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PREFACE

The objentivés of this study were: 1) to providg a thorough‘
desc:intion of the fighting behavior of pairs of male blue gouramis
during pgriods of dominance establishment; 2) to evaluate the influ-
ence of envirommental, physical, social, and temporal parameters on
the outcomg of dominance encounters and the attendant agonistic be-
haviors of these fights; 3) to compare patterns of fighting as;ociated
winh ultimate Winners to tnose of ultimate losers; 4) to syntheéiée
the results Qf the snudy into a general statement concerniné the
gsﬁablishment of dominancé relationships in this species; and 5) to
demonstrate alternate and perhaps more meaningful measures of aggres-
siveness;

'Dr. R. J. Miller served as major advisor and provided Valuable
suggestions and assistance throughout the study. Drs. W. A. Drew,

J. A. Morrison, énd i. L. Wilhm served on the advisory committee and
reviewed the manuscript. Dr. L. Folks and Mr. B. Brandf of the Okla-
homa State University Statistical Lgboratory assisted with the sta-
tistical anaiyses. Specinl gratitnde is due to my wife Elouise, who
typed the manuncript and provided encouragement and understanding
througnnut thg stuayf |

The study was supported by National Science Foundation grant
GB~7030 and Public Health Service grant MH)18565501 administered

- ¢
through the Oklahoma State University Research Foundation.
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CHAPTER I
INTRODUCTION

A phenomenon of social organization in many fishes and probably
in numerous vertebrates which(seldom has been taken into account is
the occurrence of two distinctive temporal phaaes. The first phase
is.an initial, often ephemeral, period of dominance establishment,
and the second is a period of maintenance -or change of- that:estab-
lished social order. These two phases are linked by the social order
resulting from:the outcome of the initial encounters and by certain
environmental parameters which remain constant with time. Braddock
(1945)7pointed out that initial relationships which develop between
""contact-pairs' were important in structuring a subsequent social

. o , : !
organization; yet, most works on social organi%ation in animals have
failed to analyze the dynamics of the period Qf dominance establish-

ment. This study represents an operational analysis of the quantita-

tive aspects of fighting behavior in the anabantoid fiéh, Trichogaster

trlchopterus (Pallas), during dominance establishment. An attempt
will be made to determlne how social, phy51ca1; temporal, or environ-
mental parameters influence the outcome of enceunters and how the out-
come is related to the attendant agonistic behaviors associated with
these encounters. | |

Studies by Cpllias (1943), Haldane and Spurway (1954) Wilson

(1962), Nelson (1964), Altmann (1965), Hazlett and Bossert (1965),



Heiligenberg (1965), Delius (1968), and Simpson (1968) provide innova-
tive approaches to thé analysis of soéi;i‘behavior in animals. An
attempt was made in the present study to develop experimental tech-
niques and analytical methods which might be useful in future studies
on agonistic behaviér.

The concept of dominance relationships was probably introduced by
Schjelderup-Ebbe in 1913.(see Schjelderup-Ebbe, 19355, who described
peqk order and agonistic behavior in hen'flocks. Aliee (1938, 1942)
was a pioneer in studies on social behgvior, ana numerous studies on
dominance and hierarchical relationships haveibegn conducted wiﬁh his
influencé‘ Bernstein (1969) poinfediout that many definitions.of domi -
nance have been used and that émphasis has gradually shifted from the
consequences of dominance to related responses.‘ A réview of some of
the commonly used measures of dominance is.presenteé in Chapter III.
Ihe distinction between establighiné dominance and maintaining a domi-
nance relatioﬁship, however, has not been emphasized in studies on
agonistic beﬁavior.

Since 1940 numerous studies have been conducted on hierarchical
organizatioﬁ and agonistic behavior in fishes. Several workers have
begun to analyze some.of the factors which seem to play a role in
doﬁinance relationships-

Among the few who have related the outcome of a dominance en=--
countér to the preceding and accompanying behavior pattérns are
ﬁraddock and Braddock (1955), Simpson (1968)? and Southwick and Ward
(1968)3 Miller and Miiler (in press).have reigng‘shifts in a pre;
vailing social ordervté concomitant‘éhanges in the oécurrence and fre-

quency of certain agonistic behavior patterns.



