. Cole found no
correlation between territory quality and spawning success.
Goulet et al. (1985) found no mating preferencd in ‘the
lumpfish, Cyclopterus Jlumpus, although males guard and
aerate eggs. None of theSe studies have investigated the
mechanisms of choice.

Ulvaria subbifurcata, a temperate marine stichaeid,
offered an excellent opportunity to examine female choice
and its mechanisms. Female U. subbifurcata deposit eggs in
male nest sifes where they are guarded and aerated by the
males until they hatch as planktonic larvae (LeDrew and
Green 1975). Fenales are momogamous, while males are

polygynous, c + in this . 1is defined as

spawning once and only with one male during the reproductive
season. It is common to £ind mature'males in the wild with
various numbers of/égg masses each in their single crevice
site  (LeDrew and Green 1975). Hence,* female mate choice
appears to occur since a lack of choice would result in a
randomgﬂistribution of egg nmasses when sex ratios are
equal.

, since the male radiated shanny provides a resource, a
nest site, and care of the eggs, female choice is expected
to be based on either the qualities of the nest and/or the
male (Emlen and Oring 1977). Preliminary observations
indicated male nest sites to be similar qu.ulitatively and

quantitatively. In addition, .in the previous section of

« . . i
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this _st,(:&it/vuﬁ/?ound that adult shannies probably migrate
offshore during winter and return inshore to spawning areas
in spring. Thus, return appearance to spawning areas may
indicate male qudTity and subsequently, play an important
role in male spawning success. Using both laboratory and
field observations I addrgssed the following questions: 1)
Is female choice influenced by the quality of the male
(size, a.qgression, or iarior residency)?; and 2) What are'the

mechanisms of female choice?




2.2. Methods

2.2.1. Laboratory Experiments

Three experiments were performed during May - July 1986
and 1987 to examine the influences of male size, male
aggression, and male prior residency on f’emale choi_ce.
General grox.oggl

All fish were collected by SCUBA in April and May 1986
and 1987 from’Portugal Cove, Newfoundland. Prior to testing
all males and females were kept in a holding aguarium (90 X
70 X 40 cm; 252 1) wigh water temperature maintained at 3.0-

. 4.0°C. Males and females were separated in the aquarium by
a- ﬁesh partition to avoid, any _male/female physical
interaction before testing. 7 2 I

The experimént;s were performed in two aquaria of equal
size (150 X 100 X 80 cm; 1200 1). Both the holding and
experimental aguaria were placed inla blackened room with
reversed photoperiod (see Section 1.2.1.). Dusk and dawn (1
hour each ) were simulated by a 25W frosted bulb, located
centrally above each aquarium. Day was simulated by two 60W

! tubes, 1 the ceiling of the room. Three

25W_red bulbs evenly placed above each of the aguarium
enabled observations to be made during the simulated dark
hours (See section 1.2.1.). Each experimental aquariumA was

covered on four sides with black plastic to minimize
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external light and observer disturbance with three flaps
one side to permit observations. Substrate and crevice
sites vere identical to those described in Section 1.2.1.
except each agquarium contained 3 crevice sites.
Observations of fish in the experimental aquaria were made
for 1 hr between 0900 and 1200 and between 1400 and 1700.
The first observation period durinq the reversed photoperiod
(0900 -'1200) was “chosen because it is the initial period of
.siMulated darkness and aptivity. In additipn, spawning has
been shown to occur during dim peribds -in the laboratory
(Green et al. 1988). The second recording session (1400~
1700) was chosen because it corresponds to midnight - 2 am,
which. Goff and Green (1978) found to bé a period of\peak
activity in the field. In each experiment the all-
océurrence technique was used (Lehner 1979). ’

At dusk of day_l, three- males were selected from the
holding aquarium ‘and introdficed into each experimental
agquarium. ‘Initial responses of the males and their movement
in the aquarium during 30 ‘min by each malg was noted.
Males were allowed to acc}imatize for 24 hr before twice
daily ‘cbservatiox{s began. Water temperature and initial
positioning of each male within the aquarium was noted at
the onset of each recording session. During each session
all aggressive encounters were described as in’section’
1.2.1., with the addition of maximum distance which elicited
an aggressive response. ’
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On day 3, a gravid female from the holding aquarium was
selected, measured (total length) and introduced into the
observation aguarium at dusk. Initial female and male
responses were recorded. Observations were pex"fomed for
1 hr between 0900 and 1200 and between 1400 and 1700.
Male/male interactions and’female/male encounters werg
recorded as well as the number and duration of female visits
to males and their nest sites, ;nd .the males' responses to
the visits. A visit was defined as the presence of the
female in a nmale's nest site for at least 10 sec. This
protocol was followed until the female spawned or until five
days had elapsed. If a spawning occurred during the
observation period, the duration of the spauning, the
spawning partner, and all spawning activities were
described. After spawning the female and eggs were removed
from the aquarium. Egg volume was -determined by measuring

the length, width, and depth of the mass (see fleld

observations 2.2.2.). The numbers of eggs were also
counted. All males were removed from the aquarium and
- > :

measured (total length). All nest sites were removed and

scrubhéd and the gravel thoroughly mixed to remove‘any
'spawning scents' to minimiz; any pheromonal bias. for the
next run of an 'experiment. If no spawning occurred the
female was x:ewnavetd and placed in a separate holding tank and
not used again for, any choice experiments. The males and

nests were treated in the same manner as when a spawning
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occurred. Three males were used for three runs of an

experiment.

Experiment 1 .

