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. = water tenperature and photoperiod Aggressive levels were low for the

Y . ’ ) ( R
Laboratory experiments demonstrated that underyearling

I'd

- Stichaeus punctatus are territorial in tanks of 4050 \cm total bottom

- area or more for the periods SeptethberT to January and July through

4'August. In ‘the field territory holders won a s‘ignificant number of -
. o ‘"'- - 1 67, s

encounters with intruding fish and were observed to occupy territories

- T

: from August to November. In laboratory experiments, prior residency

was found to be a factor in the territoriality of underyearlings. '

N

Older fish were never bbserved to jstablish territories in the
t
'*" laboratory or field during the study buf appéared to show area .

affinities for a particular area of .the substrate in the field.

Underyearling aggressiveness was- influenced 5 time of. year,'

b

L
period January to June a.nd high from July to December. Photoperiod

affected the intensity df underyearling aggressiveness but not the

-seasonality of it. The aggres'sive level decreased sharply in: August

l"-

3 when the underyeari:ings completed their tirst year of benthic life. o

Older fish were less aggressive and no seasonal influences were noted

- ‘

'i'he rate of interaction between the two .age groups was low and in a]J. '

encounters between the the older fish were, always dominant. .
4 . ’

o Hnderyearlings preferred a rock.y habitat when presented with L

Mq; v

W a choice. The | Lqé:latﬂon and soci.al aspects of aggression and

o
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- to year. : A high mean number of 8 3 shsnnys per squsre metre was 4l

it survival

l

- 'polar arctic species'.. Farwell et al., (in press) desc'\ithe known o, .
’ aspects of ‘the* species' life history in the Northwest Atlantic. ~ - .. S
Spamingﬁfly occurs during/ mid‘-winter. Larval S pmctat&
~ ..' R e

oD -r AR
N The inshore populations of S. Eunctatus have varied greatly from g'ear v

e _which formed one_ .

- ._"'briefiy.i,s,tated

appear ﬂ}___he plankton in Logy Bay around the beginning of- June % I
e

K

ve

.

:r.eported in August 1972 while at; the same site in 1973 a mea\n number

ori‘a ty "and environment of' Stichaeus punctatus

. .
Ehe basic fquestions An- this enquiry.‘ Tha\xt question

) ,

8: - How does the aggression of S pun ctatus relate to

f the natural en ro\t\zmentj name_ly Logy Bay, ‘N.e",fc,“mf.llﬂnd" P

ey

m.&c' R
\I N ¢ .
!

P

WG R LA R R

~.
’ year. The 1arvae settle from the plankton onto the substrate from N -~

-

. N\ e ’ }'.. \\ ) N
._'mid-July to the beginning of August. Older aretic shannys appesr in o \ '
the inshore areas of Logy Bay (> 30 m) around the beginning of July. e ”"'_ : -

\' of 1 4 shannys per square metre was reported Runctatus disappears %
o - k!
from shallow water in Logy Bay'between November and January of eacﬁ - AL

. oL ) N

-‘year. ' Parwell (1970) and Farwell and Green (1973) have published the o . 4

'u K Lt ' : ] . '. s ' . ) '_;'.
only accoPnts of the species behaviour. e Do e }%

~ N _ Sk P e
R A= would seen self-evident that an animal ‘can respond only , -}2 '
- _ tq the environment  that its sense organs, its motor equipment = - g . % _
N3, and-its central. nervous organization, both innate and: acquired L e -2
Y \n@ke accessible to 7it; and ‘hence any enquiry designed to. . o iy

. escribe, understand or explain ‘its behaviour should necessarily . N %

“ul e\this environment as one the variables that conditions T F

the &Qiour. (Adams, 196 ). N _ S / ;

P \ ' ’ = /

_.This stateme t rationali es the association between the behaviour : L

. . < - -
k
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Aggression or agonistic behaviourf'
hrough the environment. The resulting dispersJI often is related ‘ot 3;;‘-"3:'

. ﬂ
.\ \\_\‘ . .- . P

D \\\\only to intraspedific aggreasion but also to other features ‘of the f\ﬂ. . :1.L\i
H . - \ L. - .

ypically disperses animals"' ':\;:,ﬁ »

environment.; One of the common results of intraspecific gg e sion

the formation of terﬂitories.. The litera ure dealing with

aggres ion and territoriality 4n fish is guite'extenaive (Greenberg, I

1946 ca\péa

Y .
' 3Itd; 1970; Earwel '1970' Stephens, 1970, Clarke, 1970 and 1971‘-"‘

ery 195 : Zumpe, 1965 Van dem Assem 1967 Gibson, 1968'

majoriby of papera dealing with the "Aufrenee;offtheaefbehavioura'in U

'Ef\ﬁ:mtﬁj adults. The apparent reason for this ia that ', underyearling fish RS ?;% 4’>:.¥57 :fﬁ

ff-’j\ft¥>;;; diaplay both aggression and territoriality. This study was concerned

- with these behaviours in underyearlings aa well as adults. Only tWO
of the above authors have dealt with theae behaviours in underyearlings.“fj»'-J

Gibson (1968) in a paper on the behaviour of Blennius pholis dealt

t

"3‘ entirely with agonistic behaviour as the fish were not observed to be ﬁf[(, '_‘i R 'iﬁ'
territorial Farwell (1970) dealt with the agonistic behaviour of

L }dtﬁiff 'underyearling S punctatus and.auggested that these fish are. territorial.;:-<'“
e Farwell stated that underyearlinga appeared to’ be territorial
‘l;‘;',"ilﬂﬂ“'~'* when given ample space. He fOund that in a‘tank with a bottom area g{_fii'i

'.15\.. of 1075 cm2 the status of the fish depended on the area in which the ‘

N xR | \'. ~'
~e T o agoniatic encounter took place.: Further he found that the fish occupied _
. . ] P M
. certain grids of the tank to the almost total exclusion of the other ~
. “ . member of the pair. His experiment, however, lasted only six daya thus .
i important questions regarding the seasonal occurrence,and spatial hjiﬁi;'fig;bg"
.. “U requirements of terr{tories in underyearling S p ctatus were left s :
. s TN : ' T S T SR
. ;- - ot L. '”}]~%, L . "-" :
P e BN )
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C
) 1 " \J* hnén;wéééa}, Thié study-examined both'the seasonal and spatial aspects';;xffi.'fﬁ;;h;
E; :.'.'ﬂf::...[gjuv of territoriality in underyearling.and older S punctatus.; ,; ta nbﬁtfd‘“hi;lg :7;15
o B R ;' ‘As’ mentioned previously,lterritories are often the result of '."\\\ =
.F intraspecific agonistic interactions. Further to this,'aggression:isti'
. . SRS . . .
g 'b the most common behaviour used to control spacing areas (territories) . '
; (MscBride, 1971) The idea that the aggressive 1evels of underyearlings } a _ ‘
n i”; ; : appear to be influenced by seasonal factors (Farwell 1970) formed‘the | : R
: rz.:_- ”i,lfij;in basis for an’ experiment on aggressiveness in thisastudy. Factors such: :‘J:.” K )
Qf "fif:i'x}i;fi.as.water temperature, Photop%riod and‘season nerevexamined to determine .';:". >
:? E?.7{;115;;L:their influence on the aggressive levels of underyearling‘and older S.;liyhl . ;
#2 o u{:ff:;ﬁ:;h, ‘Eungtatus.l It was assumed that fluctuations in the aggressive 1evels .; ‘{ 3
;J . : .L‘enl should correlate with the occurrence of°territoriality in the species.;:f'ygg' '
é;:_:% ﬁ“.?;hf:{j:éél:;' : Underyearling S punctatus begin their benthic life in Logy Bay ié;i?tf; ";
% ;:;; ;‘i;i.;:tT‘ around the end of July and beginning of August when'they settle from the
; T;.“ ::ii;:;\fi lplankton. During this time of settlement the density of underyearlings ;
N B S & . - 4
; L ' is at its highest (Pepper, 1974) When densities are high among animal 3
t &ffpopulations there is often intense competition for "favorable" habitata.: i -
i- "';iyi,'._aThe substrate in Logy Bay is rocky with many boulders and crevicss.:,{% ';T
§§;:.:fdlnjaﬁf'igli;There are also scattered areas of gravel amon; the rocks. It has been ’ 7?
%l ;;}l~'f:|;f«;f;;observed that:underyearlings appear to favor the rocks and boulderi
Eflil‘ ﬁ;;% jzgdi: substrate as opposed to the gravel areas (personalhobservation)
g ;id . i'?fi }f //Whether this is a preference .or simply a result of dispersal is lff
§;Fhﬂj;}'_f,3iIflp"}:unknov.-l One ofhthe functions of aggression and territoriality is to.;ilui'.;f'f
3 5 ,”_%:‘34 e , Lo

o Q}':;”;igfdistrib e animals evenly through the environment with surplus animalsn

§ - T \forced to leave or inhabit marginal areas.» It was felt that thia “;};Lx}"i
i "'r§<iﬁ L ?: o C ' . ’ ' J,‘af<

*;J"favorable ares concept was important in the survival\and territorial

L R S PR e R
e T T e T e s T e e e 0T e e
A . . t
: PR - N - Lo
PR o - L R R
‘ ' . . N L .
N ' . . Y . .
. LT .
1 " .
. . .
o g .
. K . vy
4 7 3 B C R Y - IR



s ‘difference involved in settlement fish that set:tle early may have an

/ -
v residency effect could be .a factor in the life of underyearlings.

: behaviour of underyearlings and experiments were sey up to determine

\ settle from the plankton during a period of a few days t;o a week

' had indicated that: underyearlings tend to be visually isolated from one

of the fish or is a result of the substrate characteristics was; felt’: it

‘: were set up to determine the social aspects of aggression and terri—-

" one dealing with the prior reaidency ’e fect. Larval S punctatus

.-'_,.,,. . EI

.'. . ; Lo - X _-.-:’. - . L . P
. R

if underyearlings demonstrate a preference for a: certain habitat.

Closely related to’ this "hahitat selection" "experiment was

pow P

(I-‘arwell et al., in press) ‘1t was felt that because of this time
\ : ‘L

------

advantage in securing and maintaining territories over: fish that

S\ : .
settle later. 6Experiments were run to determine if this prior :

The diverse functions of territories have been dealt with byr'-" -

- many authors but most deal with the occurrence of territories in. j' 1,—: L

connection with nes ting and reproduct:}ve behaviours. Fe?ding terri— ’:_:1 Sl

-

tories have been suggested for reef fishes (Zumpe, 41965, and Clarke, ot

1970) and »salmonids (Jenkins, 1969 and Symons, 1971) Myrberg (1972)\

suggested that territories allow the territory holder t:o leam specific

path habits to eacape predators.‘ Further to theae suggestions as to L

the functions of territories in various fiah speciea, a function of
(

isolation may be operating in S. punctat Observations in Logy Bay ,

1

another. Whether this apparent isolation is a function of the behaviour ;f-.

K R T o et

3

'. .;“
[

be worthy of examination if an accurate idea of the function of

territorial behaviour in this species was txo be arrived at - -‘-Experiménts

\\D c SN IO
toriality as it relat;ed to this» apparent isolation fact:or.

e e G R
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f“'-i’{ .'?" ';:"jg; ) In-examining these aspects of aggression and territoriality ,;;f“:ﬁfz b f

:'fiﬁ'~i" R ihiboth undery rling and older S E ctatus it WAS hoped that a E K

R A oL T . R

clearer picture of the functionatof these behaviours would be \5' PRI R

ascertained : d that their relationship and ;mportance to: the survival

)
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"-. e gulch extends from a depth of 1 m at its shoreward origin to a depth

A
’ e D . . h

- .". September 1972 until January 1975. Mitchell'e' Brook Salmonier, - _' \ [

Dyer ] Gulch Epgy Bay, is adjacent to the Marine Sciences
o Research Laboratory. ; The gulch is characterised by nearly vertical rock.

o sides with the bottom composed mainly of boulders and gravel The \ ‘:.\ e

K carried out in the depth range of 1 to 6 m, (referred to henceforth aa

: the shal\low\area).' Underyearling S punctatus were qui\:e numerous in ;.

';:nthis area from August th@vough November 1974 but few were preaent after‘ ._:_:i;
. November 197}} During the above period the shallow area was uaed f%

.all field experiments while the deep area (9 to 22 m) waé used for

U R KL TV RIS
‘\ \ S, tiee LT .. - HA o : L R
.-~ - 'GENERAL. MATERTALS -AND. METHODS .
T, ::"...,' et L R e : ;_. )

-.v'- ti

sp»lcimens. Live specimens were transported to/the laboratory in a \_

[

Log Bay, was uaed regularly as a collecting and observation site from AP

ey ;-.
St. Mary B Bay, ,was visited on an irregular basia from August fl973 :
until January 1975 T e L T e ,-.‘ NI -
. . -

. . . v v, ' K2R

Field, Area Description :f:' e T " ~ S
= s e

T - . \

t

I

PACrT

6F: 22 m approximately 170 n seaward. \All field experiments were § o _-'\"", S
1 ‘ cup s

1
SR e e
AEANPRCIK SO S S

Pt

b P . - g R
( 1 r—r—\

T

cLem

alriss

. collectiﬁg purposes only. These two \areas, shallow and deep, are '
: _.':separated\ by a narrow c\orridor which extends for approxima‘tely 30 m : ‘. ’,;‘.
'--"-;seavihrd. ! A de ailed description of the submarine characteristics of ' T ‘Z{

plastic bucket containing approximately 15 l 6f Beawater., Dyer £:3 Gulch ‘:".‘ A
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L E R . st
\ - - o : \'
\ . . \ H- + . - - 7 '//"/f-‘I
.'Dyer B[GUlCh is given by Himmelmam (1969) Froni A{xgust: throuéh' November_- el
. AR ~ AT . i \ " . .
_"19 /3 underyearlings were not mmerous in the Gulch and apart from one S

et Loy . - T
41 i . .

‘experiment both the ahallow and deep areas were used for collecting

.

' 'i'_purposes. Observations invol/yix(g older fish were carried out :Ln the

'.'deep area in 1973 and in the shallow area in 1974 - At no.. timoe were _ :

punctatus observed in[Dyer s Gulch in significant numbers after ’

;'l-"'.-November or’ ‘before Jtme in 1973 and i974 In 1972 the population\ Qf ‘
;underyearlings was larger.than in, 1973 (Pepper“1974)' v ) }‘.: ; |
M:Ltchell a Brook Salmo;lier, w'as visited 4 times /o/ver the two-l" N _ '. - ‘.

o ’:,:_:year period.' A rock and pebble beach continues subtidally to a depth ./ “
."-'_4of approximately 5 m._ At this depth a sand and silt bottom continues =R : -
S ',4'offshore.-_ Underyearling S pungtatus were collected along the rock— : \’g
"f"_aand interface./ Speqimens from this site were ndted to haVe a' white -'."" _ s :

) .ectoparaslitic nematode on thei;: pectoral and anal fins._' These ecto— } ., é
;parasites had no. observable effect on the hoet's’behaviour and were -; '
"ueeful in distinguishing M:Ltchell' Brook fiah from Logy Bay fish and " )

’ :'"'in identifying individuala in the laborator.y ex‘periments. _-_~'_ “_ ."' .. ) .
4_'-.LABORA'1‘ORY STUDY ‘
e Fish Holding (ionditiona / q
PRI Fieh were held at, the Marine Sciences Reaearch haboratory o ?“;}.i;ll E

B where all 1aboratory experihzent:took place. __ The holding conditions : b 'Lg

:..

for all fish prior to their placement in experimental tanks were the L e

L .aame. Holding tanks for underyearling S punctatua were 45 X 30 X 25

N s,

; ,'- cm fiberglass tanks with glass ﬁronts. The bottom was covered with ETTEPN I W
. s \ R LR P - l v ,-" l‘. _ .._"'. & -
.gravelv_and_ ‘a f:few.\ ,l;ocks.. - Seawater waa maintained on a cogltﬂnuoua flow L

. .
[N N . ‘...
i ' - ~
. o 3 .
. e
¥ . - el
L Vo .




'E,.hGulch 01der S punctatus were maintained in 60 X 29‘

'f'which contained gravel and a few rocks.. These tanks were mainthined

:-fish were exposed to activity in the laboratory. Water temper tu_':;if,?

...... . .
. . ) S s
: ‘ \r . »
. . »
.- - . 1
. B N " ’ i '
* v, : s R B nd 3
! / ) " Yo N ;- PR
. ’ I " o ' e ‘
R : . Ch o ,
. - s
¥ ".“1 ..
.5’ ) o

x',basis.. Illumination was provided by overhead fluorestent 1i hts plus-,”

"'“'Jsunlight from the laboratory windows which provided a natural light

cycle. Tanks were situated in the main room of the: laboraco”

\ B !- ; oy

.
'\

fwas maintained to within a- Tegree or two of the temperature in Dyer s

,.

: 29 cm anks R ;l

-_.h . ,.’

"'c'funder the same conditions as those described for the underyearl ngs.-..?w}fj'ﬁ :

7'ﬁThe densities of the underyearling fish in thevholding tanks wele/neve"“:"l

A .
:f?»jabove 15 per tank while the densities of the older fis& were,never

e

;above 8 per tank Individual fish_which.were to be placed in the ;171'

o ,." . < 4.» (RO

' observation tanks Wereftaken from different holding tanks to minimize,»"fﬁlf%'”'”‘

'/. . . . N

g -

"”: as much as possible, the chance of placing the same pair of fish iI“th
& nks

in'to the observation tanks in small 19 X 19 X llfcm, clear plastic\

R B
: '-\aquaria. RN
. NS

‘7"1when introducing food into the obae
L N . .
L at irregular times to avoid condi/iOn dg

'”ff:iperiod. The supplemental food was crushed Strongz ocentrotus,‘gf-.}:ﬁ"

’fand amghipods.; Supplemental feedings were also provided twice . week K

??fi together in subsequent trials.‘ Fish were moved from the holding

LIS - L

_.",. ...

Thgffish fed on foods occurring naturally f"’the seawater ﬁ

- . L.

supplying the tanks., The most commonly eaten food ifems wete copepodsf:l e

T . Ll

L during the warm months (mid June through November) and once a week-the,\“;“

:'remainder of the year. Food was introduced into the holding tanks With—

_ the fish to a certain timel

i ,V I .' ':._ ‘:. - . . f ',' ‘.‘.l.-'. 'u‘ N '_'..__ o
. droebachiensis gondds..“vzw s LR ;- . i
el f?f- Ll ' 8} . : .
- to- . 1 ‘e . .
. e s B . 1 _,-; K

: tion tanks Feedings occurred ‘3”3'43

Y

_.,/,‘ Lo

e



“

’ "under individual exgerimenta.”,lr { aj.-'iytq 1*'{f“ "f~5%3; ;:J“ ff

o Experimental Tanks »:Q, . ﬂﬁ j.-:,'- 'f"ﬂ'ﬂf"':'_f . o f'ff':

tff\i; The sizes of experimental tanks varied with the different

'studies from ae small as 30 X 21 X 20 cm/to as. large as 150 X 51 X 43

-

: [
cm The bottoms.of fhe experimental tanks were cpvered with a. layer

'r:'

of gravel and a con; :_;_ flow of. seawater was maintained in each tank

a

o I :
L Experiments were carried out in/g constant temperature room, (maintained

.. ’_. ”

| v

L at l7 C) in the basement of the MSRL and in a room that.was pgrtitioned

Y

I

maintai'ed ‘on- a'conatant light cycle. Thoae tanks that were maintainedf

off from the main faboratory by a black plastic curtain. Tanka were SR, :
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St Tore o L UEXPERIMENTAL PROCEDURES ‘A AND/RESULTS

) / —" . vl R a “ ',.-_ ' »',.' »‘r‘& .'.‘ll:/."‘

BN . ° - EXPERIMENT I. SELECTED ASPECTS OF ERRITORIALITY U e
S ST : AND DOMINANCE L P

| .3;}.?1l<: Farwell (1970) concluded that underyearling s{ R!EEEEE___Were:;f;' ;»;z.f ; ‘jge
. territorial when given ample space, but.di:dl ot specify the spatial ' ,\%.
) :7;/:: ::.j:ﬁrequiremente needed;: This experiment utilibe&’both the field and }&l,' zi' g P
:j.' ziiaboratory environments to- determine if underyearling and older S. hg;ri R 'é '
. ‘/ ; i

.Eunctatns are/territorial as Farwell suggested. The experiment also Pt

’

Sl C R S
' ng'~dealt'with selected aspetts of territoriality énd social dominance in c-ﬁiﬁl-'fi-‘“ C

- L

‘a'the species. B

Territorial. species typically exhibit: several classes of / / L,
&“;_behaviour in connéction with territory maintenance. TWo of these :gl'"i.‘?'ifi':‘.”:‘::
'A.f:}behsviours:d:erense.of an srea (Ngble“l939) ‘and attachment to d . ‘ hjft':ih'&/'l" ‘:ﬂj:lf
) e particular area (Ma&til963), were used as. criteria for territorislity. h::_w-?;é;:'ﬁ
ey h;{in S..Eunctatus., Littoral fish/ such'as the arctic shanny which do RN R

' . .l . - . B LU

ﬁ iﬂlnot possess ‘a swim bladder typicilly‘remain close to the substrate f

- -\ .

