SEASONAL DYNAMICS OF SOCIAL SPACING AND
MATE CHOICE IN ULVARIA SUBBIFURCATA

TOTAL OF 10 PAGES ONLY
MAY BE XEROXED

PATRICIA JILL HAMBROOK










s

i




Ulvaria subbif

BY .

\ Gy - R
. PATRICI.A' JILL HAMBROOK, B.Sc.
L

‘MASTERS OP SCIENCE

‘A
* DEPARTMENT OF BIOLOGY
MEMORIAL UNIVERSITY . °
October 1988

st Jomn's NEWFOUNDLAND °

SEASONAL DYNAMICS OF SOCIAL SPACING AND MATE CHOICE
IN

A THESIS SUMBITTED TO THE SCHOOL OF - GRADUATE STUDIES IN
PARTIAL FULFILLMENT OF REQUIREMENTS FOR THE DEGREE OF




*'publigation

Pérmission has been granted
to the .National, Library of

. Capada - to microfilm this

thesis’ and to lend. or sell
copies of the film. »

The author (copyright owner)
has  reserved other
rights, and
neither the thesis nor
exteriive extracts from it

‘ .may ‘be printed or otherwise

reproduced without his/her
written permission.

. * 18BN 5-315-45085-7

L'autorisation a &té accordée
34 la Bibliothique nationale
du Canada de microfilmer
cette thise et de préter ou
dz vendre des oxemylaitu du
film.

L‘aut‘eur (tiCulairi'du droit
d'auteur) se réserve lea
autres droits de pubucatiom
ni la- thése ni 'de' longs
extrajts de celle-ci ne
doivent &tre imprimés ou
autrement reproduits sans son

_autorisation &crite.




'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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R ¢ s
~ . . o P
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 ( \
« . .
. ] ' -~
f . -
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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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\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
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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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