This experiment tested the prediction that male size
influénces female choice. Three males . of different size
classes, small (9.0 -~ 10.0 cm), medium (10.5 - 11.5 cm), and
large (>12.0 cm), were placed in an experimental aquarium
containing three similar sized aff\positioned nest site¢s
thus nest quality was held constant. Each crevice was
positioned in the aquarium so that one side of the crevice
was adj’acént to an aquarium wall. Intensity and duration of
all aggressive encounters were recorded before and after the
introduction of the female. Male size was compared to
spawning success. Aggression parameters were then analyzed
between successful (indivi;:luals that spawned) and
unsuccessful males (individuals that did not spawn) using a
nonparametric Mann Whitney test. In addition, number and

durations’ of female visits were sful

and unsuccessful males using a nonparametric Mann Whitney

test. A Mann Whitney test was used since males wex;e

ized as ful (1) or ul (0). Level
of significance wag 0.05.
This experiment tested the prediction that male

behaviour (aggression) influenced female choice. Three
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males of similar length (+ 0.2 cm) were ‘placed in an
aquarium containing three similar-sized and positioned
crevices; thus, male size and nest gquality were held
constant (similar crevices as described in experiment 1).
Male/male and male/female ‘1nterac@s were recorded as in
experiment 1. Statistical analyses were as previously
Qescribed for experiment 1. g
Experiment 3

This ‘experiment tested the prediction that prior
residency influenced femal; choice. One male was placed in
the aquarium 48 hours prior to the introduction of the
remaining two similarly-sized males (‘t (;.2cm). Eéch male,.
had one opp?:rtunity to be the prior resident in a total of
three runs. Similar crevices or nest sites were avéila}:le
to the males (as previously described). Statistical
analyses were as pr;aviously described for in experiment 1.
In addition, nest acquisition with respect to- male prior

residency was examined.

2.2.2. Field Observations

At least once per ‘week during late April, HMay, and
June 1986 and 1987, the Bellevue transect was searched at

Qusk for the presence of fish and egg masses. If an egg
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mass was found an estimate of edg number \was obtained; (from
lab experiments a regression of egg mass volume and _ew
number was used to extrapolate field egg number from egg
volume) . Male spawning success was determined by the number
of egg batches, the number of eggs, and the temporal
appéarance of egg batches. These were then correlated with
male size, crevice substrate, and fish appearande on the
transect. »

In order to test the prediction that.the most
aggressive males would receive the most matihqs, a
presentation experiment was performed. A model male
intruder was constructed (previously described in Section

1.2.2.) and wa%s presented to five males on the transect at

Bellevue éuring the pre tive, the r tive, and

the post-reproductive periocds -(as defined in section
1.2.1.). The number of responses and the mean distance
of the response to the model were con-‘e"lLteii with male size.
The presentation was always made during the late afternoon
or dusk to eliminate daily v\ariation in responses.  In both
laboratory and field observations, male aggression, size,
activity, and prir;»r residency were compared with male

spawning success.




2.3. RESULTS

Bg{ore presenting the results of ‘the mate choice
expeXiments four observational, non-quantifiable points
should be mentioned. Firstly, when gravid females were
int¥oduced into an aquarium with the three males, no
immediate aggression was observe;i. ¥ ono male/'femal::;
aggressive encounters were observed. When fenales
approached and entered nest sites; no aggressive posturés
were displayed®by either sex. Only male/male aggressive
encounters were observed.’ ¢

se;&dly; on only one occasion uaé spawning observéd.
on all other occasions (16), spawning occnr.rad aht dawn or
dusk when observations were not perfomed‘. In the observed
spawning, both the male and the female participated in
abdomen and gonadalpore rubbing (Gr!en et al. 1988; pers.
obs.). Once the eggs were extruded by the female, the male
proceeded to wrap his bcdy’ aroundAthe\eggs to form the eggs
into a compact mass. .

“ Thirdly, in the prior residency experiment, no exchange
of nest sites occurred regardless of which individual was
thes prior resident. Th&s should have been expectea since
nest site quality was held lccnstant. Hence, no nest site
bias was apparent.

: Fcu;thly, in the field, all adults were tdi(md among ;}le
boulders. only juvenile shan;lies were fourid among the

‘
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.pebbles, small rocks, and mussel shells. There appeared to
be no substrate’ quality difference among the adults.

2.3.1. Laboratdyy Observations e

The three mate chcice_ expg{-iments were performed during
the 1986 and 1987 reproductive seasons.. Each,exper‘imentﬂ_
Aconsisted of trials which.were ohsetva_tj.ions on three males
and one introduced’ female and runs which ‘consisted of
several Eri‘al) with' the sang. three males used in’ each.
trial. Sevenfeen spawnings occurred during the experiments.
A summary of all fish usgd in each tzj‘ial in all runs for all
three_ experiments is’_ found in Appendix 5. For statistical
purposes all trials of each experiment were combined and
comparisons were made between successful m;ies (those' which
spaﬂned) and unsuccessful males. Discrete classification of
males was pnss)':bie since one male in all trials of a run
received all the spawnings in ‘all experiments. It should be
noted that female size, relative to male size, could not be
controlled since it was necessary; to select the most gravid
female fo‘r each trials%to maximize the number of runs .and .

trials in a reproductive season.