\Fand perform only short excursions from one plaCe to another on - the Lo

';substrate., Fish that show this restricted movement usually displayf Ry
s ii’j;-'territoriality du;ing some period of their 1ife (Myrberg,1972) . -ll-a'iV v

) ”gyzwas hypothesised that S. punctatus is herritorial
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"“J;”Z:f: i”i-. 2 m apart, were located. One fish was then "herded" into the other s

'}»;f,‘ ﬁ”,? ﬂ two fish with the dominant fish winning the majority«of n}p contacts)

o ""'7/9', situations to determine if a resident fish WOuld chase an intruding

N I S
ot AL SN vt 7
.v he : M
) ) ‘e . M = R v
'./ . .
L » .
s J

/ S . 11
- S

. . .

. A .
\ L .
. \ .

Farwell (1970) further noted that ‘when' space is limited under—,f;’

‘

yearlings form a constant dominant—subordinate hierarchy. The

‘5'5 R hierarchies formed in these ‘cagses are reputed to be a nip—right N
. N A
hierarchy (dominant fish nips and is never nipped by a subordinate) .

-.' s

as opposed to a nip-dominant hierarchy (steady reciprocai‘nipping between o

\

Thus when space is 1imited S punctatus shquld form a\

(Allee 1942).

Farwell (1970) reported that underyearling S.-Bunctatus dominaté
' 'folder fish during times of warm water temperatures. H/ hypothesized

ann . ,'

that this allows more underyearlings to set up territories and hence ,_“:—

::r." survive than would otherwise be posaible.J This observation of dominance JT{‘ ﬂﬁf,
of older fish by younger ones has not been shown to exisy in other fish

species sorexgeriments were set up to examine this particular observation.ﬁ- fﬁ';
.':ff Materials and Methods-4~";3._~ ! .:-”w._f'[.j-h"_.{jjjffVIZ : .1_»‘1 '€$. ;f'cf .? "f
‘ Field During the peraod August - November 1974, field work was ‘ k-
R . T centered around the manipulation of underyearlings into encounter S o : -é.

fish out of its area, thus providing evidence of territoriality in’ ;h

<\ '3::~f';i£¥i”?fj;

underyearlings. These observations were carried out in the shallow -

portion of the gulch :-U. c:r,5.=;;"”):i¥> f ;f'Lflfhff; fﬂﬁ li;f:f:féf3
:'}fgizkf'g j .Am/Using SCUBA,the substrate was scanned until two fish less than- e

o : : L
/zlgarea. The "herded" fish was designated the intruder while the other

.ﬂTf‘..

DU Iy oty .,-‘.(;-'-,,3::-;' R TR X T v VIn(yl~ . P
R PIROL RIEE i3 QﬂEﬁ, ,,,g e dp. ~»%:, APRE:‘-' ai 51\‘?}‘{' - w*\.“.‘?'ﬁ;} - ¥
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PRRY 1

. \ < Sl ©
g 12 -
. . . , = QJ . /
T fish was considered the resident.; Both fish were then obserﬁéd from e 1\w..' o

ma distance of 2 - 4 5 m. The winner of the bout, if any, the distance .;--15

S

. e e
N 'for at 1east lO minutes after the intruding fish had: been herded into

 FiE f Medium <= 90 X 45 x 40 em

o ':::d' fj' ..i L XJLarge—-—150 X 45 X 43 cm . Q Total Bottom Area i 6750 cm2'

: the winner chased the loserfand whether or not either fish returned

e to its original hrea were! recorded The pair of fish were observed

DA ]

' . . EEERE K '1‘
ce = : S T T P TS &
o the reeident s area.; . ';" Lot e T P L AR :

e VS - :?LaboratogI}'.Four tanks were selected tb provide the fish with four 4“‘: i

L different total bottom areas in which to set up territories.
Ot o . L B o

3 The tankf

PR R o . - . - {\""- _.: 3 . ._ ‘_‘ ... .'} , : S ) ., 'l . ,.’-\u‘.
el T '";_sizes were ‘as’ follows-- /< S .r,:‘ ¢1~~ 'j.”.f‘f S _;;~.;‘-: e

';Total Bottom Area % 2040»cm2'

)

HTotal Bottom Area

L. ca R - t Y
v : Lot

} Total Bottom Area % 5400 cmz'-"ﬂﬁ K B ~'“_

Small ——— 60 X 34 X 34 cm

2

aoso @l Y
o ;13 Large ——-—120 X 45 X. 48 cm

,.il-ﬁ'ﬂ:' The tanks were all maintained under a: 12 hour dark - 12 hour light

. T o

RGN L

' {' cycle. A green plexig1aea panel vas’ placed over each’ tank The tanks”'

‘ : l:i, were separated from/theeobservation room bY a black ﬁlastic curtain. :1- :E;
:f;ﬁéﬂ~j f B Horisontal slits were cut’ in each.curtain and one—way viewing glass . t?

| Lo was placed in the slits.. Duringj.bservation periods all lighté were - | \‘;“gﬁ

B ‘off in the observation rooms.; smallest tank was divided into 6 : :: .:¥‘
. equal grids while the larger tanks were divided into 8 grids. Thege S . 3

»grids were marked by a. lengthwise rope throuéh the center of each tank, f_': ;; 113--i;(
? 3“3t “nd;; the Stavel and by marks on the othide of each tank, 3 in-."L ":;‘;"f‘f

':'f//,; : e SRR
.Vf.'“. the small tank and 4 in the larger tanks._.;n“ﬂ o :rf u“ f~'. af

I - . . . _/-. N
T . A pair of fish of the‘aame size and age (underyearlings or et e
i 13 L A: '~ & A oL . '." _.'.,‘
" older fish) were placed in each tank for each trial.“ Hhere were two " S\]‘-'
- _“ A ) : ‘ : A. / Y
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e - P 1

e One fish of each pa¥r went through a marking procedure which consisted

A SR strated by eithertpfish If these two criter;is were ev‘ident, either "'.f- i

-~ e Lo . A
. -
i . [ . P A

'trials that were run using an underyearling-older f:(sh combination.
LI S ,

T K .'pf anaesthetizing the fish with M3222

(Sandoz, Ltd ) and then marking
it with ‘a nylon thread. The thread ‘was inserted °by needle through i

,,,_ .,-_

= the dorsal musculature just under the))osterior portion of the ﬂdorsal e
I =o“ -'~-- ; -
e L . fi,n, looped and t:l.ed over, the fin so as not to interfere with the T

N . . .o et e

movement: of the fish's dorsal fins._' Pseudosurgery was 'performed on’ o

. ) o ,-a . : RN ”_-.m .;..,
: ‘o

: the second fish of the pair in each trial.l_ It\ consisted of the

. oy
th

u

standard marlcing procedure with the exception that the thread was

simpl'y pulled tha;ough the musculature with}ut being tied.- Bot‘:‘h fish‘

: ':were allowed 2 hours rec/very time before being placed in the experi- o

. . ‘n .
PR mental tanks.' ”Fish were. allowed 1 dsy ACclimation period in the tan‘k o
o before observations began. Do N // " '-‘--'_._:5.: - ‘

N .. PR .. ol "...‘-‘
B -~ T

\ - Daily 30 minute long observation periods werermade dnring which
o ._each fish's position vas recorded every 5 minutes. . Thus iﬁ a fish '

' ﬁ’remained statidnary for the total observation period one position would

v : w' . v o v > .
e be noted 7 t e ’ however;,» if a fish was active t rou’ghout the observation

.period then 7 different positions would be noted The grids enabled a

1 e B
A

T - precise recording of positionsv6f each fish in r/elation to tsnk bottom._‘ U

These/data, om:e collected were,analysed .t:b determine if

either “positional stereotypy" ,or def*ense of an area Were demcn-:"

e
. o, PR - N !_,

PN JOPSRRE

"'-‘,' . for one or both fish territoriality wag considered to be. demona- ;";

-,' et

) strated in the tank "Positiona.l stereotypy is the affinity of'
" /b . S e
- fish for a specific area and wss d/termined using frequency of
P s B L | Lo e I ‘~.- 3 . I_‘.".l . “.‘_ ' A . s
! " , - : . 7 . R
w. | \ ‘
: : 1 T S SRS S e
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’ foccUrrence'data. A significant frequency of - occurrence was set as

"n - ’ [

/ -
twice tHe expected occurrence value of a fish in one grid of the tank.-

o g N e
i C -

!

an expected frequency of occurrence would be 12 5
-0

e e

-

grid for one. fish. If however,.a fish wss recorded in one grid on 40 i

;.

occasions (25% of the total) -or: mgre then it met the criterion for

oL positional stereotypy.. The defense of an' area’ could be determined by
',..., e - .. ~_.. n’

the positions and outcomes of the encountets between the two fish in

T - . 4. .
.__\..’. . . . B .

tlie tamﬂc ,“37' :' ':'“ 'ftxtt ' .t :j ; 'ZT; f').'”ii f'}"' ;f' 'f'ﬂg‘ f'l: :;_; S

r

ity was not considered to be demopstrated by. either fish. In this

a

*;'f case the data,would be &otalled with other non- territorial data and ‘5"

03 .\,AA

placed with data from other trials of the same tank "-’.13-'

I_.

The 1ength of time a pair of fish were in the test aquaribm

»

was usually determined by either the results to date or the survival

of the fish. The majority of trials 1asted for at.least a month.

Using this standard procedure three trials were run in which

B
. ¥,

T a o

manipulations of the fish took place.. In two trials, one in the medium’z

2

' tank (90 cm) and one in the X—large (150 an tank va t ird fish was',

introduced into the . tank after the trial had been running a month ' The_~-“'

v »

trials ran for 10 days after the third fish was introduced. In anotheril

-

. trial in the medium tank the pair of fish were rembved for two days

: then placed back in the tank. '%clf'f.u

“ These territorial experiments ran from March 1973 to January

LA - b
& ¥

o For example- fif 160 observations were recorded in thea:jzis/tank then:ﬂ;.. :

positions’ periuﬂ\

If these two criteria were not met in a tank then territorial—l'
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Results o _f S N 5: _' . Co ~

. s'taged in the gulch Of these, 18 wefe won by the resident fish 2 ;" '
',.ﬁ_zd f., p< 01) e BEEOEE

. the minimum distance wss 15 cm. The majority of the* chase distances

T ‘

_original area on 8 occasions The 1.0 instances in which the,ﬂintruding : _'

snd an -clder fish in Dyer s Gulch., This occurred as the underyearling

Field From August 20 until October 23 1974, 22 encounters were “ .

were wpn by the intruding fish ande 2. resulted in no agonistic .

encounter between the fish.: These results are significant (X2=-23 28,

} : ) P ! .."' t
| The distsnces that the resident fish chased the intruding

‘..
e . \~

fish were noted on 10 occasions The quimum distance was 83 cm while o

A - ,-—-' ..n. -

. —_

.|- ,,‘

e11 in the rnnge of

out 68 cm to meet an intruding fish but no encounter ensued

a’ P

_.68 cm._, On one occaaion "a resicfént fish came

Intruding fish; after losing an encounter, returned ~ton their' a

fish did not retum immediately to their area were. those in whﬂch

v - '_
i

they were fchased further than 50 cm in the opposite direction\to their
original area.' The 10 minute observation period used after th}e
encounter was not long enough to allow these fish to be observed

- :D. B . S

returning to. their originsl areas.

cLo

- S
>

.

One chance encotmter was observed between' an underyearling

Ve
K g v

v

was approaching the older fish from the side. The older fish turned

towards the underyearling when it was approximately 15 cm way. The

older fish then moved towards the underyearling whi.ch ‘inturn, fd.ed. .

I T P, R R

Laboratogx The criteris for territoriality were met in the thre;

e,

larger tanks TaBle I gives the results for the trials run in the

f T

., Lo e .." DR
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“ - four tanks,” . .- T gt S o

S ,vTABLE I

R R s . (

e -"Reaults from‘Trials in Percentages indicating

In the 120 cm - tank in the trial in which t:erritoriea were s

- AP R

aet up (Bee Figure V Appendix) Fish A had an 86 SZ frequency of ‘_" '__‘:' R \ '

I o *‘ AL the Type:of Social _System observed . . .olcc -

D e e _— and Positional Stereotypy. S P S T

IV —— , ‘ *‘-:_Positionai_' -

. . Tank ‘Size '[N (Trials)’ | Territordality .:-| Hlerarchy .| ‘Stereotypy_

S I S RTINS KL AN INPIRY SN ISTRS 11,/ S SIS T S B
SEUUEESRE R U LTS EREC S SO IR L N 1< S IR {0 ARRESIRPRRTS o
BRI LR ! B LR e e1007 S

s TS0 em ) e L IR L ST R &7 S L 1007;'..',,- Lo e

."-. SN o T e TR L 1.
' ;.:; o :,"'__ K The 90 cm tank vaa rhe smallest one 1n which territoriee were ,-x ';ll‘ . E, o
. -"/..‘," N A , (. - - . . - e ] . "' ,:‘ ,, R
set up and maintained—~(total brottom area 4050 e’ ).‘ Positional SR N AT B
stereotypy and defended areas for this particular triaL;eahm-in— - :
. F:[gure I—A and I—B.. The tank waa almoat evenly div:tded Jbet:ween the two o s
) -. e . Ll
fiah as’. indicated by the rheorized territory houndary in Figure I—B _ EN
Fieh A'had a frequency of occurrence of 80 5% on the aide of the tank ; ; E

wherie it was’ dominant while ‘Fish B had a, 682 frequency of occurrence in ik
R \_',_ '.‘ Lo -. .: , L R :,:‘r . 4 - .v_., e -_. _\_ N Pt —~-

ita dominant area. S ’:‘1‘ "., L ' o T G

o, ' B S ’ P ,A‘ : e B 'H'_'- -

o occurrence in its territory while Fiah B had a 71 92 frequency of o

occurrence in its territory. Both of these triala were run from

September 30 1974 to January 8 1975. At the onaet of both of t:heae o

trials ', the fish were 1ess than 2 months old and were placed directly - ,"_.-' T

-", =0 :lnto the experimental tanks from the field
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3 .'j the. grids \of the 90 ¢,

.'B- ‘
' 90 .cm fank.’

Result:s Ifrom 90 cm tank for positional Btereotypy and
encounters from Septemb x 30 1974 to. January S5 1975.
V- .

Total percent values of occurrence for individual fish 1n

t:ank. “Values for F;sh A are in K
. the upper left cornet wh:l_le values for Fish B are in the\
lcwer righl: corner. R W SRy

Pos:l.tions and winners pf encountera :I.n t'he gri&s of the
The -dark: line forms’ a hypot‘hesised territory

boundary ’between the i,nd:l.vidual fish 'B territories.—
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The third instance of territoriality occurred in the 150 cm o e

tank. Results are given in Figt‘ire II—A and, II— A third fish was,. . C

Ty

introduced briefly into the ‘tank but had n apparent effect on the

original pair. 'I'he results again indicate that the original pair

fi\;;vere territorial but a number of differencea exist between this tria]%

e . nd the two "previoua inatancea of territoriality. _\ In this trial the .
fish were over 10 montha old (ae calculated from -settlement date) thus

. ,""_.

W3 ATLIMIAL R X

G,

W
A
r
i

c

E

C positional atereotypy ,from the onset of the trial but only Fiah A

-

- A A N N

’ they were approaching yearling status.

T

D

evident in the tank but on July\ 19 (trial started June 12) the

Initially there was: -a hierarchy L

A
LA

R \

: From this date until August

" subordinate Fish B won two encounters.

S

: 14 1973 territories were being maintained fn the tank by both fish. LT

Figure III C III-D and III E gives the positional stereotypy of the

4

two fish»for the pre—territorial period the territorial period and the "

post—territorial period ¢ A.fter Auguat 14 both Eish won encountera in

\-.""" ‘

the other 8" previous territory Unfortunately Fish A developed a ' ', - \_'_.‘ :

19\73.

v

fungus on its fina and wa on November 7

From Figure II—G and II-D it appears that both fish showed

defended ite area.,_._ E‘ish A had ‘a frequency of occurrence in its eventual

: territory of 78% before territoriality and 70 6% during territoriality.

Fish B’ Waa not observed defending ita area. before July 1.7 but still had
_' ‘a. frequency of occurrence of 47 67 in"ita eventual territory After .-

B began to defend its area the frequency of occurrence was 85%. ;
introduced fish was a nevly settled young of the year and was observed o

S

being attacked by both Fish A and B shortly after its introduction into

[

It died a week after it was placed in the tank, probably from

the\tank. ’

e B
W RN

R Y By 2 N e ) S R T e T ey (w“
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Results from the 150 em: tank for positional stereotypy and

' o : \ encounters from June 12 ‘to November 6 1973
'\‘ - c Lt :fl‘n-- AR ) A pr e
T o -Total perce valuesnof occurrence At grids of the VoL

‘150 em tank
in ‘the lower ttgh":;°°"“er' .

"_""'_Positions and winneiaf of encounters :I.n grids of the 150
v, cm tank. :The ‘datk Tine ‘forms .a: hypothesiaed territory
'boundary between the indivldual fish's territories. '

[ Percentage values bf‘occurrence in grids of the 150 cm

. -Fish ‘A are in’ upper left corner and Jalues for Fish B
. are in 1ower right comer. R .
o . _{‘ . ’

’ ‘,r'

- . ‘tank for Fish A and B during territorialitg. ~

: Percentage values of occurrence in grids of the 150 cm
'tank for Fish A and B after territorialitz., ; i

Al
’
FX

Lt
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. .

uﬂderyearling fish. Vélues for Fish A -

) t:ank for F:lsh A and B before’ territoriality. Values for-ﬁ“_'" v

':-",j'Percentage values of" occurrence in grids of the 150 cm - .
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P _ the attacks by the two territory holders.,"' '

l)ominance hierarchies were evident in 14 of the 17 trials run
with 'underyearling fish These hierarchiea were uni-—directional with e ) ;
-one fish always being dominant over the othei‘ Uné the hierarc' | S 3
_ was established there waS/never arxy observed reversalj‘in the status _
.: SRR i the two/fftsif.";averall positional stereotypys were shown by'both under- ‘. i

yearling fish in the small tank (See Figure VI Appendix), by the

s ‘,"i:. - dominant fish i[ the X-large tank (see Figure VII-B Appendix) and the ,\/ BT P

subordinate fis in both the large and medium tanks (see/ Figures VIII

i

In oné tri.al in the emall tan‘k and one in the medium tank the -

: ~"'.-two hierarchies were not established until the fish had been together SR P 1 Y
Afbr 6 days. Both of these trials started in mid-July and ran’ Until

' the middle of August. Both of the fish Wete dominaut in bouts, thus .

AR 'initially a nip—dominant hierarchy vas’ evident but after 6 days this CTe }
' RV 5 . : “‘,’
. \was replaced by the nip-right hierarchy.. During these t ials the fish

e .flings wete dominant over the unde.ryearlings._ In the majority of X ;' . o

- ._'the approach of the yearling.. In only one: instance was there an’ atta
‘.by the yearling. There were area affinities shown by these fi‘sh

A (See Figure VI-A Appendix) ' / ER

..'\_

In the three trials using older fish only one dominame hierarchy \ . R

A T ":was observed. 'Ihis hierarchy was in the X—large tank ’ During trials 5 \ o\ e
. o ;run :Ln the 1arge tank no agonistic encounters were observed between\ R S
N I—'-'.’ ’ ’_ ! s - > '-."‘.. ) . ' g ’ . "‘ o ":.' B ".-- I'., - ".'.-‘ N \ :". ‘ :- ‘ " ,v:‘. ' _ o
[T [ S T ____:_ . : . S A - ) - L -"'-'-.." e " . ) o r oo . '
' X R .".: '.\!. ‘IZ , l'. ',.’..-
J : ' ...|_‘ v \ e
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the palrs. The. observed hierarchy was similar to those formed between

underyearling paira' with the ekce‘ption that the 'agoniatic- 'enconnters

~

did not: in'ﬁolve as complex ‘a sequence paftern as' was observed for"’
underyearling pairs. The Sequence involved in the encounters between
older fish was composed of an approach display and flatten vhile

;_ o ‘: underyearlings typically hadfa sequency of approach display, attack, .

flee and chase (Farwell and \Green, 1973)

1,

Activity 1evels were quite ;

low for the older fish when compared to the underyearlings. All older

fish showed positional stereotypy. - (See Figures VII—A and IX—A Append

'.\‘

. . /~- Lol .

tank. ' In one trial a third fish was introduced after the original pair '

had been in the tank for 6 weeks There was a dominmce hierarchy in

I S existence before the introduction and ,immediately after placement the '

L. L third fish was attacked by both of the original pair.“

Positional

' - stereotypy was. shown by the original pair before and after the intro--' g

duction. _ (See Figure X,“Appendix) The dominant fish shifted its

’ positional stereotypy during the two periods while the subordinate

v retained the same: area. The l:hirq fish 1ikewise showed 8 pOBitirénaJ..