The effect of relative size of group members in determining their

hierarchical positions has been investigated in Platypoecilus maculatus

(Braddoek,'1945), Lepomis megalotis (Huck and Gunning, 1967), Mollin-

iensesia latipinpa (Baird, 1968), and Lepomis megalotis (Hadley, .1969).
Miller (1964) noted that pairs of blue gouramis fight longer when their

relative size difference is minimal. Frey and Miller (1968),suggested

that in T. trichopterus and ﬁacropodus opercularis relative si;e dif-
ferences.may be mere important in doﬁinanceimeintenance than in the
initial outcome of a fight. Barlow (1968a).nas shown that in Etroplus
maeulatus smaller males attack larger females more than they attack
emaller females. |

Prior residency as a determinant of the outcome of a dominance

encounter has been investigated in Lepomis cyanellus (Greenberg, 1947)

and Platypoecilus maculatus (Braddock, 1949); Baird (1968) observed in

the field that smaller resident Molliensesia latipinna males success-

fully defended areas of residency against larger males.

The effect of social conditioning of a fish prior to subsequent

dominance encounters has been studied in Platypoecilus maculatus

(Braddock, 1945).and in Lepomis cyanellns (McDonald, Heimstra; and
Demkot, 1968}, Erickson (1967) reported thet.subordinate Lepomis
gibbosus in eocial hierarchies show evidence of stress reaetione such
as reduced anterior interrenal weight. |

The success of animals in competition for food has been used as
an indicator of dominance‘CCarpenter, 1942; Bernstein, 1969). Magnuson

(1962) in groups of medaka, Oryzia latipes, and Symons (1968) in ju-

venile Atlantic salmon, Salmo salar, reported increased aggressive be-

havior following food deprivation.



Males of many species of fish tend to dominate females, and the
importance of a sex factor in dominance relationships in fish has been

shown in Xiphophorus helleri (Noble and Borne, 1940), Platypoecilus

maculatus (Braddock, 1945), T. trichopterus (Miller, 1964); Mollien-

sesia latipinna (Baird, 1965), and Lepomié megalotis (Hadley, 1969).
The effect of the number of group members on agonistic behavior

has been investigated in Lepomis cyanellus (Hixson, 1946 and Borkhuis,

1965), Lepomis macrochirus (Borkhuis, 1965), T. trichopterus (Miller,

1964; Miller and Miller, in press), Pelmatochromus guentheri (Myrberg,

1965), Ptychocheilus oregonense (Pfeiffer, 1965), Gasterésteus

aculeatus (van den Assem, 1967), Blennius pholis (Gibson, 1968), and

Macrppodus opercularis and Colisa Lalia (Miller and Miller, in press).

Spatial parameters and environmental complexity may influence
dominance relationships and these closely relate to residency and
territoriality. Agonistic behavior of several fish species has been
shown to be iqfluenced by spatial and environmental parameters. Some
prominent studies in this area include Greenberg (1947), Fabricius
(1951), wvan Iersél;(1958), Morris (1958), Barlow (1962), Miller
(1964), van den Aésem (1567), Huck and Gunning (1967), Gibson (1968),
and Hadley (1969){

The following studies have directed attention to the areas of
causatiqn and motivation of agonistic behavior: Hale (1956),
Heiligenberg (1965), Baenninger (1966, 1968a, 1968b), Ward (1966),
Clayton and Hinde (1968), Dunham, Kortmulder, and van Iersel (1968),
Gibson (1968), Miller and Hall (1968), Southwick and Ward (1968), and

McKenzie (1969).



The tendency to use quantitative tools in studies of‘animal be-
havior has received increased impetus in recent years. Collias (1943)
studying éhickens,'seems to have made oﬁe of the initial statistical
analyses of.dqminance relationships. Laﬁdau (1951a; 1951b) published
theoretical papers on dominance relatians in éﬁimal societies, and
Haldane and Spurway (1954) introduced fhe use of cyberﬁeticé in ana-~
lyzing communication between animals. Hazlett and Bossert (1965;
1966) and Dlngle (1969) used information theory in an ana1y51s of
aggressive behavior. Nelson (1964) ploneered the use of the temporal
patterning of behaviors in his stqdy of courtship behavior in four
species of glandulocaudine fishes. Tempofal patterning has been used

in studying aggressive behavior patterns in several species of fish,

including Pelmatochromis subocellatus kribensis (Heiligenberg, 1965),

Pelmatochromis sp. (Skaller, 1966), and Betta splendens (Simpson,

1968).

Ihe perciform fish T. trichopterus used in this study is a member
of the tropical and sub-tropiéal sub-érder Anabantoidei fqund through-
out southern Asia, Ind1a, and Central Afrlca (Forselius, 1957). Liem
(1963) comprehensively reviewed the systematics of this group and con-
strucéed a proposed phylogenetic relationship. The sub-order Anaban-

toidei comprises about 15 genera and 53 species (Forselius, 1957;

Liem, 1963). Trichoéaster trichopterus belongs to the trichogaster-
inae, a sub-family of the Belontiidae, and a summary of some of its
salient characteristics is found in Hall (1965).