Experiment 1 G

A
In this experiment a total of six males and. five
females were tested. The largest male in each run received
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all six spawnings (3 and 2 each). These successful males
had significantly more aggressive encounters (Mann Whitney;
U= 21.5, &f= 1,2, p<0.05; Figure 11) which weré longer (U=
31.5, df= 1,2, p<0.05; Figure 1'2), and more intense (U=
30.5, df= 1,2, p<0.05; Figure 13) than the four unsuccessful
males. sﬁccessful .males also had a significantly greatér
meximum distance of response (U= 21.5, df= 1,2, p<0.05:,
Figure 14), and spent sj‘.qnilfica_ntly more time out of their:
crew‘lices (U= 13.0, df= 1,2, p<0.05; Figure 15) -th_an
unsuccessful males. » '

In all ‘trials the intxcduz;ed female visited each
“experimental male at least onte before spawning. However,
successful males réceived significantly more and longer
visits by the female than unsuccessful males (U= 36.5,
df=1,2,‘ p<0.05; U= 46.4, df= 1,2, p<0.05; Figure 16 and 17,
respectively)}. Thus, the female v.isn:))d most often and for
longer periods of time, the male with whom she e\!entually
spawned. The results for this expex:iment; were so consistent
and conc])ﬁsive that only two r\;nsyw_ere performed.

Experiment: 2 %

In‘_this experiment a total of 9 males and 9 females
were tested. Three runs were performed because the
differences in the levels Bf aaqreasion among males was not
as distinct as in the previous experiment. Also, during six
" of t;he eight #¥ials p;rfomed; four 't? five days elapsed

/
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ul vs 1 males in the mean

Figure 11:
[ B ‘ number of aggressive encounters per observation
period -in all three laboratory ex’pe.r.iments.

r Standard exrors denoted by _vertical bars.

ul’ and ul males defined in

text.
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Figure 12: g 1 vs ul males in the mean
’
duration (sec) of aggressive encounters of all

- three laboratory experiments. Standard errors

“ denoted by vertical bars. Successful and
* d » unsuccessful males defined in text. &
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Figure 13:
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Figure 14:

ul vs 1 males in the mean

distance.‘response per aggressive encounter in
all three laboratory experiments. Standard
errors denoted by vertical bars. Successful and

unsucce%sful males defined in text.
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Figure 15:

ful vs ul maleés in the.mean

time spent out of crevice sites per observation
period in all three laboratory experiments.
Standard errors denoted by vertical bars.

ful and ul males defined in

text.
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Figure 16:

Comparison of the number of visits between

success vs unsuccessful males in all three

laboratory experiments. Standard errors denoted

ul and 1

by vertical bars.-

males defined in text.

>




g k4
ININRIAXA

ANNRIEIX3 » )

L
BLELEER) €]

STV N4SSIOONSNN EXA
, SV IN4SS300NS [

—0l

QOI¥3d NOILVAY3SE0
/SLSIA 40 ¥38NNN NY3IN

7

I




S5 g
. .
3 ' I
L4 - LI
5 % - I
v
.
. ' i
N
Figure 17: : Comparison 'of\ the duration of female visits . o
i } Lo O s
2 1 and ul males in all
. three experiments. Standard errors denoted by .
vertical. bars. ul
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. between 1ntroduct10n of ‘the female and spawning. 'rfus is
in contrast to Experiment 1 in whmh five of the six triu)s
spayning took place betore three days had elapsed. Overall,
successful males: had signi ic‘a’ntly_ .more ‘aqgre_ss *v; -

B enzf*‘ters '(u=‘5o.o, p<D\05. Flure 11) which weFe longer .

«(

P20.0

%6.3, p<0.05; Figue 12), and Tore intense (U= 24.5,

" Figure 13), than 1 males. - ul .

. males had a greater maximum distance response ‘(U= 42.0,
P<0.05; Figure 14), and spent significantly more time out of -
their crevices (U= 31:5, p<0.05; Figure 15) than

. o BN

v unsuccessful males. . =

In all_trials the most aggressive mag determine}\ : f‘
: bythe Widhest ‘values iov the. Meusires L aHGEesELoN. WaE
successful in rece).vxng all the spawm.nqs in all the trials. s
" The female visited a1l males at least once during the trial.
However, in this experiment,» d._\fferences between the .
spawnii‘lg and nun-spawn{nq males in the number and ﬁuraf;ion
of female visits were not as distinct. . One successful male
ha()si‘gn"ificantly more visits than both othdY-males (U=35.‘3,

i L4
% © p<0.05; U= 29.5, p<0 +05), but only longer in duration than -

one other male (Uv 27.5 , p<0.05). ‘One successful male had

langer visits tham both other males (U= 30.5, p<0.05; U= '
w

25.6,p<0.05), hut:wonly more in number than one other, male

(N (i\]— 25.8, p<0.05). " In run 3, the successful male had hore
visits than one other male (U= 30.7, p<0.05), and longer

" ’
visits than the 'other male (U= 35.5, p<0.05).

. ’ L 66 : o




. [
Naverthelese, as a group, ,sucéessful’ males recexved

L3
signiﬂcantly ‘more and lonqez visits than unsuccessful males

(U= 38.5, p<0.05; U= 35.9, p<0.05; Figure <16_ and 17,

respectively) .