AP R o .
g ‘ = Tl]e other manipulation also took place in the medium tank. -
/ o After 3 weeka bo\th fih ‘were. removed for 2 daysand 'th/en returned to -
-:'M the same tank., A\.‘ddd:i'n.aace hierarchy was in effect/the enti‘re t:l.me.f'll

I‘he status of the fish remained the same but there v;aa a shift in the
~. _-"_.-"'_'*"'/positional atereotypy of the two fish (see Figure XI Appendix)

- .. BV . : N -

» Y

Rroyati
=

e stereotypy during the trial jj - ." / . CLoen

. N AR .. v . .. . .t . - ar v . ."_.‘. . A
// ! 4 ‘.. B B . .. o T e el PR . . . L2t
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" .Discussion o

" disadvantage/ is of course a possibility. However, the etress involved

"-returned to their original area within 19 minutes suggests that there

.is an attachment to a particular area. : As mentioned in the results

24

-
-

S~

The" result's from laboratory and- field trials in/dicate that under-

yearling S. pun atus are territorial at least’ during -a portion of

their first year of life. _Fleld results indicated that resident fish -
'have a distinct advantage over intruding fieh as they won. most of the '
','staged encounters. The possibility that the intruding fish were

S : \
C _stressed by the experimental "herding . thus placing the fish at e:

- e

\
in being in an area recognized as a neighboring territory is no d/ubt\

TN

'-neighbors are 1earned as well as the bordera of the neighboring

o territories., On two occasions (unrecorded) two fiah met on neutral

: groun‘d.' and 'no encounter 'ensued‘. lloth these._ fish_were observed- to’ R \ v
tretum to their original areas. CTen T ,’,:' R SRR ?\

The fact that in 8 of the 18 encounters the intruding fiaL

: _ ."'-f,.originalﬁn:ea were those in which it wa.s chased more than 5\0 cm in the

opposite direction from its original area.. 'I.'hua territories are mai_n— )
'tained by underyearlings in the field during their inshore stay, they /‘
'-are defended, and displaced underyearlings tend to retum —t’o their '

' -3origina1 area. sl T

; L ' Animals tend to orient thems/lves along natural lines in the o

-:- ,enviromnent which are easily accspted as- natural boundaries (Leyheusen

Z

t

1

" 'f:-:"_great also and ps Lorenz (1966) points out in some species,/ territorial -

, '.'seétion, the 10 occasions when the intruding £ish d/id not return to its -

%

1971). ‘Dyer 8 Gulch is characteriséd by many larg} boulders, crevicea,

rhatac e
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and small 'gravel/patches. "It is among these rocks and bpulders that

~underyearlings set up and maintain territories. The field experiments

\ '
,showed that resident fish'-thased intruders a maximum distance of 83 cm -
and a minimum of 15 cm. The majority of chases fell in the Tange of

34 — 68 cm. 'I‘he size of a territory appeared to be dependent on the -

substrate, thus the boundaries of territories appear to be deterﬁlined R a I

L
to -a large extenz by the substrate. . J.. CoL . S '

The laboratory trials likewise showed that underyearlings are :

territorial when given ample space., Territories ware set up and main—‘ 0
e .

. tained in the three larger tanlcs., The territories set up in the medium

and large tan]ts were by fish which Were 1ess than 2 months old thus

et . . 4

Lo K they were quite small in size (less than Io cm . ) It is reasonable to

assume that: in confinement the larger the fish the large{r the spatial

, requirements- for a territory. In these twa instances of terr:l.toriality N,
the fish were quite small anﬂ/young, and both theae aspects may be '

'::\important in the eetablishment of territories in the laboratory Onee.

1 . ‘~ =] »

S aet up the territoriea were maintained from September 1974 to January/ ’

';," Co 19 75 It appears that underyearlings are territorial for a.period of :.' < -

time which is greater than the inshore portion. (about: 5 months according

- / e to Pepper 19710) of their firat ‘yéar: of benthic life. ”"‘ “ S e R I

R o . . . /' S
) a ' ":_ The territoriality that was evident in the X—large tank waa o

R _': different than'in the other two instances._ The £1gh in’ the X—large S " 4.

/ .
ﬁ‘-‘ Gnk were becoming yearling fish at the time of the territoriality.'i‘,

Also there waa a\period of over a month when it appeared that a dominance ;
/ . . .
hierarchy exiated between the two fieh. The territoriality/iasted for

‘a month and then appeared to break- down as. both fish won encounters in

Rkl = Zut SLEw e AEEe Rat AT o v'm-a, R R L A ROt



the othex's former terri—.to?:y It is possible that both fish were

s - territorial from the -onsget of the trial but .not in an aggressive

manner._ .As shu'wn in Figure 11, beforé Fish: B began to actively defend,

its te‘rritory it had maintained an exclusive occupancy of the area.

Fish B dccupied the grids of its territory more than twice as uften as
.Fish A did. thus it appears that terr:l.toriali.ty was in effect before R

" any active defenee of the area was observed When the (territoriality L . s

‘broke down it waa ‘not. replaced by a nip—right hierarchy as wohld have o /
. . ‘ / LA c. i .I_ o
‘ ‘_"_been expected but appeared to be replaced by a nip—dominant hierarchy._ N

o The status of the fish waa not determined by the area in which the 'bout

'
-

' took place but by the outcome of each individual bout._ RN E : '. v :.‘
e R ¥ Ce AN

In the majority of trials hieratchies were set up . in the expetr -

’

. h imental tanks. Ho_w\ever, in both the small and medium tapk.s. for the
L period of mid—.]'uly to mid—‘August the hierarchies were not set up until .~

o ‘the fish had been together for a. week. This is con‘trary. to'Farv‘vell'
' (1970) and the author s observation that the hierarchy 'between fish 18 ..

established during the first few. bouts. This: observation suggests t’hat

) the fish/:vere possibly setting up territoriej in g%se tanks but that
: the'a\rea was too small apd hierarchies fina-_"lly resulted/ The time

"__'period (July = August) correspondj to the time. when territories were .

. established in the x—large tank by a pair of fish that. were ‘the sa.me '. v
“ . ag; ‘a8 .those in the sm.all and medium tanfc_s. It thus appea s that fish -
. which are approaching yearling 'status :re ::erri‘torial and’ ‘will establish—;l-""

] ,l_’and maintain territories for a period of at least Mﬂl Juiy .

through August. .f"'-': '.', o / o _," Ll

The: hierarchies established :L"rf all tanks; were of a:'mip-right ': -"'_‘_-~.-’~.‘_‘:.

. PN L . . Lt . . U . '
. . . . [l il AATAN e T G-t
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type in which the dominant £ish alwaya nips and is never. nipped in oo

return by the subordinate fish. Allee (1942) and Braddock (1945) found

that in chickens the peck (nip) dominant: order is related to territor-' -

iality in that birde are dominant in their own territoriea. . In thie

type of hierarchy the status of the :lmdividual is" determined by each

e e . ,bo&t However, in thia experiment, the hierarc'hiee are of the nip-right

.

o : vided Once the hierarchy/ieleatab iehed between the pair\ of fi’sh
there ie never any. reveraal in atatus except when they display
territoriality. ° oo " o / :: . ' _"? L :._'

|

.o

' laboratory obseryations that yearling and older fiah dominate unaer—-“--' “

¢

. In the field the underyearling fled from the approach of the older fieh

while in thea laboratory only one’; attack was' noted by the older fish f
v ) v
against the underyearling.. In all the other encounters underyearlinge

o

fled from the -approach of the older fish This is in contrast to

Farwell'a (1976) finding that underyearlings tended to dominate year- '

.) i - I

_/

' ‘ age‘\‘g‘n‘oupe interact infrequently in the field .

Hierarchies among'older S. Eunctatus were obaerved on two

and maintenance of theee did not involve as much nipping and overt

. L In respect to hierarchiea it ia apparent from both field and ° N

PO

.'type even though territoriality wil be evident if ample space is pro— g v

E yearling fieh. This is not based on an aﬁ’solute d inance by the older

fieh but rather on an. avoidance by the underyearling of the o‘lder fish. L

lings. The findinge fr m the present experiment indicate that the two C

occaaione and theae were both of the nip-ri.ght type, 'I.‘he eatab;liehment,’ SN

aggression aa was evident i,n underyearling hierarchiee. _‘ The relationr- I
: v . :
. . : R
shii) waa sinrplified to eubmiaeion by the eubordinate at the approach
')" ) ,l } '_"-, ,_l." . _:‘ ‘: ' .' . '.-.I I ."_/‘ ', h‘ kN - T ; p ! .

.-;@as-
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of the . dominant fish This simplification of the behavioural sequence o

, ‘e

;‘mh:. o ’&:V}' involved in the encounters is the seme as observed by Farwell and Green

; , “1";-:r o (1973) for underyearlings.’;.:'_: f;T ”: Y w.xlifbf R T

.} . ch - ‘"”y.j.;“,' . The temporal sequence of territoriality in underyearling S '

punctatus -1s evident from the laboratory and field results.: Territories X )
l were established 4in the medium and 1arge tanks “1n September and con- " : .
"{.::--15 e o tinued until January. In°bobh instances theafishlwere small and less : {"-VEJ;bN;{“'b
. *.i;;.;u'iisé;y' \than.two montAs old It appears that there may be & criticalltime, . l"- o
; S ﬁl L dePené;nt UPOU size or age, whSE~EE§g£yg§£lings\will set up, territories. -~ oy
% ?Q;:;};;jﬁ'l{i in tanks -Trials during all” the’ other months in’ these' tanks resulted . Sl o ) o
é {yf;ﬁ{lif'p;?f.fl in no- territoriesf;—fzfzizoiies are’ set up by therunderyearlings in the ' l4'£;$.2.€ﬁ5;
£ y .‘d,field during August andsmaintained at least until November.h After this fff' " f.dfiw';;
. ;there appears to be an offshore migration of the undery arlings and .b?}:tijf;:l g
% _l.,Viiifﬁ:“fixjf~Qnethef they maintain territories offshore.is unhnown but seems unlikely..1€‘t.$f.;f' :
. g e j Lf';The reasons for the failure{of the underyearlings to'Bet'up and maintain:;{iiffttif?j;A
i ;: e “i‘_;ﬂgllfterrftories in the three larger tanks when placed there after September cj.- : B ".
P ri"'.\égéi:f?icould be due to—size or age of the fish individual differences among ' .ﬁ.; 1;
| T;’érg'hlthe fiéﬁ““SF—the past«history of" the fisﬁ The size and age factor ‘: :}_f‘i'?ijiﬁ ,?:
:_’V'_&:—::(—Irhas been mentio ed previously Individual differences among the f.ish \ d
~." h due tb physical condition could affect levellof aggression. The past-."i‘:':'..:'j.""-""l ‘ 3
C '~i;C“ history of_the fish may elso be important. It was’ impossible to plate';', ti{;
f_ totally naive fish “in, the experimental tanks Each fish had some pretest - ‘gdﬁ

;P-;{l;_ experience as. either -a subordinate orrg_ﬁ,~gmt_£ish—or bofh., Thus if f '. R

"ffffl~fi}'ﬁf%fone fish of a pair had a‘ﬂast history of being a dominant and the

r

oL 3 ol

L 35 j other a. history oﬂ being a: subordinate fish then 8. hierarchy would no SRS
S ':. | “ ','.‘jt:"

[TIA L - 4 ' 3
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SN _'__,mediuin‘and large tanks the fiah were placed there directly from ‘the field

. in the field they would be occupying territories, ) thua their past
T hiatdry would be comparable.A In the X—large tank however" ‘the fish
"" \ R were also placed in directly from the field but no territoriality re-

A .' o ; ; A/’u\,[h\this case the individual differences among fiah may have -

‘. -and a domi?éce hierarchy resulted., Thus -even though underyearling S

L]

. . :punctatua exhibit territoriality in both the field-" and laboratory,

PR there appears to be a. number of facturs which may preclude the eatablish-’— S \

._ s ’ ment of territories in both situations ’ k! s
‘ ‘ ’l'he other instance of territoriality took place during the )
; ,}period July‘ through August, when the underyearlings were just over 10" ‘

]
.
J

'.";: ._;j;l:‘l_“ Lo '_.'l-"-A','_months old., This time period appears to be quite important, for even‘

03‘

i "_‘in ,tﬁe tanks in which hieraa:chies were set up during this time, therel. E '_

:-[ -':o'_;j'.':" ,:'-'_:‘:.waB much fighting and the hierarchies took much longer than normal‘ to‘ '
‘ﬁ- .be eatablished Thia territoriality laated/only one month .and was T
._'~::-‘:\ : v ) followed by a nip—dominant order. It thua appeara “as if there is a
. -’ temporal sequence to the establiahment of t_e_rritories_and this sequence L
e ‘-\ %could take one of two forms I'~_ Fa 5 S ' -
, ' _,_,._._;——-——Jﬂ l‘i One poaaibility ia that the underyearlings are territorial
ST throughout their f—i;a:_t_year of benthic life; : The }ap that exista in
j_ . the laboratory for the period January—\;rough\ July in tl{e establiahment‘
4 ': ) }.Df terri’ -ries—anderyearlinga may be due 'to factors described above.. o
o .‘"“’ﬂ:: As this is ', so a time of low activity by the fish territories may not :

‘r
f
r
At
et
-5
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' fﬂthe. ciiteria for \t\erritoria.lity would not have been met. L.'
v ‘. L ] - cL 2 .-‘ , : o
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’I.‘he other possibility is that underyearling S. punctatus are

!
‘ territorial only during the inshore portion of their firat year of -

'._ ' benthic life. Laboratory results support this to an extent but the

: fact that territories -were set up and maintained until January in

"- .“the laboratory while the offsh,ore migration of the underyearlings
'appears to take place in November is'not in total agreement. - Under—

.‘yearlings have been recorded in’ Dyer 8 Gulch in- January (Farwell 1970),

hwever, and the offshore- migration is still speculative so this °

: -’second possibility is perhaps the more acceptable of the two offered

RS \. . b an,

.....

photo.period are often suggested as influencing-—the intensity or . .

S

' f_':the subject. Hartman (1966) found that the rate of aggressipn was

'

'f.lreduced in underyearling coho salmon and steelhead trout as “a- result

;""‘;of lower water temperatures._ Farwell (1970) suggested that this could

, A

""f‘,.'study was set up to try to expand Farwell's observatious as to the

o N

""--causes of the aeasonal fluctuations in the aggressive levels of under- SE A

yearlings"4_ Seasonal fluctuations in aggressiveness, especiauy in

y S

it was hypothesised that seﬁsonal fluctuations in dze aggressiveness

EXPERIMENT 11 AGGRESSIVENESS AR ; Cowt SRR

Although environmental stimuli auch amer temperature and e

T . {". " frequency of aggreasive behaviour, few actual data are availahle on '

cor .‘be the case as well with underyearling S "punctatus. The present \

........

littoral fish have been shown (Gibaon 1968' and Phillips, 1971) thus ) o
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fish.' There wasino territoriality’noted for older fish and fewer

agonistic encounters were observed between older fish as compared to

underyearlings.' This difference in territoriality and rate of

) aggression between .the two age groups -was thought to be based on lower -

LN

e up to determine the rate of interaction between the two age. groups and

3{ Materials and Mhthods

n

aggressive 1evels in the older fish. This finding was further supported

o

by field observations where no agonistic encounters have been observed

between older fish* (personal observation) . Part of this experiment

was concerned with quantifying this difference in aggressiveness ,—

between older and underyearling s punctatus. .. ie,l;:-f”;; ;'ﬁ?.”.f,“ o

Underyearling and older S punctatus are f0und inshore in
——————x*“—'——‘—_~_'v_

Dyer s Gulch together from mid-August through December., Observations '

on this population have indicsted that the two age groups interact in-f

different age groups of the same species‘inhabit the same area, some"

form of social order usually exists.' Part of this experiment was set

3

nl . ae !

to further discern from the results and observations the type of social 1

'-.s'-

system in operation in the field between older and underyearling S.,,‘,
-,.. “ '.' ctatus. .. .' . ,' ' "’ . ."‘_-‘...-1,. N '/ ::~ ; ‘ ',;' ..’I.",l N “l ' .' :_..'.','. | ' .

! T D 2

Four groups of fish were stud\Ed.‘ underyearlings (natural

light cycle < NLC), underyearlings (constant light cycle -CLC), older

fiah (NLC), and an older fish—underyearliag combination (NLC)

fish:were maintained under the conditioas described previously. mzhe ; ,“3

\n i .({ E

frequently in the field However, in the majority of instances where-;f

Ve

> o 0 S S o .
AT pe
e Ut e




Sedeeta ot T

32

_ vere_ maintained—in—-two—sma"l‘l‘ 30 X 21 .X 19 ca, fi,berglass tanks and
. densities of these fish were kept ‘at: approximately 10 per tank. The'
NLC groups ‘were:! tested from’ November. 1973 until December 1974 while

the CLC group was’ tested from April to December4.974

]

Four pairs of fish Were run at a- time, threé times -a week.

- /’. Fish were selected T do;nly from the hd&.ding tanks Each member ofl

the pair was ta{‘ﬁ:m ‘a different holding tank Each month 24 pairs a
6’fTﬁdE?y*e‘arlings (NLC), 16 pairs of underyearlings (CLC), and 4 pairs - -
:ach of older fish and the older fish—underyearling combination were

tested" There were two months when fewer fish were tes ted. ) A total

) . of 310 pairs of| underyearlings (N’LC), 128 pairs of underyearlings
‘ (CLC) 60 pairs of older fish and 47 pairs of older fish = underyearling
. ‘:.'A--_, - combinations were run.' '--r‘-.' — ,'f Vo,

. - — .
N . ’, R . o

Observation tank.s were sm.all 30 X 21 |X 19 cm, fiberglass tsnks

et .

with glass fronts.. The tanks were partitioned in two areas, measuring

N J o ‘ N

s

/- 15 X 21 X 19 cm, by grey PVC sheets Qvith the top portion constructed of\ /

o N : wire -‘hesh to allow seawater to flow throughout the entire tank o _'"_,’ .' (;' KRR B
- Recordings b}’ the experimenter were made while seated in front of the /
N tanks using -a pen and Special observati:on sheets. A .
:'._ -—' . . l, ‘ ‘“‘ . ( ) .I‘. 0 ’ ..
: Measures of aggressiveness were "latency" to the first observed '. R
bout and number of bouts per 15 minute period" ' The use of latency e

- ‘ . .“, . ,

! -'f- - - as an indicator of aggressiveness was based -on the assumption thst the ' o

. N P
mo-re aggressive fish would initiate agonistic encounters sooner (1ow ,‘/ " o :-' “
. ‘I latency) than less aggressive fish The number oj bouts a fish engag/edl
L :I_n dur‘inig— ‘a 15 minute period [(which began with \the first ’bbserved bc;ut')
R should lilcewise be influenced by the aggressiveness of the fish 'l’he




o This simplification of the sequencé invplved in encounters indicated
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-
i
‘

more .aggressive the fish the greater the instance or rate of encounters’

‘during tL test period I _ -
- ') ‘ : Do
A pair of fish were placed in each tank area. together. . After N
' ]

a 607 minute acclimation period observations began. In March 1974 the

:-beha.vioural sequence involved in the initial observed encounters were

note’d to be. very s\imple, i.e. involved only an, approach—flee sequence.

R SIS

o .used i(l the older fish tria,'l.s. . Prior to this the ages of the older .-l : ‘
: '-fish in the trials had varied from l+ to 3+ year old fish ag determined
o by size.. : ":"‘_f-' 4, K . .
e Results _
S Undel;vearlings (NLC) Monthly mean values for latency and number of

ol '.'_- bouts per lS minute period (bout frequency) were plotted and are shown

T e T -

that a- hierarchy had been established during earlier bouts and fighting .

.

.was skmplified after this (Farwell and Green, 1973) The acclimation , =
UREERRE = ‘"

.-..""period was - reduced to 30 minutes*as a result to insure that the first

s observed b0ut would be one of the early“ ones between the pair of fish.
; 'l'he observation period lasted for 120 minutes or until each pair of

bfish being run (4) had encounters . If no encounters were observed then

M'glatency was recorded as 120 minutes snd number of bouts 0 All fish were S
‘ '—':,"measured after each frial and water temperatures recorded .' . .
_ In August, 1974 newly—settled underyearlings were brought/into R

the laboratory from the field These fish replaced the underyearlings

,\- w *4'-

) who had turned a year old in August. These new yearlings were then

(.‘.

oy

A -

v,

Y
T T




B B S A.ff Monthly mean. lqtency to first observed bout for under-

S yearlings under natural 1ight cycle and constant—iight
i ,.4"',-ff;“'73; cycle.: (; S ﬁ-‘h.q'. o A ; ;. e .