The agonistic behavior patterns of several species of the

Belontiidae, including T. trichopterus, have been described by Forseli-

us (1957%, Miller (1964), and Miller and Miller (in press).



CHAPTER 11
MATERIALS - AND- METHODS

This study consisted-of three phases which are-referred to as the
preliminary phase, pilot study, and experimental phase. They will be

described in detail later.
Anabantoid Sources and Laboratory Maintenance

Fish were obtained from tropical fish dealers in leahoma City,
Oklahoma, or directly from Florida Fish Farms, Inc., iﬁ Miami, florida.
Fifﬁy to 75 fish were maintained in 85 liter stock tanks iighted by
iSWattfluorescent lightg. Water temperatures of»stock tanks and ex-
perimental tanks ranged from 2100 to 2690, and room temperatures varied
from 22°C to 26°C during the three phases; A 14-hr photoperiod was
used throughoﬁt this s;udy; Water was UageQ” for several days before
use_in éxperimental and observation tanks, and periodic readings indi~
caﬁed a pH range of 6;3 to 7.3. Water in the stock tanks was filtered
through glass wool and charcoal and partially changed every two.to. .
three weeks. Fish in stock tanks were fed a dried flaké food (Tetra-
min) in the morning, while those in use as experimental animals were
fedﬂDaEhnia sp. and thronomus sp. larvae several hours following test-
ing or observafion. The fish used in the pilot study and expgrimental

phase were acclimated to laboratory conditions for a minimum of three



weeks prior to testing. Identification of fish was accomplished by
clipping the apex of the dorsal fin, anal fin, either point of the

.caudal fin, or some combination of the above.
Observation and Experimental Tanks

During the preliminary phase of this study, fish were observed
in aquaria which varied in size from small tanks measuring 56x28x18 cm
with a capacity of 31 1ipers to larger tanks measuriﬁg 60x35x28 cm
with capacities of 68 liters. Eight of these smaller tanks were used
in the pilot study, For the third phase, an eiéht-compartment experi--
mental tank was constructed. Marine plywood was used for the bottom,
back, and sides aﬁd glass for the front. The wood surfaces were’
painted with a white epoxy as were the seven moveable, internal, glass
partitions used té divide the tank into eightradjoining compartmentsf 
Each compartment measured 21.6 cm wide and 39.4 cm long. The water
level was maintained at 25.4 cm, and each compartﬁent thus had a
_capacity of 21.6 liters, A pretestingrisolation peri&d was uged in
the pilot and experimental<phases, and fish were maintained individuala-

‘ly in opaque, white plastic buckets in 8 liters of water.
Recordihg Apparatus

Frequency and duration of behaviors were recorded during the
pilot-study; but mechanical, multichannel lab tallies were used to
record frequenéies rather than logging a continuous written fally.
Data for eacﬁ fish in a dominance encounter were then transfe;red to
summary data sheets along wi;h any relevant qualitative notes. The

behavioral data for the third phase was recorded with a 20-pen



EsterlinegAngué Event Recorder (quel A620X) wired to two 10-k¢y key_f
boards. A‘papér (Esterline-Angus Charf.#1720)‘speed of 7.62 cm/min
was used. This apparatus made pégsible the preservation of recofds on
frequency and durétion as well as the tgmporai patterning of behaviors
occurring during dominance encounters between pairs Qf fish. The oc~
currence ofra discfete event, e.g., a bite, was recorded by rapidly
depressing and releasing the key coded for that pattern and that fish.
for behaviors ip which durations were involved, e.g., fin tugging, the

appropriate key was depressed for the duration of that behavior.
Preliminary Phase Procedures

Observations during this portion of the investigation were made
in the Oklahoma State University Aquatic Biology Laboratory from March
1 to June 1, 1968. - Approximately 100 hours were logged observing‘the

general ethology of several anabantoid species, eépecially observing

qualitative aspects of agonistic patterns exhibited by T. trichopterus.
Fish selected from stock tanks were established in unigexual or h

hetgrosgxuél groups in 20 aqua;ig. Aqua;ium size varied, and th€

numbe;-of.fish per tank va;ied from two to over 20. Each tank.had a

sand-gravel substrate and some were planted with varying amounts of

Vallisneria sp. and Cerapqphyllum Sp.