- . ¥
Experiment - - N = ©

In this Experiment a total of thrke males nd” three ’

females were tes\:ed. Due to the declinfhg number of qravid‘

females in "the 1937 reproductive season, cnly\ ofie run with

three trials was _performied. In each trial, each male had

on&@pportunity to be the "prior‘:ﬁ‘sldent" y
residency étatus, one male had signlflcantly more . aggressxve

ehcounters (U= 21.0, p<0.05; Figure '11) ‘which were ' longer
: B i e H Do e

‘(U= 29.1, p<0.05; Figure 12)% and moff ‘intenge. (U= 24. 1,

P<0.05; Figure 13) than both the other males. This male also

had a greater { di tance- ré s (U- 20 0, p<0.0

~
Figare 14), and spent signlfiaantly moxe time\ out off his
crevice (Uu .30.0,'p<0. 05- 'Flgure 15), than both othex males.‘

These rélationships between males did- not’ change regardless

) .of which male was pliced in the tank prior to the other t;,m,

males. L4

The successful male had significantly more%visits by

_the female (U=>35.5, p<0.05; Figure 16), which were fonqer-

(U= 28,5, p<0,05; Figure 17), than those of the two a‘ther

maleé’. However, ' each male was visited, by 'the female at

‘ least once during a trial. One male received all three

67
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‘ spawnings in this trial. - : . F e

2.3.2. Field Opservations
i ¢

.
- The positions of all males, egg masses, and females

.,

N
.a@leng the r.ransect in 1986 and 1987 are shown in Figures 7
and 8. The data from the 1986 and 1937 reproductive seasons

wére pooled for analyses unless otherwise stated.

Appearanc‘ alcng the. trardsect was not correlated with size :

regardless of sax (° & g r—o 13; N= 42, p=0.12; 9 r—o 28,

»

TN=23, p=0. 33 9 r=0. 11, N= 20, p—o 10). Hence, appearunce at "~

the spawn:mq areas was not size dependent. » l-[owever,< it
L

should be notsd tqat the e:ansect-was only surveyed~ once per
* weak dufing the - spawning season and the return of ‘all fish

tonk Place dunng a span uf three weeks. The sampling

schedule may nct have been sensitive mevalnate

these trends. g4 L.

’i‘hrough counts of the number of eggs . from egy batches

_"'Wspawned in the laboratory.' the folldwinq relationship was

developed between egg batch volume and the number of eggs ip_

- a batchy

v . . )
Egg number: = 88.401 + 65.21 * (Volume of batch)

. oo . A 8 ® =

* (r=0.87, “N=17," p=0.03).. Subsequently, from measurinq"égq

+




‘egg batches (r=0'67, ¢N='23,
eggs in the nest (r—o 84,
large mal

1975).

batd‘h dimansd.ons in’ the tield the number, of ‘eggs per batch .

couh  be estimated. I buth 2986 ana 1987 there_was

siqniticant vana‘tion in male spauninq-succsss }s det\\emined

) by both the number pf egg batches per male (1986, X2=;20 01

N=13, p<0.05; 1987, X% /1971, u-lo,, p<0,05} comparad to

poisson distributiem, and by the numher of egqs per male

\
(1986, X2= 41.36, N=13, P<0: 057 .1957, 2= 54.31, 1{— 10,

p<6.05). . Male size was not corxelated ‘'with the numb‘er of

p—o 11). However, male sJ.ze was

; significantly positxvely correlated with the total number of A

'N= 23, p<0.01). The larqest males

cbtained the larqeat number of eggs. This sugqest:s ‘that

are spawninq with ‘large females since_ femal,e,

fecundity is dependent on fema].e size (LeDrew and *Green

'l'emporal appearance on -the transec!: was neither

rrelated

1986

significantly ith £y gt gt \ h -

NEZ‘.ST
p=0.45), \nor with the nulnber ot eggs-'per nest (r=0 41, N=23,
p=0.12) . Once again, the sampling of the appearance of fish
on the transect ,may not have been 'saisig:ive enough ‘to pick
since a 1d- spawning

up the trend. Also,

ture
of 4.0 C is needed (Lebrew and ,Green 1978% pers. obs.),
these whach return early cannot spawn.

Appearance of eqq masses ‘during the repruductlve season

was significaptly, correlated with male total length only in

(r=0.69, 'N=13, p=0%05). This correlation might -

69 | ..
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* indicate males which receive more eggs spawn earlier during

the reproductive season. Since male size was also

" correlated with spawning success it might. suggest large

males are spawninq earlier and. receiving ‘nore eggs as

ccmp/ared to small males. ” ‘i‘his curralation was not evident
in 1987. A more compressed spawning season may have altered
the fmdlnq in- 1987. Sea temperatures d’id not warm up to |

4.0%C until late May 1987, and took only 10 days to warm to

5 0 C (Figure 18) rate sea t

may not have occurred qradually enough for\the sequénce of
spawning to occur. . . By " j R e

~Male to\:al 1ength was tound to be poeitively ‘correlated
with the mean numher of responsa to; the ‘model 1ntruder (r=
p<0.03;

‘the model intruder (r=

0.78, N=10, Figure 19) ‘and the mean distance of

responses £ 088, .N=1’0, p<0.05;

~Figure 20) during the pre- and reproductive petiods (April-

-July). _The post-reproductive’ period was -not included in
this redressidn sirice durinq this time there, was essentially‘
“ no response to the ‘model intrudér by éither sex, regardless

of size (See Chapter 1). E'urthemqre, for at least half of

3

the post—repruductive period f{ﬁh were not. px‘esent on the

transect (See chapter 1)

. In eummary, field results indicatetlarge mal\s\ar\e more

aggressive and receive more eggs in total, than small males‘
. ) 5 3 e
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_Figure 18: Water températures dui‘ing the 1986 and 1987

spawning seasons at -Béllews, Trinity Bay.