Voo o

' —~——~*~”“1T‘""Eﬁﬁfﬁly mean\number ofzbouts et . 15 minute observation

w0 . 1 0 perlod for underyearlings under natural light and

. IR constant 113&; cycles.,‘"_J_n,, . e
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AN .
evident in the latency values. The mean values for January (103 m#a),

~ ' TABLE II . : /
: . - e

Monthly Mean ‘Values and Standard Deviation for Latency
to Firgt Observed Bout and Number ®f Bouts per

" <> 15 Minute Period for Underyearlings (NLC). - A

‘Fish

Values? "

(1n,min.)'“ :

Lsp.

qfxBouts_

. sD.

‘Mean Latency | o o !
K © | Mean # :

:November 1973
‘December

- '~January 1974

Tolapril
'.7June | \
\mﬂ{f’

N ;August '
_'-.'September
'h.October .

’ QNovember

Dece:yber, ' .

. February N
| Maren

48

.S'AS.‘:

R
w48
48

{';4811},_
4g ]

| 'f':;.96 9 i
S I N
Sag

BT R

TSR R

B7.0-
847
‘1‘103: .

101%6: -

84,8

Ths
*e6v0. |
el

838

: 87.5°

) 155;1;:1“ :
Ty 46.2
69.5_ - |

o e
‘;'30;45
2250
23:99. |
o 23.28
»}.19 45;
. 25. 04f
- 24,55 |
:.28.41-:
S 22427 |
19054 |
. -3 42’

19.25°

1977
36,38 | -

TR

1:6
2096
5.04_f
e
f;{3¢92,f

“40,

4,79
30,

5.5."
) 1.'.475'

.3113.';l

280

3 ;-..-“’
51»2 65|
e
Sz
5,05
7?”3z9?}J
4,36

3l08°

2,090 |

' 2.09

Choag
5T
2,21 e

‘..\ e

Sy
\g.

R

e ; February (101 min) and Mhrch (96 min) are the highest followed by a general

e (87 n_\in)

. "5?d<6§fnin)

decline until November (A6 min) The slight increase between July (61 l ;ﬁ.‘
R ,

3 min) and August (63 min) is likely due~ o the uee during this period of 1/ e -

ewly caught Eish who were unfamiliar with the laboratory conditione.
ST

.'1dalikewise a 1arge difference between the valuee obtained in Noveﬁber;

Ihere

and December (84 min) 1973 and Nbvemher (46 min) and Decemheriw":"’"

1974 This difference could have been caused by two factors- S

.. '. ._‘. ‘." : ..’,.' '/."
r S RN . AP -
~ © . H T e .
. o LN
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o ' \ . h Tt v [ENN
AR . ..




e

PO

' ,5~ﬂm4ifrom January to December 1974 Next because a seasonal influence was Lo N

. ! . - Ea

, .\ o AT ; ; P . R . . o - L . B

R PR O L P s . S - et S . Lo L N

o . e s L L . R R R : KR . A

. e S . . ~ A N N k AN RN L . .. N e R

- R . . i P VTR S TR . e i EXI - e - v !
0 . t ~e - T e o . . RN ‘. ot . - Lo oo Y
.
B '
ya
.
\

T gvan aane

37

one is the difference in acclimation periods between the two test .- 5 '
periods and the second is the fact that the 1974 fish were more _— N

famlliar with the tesfing conditions. ‘In1974 the fish had been - ' 5

exposed to the testing procedure'fbr three months while in 1973 the

R ‘““"mw ) )

. . et - <7 .
fish weré‘still‘quite naive in respect to the testing procedure. These

: two factors could have influenced«the results but would not have

: / o . ‘ Ui
altered the facu*that a cycle exists in latenCyland bout frequency I A (A

|’

;:I'valuea. The monthly mean curve for both would have been glightly
depressed for the period Novemher 1973 to March 1974 but wpuld not/
have been eliminated BT :55'ﬁ 15,"Q :’Q;ﬂ'VLf;i‘ff ,""' '
*W;Q} Figure III-B\g ves" the fesults for bout frequency There )
" T e e N
) appears to be a decreaae in bouts between December 1973 and February _

01974 whicﬂdzorreaponds to an increase in latency values for this same

o

:"-questionable since in the majority of months tested the standard ;:'_fr'- R Rl

'q:.deviation is greater than the means.. However3 in using it as support

'} for the latency data)and not by itself this obvious shortcoming is -
_noc as’ serious.IVJ' fﬁf.aq’;— . :j"-_ : :;:::;;§—~:;L};_'.; e :

,‘k. -

o

st

To aimplify further analyais of the-data three procedurea were -

fﬁp?followed ) First the months of November and Decembet 1973 were .f'.

. N '} 3'~¥'
'7;eliminated to allow the data to be analyaed for one complete year. o
. _ PO e

period The bout frequency increased from March to June which again .l//
N corresponds to: a decrease/in latency for this period. érom.June until - S {
December there is a general decrease in bout frequency._-Again the ;' C '%;1
S high value for\the month of August may be due to the use of newly— L 1 o .’;?ff
S /éettled fiah in the trials. The use of the bout frequency data ia.;:.;i” - »;.L
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- '. variance test.~_ |

Il d, f.=13, p< 001) was significant The Newman—l(euls test showed that

38

S T . :
being examined the results were divided into four quarters. These

@ 1
four quarters were as-Ffollows: (1) January, to March, (2) Aprid to

June, (3) July to September, (4) October t.o December. The quarters

~ approximated periods of» low, intermediate and -high water temperatures

in Logy Bay Pariods of low temperatures being represented by quarters

: 1 (0 2°C mean temp ) and 2/(2 8°C), intermediate temperatures by
'quarter 4 (6 l°C) and high temperatures by quarter 3 (lO 7°C)
. v

} ,'»Thirdly, because o/f unequal numbera of observations between the

;quarters a: number of the results had to be discarded “to. equalize the ce

,.,’./ -t . "-| v' .
“‘—l]observations. This was done by numbering each observation from l to R

<,

L .. “ ._’__‘____M
‘ .72. - Since the lowest number of obaeryations in a quarter was’ 60 ,\ 12

k ~

',-had to be discarded A table of random numbers vas consulted (Winer, ‘

1962) The last t/wo digits of the random number were taken and the

result with the corresponding number was- d\.l.scarded. The table of random

.ndmbers wa’s r¥Rd vertically until 12 observations had been eliminated

- The quarters/thus had. equal observations and a Sment—Neuman—Keuls test -

-._.\_ \_//-

1 ,was performed to determine where the significant difference between the -

. quarters exis ted The Student-Newman—Keuls test was only performed

: if tv‘ne data were/ found/to ??;e significant by a one-way analysis of

N T

One—way analysis of variance on the latency data (E=36/ 95),

- e
. 1‘.

5.",_quarters 3 and 4 (July to December) were not significantly different

,from each other but were from the rest of the year.. Quarter 1

- . r'

(January to’ﬁarch) was sig-nificant'l/different from quarter 2 (April

" N

to June) and both these were different from quar/ers 3 a.nd 4. An omega_"l‘

N

e L

4,." . . . . v .- . . . A

L e P ey . . .
v : ? el :
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- ’ -\Q
g - squared (22 value was calculated from the variance values (Hays,

1963). This test is designed to appfoximate the percent variance

accounted for by the independent variable, in this case the Seasopal

quarters. An 02 value of 32.7% was obtained which suggests that seasor

:&1 . . contributes quite significantly to'the variance found.in the data. ‘ R

?

. e
Results of the bout frequency data (F=1.929, d.f£.=13, p> Ol)werenot .

significant.
Temperature was the other variable examined using the ANOVA L

”htests. Temperatures were broken down into 15 cells, each cell of 0 9 C.

oo

el s v b L

o o “j;The cells ranged from —l°C to +lS C'. The results for latency (F=9 562 ] o
: o -" g e [ 'v.i -/ - ! ' o N o N
RN ?f{x - d.f. =l4, P> 001) showed a significant difference existed between the ? S N
.cells. An 92 value of 28/ was . obtained from the variance values. .Boutr
. . : . X / ..

5y '1“3 ' - ,frequency results also showed a.significant difference (F=2.272 d.f.=14,

‘p< 01) with a192 of. 5 64 The temperature datawerenot analysed further
“due to- the extremely unequal number of observétions which existed between’
! 'R - :

P the various temperature cells.
. L. ‘ s . - _-/ . . ~. KN ,
Underyearlings (CLC) The monthly mean latency and bout frequency

.

e . "values are given in Figure III-A and III—B and Table III helow.. There
PPN Pl e y e :
B is an overall decrease in latency from June through October. ‘The values

increase from October until December when the trials were tarmiuated e ~

~

/- o

o

-There is not a definite trend for the mean mOnthly boufffrequency values.

A e e St o i oS DR b e

i _~,f'l;.~- #”'The extremely high mean for October appears to be atypical and the L;' ; o :
N - . . ; 0 ’ . . . , Y 5 ' = :\
T reason for this is unclear. Again the use//lness of the bout frequency

data is question/ble due/to the high standard deviations obtained LIt ."

fzwill be used only as supportive evidence for the latency data._ .
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different from quarter 3(0ctober to. December) Quarter 3

40

. TABLE III
Monthly Mean Values and Standard Deviation for Latency
to First Observed Bout and Number of Bouys per
15 Minute Period for Underyearlings (C C).\

. : Fish Mean Latency | Mean #)of
Month N .Value (miu.) . 8D Bouts. SD
April 1974 .| 16 |- . 98.9. | 23:80. | p2.4| | 2.67
AMay [ a2 « 97.3 . | 19.98- |78 | | s.0
[ dumefce |32 L T 9sie |30, 35" Ao %0 1.46
guly o | o320 ,-;776’- 3‘3 437 179 1,89
cAvgust G| 320 - 883 . 27 300 | 2.6 3,18
Sepgember . | 32~ [ rogh, z 526,79 | \iige | 232
“October " |, 32, [ --{‘53 9 .| 16 16/ |- \6.4 . [ 8.7
November 2 LT o, 6 ). 2768 |0 \2.20 | 1.67
December < .| 16 ~| ‘. 619 | 28.36- 1.9 [ 1.88 )
) Aﬁhlysis of the latenCy dara was cﬁrried out using the same
* o
procedure as employed in the previous group. However, since this
particular experiment was only run from April thDecembe there were .
only three quarters‘uged . These were as follows- (1) Ap i1~to:Jude;
(2) July to September and (3) October to December., Aéain theee -
o quarters approxiﬁated periods of low (quarter 1‘- 2, 8 c mi n:temp.f.
Jn intermediate (}uarter\3 - 6 1 C) and H!gh (quarter 2 = 19”_°¢5_weter"
‘temperatures.."Latency data were significant (F=23 75 d f =2,:p§;b01).
Igg SEudent-Neuman-meuls tee//ehowed that quarters 1 and 2 (Apfilafo .

Septemher) were not significantly different from one anoth

n turn was:

.t -

significantly different from both the other quarters. The

frequency data were alsd significant (F=3 11 d f -8. p< 0 );bu;’ﬁé;},.

. -_f . e . / e, e
uuuu o T . n . . .
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';:An 92 value of 167 was obtained for the latency data.g .

- j'Underyearlings (NLC and CLC)
. B

N - - -3, hl =N . . -
S LT e Ty [ v g .
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¥ a

not analysed quarterly. These were analysed on-a monthly basis.

—

Further analysis of the bout frequency data was not carried out due to .
its questionable worth. An 02 value of 27% was obtained for the .

latency data. .
) 4
Analysing the data according to temperature a Bignificant / ’

difference (F=3, o1, d= =13, p<—o1) w/s found for latency.-, No sig—-' EES e
'nificanc_e/was‘ found for the bout frequency (F-l 62, d. £ -13, p> 05) data.'.‘i
AN K N A
'vl‘- . " [

The monthly means for latency o:E both . {

e
the natural light and constant light cycle grpups of underyearlinga T G
N . K . NG L

~¢"were compared using the "t" test. Reaults are shown in Table IV. N EERES TS PP

' con_rpared. '

S Light Groups of. Underyearlingb in the Aggressiveness

\ .,

’ Small significant differences were fomd in four of the pine months _ C
: / . -~ i . .Nv' ) . . »
Monthly means were plotted in Figur:e III—A and III B for both ’ R N

P . i . . . .' /' B N ' ~ ".{,.. ‘ .- .,"_'. :',"‘;'b:
, TABLEIV B R R ‘

Mean ‘and "t" Values Obtained for. the Natural and Constant R v :",_

Experiment f/or the Period Ap_ril to November_1974 o S .

’ MOnt_h '

Meéan Latency -
- (NLC)

Values (in min P
| DF-

(CLC)

. ,. .-"‘t"-'r_ : - I K

| ‘May 7

June-- .
|ty
< | August,#, <.

| September '. il .
1 October o
ik November i

.81{' 8'-‘ -

6610 ..

R

: 6‘1.1~ Lo

636

_jﬁ Zf;V

57255
55100 |

’

‘ '.""98,'9‘ ‘

. 97.3

ghe”

77 61":_

g ~;-.-1“~88 3 . ‘

:84.\2
.':53 9

30’
738,
38| "
.‘":3'8 1

N

1.687 7 5,01
NSO
T1.68° |
3.13 7| <
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grou_ps o 0

. lr’

higher than the curve for the natural light group.~

'I'he overall curve for the ccmstant

RO

m o
o . .

light group is slightly

The re are two

monthe, October and’ December, when the consta.nt light curve is lower

a

but overall the natural li_ght group curve is lower,ﬁ

Older Fish (NLC),,

\

1;"

in Table V and the monthly mean curmLfor latency and bout frequent:y

is shown 'in Figure XII (see Appendix)

i :
Coaa

M

3

Four pairs of older fish were run for\ each month

1

A

L
f

—

TABLE V

[

’ . “

e t

v

There were . no: encounters- R

Y

‘Minute- Period for Older Fish S e ,

v R
P T
N .
42
T
- A
o~ -
.

' with the exception of October and November when eight pairs were teeted.n

The monthly mean values fqr latency_ and bout frequency are given

oy

"} Month

B Fish, |

X ',N"

Mean Latency
Value (min )

-January 1974
.February

_ March
“April .o

= \'June -
o ' July .

' Augus t

Qct:ob_er.-., -

. | November -

"] December

~Novenber"197-3.. '
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fMay oo LT
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N
k:
9
X,
¢
. (4 °
e 1}
Al -.',
f .

B




N
'
N
1Y
N
‘e o
L2 )
3 [4 .
. A
i
<
(o
'
.
[ .
\
W “a
%
3
b
S
3
. )
.
N .
Wt
~
D » 4
; . I
Tar N
s woo
z -
I
v

u‘ "-'-.‘:and bout frequency (F=1 558 d f =13, p> 05) were ndt %ignificant.__. “

'."-2"'4“01der Fish and Underyea{ ingL Combination (NLC) This study ran from .

';Z-,j'."December 1973 to Deceléer 1974 ' The reahlts for December 197-’4 are” not

L N

‘-“quite low with the exception of November (3 5) : These low means re— -

'...\

:ﬁb tween the older fish for the period November 1973 to May 1974. =

There is an overall decreaae from July to October ‘in latency values AKX -
h Y i L
with\t\he exception of September The "~va-lues' begin to increase in : A

~De;:ember. A low number of bouts were recorded in this group for all ' -
.;}months tested | A high frequency of bOUts (1 5) was recorded in
, ‘AUgUSt which also corresponds to’ the lowest: latency value recorded
| - Reeults of ANOVA tests - for latency (F=l 967 d f £13, p>.‘655 A

",_'"Analysis of the data according to temperature for latency (F—Z 006,

-

""'"'-;_,d; =14, p> 01) andmouta (Fa=2 296 d £, =14, p> 01) were. likewise not -+ "

Y
oo

R

' _:_--included as leas than half the required number of fish were tested due ".
' to deaths caused 'by saturation of the seawater with dissolved gases 'l. \
- ] : !esults a.re shown in Table VI below and Figure XIII (see g
. ‘ Appendix) The latency valt.\es decrease overall from April through _ )
* October, with the exception of July. . An increase :ln latency he%ins 7'“-'"‘-‘"".
‘ -"ﬁ:llin November and continues until March. _ JTh‘e' bout frequency means are . ,

:_.'.'flect the fact that there was 'very little interaction between the two A

'-.age groups throughout the experiment. 5N

,,,,,,




TABLE VI

e

Standard Deviat:l.on and Monthly Mean Values for- Latency

44 "‘

,to First Obsérved Bout.and Number of Bouts per 15 Minute
Period for Older Fish Underyearling Com‘.bination

. Féh ‘_'

“|value (in min.)

Mean;.Latency' ‘

Ly

.. |of bouts

¢ December '
January 1974

L F_ebruar:_yA s

o fMarél'l"\':

S - -April L '
|- " June =

t Augus t

' October o
S k No‘vembe:; o

 November 1973

'Juiy--;‘:ria;f;

SePtember A

J

-

X B
12000
B P

Caa

= 101 7
Jo. 8Le
. ' 89.75 .

233

N

N RS I A

2.36"

."'r.was not significant as waa the case wit:h the “bout frequency data (Fhl 227 T

’ ."f.;'-};d £: -14, p> 01)

K

Thete- was- likewiee no difference noted :Ln the temper-

B o . 0 ! ol g e oy |

e

- B.emﬂts’—ﬁ“f‘f}T'_onthly data for latency (F-l 33

d f-lZ

ature for either latency (f- 836 d. £. -14 p> 01) or bouts (F- 829

-14’ P:’ 01)

e

AL and Aggressiveness.

e A
PR Y

Figure .IV-A and IV—-B combine the\ monthly

p> 01)




A Honnhly mean 1atency values for underyearlings (NLC)

for the -period November. 1973 to. December 1974 and for
yearlings from August to: December 1974 R -,
Monthly mean numbe‘r of bouts per 15 minut:e observation
— ‘period’ for underyearlings for the” period November 1973 -
" to. December 1974 and - for yearlings for the period August
to Decamber 1974.} y
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. through December 1974 were newly turned yearlings or l+ fieh _' ’“31 i ;

N,

December than for underyearlinga. g

yearlings is high while the values for underyearlings decreased.

' values for yearlings are much higher than the values for underyearlings.

'-group were meaeured after each trial.

Aq.
compared to the status (winner or 1oser or no encounter) of the fish -
by a 2 X 3 Chi—square contingency t:able analysia. ;" Table VII shows the r : : s

‘, reeults. R “" A BN ‘

) TABLE vn e
S Chi—Square Contingency 'l‘able Analysis of Size , T
Lo :.'. s ofe Underyearling FiBh (NLC) with :
S Outcome of Encounters» S e i
] __:_ ,,'__._'..._WOH S ) o t‘_":’-s.tl;".’ T NOEncount:er . \ N

YA

Both 1atency curves follow a similar trend decreasing from September

to Noveui)er with an increase in December, but the overall latency
3 .

'I'he bout frequency fo\llaws comparatively the same trend

| Thet o S
number of bouts for yearlings is much lower from September th\rough |

This again indicates a much reduced {
leVel of aggressiveness for yearlings when lcompau:ed to underyea.rling | a i

\_» . ~. -

p ctatus. The yearlings uaed in the trials for the period August '

‘,. I ;(, -

~e = .

Size versus Outcome of Enéounters.

All fish in the underyearling (NLC)
'I'he. sizes of the fieh were then \ O I

VAR T

- . 53 ~. '-

d \( . o T
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Discussion L e, L }
"; = There :Ls a definite aeaaonal fluctuation in the level of

aggres’aivenesa qf 'underyearling S, punctatus--., During the months when :

A
the water temﬁeratures ‘are highest, July to December, the 1atency

\.

valuea are low indicating a high level of aggreseiveg/eas. Likewise

during thia period there ie an overall increase in the number of bouts

-t

8 4°C in the laboratory while the average for the per:Lod Jenuary to / C "..

June wae 1 5° 'I'he results fx:om the multiple comparison test (Neuman— h

Keuls) further support thia finding The period July to December waa

aignificantly different from the rest of the year P 'I'he period Apri.l

to June waa likewiae different from the period January to March % It

thus appeare that the rate of aggreasion is subject to eeaaonal changes

- per, teet period The average water temperature during this period was /

'

but whether thie ie due to water temperature, age, time of year or a ‘, .

s

combination of theae factora cannot be determined from this e_xperiment. ,

'I‘he omega squared (ﬂz) valuea for season 32 7Z and temperature, 287

E '“; were both quite high. To suggest that .a single factor contro a

' aggressive levels aeems risky as multiple factors are undoubtedly at

- \mrk Hartmau (1966) noted in hia work on two salmonid 9pecies that .