No définitive observatién pfocedure was used, but groups typiqally
were observed for periods oﬁ 10>tq 30 min féllowing their eétablish-
ment and‘each day thergafter fér 5 to 10 days. Observations were made
from abqut 1m diregtly in front of aquaria. ‘Slight moveménts seemed

to have minimal effects\on behavior.



Pilot Study Protocol and Procedures

bThis research phase was carried out in the Oklahoma State Univer=
sity Aquatic Biology Labqratqf? from June 1 to October 13, 1968. The
purposé of this study was to determine whether certain environmental,
physicgl, and social factors influenced the oﬁtcome of dominance en-
counters and the agonistic behaviors exhibited during such fights.
This phase is hereaftef referred to as Experiment I. |

In érder to provide a variable context in which fighting could
occur, a éeries of unisexual pairings was made according to the pro-
tocol of Table I. Eight fish frém stock populations (four males and
four females) were ﬁeasured to the nearest millimeter (standard
leﬁgth) and establishedisingly in eight, 31-liter aquaria with g;avel
bottoms but no plants or artificial cover, An additional four males
and féur females were sélectéd from stock, measured, and isolated in
white plastic containers. After 3 days, the fish iﬁ isolation con-
tainers were introduced into the tanks of residents. Standard length
differénces did not exceed 6 mm in this study for any pairing combina~-
tion. Forty-eight hours following this initial pairing and the domi-
nance fight, the four dominant fish of each sex were paired with eaéh
other (2 pairs) and subordinates were paired‘similarly. One member of
eéch new pair rgmained as a resident. Fish were transferred from one
aquarium to another.by placing them in filter boxes énd gently releas-.
ing them at the end oppositg the resident fish. fhe thirdvpairing
fol[owgd the same design with double winners.matched and their losing
Qpponents matched; likewise, doﬁble losers were matched and their |

winning opponents matched. A theoretical hierarchy could be calculated
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at this time from the tournament—likeVscheduie; In the foufth pairing;
highef-ranking dominant fish, based on this theoretiqal hierarchy,
were introduced into a tank with resident, lower-ranking dominants.
Lower-fanking subordinates were introduced into aquaria with resident
higher-ranking subordinates. For pairing number five, dominant fish
of the previoué experiment weré'introduced in;o tanks of resident sub-
ordinates. The converse of this schedule was followed in the final

pairing, i.e., subordinates were introduced into the aquaria of resi~

dent dominants.

TABLE 1

PILOT STUDY PAIRING SCHEDULE

Pairing

‘No. Symbol Combination

1 o II Isolaﬁed fish.baired with an isolated resident.

2a D—D. Dominants from Pairing 1 paired and subordinates

2b S-S from Pairing 1 paired :

3a D—D Same design as Pairing 2; theoretical hierarchy

3b S—S established among the eight fish

ba D—D Theoretically higher-ranking dominant paired with a

4b S—S lower-ranking dominant, and theoretically lower-

- ranking subordinate Palred with a higher-ranking

subordinate -

5 D—S Dominants from Pairing & 1ntroduced into a subordi-
nate's tank

6 S—D Subordinate from Pairing 5 introduced into a domi-

nant's tank
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?hg initial 10 min of each pairing Was observed. Latencies to the
first épproéch, latéral display, and bite were measured as were the
frequenéies of ;hg.behavior patterns described in Ghapter I1I. The
outcome of the ensuing encounter was noted glong with qualitative as=-
pects of each bout,

A second 10-minute observation of each pair was made 24 hr after
their ini;ial-boﬁt, and frgquency measures of behgviors were recorded.

This experiment was replicated three times and involved 48 fish.
Experimental Phase Procedures

The third phase of this study was conducted in the Oklahoma State
Upiversity Ethology Researéh Laﬁqratqry at the Life Sciences West
Building from December 1,‘1968, to January 1,.1570, A factorial ex-
perimeﬁt and a‘paifed experi@ent were conducted, hereafter referred to
as Experiments II and'III, respectivgly. |

The objectives of these experiménts were first, to provide a de~
tailed, opérational description of the agonistic Eehavior patterns of
this species; second, to dgterﬁine the relaﬁive importénce of social,
phyéical, environmental, and témporal factors in influeﬁcing the es=
tablishmgnt of dominance relationships in this species; and third,‘to
develop e#perimental deéigns, techniques, and analytical methodology
which might prove uéeful iﬁ the study of aggressi?e behavior;

vOnly males were studied and populations‘of 75 to 100 fish were
usually available for sglection of sﬁbjects. Test figh and controls
were isolated in plastic containers for 10 dayé prior to use. Stan-
dard lengths were meésured to the nearest millimetert_ All fights were

conducted in the previously described experimental tank.
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The factorial experimental layout followed an incomplete block de-
sign, and the following four factors selected from results of pilot
experiments were tested at two levels each: residency (A1 = resident,