.
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2.4. DISC/U\SSION
When nales provide resources, females, when sélecting a =

mate, should be influenced ‘by the quality of the resource

.v ! o and by the quality ~of the dst‘ending male (Emlen’ and orxng

1977). This choice will lead torvartancs lins mating ‘succéss

in the sex heing chosen (Trivers 1972). .

Among marine, territorial egg-glarders mating success

' has been studied in .-the damselfish, ‘triplefin,, and +the
lumpfish: In all species there was considerable varie}t{an
in mating success (Schmale 19817 Thresher ‘and Moyer 1983;
Goulet et al. 19863 Thorpson 1986). The present léb.ora(:ory.

- and field study indicates significant variation in male

nating sucéess in the radiated shann);, U.’ subbifurcata. ;

Since famales travel to male territones to spawn, much of \

this var;abiot‘ ay bé qenerated by femaI?prefqrence. vrrhe i

quastion of whNch male characteri‘stxcs contx‘lbute to mating

success becomes of interest.
- In the present study, in both laborator\r and field
A, experin\ents, large males gbtain more eggs per reproductlve

p’eriod than Amall males: Moreover,. large males are more

iggressive than small males. Note that age and grcwth were

not separatad as cgmpenents of size in” thxs study. Male g

£ J mating sSuccess. has <praviously been sﬁown to be corre].ated
with male size in t:ha mottlad sculpin (Downhcwer and ‘Brown
1980), Brown 1981), ehe pichlid, ichlgsoma ;g ofasciatum, i

E ¢ 74
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(Ngonan 1983; Keenleyside et 'al. 1985), the damselfish,
. - | 2
patritus (Schmale .

Glyphi EY and

© 1981; Thresher _and Moyer 19833, and the triplefin,

_Forsterygion varium, (Thompson 1986). Malé mating success
v g

has been’ shown to be correlated with male aggressiveness in

_tK\e johnny darter, Etheostoma nigrum’ (Grant and Colgan

1983) . =
Both 1aboratory and field results suggest that prior
residency - is’ unmpan:anc in .female mate choice in' the

radiated shannyx 'x‘hus,- returning nn\i?sﬁnrg nesting areas

& “girat’ “does npt 1mply i spawnigg, cess’ in the

.

'reproductive . parlod. . fnis s nct surpxis:mg - because ¢

xeturninq to nesting areas' first, when water tempsraturas

J

are not yet wax"m e;mugh tc\' spawn, ' may only allow’ choice.of

“crevice sites. “In the field, crevice/qest quality did not

¢
appear! importana ,in female ' mate. preference. Also, f‘oi-\
ma}es,. it does¢not “appear thereis a; sequence to returning
to the study site ba:ad on‘ size' or aggr‘éssiveness.
‘However, there may be a hierarchial order to spawning bgs.ed
on male size. , Large males spawned earlier than small males
in 1986. The more ccmpressed 1987 reproduc\tiire season may
have elimxnated this sequence by reducing ‘the available-

spawnmq time for all shafnnies. . '

Why do females choose large, aggressive males? Howard

(1978a) . described two type? of male quanty: 1)

. charaétetisties, such as - parental care,; that providg




im.madi;tp q;in; to the female in terms of her offsprings’
surviva1~ and 2) phenatypic markers of qahetic quality that
may. arfect the fitness of heﬁ ottspring (i. e. body size as’
an indicator of survival or cm\ﬁtxve ability- ‘McCauley
and Wade 1978). Additive genetic vaxiAnce for male quality
may be ra‘p;dly ‘sglect;d out of a populatidn in a polygynous
species; so fem‘ales may not be able to assess type 2 male
attributes (Maynard spith 1978; Thornhill 1979). Genetic
quality oé'the male may therefore, be less important in
influencing male cho;ce than factors which direotly affect
‘the survival of .the ~females' offspring. ’l‘hei;efore,’ femi?le
U. ,subbifurcata - may prefer iarge and - aggressive males if
the ia\tter are more effective egg‘guardians. The fact that
lnr’t.;et males makeﬁbetter egg guardians \under‘;i‘es female mate
‘prefarenén: in _mt‘xt:tlgd{sculpins (Brown 1981), and some
cichlids (Keenleyside et al. 1985). Grant and.Colgan (1983)
in a study on the johnny darter ‘discovered’that by choosjng
a more aggressive male (one with @ high maximum distance
response) females increased their fitness bgcause males with
a high maximum distance response ‘to ‘females were better\,abie
‘to defend their eggs. Consequently, female U. subbifurcata

may choose large aggressive males to enhance survival of her

i ive i and g incluslve fitness.

w Although females in this system choose the largest,

. most ive male, it size is a less ambiguous

cue than is aggressiveness. .Both male size and aggression




" . . o
can be assessed by t‘?e femalé using size alone since male

size was found: to ' be positively cofrelated with male
aggression. Also, in the laboratorywe;rp.erimants, it took
females longer to spawn when introduced to three males of
similar size than when intzuducéd to_three different sized
males. 'Ne‘lTrthéless, females are able to assess male
aggression alone. Although it did take more tlme, females
choose the most aggressive male when presented with three
males of similar size in thé laboratory experiments. Hence,
both mdle size and aggression nust bé evaluated by the
female. \

How do females assess male. quality?  Unlike the
majority of intertidal fishes described to date, hto obvious.
courtship. has been  recorded for u subbifurcata (Green et