-’ creaaes with warming temperatures and in the experimental tanks this

,._.._ ._.‘

1

Ce aggresaion appeared to be related to water temperature, the higher the

,I_ g ,1

temperature the mnre aggressive the fish He only analyeed this one

factor hawever, and his datawere based on only a few montha of study

W:lth seasonally increasing water temperatures, _aggression in

the arctic ehanny increeses.. The activity of the fish 1ikewise 1n- e
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- season (December to April) The 1ower aggressive leve 8 due to thia

- 1ight group for the winter season.:_ e

PR nature of it.

49

sooner and nore often thus resulting in more opportunities for
o \
- agonistic e?ncount re. During the warm water period the underyearlings

-

settle from the plankton onto the substrate, thus densities are - also

v’

highest at this time. Aggression has repeatedly been demonstrated

) as resulting from high population density. A high level of aggression

LS .
©at; this time would a.id in the establishment and defense of territories. -
: ~Resu1ts indicate also that aggressive levels are lowered 'by

ERRI

a constant 1ight cycle (see Figure III-A and B) The constant 1ight’ :
/

cycle used corresponds roughly to that which occurs during the wint"r .

LN ‘ ..v\-

o N
light scheme reflect the low aggressive levels fqund in the nat ral T

1 st '--, . -

The months of August snd September were found to be si.gnificantly

N
different between the natural light and constant 1ight groups. This

period is important in the 1ife history of the underyearlings (setting '

up territories high densities) and their aggressive levels are quite
- s PR

high.' However under the constant light cycle which corresponds to

the winter season the aggressive 1evels were significantly—lower.‘ .f‘-:., /

HWever, the latency mesns follow a’ curve which is roughly similar to N

\\ .“ . o o
the curve far the natural light group, only higher. It appears that _‘ A

v

o photoperiod affects the level of aggressiveness but not the seasonal

Lo
= i

Older S. punotatus show a 1ower aggressive 1eve1 than under*: ‘ :

.....

fish for a seven—month period which extended from November 1973 to May

i

yesrlings. 'I‘here were no observed aggressive interactions between older’\ ;

974 Water temperatures are 1ow during this period and the activity -
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I

levels of the older fish vere ‘)fikewiee low. Aggres_sive levels in-

.- creased‘ in June and continuedl to increaee until December. .The mean

v

was higher overall There ‘was no. s:l.gnificance noted for umnths d!

emperaturee._ \Seasonal fluctuation oﬁ the magnitude of that observed

in underyearling\ Was not apparent.— The period June to December is

S

R A | - ;/ LSO
/ B the imshore period\ for the older Eish in Logy Bay thUB the increase in Lo e

aggreesion assoeiat d with thie time period is reasonable. xénother

7

: o change noted in the aggression of older fish is the behavioural sequence

Rarely did an agonistic encounter between

° DN ‘. T \

../ _
two older fish invol\z an Attack In the majority of encounters there T

' was" a Displéy by the d minant fieh and/e Flatten by the subordinate s -

-Iﬁ only 5 of 19 encount rs between older fish was there en Attack Im

-comparison with encounters between underyearlings, there wae an. Attack ,;? " T '/-_ .

during almoeti every encounter situation (:Lnitia‘l bout only) It appea é:';

-

ST latency from April to thobet. The agonistic interactions betueen the

'l-. /
two groupe rarely invo

s

'i'il,e older f:l.sh were alVays S

ved-an AttAc:k.' :

-_'., A

e . dominant and undery‘ear ings would seem to "a‘void" the older fish in B L ‘;;".,i\

Fhm s _2--;_’-”-:;" the majority of encoun ere. : Underyearlings would Flee from the o

Approach of the older ish a.nd in only 2 instancee was’ there ‘an. Attack ool R
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by “the older fish. - '-IL
Upon completion of orie year of benthic life, the aggressi've ‘
level of S. pun unctatus 1is lowered onsiderably.- The latency values ~ .

’ s
‘\
; 1
. s
s
L R
e
AEEEY

B EXPERIMENT 111 :

"'_and not just a: behaviouristic one.v

for yearlings ark)underyearling fish are quite
September t:he yearling values increase sharply

e
,values for uhderyearlinga which decreaae. For

-

underyear 1ings valuea ..

3 ',.',x,/

- v

(Family v Chaetodont;idae)

’

DeBpite the tendency of the older fish t:o be less aggreasive ’

- v s
the older fish dominate.

-

size versus outcome of encounter data is considered

close in August but in

in_com‘parison to the

the period September .

o \and older fiah over the year than those for underyearlinga.

comparable to the findings of Zumpe (1965) for butterfly fishe)sf
’ : 1 .

to December, the latency values are high for yearlinga compared to

The latency Valuea are higher for yearling

Thia 15 '

than the underyearlings, in agbnistic encounters between the two groups :

Thia fis reaeonable when the reaults of the

The larger member

of a/pair engaged in an agonistic encounter won a signifi/cantly L h

”

greater portion of these ,ermounters than did I:he smaller member.

Other

authors have found thia aa well (Braddock, 1949 MacDonald et al.. 1968

Gibson, 1968 Greenberg,hl946 and Boer and Heuts, 1973) N " 1..

e S

HABITAT SELECTION

Habitat selection may be defined aa/the repe’rtoire of behavioural

Z -f

- ‘.. .

responaea to env:l.ronmental stimuli by meana ofzﬁhich an- animal locates

-~

i.ta preferred habitat (Meadowa and CampbeH “1972) - Habitat aelection

T e, 8 /', R
e R AU :

\ B

(1959) stated territories'are fundamentally an : ecological phfpomenon

LR

", Thua ;ln this reapect the tetritories

FERE P

e I

AL

~ Lt
e

LS R S

;o
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.
<
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N e .
: q
LR
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e .
RS

R ~“'.‘:and territoriali.ty may aeem like unrelated behaviours but as Pitelka .
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of animals are objetts in the environment and the question as to
whether an snimal/:lefends any area or selects an area to defend is
one that deserves attention. _ . : | _ !
~Um:".eryearling S" gnnctatus settle in Dyer's Gulch and have P
; . o little apparent choice but to. live _among thé tocks and boulders found
EA P . . there, as this is the only habitét available :Ln the ‘-study area. v
%- Behaviourally (thigmotaxis) (Gibson, 1968) and morphologically (com— i

1 S pressed and elongsted body, modified fins, reduced ecales and body / . /
;."‘ : mucus) these/fish are adapted to life among the rocks :md‘crevices ’ | _ NS B
found‘ Ai’nehore.- ‘In fact however, At has nell/er been /shown whether j - e ..«‘

: habitat selection plsys a part ih their sett‘lementla‘mong the rockg - ¥

e aud boulders or if the fish will take up residency in any habitat they ,‘ 'g

i settle- in. This study was designed J:o determine whether or- not under— - |
yearling S._ p_unctatus do select the habitat :lnvhich they 1ive o B ,&
A . A

s N A . . 3

/)45'?'3,.’-7,18-15?“? Hethods - R »_'-‘i' e e e

Laboratorz The labotatory portion of this experiment ran from July R -

R 31 to August 22 1973 which corresponded to the time of the field study. :\"-"'"" IR : -
-ﬂnderyearling S. Eunctatus were brought in directly from the field a.nd // : ]
: '.:'~- placed in two wet—bench{s in the la ratory. _, 'Ihe largest of these " g : A
, A ' measured 223 x 70 x 9 cm and the other: 184 X 58 X 9 cm. ‘Thense were' e :\-.‘ (AN B
’ ' . , | divided into 6 equal sections, those on the 1arger bench measur,i»ﬂg - ) / : :
. S 74 X 35 X 9 cm and those on the smaller\beneh 61 X 29 X 9 cm. , _
l The three hal)itats used were. R ,/

Rocky - 3 cm J.ayer of gravel withp:ocks of a diameter

greater than 4 cm scattered about._; s G :'_.‘: ,_r‘

: B "! . e
I\'.
I3 N N i ' . .
[ L ¢ b .
; ,. .
P . .y .
uuuuu PR S N gt Lo
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2. Gravel -—— 3 cm layer of gravel with no rocks greater
than 4 cm in diameter present.

3. Bare ---- bare wet-bench top of fiberglaaa with no rocks °

3 -
or gravel present.

. . >

The three different habitats were of equal size and each

habitat occutred twice on. each wet—bench Placing of habitats, in- | . .
relation tbo- one another, on the wet-benches was" done for all posaible

i S - _'placement combinations.. The fish had equal accesa to each habitat
R ,,A constant l:lght cycle was provided and food was, placed in each aection. '

-
o~ .

-When recording the poaitions of fish in each habitat, the disturbance . oo R
,-;to each was. constant. : . "j AR : N "\' S
/ . . . . . [N .- i . / . . ;

A total of 75 fish were observed during the otudy witﬁ a '

3
: F 9
maximum of 6 fiah per beuch ll'he amount of°cover preoent' in each bench e . 3

was suﬁficient for 6 fish but with numbers above thia a crowding effect

,

. would be noted 'l‘his crowding yuld result in the more’ dominant fish

[y

»

"‘,’ L R occupying the preferred areas while the subordinate fiah would be

'forced to occupy the less preferred areas.

© —

AT

. v -
..:l.s‘.-.;.‘.u,ums.u VY PR
A - T ] '.- -

.

Lo |t

dexion and placed 1 m apart in Dyer 8. Gulch at a depth of 6 m. ' 'I‘he
g e T table t; s were constructed of fiberglasa painted black t;o prevent ' i

eI EE BT
g - R . .'light: from be:[.ng reflected back up through the tables from the. subqtrate.. ,

; M:ﬁ'ﬁ‘&‘&,u\'&i\{hy‘.&‘—n‘;
. . en T H

'_"Small abuckets of c.ement were attached to each 1eg for weight

°

One table Burface was covered with an: 8 cm 1ayer of. gravel




wttowe 2 SR PR P ] IR 4T 2 QPR et ; ¥ ‘m"“

5

-t . .

. _ , ' ) ) | ‘ .
(no rocks with a maximm d:l,_a/meter of over 4 c¢m)., The other top (rocky

substrate) was covered with a layerx ef rocks between _4 — 45 ¢cm in
maxlmum diameter. The two tables~were visited on 13 occasions ‘between.
Jully‘ 23 - Augusr" 20 1973. On the last dat:e only the rocky table e

a . \ . -
remaiq,ed as rough sea had destroyed ‘the gravel- table. R : o

oo . : ’ T P . ; B
CLE 'Results g IR | s ‘
e , .o . . . 3 - \‘ . e "';L"" F ,:. Lo - R
_ aboratog[ 'l‘he 'results were analysed dsing a chi—square contingency

e <o

: ‘_»,ltable and are preaeuted in ’I‘able VIII.,.*_/Q T /
o T ’I‘ABLE VIII tLoe BRI R

N ' Chi—Square gontingency Table Analysis 'of thitat AR
" " .Prefer¢nce for Underyearlings in" the Laborat:ory. S

' Rocky . Gravel .: . ‘Bare ..

Observed-© - | S T RS £ S St

Expected ' | .. 25 . ce2s5 0 kL e

The results (x -40 64 d f =-2 pfr 01) indicate a significant

. -.,difference exista :Ln the choice of habitat:s by ~the fiah.._ The overall
prefe:ence is for, the rocky hqbitat ‘over the other l:wo. - ] ' "_"

‘.'.a . N 4

; - two tableﬁ duting r.his atudf.‘ Of the 34 fish observedv 33 o,f/ the'm wefe

. ,.vv.'

recorded on the rocky table and 1 on thea gravel table. ' Chi—square ,. M
(A '.‘ . / 5 \ e

' Field A-tdtal of 34 underyearling S. punctatus ’/ere recorded on tﬁe" : '.

Gt

- -
e kb
3
By




A EREERT P T
R 2 ST

- e L . : .ot B S » Do N ; o
T e 2 n i U O . p: gt . ~

. . ¢ Discussionm o T - o \ )
. - . . - S . . - ' C . \J . ‘ »
. ' ' Territoriee are areas of the substrate which are occupied o Sy
. - and defended by’ the territory holders. The resulta of the 1aboratory _— /'f : ‘ ‘
. _ " and feld "portions of. ‘this experiment show, that underyearling S BRI ST
e o E ctatus do ael'ect a specific habitat and prefer thia/area oveé ' . - g
‘ ) ' others- equally available. 'I‘he habitats availa‘ble in the th studiea '_‘;’_"':A

/rccky habitat was’ selected over the other R N

A o two habitats of gravel and fiberglass. : ‘N -‘f"_r'. LT T 7

S :'::'." _?"-, were quite different and the

o : -!,._..,. R C
_ﬁ “ 3 Territoriality not/ only°invOlves 8 type af behaviour
‘. (aggreasion) but alao involves “an object, the terri:toryf Animals do ;'f
g not normally defend ateaa -that ate unfavorable. to? them.' In the field . .A
/ . | . during atorrm,’ ‘lmderyearlings remain under rocks and - Ain. crevices.-} They"' / '{;-':

/‘ J

P K also uae theae areas to escape pteda@rs (personallobservation)‘ R

There appeara to be no survival value for unaeryearlings to defeﬂd a f':.':‘ L e

, . _— patch of gravel if there are . no crevices available in it far th/e fish PR
R \ . . ' - :
o . : '\/» to take refuge in. To be able to aelect"a hab;ltat that will offer a

. - N better chance Qf survival and/to defend this area- confer’a a. definite LTRSS,
P ) ,"..f - ’ N "' b N // RCE T e 200 BRETPRIN . _ A 7'
C advantage to the territory holder. ': e ': ERRME o I S L

Wt
Lo

ex:l.st in the laboratory only for a short period after they become S . :'_ ) Lo

eIV e A G gt L

yearlinga (Bee Exp. _.,) Aggreasion among older fiah has been shown

R
e T
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mechan:bam which is responsible for this dispersion is unknown King :

[

“"\_> . (1973) scated that agonistic behaviour is necessary vat even dis‘bexr‘sal . .

_' | of animals in an environment. Whether this agonistic beh'aviour results

. ‘ "‘. in territorial:ty or a form of home range behaviour depends upon 't‘:*he i ,
\ ~animal in question. AP f o : o g S

o 0

Territoriality snd home range beha_,ionr&:both disperse animals ) 2

T thr.olu'ghout the environment. * The basic difference between the two is _
al one of aggression. .. Territories typicslly involve aggression ‘to’ defend - "
.: an area while a home range is a passively occupied area.. Bu_rt~(l9,{;3) - e
3 - e stated that~ a home Ara‘nge is an area which is‘-covered -by an animal !'n'
_ , its ndrmsl activit;ies of food gathering, mating and care of young. -
S : Noting that thé’ aggre/ssive J,evels -of older’ fish are much 1owe5r than -. ' )

underyearlings and furth\er noting the lack of observed sggressiorn in L

P A — the field this experiment was designed to.p_rovide an ides as-to, the
. - ) cype of disper_sion,in oldet:' fish. . .' 2 . )
S Mat:erials ‘and Methods o Y S .'(.o' S 5
R : _ . Older S. B unctatus were tagged by the method outlined by ]
’ o | l;epper (1974), and released into -Dyer's Gulch. These fish had been
g ,, ‘held in the labdratory over the winter and some\were Mitchell '8 Brook

specimens. Observatione of the los:ation of-\tagged fish were recorded

n

ont:e on each dive made in the Gulch.

- v 'n o o ®

Nineteen fish were: tagged .and Qeleased into the - Gplch on four~

~ . : °
' . , SO occseions; August 19 Septémber 20 and 23 and October 10 1974,_
I 'f.‘,’l “l"" v . g released on August 19 wer not individually merked 'but conld be -
S '; .- 'I-_-"', . 'fdentified by the white ectoparasites on their f.ins. . The Iemaining .
, R : J e T N SRR < ;
- o n OB

[\Y
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3 .:'fgf‘ﬁ::‘f,? 15 were all individnslly marked -'ﬂ " l.." {; ;:‘_' ;? trrf'btiif'
1 | j.,l lé;:;;_EEErEEEEEd fish were.released ‘at tyo sites on the substrate,l .
i (Site A and’ 'B) each approximatelv 4 m'in diameter and 3 m apart. ;, .,f
“‘;. -" | These two sites were the only areas extensively sesrched on subseq\:ent
o dives fo: tagged fish 4'..:.;‘ B '--b: -;-i T . o
X .ﬁFf:i. Lf"'J.~; Results from the- tagging weve sparse but deaerve mention..;bt:f
| o -:-' th -‘ l; unmarked . fish released on Auglt 19 1 wa‘s observed in the«-‘
,‘3_. S i

°

'. 20 An Site ‘A, 2 were recorded in the area oﬁ Qctober 21 "The 4

.d;tiﬂ : ing their release in the release site. Of the 7 released Oetober 10

s "‘. CeaN 4 >

" ments for a period of at least a: month. Five of the 19 fish werev

e, '1."observed at 1easb 4 weeks after their release in- the original release ',."”
C 5[ sit n late November, when conditions Weré again suitable for ST
t_ . diving, no tagged fish were noted but at this time the inshore popu- 3‘"”_
. JLTJF .lation of S Eunctatus Wss quite low apd by the end of: thelmonth no )
. Vo o L ‘_‘- ‘ g ! S ) . ' -
e L I R ’ g
; l/ f._- . ) . .”.\1‘ . . .
. cT e, o ‘ - s i . 1}

SN original release sité& A “on Octobe 23 Of the 4 released September S

released September 23 in Site B were observed only on the day follow—ﬁ--

P _". M . . . q N .
s T v e The results suggest that older fish do show restricted move- i

N 3 in’ Site A and 4 in Site B, 1'was. observed in’ Site A and 2 in Site ‘B [”
'fng _.I"on October 25 I i ‘_ - “ €'f"'l_‘:i Do :' = e
i : “;' . I sumnary,aof the 19 fish released 7 were‘never observed‘4

R agaih«and 5 were observed in their release sites‘on the last dive .
SN (October 23) before a prolonged period of rough ;eas terminated diving
e until mdd—November.'lp} ilizi' ;g' R ?'~'ﬂ_f¢i;}1ffffﬁ'{:
SRR biseussion if.ﬁi ;l' :; 'f,.: : IL“ ‘ :' E{j"”lﬂl,f“,.:?fw
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fish were observeg 1n- the study area. T S

R ‘ :
During the- two months of observation there were always tagged :

¢ . 4’ .

-

fiSh in the release sites.‘ The two release sites were only 4 m in s

diameter. ; I,t.would be unlike.
these'sites.' The- fact that

-

for all the released fish to remain in :

of the 19 released fish remained in’ the B

-t
’

release sites for almost 2 months suggests that possibly the areas were.

N - -

only‘ 1arge enough for a small number of o:\lder fish This observation .
S - o
agrees with other ‘field observations which indicated that density

levels of older fish were quite low and older fish were more spread

out on - the substrate than were underyearlings (personal observation)
. ”

- Pepper (1974) fOund that 4 of 11 tagged older fish showed an affinity o
o 2 .

for the capture—release area. Thus it does appear that older fish

¢ -

¢
( have sn affinity for a. particular area but whether this area is occupied

e passively or is a defended territory is still unknown from field obser-"

- R . . L )
' ’ ' ~ . b

B . e, B B o
- . .. - EEAPIN B I Lo -
N . i T . 4 H - v . . . o .

"_ EXPERIME‘NTV VISUAL ISOLATION Co My T
The aggression observed in Byer' s Gulch between underyearling
punctatus often resu'lted in the fish being visually isolated from

', one another. \The territories that resulted from the underyearling s : _'

i

aggression were likewise often visually dgolated, In the Gulcm the

-

substrateyi‘s rocky with many large boulders and crevices. ) This toype :

of habitat has been shown to be preferred by underyearlings (see Exp

III) The substrate thus provides many sreas in which underyearlings
can be visually isolated from conspecifics._ o

. L ' ‘( tr
Whether this isolation is a result 'of ' he substrate or is in

fapt a function ‘of the behaviour that resulta n the. _formation of =‘;,,‘._':

. <
v

- . - -




VU T _
‘territories issunknovn This experiment was. set up; to. determdne if

underyearlings will tend to isolate thsmaelves visually when given

the’ opportupity to be alone or with other individuals of the same

___——————_—_‘
\

species. The hypothesis was; that visual isqlation does occur in the o

-

. é&ii‘f'lllk f o species and that it is'a- function of the territorial behaviour of

ungeryearling § punctatua. L S K S

| S Materials band Methods S o o

. |
."‘- Ea o

;~i f S Two tanks were used in the study. One measured 60 X 34 X 34

Jcm while the smaller one measured 34 x 34" X 34 cm., The tanks were eachl
. - '

Er ‘divided into a equal sections by opaque PVC tubing having a: diameter of'

RTIE

0’8 cm. When these tubes were placed 1n the tank substrate they extended.{l
. . 7,
, approximately 5 cm above the substrate Ihus if a fiah swam into one
- |
St of the sections it was viaually isolated from the other 3 sections. =

The tanks were separated‘from the main laboratory by a black plastic
:;‘ .“--;._'. g curtain;' A natural light cycle was maintained for all trials except
for one whiéﬁ was under a 12 hpur light - 12 hour dark cycle.< Ihe'

study was carried out from May tao’ October 1974 f_ L

1y:_1i\ -', Four f£ish were placed into each tank for each trial _IIndividual N

fish were identified by size and also by the presence or absence of .

hf. white ectoparasites on’ their fins. The length ‘of the trials varied

'”'{ from 2 days to one month ' Thirty observations were carried but for '§_'

By e

R : !

‘f-f" 1',;'each'trial Observations\consisted of recording the position of each
TR .

' 5'1m'j55 fish in the tank and were carried out on a random. basis throughout

¢j-15. Different fish were, plsced in the tanks at the conclusion of

Yy

S AT ,".1ft3 -*}- .7:* .59 o

the dey. Generaliy a minimum of 4 per day were done with a maximum of nlif-




‘ each 'trial ; In 4 triala, however, fish from the large tank (60 cm)

were placed in the amall tank (34 cm) anl 4 new fiah were placed in

C e X4

the large tank. Fiah were allowed to acclimate for 24 houra before '

ST observations began. '

. ~

, T T Sixteen triala (8 per tank) of 30 obaervationa per trial were

.

a , - run in a large tank under constant light conditions.- A total of- 72

fiah were tested Results were examined to determine :ff the f iah

E S -

R

:; ~ spent a significant number of observations either Alone or With 1 or

SRR

the two conditiona were claasified as demonstrating No preference.

AR N / S 'l‘he percentage of fiah that "preferred" eaoh condition was " calculated

V.

'lhe 1nitial twa trials in each tank were run uain‘é "old" I
f,

e - -~
. . Vv h
N . . 3 v -

‘ newly—aettled or. young underyea.rlinga._ 'l‘he reaulta from these two

groupa were coppared to determine if underyearling age affected

K o T ;- their occurrence dh each condition. ‘-.'
: Of the 18 triala run, 5 were run ‘for 2 daya or leaa. The

o ..'\' -

' reaults of theae "short tun" trials were compared to the "regular run

ORI " .- _. . _ trials which 1aated from 10 daya to-a month. ‘ ".T :; ._ ]
R . . Encountera beWeen fiah in the experimental tanka were noted .
; '.:‘-j 3 ' to determine the effect of aocial atatua on the occurrence .of the fish :
g

o, ¢ . L . D

. ‘aignificant‘ preference (aa det rmined by chi—aquare) for either of R

(more than 10 months) underyearlinga, while the remaining tria.ls uaed o

T Tun in the tanka. Two additional triala,‘ also of 30 obaervationa,w were,. 3

more other fish. . Individual fish that did not demonatrate any TR




B e g L I A R

BT
SR

CHE

Reaulte-.".-"‘ . . " - .'" S ’ \:'

............

', Results from the small tank are shown in Table IX. > Over 59Z

o\

' .=L¥ TABLE Ix f\ “f""J b
observed "Preferences" of Underyearling S. punctat:us Expreseed as a
'[ : Percenta&e :Ln Small Tank of the Visual Isolation Experiment. ) ,
1
-Social Condition 1 N -(fish)' .} “Percent, o - p S . .
- B .~ N N - ‘ X‘ i . " .

Alome " §.f“ 19 o | ose T ] <ros

Wir.h 1 or: more fisb' 7 :.' . . '12'1.'.8, S <.05

No .pre\ference. D R 6.0 e . 18.8.. . . R > 05 g

g of the fiah tested demonstrated a preference" for the Alone condition.' '
,',,The other condition accounted for over 21% while almost 19% had No o "'-,"'_ P
preference for e:l.t:her of the conditions. l e
j.*-'. ’e The results for the "old" 'underyearlings :I.n the small tanlc and". '
for the young imderyearlings are shown in Table X below.. AT highe_r B i
. :';.‘ ‘-.‘\ o .' . . . R v N R . . ; A
. S
= TABLE x ,
Observed "Preferences of "Old" and "You“ng" Underyearling T
g 8. Punctatus Expressed as a Percentage in .the SR
Small Tank of the Visual Isolation Experiment.
e, . "Old" F:Lsh ' "-."_-'Young'.,','Filsh':'
. o Sociai.Condition' N (Fish) . _Percent p N .(F:Lg;h), '_"?e,rdént P .
' . |Atone” CmoeEl e 7500 <e0s| a3 <0 sk j<0sf
: ~|WiEh L orTmere, fish| A | 12.s fciesfte | 2500 <05 e
" ?|Ng preference BRI S B - .'12._5 >.05" "~ 5 | . 20.8 [>.05 .
|u?'.'.; v\*- i ' . .
A \ . 1y \u




s Table x1 below._; In ‘the short run trials, 252 of the- fish prefegred -; '

RSN

3.‘ . percentage of the "old" underyearlings were observed Alone (752) than

-~

were the young underyearlings (54 2%)

There were 6 encomte;s observed in the snyll tank in which

3 winners and 6 losers were designated This could ‘occur as. one fish

i ' [

could win encounters with as many as 3 different fish. " The! results o

indicated that social rank does not influence the designated preference. CL '

of the £ish. . , e o

v

Results for the short and regular Tun trials are compared in % .'

the Alone condition compared to almost 712 in the regular run trials. e

B S B TABLE xI

.Obs'erved "'Preferences of Underyesrling 8. Bunctatus Expressed ' \

' as a Percentage in the Small Tank for Short Run and Regular -
“Run Trials in the Visual Isolation Experiment. e

'Short Run' R Regular -.R.““_".. -

‘Social Condition [N (flsh) | Percemt' | p. |N (fish) |Percent - | p.

¢ T e
N 1

" Ino ,preference S B B T ;.0':'5 S is | 208 >.05

.'Alone - o o2 | vesae [«eos| 1 |l 7008 <08

' With 1 or more’ fish 5 |e2.500 |08 027 |84 | <os|

~ A Vo
/‘ . .

_-Approximately 632 of the fish tested in the short run trials preferred

the With 1 or more fish condition while bnly around 82 preferred this

- Y

l"'.l condition in the regular run-~ trials. n ,‘". ;

RECE Area preferences (determined if the frequency of occurrence of“ A

6.

» 'J

individual fish in the grids was twice the expecte‘i value) were demon- :

strated by 19/32 j59 4%) of the fish tested. RN -
' ) 8 . . A ~-‘,J. '{»'
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'.aResulta'from’the large tank'were-ethined in'the'same manner‘
as those‘for the small:tank.
half of the fish tested §§6 4%) demonstrated a pteferénce

) ) : ! L" ..," L

‘ _ | TABLE X1 .. I

Observed "Preferences of Underyearling s. punctatus Expressed as-
.a Percentage in Large Tank of the Visusl Isolation Experiment

Y

Table XII below shows ‘that again over N
e - = o

Social_Conditionﬂ :,"

N'<fish)-i_

'Percent

p

Alone-

o With 1 ot more fish :;H-i”

"_No preference

—

o

56i4

s

- _ - "’2.1..".8. .

T aus

-

_;14 A

.05 .

;05371‘

-405:'~f"' s

3
v

'l_condition accounted for the remaining 43 62 of the fish

K the preferences of the four fish 1nvolved were as. follows.:

ﬁ‘ferr/d the With -l or more fish condition.-

'.;itwo higher rsnking individuals.

5 noted and the. results showed that all the/winners preferred the Alone’( '
. ’ - ) . ) '\. .
' s,wcondition while 66 7% of the losers preferred this condition.ﬁ/ - o

'?fff'- T Table XIII gives the results for the “old" and{"young" fiah

H-ii tested in. the 1arge tsnk

'for the Alone condition. The other condition and the No p ference”.
nos [

"

-

These values

'\ —_—

:3 ;compare quite closely to those obtained in the small tank /’

In the large tank there was one complete hierarchy observed and

the alpha,

§ .Aﬂlbeta and‘omega fish preferred the/Alone condition while the gamma pre—'

The gamma snd omega fish

.\.'- -

- ":'were observed together on numerous occasions and aeemed to prefer

/\

'H(though not significantly) to be together as oppo?ed to with the other

\ - L. A -

<

’u'.-' \
higher percentage (66 62) in the Alone coudition than did/the "ybung :
. S I AR

.'.\.

Again the "old"_nnderyearling fish had a'fff

FUTE N e e
CTEG RGN

L~
’ " om
g
3
H
'
e
L
:
\

J L
There wereithree incomplete hierarchies o
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TABLE XIII

Observed "Preferences" of "Old" and. "Young Underyearling
7' 8, Punctatus Expressed 88 a Percentage in the
. Large Tank of the Visual: Isolation Experiment

t

\ . "014" Fish . ° e "Y//WS 1"155 K

.Social Condition :|N (Fish) | Percent | p ~ (N.(Fish) | Percent.

Alane, *‘3:-' L8 o 6646 |<08) 10 50 o

|wien. 1 or-mére fish| 2 ¢ [T 18.7 7|08 5T | 25 0

; No preference ffﬁfw :‘.f2_rw o l5.7; ;105 ,;Z;ZSKQPT' 25 0

.’2;05_ =

>_.' 05 .. B

R Alote, | ST I PN & 550,/ <05l 14 53 3

2

ﬁ‘iNo preference A;ﬂ;' S {;“; . ; 7ffii Tiﬂ;@;;fni 29§3?*

o Table xIV gives the.resuLts of the short and regular run triala.r_f e
”?As was the case in the small tank more fish preferred the Alone con—;"' I
. N : .

B Jdition in the regular run trials (58 32) than in the short riun triala “:'f
‘-;"(502).' Likewiee more f:l.sh preferred the With 1 or more fish condition Con

_1n the ahort run trials (50%) than in the regular run triale (12 52)" " _“y'
; “j o .' :' N R [ 1’ s TABLE XIV / - .-,“

_ Observed "Preferences" of Uhderyearling 8 2 unctatus’ Expressed . b

. as . a Percentage in the Large Tank . for Short Run and Regular o L
e Run Trials in the Visual Isolation Experiment : BENERR L
B ~:-i$hort;gop ;,}»; o :Reguler,Run ;.le %:>¢;
i‘sdc‘iél.c_‘oqc'lielibh';'- N (fish) |'Percent.| p..|N (fish)" ',Pei-‘ée:ié.‘ e |

iuten 1 ot mo/e fish 4 50407 ¢ [g:05( 5 8 ._‘; L 12 5', .‘,.f 05| T e
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Area p,ref):encea were. found for 21 of the 32 fclsh tested
(63 7%) '

'I'he results -of the t—test carried out on the ‘four trials in

which fish from the large tank were, switched into the small tank shWed

e Tl . no. significant difference._ Reaults of the 8. trials in the small and

8 trials in the large tank were also compared and no significant

T "'..J"-_f"__l' difference was found. / L
_-:' 'I'he results from the constant light trials were found. to com— \'i
u te—clnsely—to—those—ohtained_ﬁor_thef ;"'e tank in the previous

. ‘1 4 . ' Y o,

section._ Of the 8 fish tested 6 preferred" the Alo41e condition (752)

=
. t

"f-:ffE;:g%'tiﬂ[fiff”

f .
. >

\'L ,— . D i
B while the rem.aining 2 showe?] No__preference.

‘ Discussion ) ) : “ j_ A I _,f_.:"-_'.. v
. \ '_— ﬁ 'l'he results support the hypothesis that underyearling S. p lctatus .
:-' tend g visually/isolate themselves from co:specifics but observations '
N did not determine fully if this isolation is a function of the territorial -
e ::. behaviour of the species.. In both experimental tanka over half o_f the
P PR // fish tested "preferred" to —be alone in ; section of‘ Vthe tank. The next o
‘ T most_observed soci(a‘l' condition ivas the No preference condition.. . “-
:; ) K "Old“ underyearlings tend'ed‘rto. prefer" the Alone condition
i_] ST mote than the "you;g' underyeﬁlings. 'This. result is .unexpectjed‘as
i ‘ from earlier experiments (see Exp. II) the younger ‘fish’ wereﬁfoi:nd .
& / go have higher“ a‘:g.gressive levels than* the ,"older" underyearlings.‘ One

4

z might expect that' ths "young" 'underyearlings would be observed more,«

AT
. )‘.

T in the Alone conditfon than woul th _T"older" underyearlings if"this
' “igolat: ."J-was due to the aggressi\\re behaviour of the species. Th.us'-.,_..’ o




VA mivacserie
s | ~-
: o i .- . . ’ - . . ‘66 ' .
oo - RS . - ’ ST P ~ / -
| . . s ’ - b ’ ’ : M H ‘__/ .
~ ) the result could suggest that the Alone condition is in\factr a
ne "preferred" one and not simply the result of an aggressive act. .
Exrther to this the isolation resulting from an agonistic encounter o -

.

oo o would/be :meediate, :Lt would occur right after the bout. -The--fact N

" that relatively few bouts were obsérved during the experiment suggests

L that tge observations reflect the positions of the fish long after ‘any ’_ 7
CLT encounters took place, thus the preferences ate due more to the social

B ‘e, -

v

o factor than the results of agonistic' enco/uneers.;' 'l‘he f‘ish could :Lsola,te ‘ / A B

._'emselves without engsging 1n any agonistic encounters but when en- ) _‘ G Ted

counters do occur 'one result may;he to visually :st'late the p(airIt -.'..""..‘r.n._ .
R thds appears that v:I.sual isollaton.mﬂ; b'e 'a factor .in the territorial . -"' . |
‘i e behaviour of underyea{lings.--.‘. , ; “ .. '-: P c ' .' ."“._‘. =
’ The length of the triels appeared to affect the "preferred" s / '

L social conditions of the fish as well._ In the ,short run tr~ials the

-~ ‘.
e a2 ab

.’,

.Alone CODditiOﬂ WBB "preferred" by fewer fish than :Ln t.he regular run B ) o

I
R ——y

L gt

T ’ K ks ‘.. . B

A subordinate fish showing the appeesement behaviour of

es tablished .




behaviour which gradually dissppesrs.

. 5 - /// . .
L ) - ; : ' The status of the fish did not appear to a€£9°t théir -

preference" for a. certain social condition.. In total 672 of winning//

o

fish snd 55% of losing fish preferred the Alone condition.,-'

r

' The question as to whether the visual isolation observed in

underyearlings is\a result of substrste or one of -the - functions of

. -\,s-.

E jff‘.: _fi h territorial behaviour was not totally determined fro? the experiment.w

)

! f'The/fact that underyearlings do prefer a habitat that‘affqrds them the "'f

o B
e q

,fphysical means ES/ViBually isolate themselves has been shown (Exp. III)
LA _

<. LA T Tyt sl h

experiment that visual isolation is a. component of the territoriality

"«’“.“ . EEEEN -_.,, LI IR

e "‘T-ﬁ‘;ﬁ :fof the species and is not just a result of agonistic encounters. f";f},

tu,: More experimentation slong these lines however needs to be carried out F'”'“T

H

1'to determine fully the role of. this "apparent preference" in the life
‘%:jand behsviour of the fish. . f‘gf;x” . '_ N .:1 ‘~3h"ﬁ' ~¢?.EV=Q;u; :

N T . N e P ’- . PR . . T

';'-E}mnnmmr VL mnnon IMAGE AND ISOLATION R

_-\

The V1BUA1 iBOlati°“ experiment (EXP V) 1ndicated that the R

I -~

;Wj ' 'ﬁ‘.:'Eqi;}fterritorial_behaviour may result in the visual isolation of underyear,.
N - ' "~ ‘-' U - o '..~. . ! _/:(’ \ |

'T"H- T-';'.ling S.'punetatus.; Bowever, the relative importance of substrate and

-

E'E-territoriality was not fully determined in regard to-this apparen _

?.

This exPeriment Was designed

.__,-,,
IC A NI

-hpreference< (See,Discussion, Exp.f;

)
W

[ Seced RAF
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A _thus. the "fish hed.e -choice’ betwe'en two. ‘lfstimulﬁe':offe'riog.'." .e_'r:éis'.r'; T _ K
o FarWelI (l970) fouhd that 10 of 0 underyearling S Eunctet\is dis- _ -
played aggressively to mirror images. This aggresaive responae to . ) )
viaual stimuli, provided by thé mirror image, 18 ‘a social response. , ) /' , -
.A | The ‘mirror areas in this experimelnt provided a socig stimulus to the/:( \‘ E ;
Eish while the non—-mirror areas offered‘ no social stimulus, but ' PRI SR
rather an isolation ‘effect-. Basedwn-the results from Experiment v, s :

PVC sheet.' This sheet .'did not prevent the fish"from entering or leav—. . / - "'._.'

"' ’/ - . ing either aection.' One section ?ad pieces of mirror, 5 cn; high along -"." 7
? " 3 sideB-I.' The PVC sheet acroe.slithe middle of the tank had a mitror on e e "
A one Bide.'. _The other eection ofm\the tahk had no mirrors and was left - -
e \ - clear. The other two/tanks measéedwloS X 34 X 34 cm. Ea.ch was udivir]ed .:‘ D ‘ “

‘(




EN [ Vinky iy

R

“ oL A t:rial conm plaéing a designat:ed groupg.ng of fish LY ;. .

- o e (either a single fiah or a pair o/ﬁ fish) inbo each tank. . The tanks

were observed randomly throughout the day (generally c@ or four t:imea B o

.c;' ~ pet‘ day) and recordings made of which sections of t:he tank t:he £ish

' o Coee we/e in. After 30 observations the sections were switched to control
i o ' ’ B \ ” e

for any position bias, ‘i.e.-. if the mirror section waa on’tl(e l\eft side PRE .';7;'. K

_ of the test area it wasq‘%itched to the right: side,. 'Ihe fish were then _: \
‘TV . . replaced 1n the teraic and 30 ;rore observationsb were recorded The/ﬁsh ’ o .
T were - removed ;it t:.h‘e end of each tr:'laql. ‘.A total‘ of '19 fish wan tested ’ '_:f« ) -Ifj\

L p \ -in t:he 3 tanks " --,'i-""'- ) ';_..' Loa :.‘g f'f'-‘ - B

- - . ';. e Threetrialswerert'musingapa:l.roffish . . | / s

- two fish were piaced int:o each,,tank and recordinge made..of which / : -.

o f section each memRer of th‘e pai.t wes n{. ' Experimental procedure v;as '. _". _‘ -_..‘.'.

) ° K A fhe same as’ t:hat: already deaoribed.. N - ‘ ..."._ ’ B

.-:"‘, S . AR
AR L‘ - X - 1 :

) '; - Four triala were rim in the 1arge tank with single (1) f:lsh .:

AR . " and 1 ;rial with/a pair (2) of fiah. There were 4 trial,s rtm using

I single (1) fish and 3 trials run using/pairs (2)—-11:; the gthér 2 t:ank.s

S S Tl;ere were 2 trials run under a" coﬁstant'\nght ncycle in -the,\ 1arge
Lt T taﬂk \ming single (1) fiah. 3 ST
‘ liesults e \ U i

‘-"_ PRI e . R - T ‘ & \ ,/‘ "-"\,.' : T '. '

All dat&vag analyaed by chi-square. Reaulte £or the large
RS h tank are g:(.ven 1n Table XV There waa no. significant: differénce not:ed '

in the constant light: tr:l.ala (x -2 20,/1 d f., p> 01). For both t:he«

L ;'singu; (x -9'8 ‘82. 1 d f., p< 01) and tzhe paired fish (x -12 03 1 d f-

\

o, YA

-~
e
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2' "_ o - were: analyaed individually, however, only one member of: the pair ahowed ’

" T e R - significant preference fOr the mirror aide over "the clear side. .
T, " -l.' ) .. . B N i 3 Lt e ’ *
e e T
T coer Preferences of Single and Pair Groupings of Underyearling S. Punctatus
. in the Large Tank;of the Mirrbr Image and Isolation Experiment : _
Lo s ] o .'Mirror - cleqR) || N
LT Grouping Fighl = Light - .Side” 313‘? “p - | 'Triale - -
- - Singlel 2 |Congtant Light|' . 69" 51 | 2.05 2
n RN % T R o 3 . s . - o
N woe i Single I G Natural Light- 197 |- 43 o .01~ 4 o
- < ‘|pair "2 |Natural'Light | 79 .41 | <01 | 1
R ’:T‘K;P-A-**, R0 I -7 Tooet | <.on .
' 'ip,n’ LT N N ST - B B RS (RS I
<7 %% Denotes individual member of the pair (2) of.fieh'trial,, D
o e ve TEhel ot d V4 OR 28R
-"\"?.'»' . . . L f . D e ) . " . } - ) S

S ;_ N flf In the PVC versus- clear aide, a laboratory effect was noted in

T,, ;}' ) the Qingle fiah trials. ln 3 of the 6 trials in which significance waa
A L T
'v"”'", L noted, the left side was preferred regardlese of the condition of the N -

- ',5'aide (PVC or clear) Thia effect waa noted only in the eingle fiah

T

.
1

"_r.}ih_- I ::triale.; Table XVI givea the reaulta for the PVC versus. Clear side T

R EENCE trials (all natural light) . c '- \

' .. rNo aignificant preferences were noted in the single fiah
triala (xfﬁq 80 1 d f., p> 05} However, in the pair of fish trial »: ::f"

e . c

o aignificance was notea in both the gair data (x =36. 3, 1 d f., P<. 01)
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'Tﬁgi . .t'i :..'ﬁand the individual members of the pair data (x -17 07’ 1 d f., p< 01) .Jﬂ : k.“‘

e

and (x -l&.29, l d f., p< 01) Theae preferenceeiwere in’ all caaes

. .- Ca e : ) L, .
ot ‘ Cor ' f"' - ' ‘.' . ‘ .) - S s
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. ” .: o Preferences of Single and Palr Groupings of Underyearling o .
R R +S. Punctatus in the PVC Versus'Clear Side of the
P ', Mirror Inage and Isolstion Experiment '

A

.+ | crouwling | N Fish- |PVC Side'| .Clear Side | p : N Trials | .