“al. 1988y pers. .obs.). It is highly unlikely that visual’

cues are important since the nocturnal habits of the shanny
would reduce the efficb'iency of - visual' displays.’ In
addition, the radiated shanny does not-spawn in a ma'nnar‘
which wculd allow for female observations of male/male
competition. All male competitioh occurs prior to Lpawning
regardless of femal® presence. Also, females cannot assess
male ' aggressiveness ' by instigating an encounter with a
potentidl spawning partntr since’ males do not showv
aggression - to females durinq the reproductive period.
Consem}ently, the’ femalb cannot assess male agqrassivaness

visuauy. Apart from visual cues, females may be able to
‘




assesg male aggr'assive.ne\ss by pheromones. Correlational
studies  combined wli.th traditional removal and replacement
. = experiments. have confirmed the involvement of the endocrine,
system in the regulation of reprodugtive behaviour in fish
(Liley et al. 1987). Furthe’i::‘ sex pheromones have been
known to be released as a result of the reproductive or
behavioural state of a fish (Stacey et al. 1987). Recent
studies haye demonstrated that the use of pheromones of
blenn&id Exshes is common (beson 1982). If increases in the

level of aggressiun in male shannies were associated with

inc;eases in levels of pheromo}lgs —females could asseséqzle
ag\gres‘sf.venessn Fenmale 'ch‘oica would then be "error-proof"
. ’ - \eﬂnee there are ro mecf:anisms whei-eby 'males can ‘alter their,
physioloqy and endocrine system to, fool females.. ‘Large‘
smales which ware'not aggressive could not deceive females

.. into spawning. ~ Hence, this. strategy would be an

evolutionary s(&able strategy .(Ess',: ‘Maynard . Smith 1978).

Further work is necessary to evaiuate the impor_t‘ance'cf
pheromones in mate choice m t:his species. * » .

i . i Although female choice exists in. the radiated shanny,
= thanry would also.predict some male mate choice since male
g_'_‘) ' investment goes beyond ga?a\ete production to nest 'guardinq
and paréntal care of the offépring .(Trivers 1972). - By the

, fact that femahlésA are monogamous, and are reproduqt;lvely
- spent after -one spaﬁning, a mating mistake cen affect;t,he’

- d ’ 'season's entire tebroductive success. ° Alternatively,




'spawning with large females. However, large ina_les are not

- females, because théy yield more eggs per unit risk to eggs:

bepcause nmales are poiygynous, one “bat‘i‘ mating" will not
affect the season's’ reproductive success. Consequently, it
might be expected that males attempt to increase their
mating s\m::ess by maximizing‘ the number of spawnings.
However, because male tptal length was, found _}:o be
positively, correlated with the-number of, egés in the nest, _

and not the number of batches, suggests that’large.malas dre

ol.:taininq mo'r‘e batches than small males. It would appear
large —mgles. are obtaiﬁing hi’gh"numbers of eggs 'hiimaéing
with large females since female fecundity is dependent on
female total length (I.eDrew and Green 1975).

¥ The snnplest explanation Eor why male shannies “may \

ptefer larger !emalg is that they attempt to maximize the

numbervcf eggs _ they oBtain per unit time during tha

repxoductive period. Thxs will be pnrtiuularly important if

tqare is a foraging cost associated with egg gquarding

resulting .in significant weight loss (Coleman et al. 1985).

Male shamjies should attempt to maximize theif rate of
obtaining eggs. However, there are’altaqnative explanations .
for male preference/for large females. If female shannies

cannibalize egzjs already in- the nest and ’t:he*qF impact on

n.

egg predation. is not size .dependent,” m'al‘es may prefer larger *

already present.  Loiselle (1982) .suggests that this 3

explains male preference for larger E*ales in the pupfish,




- . cverinodon macularius gcalforniensis. Another explanation
is, if there is a significant cost to male ejaculation (e.g.
Nakatsuru and Kramer 1982), males s‘ho\g].d prefer larger
fe*nales, sir;ca the latter will provide more .eggs per
ejaculate. However,' since - females also pre‘ T to spawn
with large- males , one should expsct spawning partners i;1 . %Y

the wild to be of similar size (i.e. ‘positive assortative,
‘mating) . w: q

7 The mechanisms of choice are poorly documented in the
literature. Traditional mate choice studies have discovered
male -traits ‘which influence femaie choice ™ through
correlational ~studies of. male matinq success a‘nd male

cha'i;uqte:iai:ics. The female and mechanisms of female choice

" have eitligr been unidentified. or ignored.  The present study
A -showed ‘that. although ma}e/ma;e competition occurs, females
“actively examined males .and nest sites through visits and
.chose the largest and most aggressive males in 1$bcr$tory
a)_(ps_rimer{ts. The order of vigits were ducumer;ted, but the . (

qamﬁle sizes per observation period were too small to

determine. any statistical pattern to the visits. Brown
. o @ = .
©(1981) devised a cdmputer . sinulation model to examine the

mechanisms of choice. Results of the computgs\ gimulation of

- female choige in which temales mated with a mate who was
largar than or equallto the 'last male encountered are
P . consistent with many’ of the  observed patterns of male

T spawning success. Brown (1981) assumed females  only

80 . Bow g




remember the qualities of the last male enco\untareq .when

evaluating a potential spawning partner.  Observations on

the radiated* shanny cud' not show such a simple pattern.

Females vislted males more than once and could have

evaluated the quality of three males. Further, a pattern of

one male ‘bging used as a reference would have been observed
as one male being visited every second visit. This pattern
was- ' not ' seen in the radiated shanny. . It would be

interesting to extend the mate choice expariments in, this

study by. cnntinually adding one male to an experiment and .