« |stngte " 3 7l 9e. | s 7} > .05 |43
| S - |pate T 2 93 |- 27 0 7[<o | 1
SO [ 2 S 77 I VR RS R R

T - I LR IR (S S N & R ! L

#%Denotes individual member of the pair (2) of fish trial.

fTable'XVII below g'i'\iesc'the results for-the PVG versus Mirror T

e

Lo e L _ ,; - TABLE XVII  _°
oL Ll e LR ' .

' ‘Preferences of Single and Pair Groupings of Underyearling ) ,
o C o S Punctatus. thejVC Versus Mirror Side of ‘the — _ oo
R IR I : .7 Mirror- ,ge and Isolation’ Experiment. S

~

" Grouping | N Eigh |pve side | Mirror side’ | p .  |N'Trials

h S:’lnglle.-‘f N ) 71 169 ] <01 : : 4 , o
R 15 ¢ T R S (S G B £ N R A S A

“ap-a e N 2 \ 36. 4 260 | 05

B O R FIA- S IR C T N IR

-

.. ... - . -.%* Denotes individual nember of t:he pair (2) of fish 1_:rial-. T ’
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L - Significant preference was demonstrated by che single fish (x =40 02
| e T A

‘ - S .1 d. f., p<. 01)"’for the mirror over- the PVC Bide. 15 preference vas . N
; .shown also in’ the pair. (2) of fish trial < =12 of 1 d.£l, P 01) ,Ih- ool e
i’ E the pair of fiBh trial howevler, only one \nember of the pair (P-B) o = 7-__ < '
; — BT showed a signi,fg.cant preference (x =-4l 07 1 d f., p< 01) ftr t:he mirror
1 » - ! . .
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"‘\;; 'over ‘the rP\;C side. ) The other pair member (P-A) ehowed no preference
(e: =-2 40 1 d £, p>. 05) for either side. . )
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L o Mirror areas were found to. be preferred over’ other non-mirror n

"

' areas thus the hypotheais was- rejected. Thet mirror areas were'pre— R

: -——/ ferred suggests that. the visual stimulus provided by the min:ors is - _' L0

' K
‘-'. . . s

- perrhaps important as a social factor. S S : AR &

The image presented by the nirror to the fieh would mean that

\

the fish would always be in close proximity to another" fish- 'I‘hi's.

- . . ! N

YR social contact between the fish and its image could have been the
' v

factor causing the preference for the mirror erea. Aggression and

L

territ;ori\ality -are both soeial behaviours and both function in or as

R

——

.8 social order. Lorenz (1964) and King (1973) statedv that &e _f' e a A
' apparent positive correlation between gregariousness and frequency

of aggressivei encountere in animals could be interpreted to mean that

IR aggreseion enhances group cohesicm The visual proximity offered by

- , B the mirror area could be one of the factors resulting in -the preference ) ';‘
but there are other contributing factors ag well. v e "'—. -

[y

- T j", The opportunity to behave aggressively can st as a reinforcer o

as’ '.Bhompson (1963) discovered with Betta splendens. Farwell (1970) found"

that 10 of 10 underyeerling S p ctet acted aggressively to mirrors

"' presented to them. 'l‘hus underyeerlings are aggressive to mirror images o

: 2. g
g and this chence to behave aggressively could act a8 a reinforcer to re— ;

.., -

main ‘on. the ‘mlrror side as opposed to remaining on’ the non-mirror - .g _
i ) 1 - . -

‘.I\
.

,, ’ sides.. Clayton and Hinde (1958) found in their study with B.. sglende l




= thst af,'ter 10 days t_h:e-‘pogitivé reinforcement of the mirror imake

vaned. In this'study there. was no difference in preferences between _

’

: L those trials run in- iess than 10 days snd those fun’ in more than 10 o

“»

daya (see Appendix, Table XVIII). : Both groups showed pref_erences -for’,_ .

A}

the mirror areas over the non-mirror areas. 'Hab‘i'tuatiqn, ‘therefore,’

. ', . ~does mot" appear to be a factor in underyearlings S punctatus '’ pre- ..

: fe‘rence for the mirror over non-mirror area, ..

v [ . : I

—— —
. - -

o So far tio factors have been\ examined in’ reference to the

. S : X ‘ SR T
L / .. cauge’ of the preference for the mirror area, soclal proximity to e -

'another fish and the opportunity to behave‘_sgg_ressive‘ly which msy act

EUREE K a8 a, positive reinforeer. . Ty
Ce A third factor could be that the mirror area offered a lﬁrge /

. S ) . "visual plane" to- the fish. The reflection of the gravel in the tank -
' would present -a very lsrge gravel area- to the fish which it may'ﬁprefer

) 3 [

. to the small visual area of fered by the non-mirror area.

‘, ; ',"-‘ o In all the trials w:l_th pa:l.red fish, one’ member of the pair : _ e o

N

s‘nowed an- overwhelming preference for the mirror_area. over the nons - .. . \

mirror srea. ’ This' finding further supports ‘the, fact that the mirror

area :Ls more preferred than non-mirror areas.- In all situations where\

;--two u;nderyearlings were placed together in other experiments, a hier—' E !

‘archy would deve10p. It ie reasonable to assume that a hierarchy was

set up 1n these inatances also and ic is further assumed that the

-
¢ <t

'..dominant fish occupied the mirror area as: that‘;was shown to be the o E

P - o l S 'preferred area in tria]s us:l.ng siuglc/fish. : This situation sppears. = '

. T = - ot !
I‘ e S to have occurred in the trials in the tanks which had mirror areaa and D ,

L L "‘where pairs of fish were tested BV -/' A l
3 \‘ ‘ . i ‘@ B . L : . .
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I’ 'the “trials i'nvolvin‘g' the PVC and Clear-aréhs, it is only

among the paired fish trials that any significant preference was notedr

L Both :Lndividuals of the pailx preferred ‘the PVC area over the clear area,
. . which may indicate a hiding effect. " The PVC area would allow the fiah
¢ o .‘\’ f .

" to hide from “‘bhe laboratory behind the PVC sheeta along the sides while S

. 7 d4n the,clear area the- fiah would be exposed to the routine ‘of the'

i

'__-_1aboratory. ( S /'" e
. .- As mentioned earlier, the - reéaults disprove the original hy-

' pothesis and are con(rary to the reaults from the Viaual Isolation

_Experiment (Exp . The reason Eor the preference of the mirror area -

over the other area could be any one of the three factors mentioned a .

. b\ RN
combination of them, or anotber 80 far unthought of factor. The find-
inga may point: out the contrary nature of agonistic béhaviour and

'territoriality as being'social behaviours. Eibl-Eibesfelt (l97l) . . \ E

e stated that often an animal species ia both aociable and aggressive at '_
A ; -~
T the aa.me time. The results from, this ‘experiment ‘and E_xperiment v -

_.a

indica'te'the need-for' more wor'k' to be carried' OLS on the social’ asp‘ects ; .

of aggression and territoriality i.n underyearlin 8. The role*of the .=

T I T N e T 103, o R O A O PRI

2

o . substrate in respect to this problem ‘must also be conaidered _ .
o v S e e

EXPERIMENT VII: PRIOR RESIDENCY S T T D

Prior residency is a well—-documented aspect pf territoriality .

and aggresaion, (Braddock 1949 Phillips, 1971 Myrberg, 1972' Boer and '

'Heuté 1973) and this behaviour occurs. among many £ish of "the littoral ,‘ L
I zone of the sea. Allee (1938) stated that the fact that dominance "{‘-'

—

relationshipa between animals -of the same . size depend on visual LN -




W

eharacteristiea df the envifonment ‘indiclatels'fthat,ch;‘\iinance s ‘not,

merely a function of go~called "physio]:ogieal factors" but that a

B

Larval S

ass[ume that if prior residency is a factor the first fish to settle .

were used -

Eunctatus settle out of the plankton over a 2 or 3

groups had to be tested

-'-,of underyearling s.

: prior resident}

s '\

I

_punctatus iNould confer enough "of an advantage L

.‘ Materials and Methods

i

It was.. determined that prior resideney could ‘f? '

. dominant group was already dominant.

.

under cons tant light conditions.-

""ptSycholégiéal fsctor" is preser;?: ‘ss" weli

<

A pair of fish was > placed in each -

SN

.those used in Experimeht II (Aggressiveness)

'I.’rior.vres'idency' basi'cally

o territoriality of underyearling S.- punctatus.

makes use of the faet that the first fish to adapt to its environment

‘ l'-'will have an advantage over an intruding fish unfamiliar with the area.,

. ..day period ir Logy Bay " (personal observation) .The present experiment ' B

.was, set ,up to try aﬂd determine if prior residency is a factor in the e < i

It is reasonable to

) on the substrate will have an advantage over those that settle later.
- It was impossible to test naive fish from the fie_J_o_lahoratoLy fish - . '
The fact that all the fish tested had had some prior ex-

-perience as either a dominant or subordinate fish meant that both

E only be ‘Hetermined by the eff‘ect on the subordinate group as the
It was hypot'hesised that if

B priox%i\dency was an\important factor in'the aggressive behaviour ER i

that a formerly subordinate fish would become dominant after being\\a

R

.“ H

'9. The two tanks used in- the exp‘erimen\t were the same ones as

'l‘hey were, maintained

15

a.
-

h Y

o
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\

—

partitioned section of the tanks (2 tanks, 4-vsections).-. All pa:'l'r/s.

consisted of equal alzed fish. The “fish were dbserved until a

'dominent;-euhordinat,e relationshipa‘was' e'stab_liehed.‘ One member of

ea'cﬁ pair.was then removed and is'olated- in a cle'ar plaetic aquarium.

'The remaining member of the pair was placed in the other tank The _
'other tank had a: section which had ‘a few bite of\ock and coral in E LN
.thus presenting a "new environment"- to the fish. Thie fieh was

designated the prior reeident and was-allowed to remain alone in the

/; . u
new environment for 24 hohrs. After the 24~hour period the isolated

~member was placed into thie environment. Dominant and eubordinate

H,I

) membere of the pairs were used in the triale as the prior reeident fieh

gbservations were carried wut after the isolated member had oo

: been replaced with the prior reeident. Recordings coneisted of the’

- &
-

,lateﬁcy of encounters and the aocial status of each ‘fish after the -

-._encountera.- In one trial the fish were allowed to.remain together

“ . prior re;?nt. . After 24 houre the pairs were_reunited ‘and observed.-

for 24 hdurs then separated again but with the other member as the :
P

L]

Lo ‘irty—si‘x pairs (72"fiah) of underyearling S. punctatus.were

observed in the experlmen"c'.'_ These vere broken up into two groups,

18 pairs with a dominant ‘prior resident and 18 pairs with a subordin’&te

’prior resident. The study ran from November 1974 to Fe%y 1975.

'Results o . _ w

. ./. l.

The dominant prior residents won 18/18 of their triale.. The
mean latency time for the-encounters was 12\minutes. During the trials,"-

the dominant fish would approach the intruding fish (eubordinate) which

- .
[

, .

a

AN

L

o
R
R
-2 =




would in turn flee from the approach. : There were no encounters which\-
) consisted of more than an Approach Nip and Flee sequence. In 10,
P

-

trials the sequence consisted of only an Approach and Flee sequence.

T The subordinate prior residents won 7/1& trials. The mean

S

latency time for these encounters was 7 minutes, and the encounters '

oo were usually very intense (a long sequence was. involved) There were -

At
-

4 insteances where the subordinate prior resident fled ‘from the N

[ Y

)

approach of the dominant intruder. During 4 other trials, the e
L ® i ‘\ Ly
subordinate prior resident attacked thehintruder first but eventually ©

the intruder became the dominant fish. In these 4 trials the I ‘, -

. encounters were very intense and the sequence involved Approach -
A Threat Posture, Bod’y Shakes, Attack (by both fish) and eventually a
im ,Fleeing by the prior residen,t (subordinate fish).. It: was not-until the . "..‘:.'-. ‘

L S p%-ior resident fled that the social status of the fish could be deter- .
- : .
T e miped; In_ the remaining 3 trials the encounters were not “as intense :

N . : 2

% as the others involving only Approach’e’ Display,"Nip and Flee.
.. e . One other series of trials was run which utilized subordinatea

”-" a8 prior residents after they had been tested as intruders. ~.In this '/
Do o a o trial the hierarchﬁlas very well establiahed with the pair of fish .
‘ : ' \ h . . \ R S

i having been together for .over 24 hours. of the 4 pairs tested 1 T

PSR subordinate prior resident became dominant., The encqunters were very

intense and the sequence quite long. ) The mean latency time for the ’ S
V. . - A
oo e " . .- ,." T . .
o SO encoun,ters was’ 6.minutesz. . B R
. Lw ) e X , "-',I . A : i .

e

o= . - .

Yoo 2 .. Discussion " S Sl e A s T

'

. . - i . . , L ., “ - .. .
. . - o R st " . . N .
o SEEE . - | Lt e R - o L o - ) - Ln
. . c . . . o v, I . . - .
R . . o , . . o 4 P aT . . . . T T
B 5 . v ' [ : . L : . .



‘ after being a pripr resident indi'cates"'tbat 'a""prior residence effect
o . e‘xists and confers an'. advantage in encounter aituationa to’ the prior

s L resident among underyearling S. Eunctatus. Gibson (1968) found in L

oo L pairs of ;]uvenile B 2 olia,\ of equal size, that: the first fisb to

' 24 adapt to its surroundings eventually proved to be dominant. In the o

- preseht e/xperiment ‘the intruding fish had to adapt to a "new" Environ- e '
LT .._ment before interacting with the orior residept., In those trials in 0 L
'which the prior subordinate fish were the fintruders, the prior residents '

lworr all the encounters, suggesting that the combination of - being :I.n

- ':'::a new.. environment plus the past aocial experience of being ‘a subordinate ,. U
. fish resulted in this dominance ;by the 'prior reaidentf When‘ the prior
TR ;'/—tdomin/ant fish were t‘tﬁ. intruder? tbis combination of ‘past social exper- .
: .ienoe angbeiln’g in a new enviroiunent oresulted in very long (behavioural

o .. ,
N .~

N ' sequence involved a number of behavioura) and intense agonistic encounters —
) ‘between tHe intruder and the prior res‘ident. . This indicates that the «

«aggressive drives of the two fish were quite simielar thua suggesting

- 4

':something had affected the drive of either the prior dominant or the & - '

R prior aubordinate._ This "effect" was again evident in\t'no'se trials a T 3
BT E with the prior subordinate as the prior resident. ‘The subordinate fish ' AN
., S 1

'reversed its status after spending 24 hours alone in tbe new envir/n—

'_'mentl, in 7 of 18 trials, suggesting it had gained an advantage., 'The /

- 'prior resident f‘effect" cxan thus be expressed in two ways. it could Sy

'.7'-% é ':confer an advantage to the prior reaident or: it could inhibit the in-':': | . ) .
n \/ J’ Eruding fish., Both of these *"effects" %Vould i:nteraet ‘on -tl-;é -’asétéssiVe ,. \ ®

S W : C e e '1 R Coe e T -
. ‘_A_,___.___—————-————drj_\xes of'—h’e f:!_sh. -' S e @ SO N N R

. f. . . . R o . . ' : et
. . -' dra B n. . v, 2 o o o . a. - . Lot RIPIR AN .- . . N
B N - R 2 e it LR S PP . o A .
' "'F")’J Yoo ;i; o N T B ’ . ’ o~ L - . '
-t D R - . . L . “ . . . '
. . . - . - > ‘e . . - . ’t
. ’ . ‘ N b ' : o S : E N
vy S foui i LI v T K
s R . . . . L A —
by ot N ~ : e n . = ' [ e
I . s ! ST .. R
o e L, , O — . P
. e . . . = < .
- o vl 1, i ’, - e L = N _ x. ..
d / . ’ » . f N t e ‘ a . 5‘ - s
) . - M . 5 t N
. LV " st . L A o . S R A [ACE . “y t .
B R PO ' P S T o R 4



n W - B

{
- SRR ___‘ S o 79 : /
E Phillips (‘1/971) fouud in his study that prior residency is an o
i "-‘important aepect of territoriality of Chaamodes bosq,u»ianus. This fish ) " - '
i ‘is a seasonal inhabi’tant of the shallow awater areas of rivers which a ' B
\Jflow into Chesapeake Bay, Maryland. Phillips theorized that the first Tf.._
w \ ”(.‘.,4’/
L 3 underyearlin\ ; .2. \uhctat The first fiah y settle from the plankton -
li " « onto the substrate coul/be more auccessful in securing and maintain»// ' 3

LEE ST




' > GENERAL, DISCUSSION . -

‘ Territoriality typically involves aggression ag a means of
" exeluding conspecifics from particular area. . 'l‘erritoriality among
: underyearling tieh ia not typical ‘however, and :!.n the xoajbrity of - T
. species studies by various authors, underyearlings are aggressive wﬁ:h- )

out being territorial Thie study was mainly concerned with Bhowing ST l'-‘.". '

‘ that underyearling S 2 ctatus are territorial as Farwell (1970)

‘o

auggested and with defining eome of the parameters of the behaviour.

Azeression is associated with territoriality, ’in this species, 80" a _ o

y

o - study of the aggrem of S punctatus waa necessary for a more : o o
C)n_ ete understanding of territoriality. The f:!.rst experiment examined
the territoriality of both underyearling a.nd older shannies. ,\'I'he experv'-":ll

N _ L iment dealt mainly with the spatia.l require.ment-a for the/Eerritory and

<
— '

- the seasonal occu;rence of it both in the field and laboratory.

v \l...

L The secon d experiment dealt with the yearly leVels of | aggresaiveness

for both underyearling and older fiah. Environmehtal factors such as

temperature, time of year and photoperiod were examined to determine B

- A R

e—on“the—aggneasi\ze_ﬁ_ehaviour of the fieh... Other exper—-

im/nte dealt mainly with the social aspec‘t:a of the aggreaeive behaviour, - -

the prior resideucy effect habitat selection and bEhBV10ur of both S S
TR e

underyearling and older fish in Logy Bay. Y fairly complete picture

. of the aggresaive and/territori_,al behaviour of this epeciea was _"': L




.-."_"atory experiments that only underyearlings will set up territories ae
' no territories were et up
'-'i'the experiment.- Field work done with undetyearllngejxowed that

" - 'resident fish won * significantly more encounters than did intruding /

' ~',.being a territot/ holder, which enabled them lf’o be dominanty'i encoun-' -
tere with intruders. The, size ofﬂthe territories in the f/ield were ;7 )

- found to be 1argely determii.ned by 1;;\e Bl}le trate and not by the aggres— B Vo

; the laborat }y experiment ‘on terr:l.toriality,.

.‘_‘g _,,:;z'( ..

~ N —

t

Experiment I demonstrated that underyearlings are territorial

for the peri_od September t:hrough January a.nd from July to August,’

e .~ i

This territoriality ‘was" evident i.n tanke which had a: total bottom

. g e /

area of 4050 cm or more. ) In tanke with 1eee than thie area, dominance

FE. FO . P

hie,rfarchiee were Bet up ar\cL maintained ;‘, It appeared f rom the labor- )

L n

/by either yearlinga or oldex: fieh during

e ir

o : / . . _
'-*fish It appeared that the reeident fd.sh had an: advantage, that of STl

o S, e

g eivenese of the territory holder.. It was ,further noted that: und_yyear—' RO,
- T A Do
linge maintain terri.tories ,fro’m Auguet through October :Ln the field N L

* ] . __.-_ R -

N %
There were no’ encounters obServed between older fish in the field. )
QQ. K o K
L
hf eize and peet hietory

\
S i e

2 S

S id oo

R 1‘ -

of the fieh were euggested ae fect{:\ore which ma;n explnin why territories
A owE .

. / e KO \
S ‘_ were not set upc,b "-more fish.‘.The preee‘nqe of a critical time for_ AR

- / for t-his flack of territoriality

terr i.tbry formation in



. - o R Underyearling S p_unctatu Were fo/nd t:o be aggressive through-//

: SR SN out the study period of November 1973 to December 1974 There was a’ - M
2 o ».". ' . .?‘:'1' '/,.. = /. / . / . -l. '
RN definite seasonal, change in their aggrese:lveness aé :Lt was quite~low T e

- .jl ‘~ f e *for the} period January through June 1974 and higher \for the°period !""’(fv;_; R
f:‘_f' o N '. July through December 1974‘ “ Th.eee two perieds were further showu tow C
Ut . ""‘,. ) -,- ‘-..‘ II . / .' - \ o .
‘ , Lt b.e statiatically dif_ferentr from one ano::he An’ let:gm:y of aggreaqion R

i ™ 'y

R v-_'_'_ 'Both temperature and time ‘of year (season) appear to be infa.uencing . RS

o o -.'-‘.,_'-j factors.' Whiqh of these ie tbe more 1mportant wae not determined e
P " u ST 2 -_/"-"." .'""' BEREN ' ‘ nn .
LT they are 80 closely interrelated that separating their influence on R

‘ the behaviour was not poaaible from theae studies. Aggressive levels

- . for fish underl; d[onstant light eycle were found to be’ J.o:?r overal H, .’,‘
s (- | than leve1~s f/r fish under a natural ,l:l.ght cycle., Photoperiod eppears' \ o ',
_ ,/ , to affect the intensity ‘but not the eeasonalit\y of aggressive behaviourl ' / e
. w\\ . :I.n under}l'earlings. Older’/fish had 8 inucyower overall afggressive SR A\ , )
o Lo B R T

. .;.‘.:'. o . 1evel than underyearlings. _ When an underyearling completee :Lts first _ ‘.
A e /year “of benthic life (August) the aggressive level decreasea sher/ly. .

: - 'I'his age of transition between underyearling and_yearling status "'_‘,.';"

Lo appears to be important im respect to aggressiveness in the apecies.-

A The interaction between older f:l.sh and underyearlinge wae qu:l.te low
e ——» . .,., T . y

B / R A but: in all encounters between the two age groups the older f:Lsh were

? - after speuding 74 hours alOne f:Ln a new environment, became\ dominant

3
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~ . Underyearling fish, on sgttlement, aelect: an envirpn;nent when oy e -
° / ) ,' : _:-"'presented with a cho_i(fe. In both- lahorat;ry and field expérimenta ‘a’ ': " \ . S -
‘ / .. ‘rocky habj_tat was eh*oaen ovei‘ two cher different habitata., 'Under- “ : l'-
" "/ .'v'yeatling fish therefore \sélect a particular habitat after settle- o . /i/‘ o
” .,'..,"" ) :ment 'a’nd metamorphosia.' The arctic shanny probably selects a/habitat : ’..‘:" ”
/ : N S _"which provides %over -as this appears to be an important aapect: oﬁ - R / .

. o . AT - o @. ST e e

- . v —/ . .
- . - “.the habitat. _ LT S ,_:- il < . a O . s
) '. T Lo . " B . . BN — . ‘.' / R . L v

. oty e, . —
o T ;f- Tagging resultd indicate that older fish appear to show an’ b,
T - ' - o L.t Ao - r s T -.-' a

AN - /
R . "affinity for a particular area -of the aubstrate.. This drea. affinity RO
>N - ‘ ) N S K
S R hgs never been observed, in’ the/ield to be accompanied by aggresb‘ion . '. B, ’

R . \
P

v T . ‘a : ' R '
o - . -;thus eolder fish appear to occupy ‘a home range as opposed to a defend a AL e

' R / ’ territory. ._:__ _/_ , _ RERE . ’. .. -- - . ‘ N " . ) . /, '. "l . . : . c. o .', 5 . :
o . Older arctic shanniea arriﬁb inshofe in Logy Bay by the en.d . e TS
i : of J’une Or. beginning 'of July each year. ’ Young—of—year fiah set\trle ; _"’.,‘ S R N
Lo ';"'“from the plankton around the end» of July ox begfnning of Auguat. A : .

y - o : ) A

. S Upon settling onto the 8 bstrate they aet up. }erritoriee which the-

oo T defend ‘aéainst other und ryearlings.._ The firat to eatablish terri :

el tories have an advan]:ag? over those Eish who settle la,ten. l'hese \'_ C ":\.-_l ST a f q

o \% territories are not’. defended against older fiah 'but rather older fish RS P _3‘;

. . .. . L - . DI ,_"' - = ..",... o I
T e are avo ed by the underyearlings. In Dyer s Gulch\ therefore, a’ Sl ‘
Lo - ‘o e ’_ et -

social system exists in which underyearlinga maintain territoriea Lo

l (' / against undery‘barlings while older fish appear to c{ccupy home ranges. " I .
— TheBe two systems overlap to the extﬁnt that\underyeariinga have o Dﬂ CRIN
' territories in the home rangea of older fish. Thia can occur as the L
two 'age groups appar:ently do not compete directly for the area s ."'-_,,.."". - I Y o
~ . = . > B ‘.//JL v N
: '-: reaourcea. '“Older f:!.sh have been shown to feed mainly. on amphipoda ”' ST
' while the ma;jor food item—of underyearling’s ia copep ds (Farwe-llnet al. 5 / ..
St i A‘[ e \ . . )r, RN T '
" o __ l.,.\ ,,I,‘ K . /‘!'
- o oy b -
R e ey P
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' < +'The ter sequence of terr ~to\i‘iélit§/._in:undeJrYearlin‘s. and PRI

its relationship. to the complete social system of S p ctatu' has been..

suggested but what of the function of this territoriality? _}\iarler and

U / .
Hamilton (196]) state that fighting \b\asically a means K competing "

N
more effectively for any commodity}s}\rt. supply. Unless something _\;:"., .
. Lo ' _‘; L

is gained fighting is, at be\st, a, waste of energy. Te ritories are \ S

'.'. C 1} . \_, oo . /__:.‘___-\
. gained by the aggression of the arctic shanny and factors associated S ~

Noepe

w;lth these territoriea could be space, food site ‘fam{liarity and cover:.

\‘ e 5 _A_s Farwell (1970) suggested the territorial behaviour ?f\under—‘.:,. S

\' .. ,._‘. . ,'., . . ‘.\

\yearling S. punctatus would limit the numBers in a g:lven area. 'The : _' N \ .
] meohs\nism‘by:which this is accomplished would b‘e as follows. \&der- B
yearlings have been sh 1 select a preferred habitat. vO_nce in - : ‘
l"'_ this habitat they defend it a d occupy it exclusivelyr ‘iﬁtrhders are’ \. I

A 4 . ; L . - N N < -. N
A : R - \ . ‘ 9
N ™~ ' . ’ ' » B
. N 3 B Lo - . - - L
v ~ o - o s .
. g A . . e
e - . ~ ..
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thus fprced to inhabit less favor;ible areas or \T\.}“ave the area enti\rely

n‘.\\, e , ' . ./‘,.'

preyed ﬁ= upon or\dlled ‘due‘” d ir:ough seas.. In effect then, nuu\fber:s . -
of underyearlings are 11'\ 'ted by t.h;ose wlﬂ.dman occupy tei:rid:ories ix\~ a5 o ‘
favqrable areasn \ . \\ S “*“..‘?“7_ .'_, S : . ; / o
”',u'.‘.:"“' o \The spacing of the animala is a prime conseouence of. territor-r | '_

. Sy L

: S 1alit\:eryearung S_: unct tus. However, ss mentioned previously ) N
- the substrat pla?s an important _ole in determining the size\of the ‘ ' '-m,‘f“.‘\-

L
territory Further to this the substtate was shown to be ‘ani. important o

—factor in the isolating aspect of territoriality. eIt was shown in the

visual isolation experiment that u\deryearlings prefer to be alone .

' '-ar.eas would be more likely to be\:‘: L . \




rathet_than with ot‘her conapecifics when given the choice.- This L
s - /, PR T , L
particular aspect of territoriality c}apends on the subst&g&_does o _

. -

the aize of the territory It thus appears as if the substrate is o

'«

) ..- D . .- \". . ar . . .-t \ o .. . ,. ;‘:'“.-
ERE R \impor\b?l in. determining the spacipg of' individual shauniee. -The : P
- s e \»‘*~~ .
- \.' Y importance\of/ the substrate relative o the territorial b av:lour oL o
. -‘,' :‘\.' ’ \\ ’, —'. s / - . L. Lo '\‘ ) S,
-, . ~— . . - . - "‘. . ’ B
) the fiah has yet tO\be fully determined. T .
S el Ty _'.. T Gibson (1968) showed\that adult Blennis pholis demonstrate N ';
C o individual distances that vary in accordance with the level of - L
~::':‘ , . . : nl‘ s . ‘ N . Q ‘,'. N ' - o N
S T aggression “of" the fiah. Underyearling S punctatus have a certail R - I
~{ ’ T : TN AR A '
R R minimuni distance‘ within which they will react aggreesively to con~ - -
N T~ . ' .
I L " oo . ;
STl specifica.,, At ti:mes of high densities in\'ﬁogy Bay, the indiv\idual 1

e e observed that there was "~ a; surplus population in Dyer 8 Gulch of non—- SR o

KN LN \ territorial underyearlings in, 1974 (personel obeervation), whenl RN N

= R : . : )
J . o d.en\sities were high These non—territorial f l/ppeared to rexnain . g a
; “ - in another\fish\a territor; only aa long as they were undetected - , .
Oncea they were obser‘v—ed by the’ territory holder they were driven outq ' /\‘\
e However the poasibility exih:a\ that if theee fiah remained undetected o
o fol; a day or more they could defend. the area they weré/in as 'their | o e {
.'1.‘ territory againat the original resident, a\a\ result of the prior . ‘. ;{:‘-: - :
residency effect thus reducing the eize of the original territory i S o
Whalf- L
. The Various aspects oi epace as an area have been discusaed f:'" VAR, !
. . RO _\& \ ’

but what of the quality of that space in terms of food and cover? T !

‘ Underyearlings, ‘ag" mentioned before, feed mostly on copepod a.nd S \‘\ " f;

less on amphipode (Farwell et \al., in preaa) :’As :theae foods roccm: . S
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fairly evenly throug‘hout Dyelt 8 Gulch the territories of underyear— ]

lings do not appear to be solely fo/r feeding., This is supported by

aboratory observations. The area. in the tank where/food was intro-' "
'T" duced--wae in-- all three instances of terriqories, shared by- the pair [ '

of fish present. Both terri tory holders woulc( feed regardless of

which territory the’ food happened to fall into. ‘ 0n1y af&r feeding, '

'\1 \
would the terri’tory holder chase the intruder out of its territory

\ v /
In no :l.nstance was there an observed cese of a f:t_sh being prevented

L «
‘ L 3 iy .

from feed‘ing because the’ food was in: the other fi_sh'e territory.

s Site familisrit; uould 'provide yet another survival blenefit
: ;/to'the territory holder. . Famiiiar:‘l_ty‘ with an area would allow the :
Van/fmsl to learn specific path hebite to escape predators more effect— :
ively (Myrberg 1972) In Dyer 8 Gulch juvenile Gadus morhua, \ i
g - Myoxocephaxlus octodecemspinosus and'M. scorpiusls}e potential pre{

cfators of the underyearlings. Although S punctatus has not been :

o obeerved in the stomach contenta of these species (Pepper 1974), '

- ~this apparept 1ack of succéss of theae;pecies m.ay be due to t:he

. RN Aescape reeponses of the shanny. ﬁ /-,, S E Con _' R AR
U SO Provision of cover is the 1ast of the possible functions of, -
TV i . territoriality to be discussed and it may be the most important in th~e J g

A‘ W

ETIETEE survival of the species. ’I'he terr:l_tories of undery:?tlings provide ’

cove‘r not only from predation but perhaps more impo antly from wave. 5

'J‘- v

turbulence caused by storms. _ If an underyearling '8 terr:l.tory pro- . )

' '1. /\ Vided protection dur\:ing these storms its chances of survival wou/ld;
L hwbe grestly enhanced It is during this period of early November to_’\'_('._‘
J January that the inshore population of S . Lﬂﬁ‘i@. disappears from | ' 4
.y o oia TRV b weg ey




B 'imigration of underyearlings is stilJ, 1arge1y speculative. These

,the territory holder -80; in this regard the number of underyearlings

-4.

:'.'\.-'.'-' .o

PR

“'liye'r's Gulch.- "'-is reduction in/populatizcould be due to storm

'mortality and_ or-an. off—shore migration. It is known tﬁ'at the older U

Afish migrate inshore (personal observation) in July but an off—shore

‘K\”‘\« : Moo

‘winter storms drastically alter the substrate in Dyer a8 Guich and Only

.o / .
those fish with access to shelter are likely to survive the storms in C T
N shallow water. -

- —':,/ :

v LI - . - .
R ' - N .‘- P . N '
. . Y l\. . . T

The territori:esJOf the underymlingsdikely do not serve a

B 12\ single functiorf Territories do provide :Eood aud site familiarity to
: Un N ’ ‘-

/ ..-1"'- "'.\..'.,
vho survive the first year of benthic life could be\related to the :

AP : 5

quality of their territories. In turn the qualities of their terri—

K

. tories‘\, could be related to the settlement time of the larvae from the L

plankton.. As previously mentioned the first fish to: s}attle have the

-

. e - L :dw‘ N -
- .vprior residency advantage plus the opportunity to select the site of
- S

-
i~ .

’ .\their territories.‘._ ’I‘he earliest settlers are mobile enough to find
. or. select the best area and defend this area suceessfully. Thus S

v ‘2 _ ;
: there appears\to be an- adaptive benefit to early settlement @

'aa to territoriality. ':~ _"j;".."" o

. 'I'ne survival advanta%e of territorial un}eryearli gs has been."

auggested but what of the older fish? Why is their aggressive level

- [ -

- so 1ow in comparison and why are they not territorial,?

ov

Davis (1958) found in house mice that territoriality and

N

domina.nce hierarchies are two polea of a contimium of behaviour that

i u

e . Ealos . BN
ia dependent npon density 'I'he density 1evels of underyearling

P T U,
B e Y N e Tr))
2y iel.



S // T
/ I punctatu are quite high at:—t:imesEés 8 3 per meter in 1972 (Pepper,-.. G

/1974), while the density levels ‘of older fish dre quite low :in com— C T BRI

‘: e ' parison (personal obﬁservation) It appears as if th/ aggressiveness

] S L involved in territorial behaviour in underyearlings 1s"&n adaptive " “"/t K

V..‘ 7

" ."' L behaviour related o density levels. It »fs lcnown among animals that

o ‘ the highest mortality usually occurs drxfﬁ'g__the first year of . life, '_ ;" R
LT thus any,behaviour which would increase survival success during this T

K
SR ( ; stage of development would be selected for. , It is o‘bvious that, at ”". "ﬁ"l- ;
PR high densities, undsryearlings ulich have territori,es *have a. better R PR M

' chance of survival than the non—territorial underyearlings or those g s

. E‘;:' which tnve poor quali‘ty territories. The density leVQJ-B °f th"- °1der e
. l.'...‘,:‘l . '...'_ ) /

TR fish are’low,, t:hus the need for high aggress levels associated

. e . ) 4 ;/‘ e

A : with territoriality does not confer any significant survival adva\n\tage

\‘;'.‘.':.‘ B - / : | '\.\ .

Y to the orlder fish. The density levels in these older fish are such

: that ‘there is ample space. thus older fish do not have to spend time\ '
s

fighting for territories. The low level of aggression noted in older

‘ . .. : N ST : B

fish suffices to spread them throughout the environment. _\.-'

R T

It thus appears that through behavioural differen:‘:ee between ,_' S o o .

o . B ~ L

= the underyearling s aggressively defended territories and the older

e o fish's passively occupied home ranges, the survival sucesss of individual S.
o . \‘9 - -_' . ‘~.’ :_:s RN .
E o.tat:us in Logy Bay is maintained. . : BT § IS
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'I‘ABLE XVIII

Preferences of Single and Pairs of Underyearling S
: ':‘ An the - Mirror . Inage and Isolation’ Experiment i
o for Short. and Long Run Trials. R
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Pos:!.tional stereotypy values in- grida of the large tank
-for /Fish A and Fish'B. Value& in upper left cormer a;:e.
gor F:Lsh A-and values in lower right co:her are for )
ishB . R A N

_"B'./ Winnera and poaitions of encounters observed in .the large

tank.. - Dark’ line forms’ theorized - territorya bomdary between

Fish A and F:I.sh B s territoriea. R SR
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']Positional atereotypy alues of individual fish in the :
gxids-of. thelsmall ta for the underyearling—older fiéh
_.cémbination‘ The percent values for the underyearlinga.
~are in the. upper left corner -and the percent values for'

“the older fish-are in the lower right corner.\

6

'fPositional atereotypy values -of. in ividual fish in the
: grids ‘of ‘the small tank’ for. the underyearling pairs."
The ‘percent- value for. dominant ‘fish ard' dn the upper -
flpft corner while the percent values for: subordinate
fish" are in thé;iower right corner., e
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~fPoqitiona1 stereotypy values in the grids of the/ ~1arge o -{fﬁ';f f;
. .tank for older fish. . Values. ‘in’the. -upper left Forner y S
" are for fish\A and’ values An the 1cwer right corner: are R oL
;for fish B.., N R A S , e B
W 3 i - v-/'=',”' By i T A
',fPoaitional atereotypy values‘in grids of .tHe X—large . L R
. tank for underyearling fish. . Values in, th e/upper left IR S
'ﬁcorner are for dominant fish and ‘values in the 1ower - uggi»
'-.right corner are for suBordinate fish. AR , RIS
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"Positional atereotypy ;:}ues in the grids of thev/ |
1ue3

medium tank for: dominant and Bubordinate fish
in the " upper -left corner are for- dofiinant: fish while

values for subordinate fish are in lower right corner.l
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\ A © i’ the upper ‘left corner. and values for fish B are

\ Positional stereOtypy values in the grids of the,.l,a e'
, ,2 tank ‘for’ the older. fish. Values for' fish “Al'are’ glven:

given in the 1ower right corner. o
B/ . Positional 3tereotypy ‘values in the grids of the 1at’ge

" tank for underyearling fish:- Values for thie: dominant ',
‘fish are- giveﬂ‘@?x ‘the upper left corner and values for .

the subordinate ‘fish: ‘are given in ‘the 1ower right cornet.: '
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Positional ater/ otypy values of individual fish in the

~“Pgsritional stereotypy vaers of the third fish in the ‘ - :

grids ,of. the medium tank:.for introduced third fish trial.f"-'..'
Valt}es for dominant fish® ‘are ip upper ‘left: corner and . LT
valueei for aubordithe fish are in Lower right corner. T

".t-"grida of, thée medium: tank I _/ o Rk S
; -Positional stereotypy values of the -ominant fish 4in ‘ '. ',
'-grids of ‘the medium tank before agd fifter the introduc—-" Doosr LTy
tion ‘of -the ‘third f1ish.. .The bef ,'e valués are in’ upper SR L T
,'left corner and after values are i “the: lower right corner. R k-

: ,Positional stereotypy values in the grids of the medium k "
- tank :for the. subordinate fish before and after 1ntro—"' :

duction of the third" fish. : The’ before values. are dn L 1
' upper left cormer:and t:he after valu in the lower 1
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IERTRRTE for sthe*dominant fish. before and- after removal for twd-

~ }?j'_ Sl 57::, after period..p} J:~_;“ 'L':”“ ,:u‘ ‘
E :i S v for the subordinate fish: before and after: removal for

. VAN .. two- days. Values in the .upper’, left .corner are: for the.

T before period While vaIues for the after period are in
A the lower right corner. ‘ i _

ey .. for dominant. and .subordinate fish. Values ‘for’ dominant
' CER SRR fiah are in’ the upper left: corner while the values for
o ‘the subordinate fish are. in the 1ower right: cotner.‘ :
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.- older fish in- the'aggressiveness experiment.
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[0 3 CREP

Monthly mean latency to’ first observed bout values for

. .
e -‘\.

M.onthly mean number of bouts per 15 minute period for
older fish in the aggressiveness experiment._ Sl
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Monthly mean latency to.first'observed bout Values for
‘older: fisﬁ“underyearling combination in the aggreaeive-
ness experiment. N .

Mbnthly mean number of bouts per 15 minute observation
period values for. older: fish—underyearling combination
in the aggressivenese experiment.
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Monthly mean temperatures of 1aboratory seawater for
the period Jan_uary to December 19710
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