“determining at what number” . of males, females are no 1onger

able- to visit all experimental males.

- In summary, fémals g. ﬂmmﬁ choose large’,
aggress;ve males which presumably .make bettsr egg guardians

and suhsequenf;ly increase survival of offspring. Females

actively ylsit males and their nests before spawning.

Phercmunél cues for flmale choice, althcugh_ speculative,

seem highly likely in this hocturnal fish. Finally, males

also choose large females which results in‘obs_ervecf positive

assortative mating. i - :




their crevice sites and moved offshore. : 5 1

s - . . .
s 8
4. sumdry
¥ . 5 A
In the laboratory, Ulvaria subbifurcata maintained

exclusive use of a. crevice site for 12 months, with no
creVice ‘sharing or switching. Hence, the crevice slte can
be considered a territory. From late ‘P‘larch to early
November, at the "study site in Bellevue, Trmit?y Bay, adult
shannies ‘had exclusive ‘use‘ of a ‘crevice site which’ v;as

actively defended. However, in yinter, adult shannies left

The function or territoriality in the radiated shann;
can be ascribed to shelter and reproduc‘:ion. o shelteé‘ J.S\
particulary important for small intertidal fishes which are’
incapable of sustained swimming. \T,erritorxality for
reproduction 1n‘fema1‘e x:sdiated shannies e;pears‘secondary
tq shelter. : During. the reﬁroductive peri:;d females search
‘for males ' and déposit eggs in the males' territory.

Copseguently, shelter from predators during the spawning

.périod is essential. Territm[lality in male radiated

shannies’ is essential “for reproduct:.on as it allovs males a
1acation to spuwn and guard eggs. %y E .

Aggression in both sexes of the radiated shanny appears
to . impgrtant for terrltorlality and rep;pductian.

Aggression began to 1ncx’ease during the pre-reproductwe

_period (March - April) and peaked ruing the reproductive

period -(May - July) for both sexes. A proportion of the
82 ) " . )
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increase in aggression in the bre—reproductive period can be
attributed to territory esta‘blishmant in  the field.
However, the fact that the increase is also recorded in the
laboratory sugg&gts that increased GSI and hormonal levels
during the reproductive period could be a proximate cause,
fér- the increase .in aggression. « Hence, aggression is
important in the reproductive behaviour of the radiated
shanny . | . -

More specifically, aqgressiér; appears to play‘ +an
important role in mate choice in !ﬂl&ﬂﬂﬂhﬂﬂm&j In
both laboratory and field observation there was variation in
male Epawning success. The laxqest am ‘most aqgressive.
'_males received the most eggs pey neproductive season. As
‘well, the largest and most agqressive males may be receiving

their eggs earlier in the season than small less aggressive
males. Although, males coﬁ\pete.amqnqst tt‘xems‘eives through
.aqqrgssl.ve encounters (intrasexﬁal selection) females
activelly exal;nined males and nest sites through nest
visitations and chose the largest and most aggressive males
. (intérsexual selec-\‘:ion') - )
In' summary, aggression in U., M appears to
play an important role in territorialjty and sexual

selection, two important aspects of sociability.
<
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Appendix 1: Glossary of the agonistic Lb\Ps displayed by adult
Ulvaria subbifurcata .

’ Frontal msp1ay-

Gape:

oOpercular Flare:

Dorsal Fin
Erection:

(Green st al. 1988)

»

Approach: A MAP in which one fish orients to and either
. swims slowly towards or "walks" (using pectoral
- fins) towards another fish.

Lunge: A rapid forward movement of one fish towards
another. The caudal and pectoral -fins are used in
this MAP.

Bite: . A contacting MAP where one fish closes its jaw on

& © another fish.

Back-up: A backward movement where fhe fish uses the™
pectoral fins and reversefpropagation of an
anquilliform wave.

Klee: Rapid swunming ot one fish away from another
fish. ¢

Chase: Rapid swimlng of one fish after a ﬂeexng fish.

A display MAP in which the d1sp1ayinq
fish'is oriented towards another fish

with the mouth open.

opercula would be extended..

A display MAP associated with Gape.

While oriented towards another fish, the

displaying fish would extend the
opercula. This MAP, as well as Gape,

was obse{ved to be performed at various
es as indicated by the degree

of opercular extension and mouth Gape.

intense .Gape and Opercular

intensit

In the mo:

Occasionally the

Flare, thé mouyth would be open to its

maximum and the opercula extended so
that the brachiostigals could be seen.

A display MAP in which the dorsal f£im

rays are at an angle of approximately 90

to the longitudinal axis of the body,

causing the. dorsal £in spot to assume a

circular shape.
93
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APPENDIX 1 (con't)
Dorsal Fin Flap:

Dorsal Fin Wave:
) K
Pectoral F{r Fan:

Shake:

Turn Away:

A display MAP in which the dorsal fin
¢les flat on either the right or left
side of the¥fish. .

-A display MAP in which the position of

the dorsal fin is similar to that in the.
Dorsal Fin Flap except that the fin is
moved from the leading edge postenorly
using wave propagation.

“a display MAP which involves a rapid

lateral’ dorsal to ventral quivering
motion of the pectoral fin.
S

A display MAP in which the posterior end
of. the displaying fish's body is curved
sharply to either the left or right and
straightened quickly. ‘This causes.a
jerkinq motion which may or. may not
result in forward movement.

" A MAP which occurs_ when “two fish are

orienting towards one anather and. one

. fish'moves its head to the riqht or
left. .

N "
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Appendix 2:

Growth,. change in total length (TL, cm), of

@ all fish throughout year and yearly means of

all aggressive measures for. each fish used in

a multiple regression and correlation matrix

. ‘of variables in regression.
FISH SEX TL TL TL X AGG  x/INT x DUR x TSN
START END DIFF 3

: Y

2 F 8.3 8.4 0.1 0.09 1.00 4.67 3.54°%
s (0.01). (0.00) (0.03) (0.38)

2 F 8.6 8.6 0.0 1:50 7.96 4.41
< (o oz) (0.35) (3.14) (0.43)

a M 8.1 8.2 0.1 0.20 2.50 14.27 4.84
4 (0.05) (===) (%=--) (0.47)

4 M 8.4 8.7{ 0.3 0.40 1.90 7.68 7.11
o (0.20) (0.21). (1.57) .(0+56)

5 F 10.1,16.1 0.0 1.50 , 13.26 10.30
(o,oz) (0.35) (6.96) (0.64)

) '

6 F- 9.6 9.9 0.3 .00 4.58 0.71
. 4 . (o 04) (1 00). (4.58) (7.11)

7 M 10.1 10.2 0.1 0.25. 1.63 7.05 8.37
. o ¥ (0.03) (0.24) (1.28) (0.49)
8 M 10.2 10.4 0.2 ©9.75  1.52  18.38  13.20
A o (0.06) (0.05) (2.02) (0.64)

9 F 9.0 9.6 0.6 1.00  10.80 5.81
(o 03)~ (0.00) (1.06) (0.13)

10 u 8.7 9.5 0.8 1.11  23.06 5.69
] o (o 01) (0.04) (0.69) (0.12)

11 M 8.7 9.4 0.7 0.31 = 1.43 21.24 7.98
. *(0.01)" (0.04) (0.70) (0.14)

+

12° Fe 11.6 13.0 1.4 1.00 24.57 7.02
p (o oo) (0.00) (3.01) (0.13)

1‘3 F 11.4 12.0 1.4 1.00 22 03 \ 8.43
(0.01) (0.06)  (1.02) ‘(0.14)

14 M“ 11.0 12.8 1.8 0. 1.73 29.03 10.03
$ (0. 06) (_o 03).(0.63) " (0.15)
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APPENDIX 2 (Con't): "
CORRELATION MATRIX:

TOTAG ,INT DUR TSN
GROWTH 0.19 0.02
SEX 0.67 0.60
TOTAG 1.00 0.43
INT 0.43 1.00
DUR - 0.35 0.14
0.79 0.21

' AGG= number of dggressive encounters; INT= intensity of
aggressive encounters; - ‘'DUR= duration :(sec) of aggressive

encounters; TSN= time (min) spent out of nest.

Multiple linear regression equation:
4. GROWNH = 0.0578 * DUR - 0.2677 : :

No other variables entered as significant factors (p? 0.10)

26




;
Appendxx 3: Length and sex of fish on Bellevue transect'
during 1986 and 1987.

YEAR 1986 1987
FISH TOTAL LENGTH SEX FISH TOTAL LENGT!‘\ SEX
(cH) - (cM)

T 7.0 o is 12.0 ' ¢
2. 6.5 I 2. 10.2 g
N 8.0 Q 3. L7.9 " °
4. 14.0 a 4. 8.9 3
. 5. 7.5 d 5. 10.9 o
6. 10.5 ° 6. 8.3 o
= Te 8.0 ] 7. ;8.9 o
» 8. 8.5 9. 8. 10.1 13
. RN 10.5 o 9. 7.8 Q
10. 9.0." ‘g 10. , 7.9 o
1. 10.0 o 11. 15.1 L@
12" 13.5 9 12. 10.9 a
13. 10,5 ~g . 13. Ts1 °
14. 7.9 e 4. 8.9 3
15. 8.4 ©Q 5. ¢ 9.1 Q
16. 9.6 -2 16. .  10.1 Q
7. 10.9 o 7. 9.9 3
18.%%: 11.0 97 18. 10.9 <
19. 7.8 [ 19. 12.1 9

20. 8.8 °Q

21, 9.8 9

22. 7.9 g &
. 23. 11,0 0 .
s "
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Kppendix 4:,R?.§lﬂ‘syf activity-level counts showing number

of fish seen outside of crevice during
dusk/high tide, dusk/low tide,
afternoon/high tide, and afternoon/low

tide, at the Bellevue study site.

DUSK AFTERNOON
HIGH s,
TIDE 36 27 . i
Low
TIDE 15 8 \
. v
L]
i PRI
3 v
5
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Appendix 5:

SEASON

Summary of all males and females used in all
experiments of male choice.

RUN

MALE FEMALE

EXP. SPAWNING
(cm) (cm) PARTNER
1986 3% 1 1. 13.0 10.6 is
2. 11.9
3. 9.8
10.6 s
9.4 1
5 .
1 2 4. 12.6 9.9 4.
5. 11.8 v
6. 9.8 4
s 10.9 4.
)
1987 2 i Te 843 7.6 8.
8. 8.3 J :
9. 8.1
7.3 8.
8.1 8
5!
1)
2 10. 8.7 8.7 i
11. 8.6 “
12. 8.9
7.2 1.
’
8.5 i
.2 3 13. 15.2 7.9 13.
14. 15.0
15. 14.9
8.2 13.
= 99




- Appendix 5 (con't)

16.
17.
18.

8.7
8.5
8.6

8.7

8.6

7.

2
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