A = non-resident); dominance (B

0

1= dominant pretest experience, B0 =

subordinate pretest experience); size (C, = 3 to 5 mm greater in stan-

1

dard length than opponent, C0

opponent); and a time function (D1 = test immediately following pretest

= 3 to 5 mm less in standard length than

experience, D, = test 24 hours after pretest experience).

0

After 10 days of isolation, two fish were placed in all Qde
numbered compartments of the experimental tank; and dominant-subordi-
nate relationships developed within 45 min in each case. These“pairs
will be referred to as D/S pairs. A control fish which was lgrger or
smaller than the.projecﬁed opponént was then placed in each even-
numbgredvqompartment. Twenty=-four hburs latgr, one member of each D/S
pair, as determined by the time factor level, was removed and returned
to its isolation bucket; The control fish and the remaining members of
each D/S pair were allowed to fight, with the residency,factor level
detgrminingbwhich compartment was the site of the encounter. One hour
foliowing the terminatién of fighting, both fish were removed, and the
other member of the D/S pair ‘was returned to its appropriate compart-
ment. A new control fish was placed in the adjoining compartment, and
24 hr later the above procedure of testing was repeated.

Recordiﬁg of an ensuing encounter was begun when a transferred
fish swam from the transfer;ing net, and recording was terminated 10
min after the end of mgtual fightiﬁg. This experiment was replicated

four times.
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In the paired design, Experiment I1I, fish were takep from isola-
tion and placed in adjoining compartments. Twenty;four hours later, a
pair of fish was allowed to figﬁt by removing the opaque partition be=
tween compartments. Forty-one pairs of dominance encounters of this
type were récorded. Absolute sizes of fish in this phase ranged from

49 mm to 66 mm, and size differences varied from O mm to 5 mm.
Statistical and Computing Services

The data of the factorial experiment was analyzed by using the
FACAOY program of the Oklahoma State Univer;ity Computer Library. The
linear discriminant funétioﬁ analyses were computed by using the Bio-
medical Computer Programs BMDO&M program, and the entrqpy valqes of
Expériments I1 and IIi were computed froﬁ a species diversity program
provided by Dr. Jerry Wilhm of.the Oklahoma State University Zoology

Department.



CHAPTER III
BEHAVIORAL UNITS, MEASURES, AND TERMINOLOGY

Mathematical models devised.by ethologists usually are unique to
a particular phenomenon under study. Some behaviorists hold that such
models should Be translatab}e into a language of some related disci-
pline, e.g., neurophysiology. While this school of thqught has proba-’
bly hindered the development of étholpgy into a sophisticated bio~-
logical science, a more basic problem of animal behavior involves the
lack of precise measurable units for analysis. Barlow (1968b) pointed
out that instrumental responses, e.g., lever.pushing, have limited
usefulness since they are often indirect measufes of the behayiof of
interest. Ethologists have traditionally used behavior patterns re-
ferred to as '"fixed action patterns;'" but an anthropomorphic elemént
is’often injected into their usage (Hinde, 1966). The solution ac-r
cording to Barlow (1968b) seems to be the ability to observe and
record '". . , repeatedly recognizabie events.'

Cybernetics havé been invoked for establishing uniformity in re-
cording behavioral.events. A fight of dominance establishment between
a pair of fish has bgen considered as a behavioral system thse iﬁtra-
individual and inter-individual tranéitions‘from one state to the next
correspond to those of stochastig transformations. The behavior pat-

terns of T. trichopterus used in this study represent events which are

"repeatedly recognizable' and are considered the states of this system.

14
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Behavior Patterns

Comprehensive qualitative descriptions of some of the agonistic

behavior patterns of T. trichopterus used in this study have been re-

corded by Forselius (1957), Miller (1964), Hall (1965), and Miller and
Miller (in press). A brief operational description of the states or

patterns used in the present study follows.

Approach

An approach is defined as a direct movement toward a fish when
previoﬁsly separated by more than two body lengths. Approach speed
is variaﬁle and often includes an element of what has.previously been
described by Baerends and Baerends-Van Roon (1950) as "jerk-swiﬁminga"
The median fins are often slightly erected, and tﬁe pelvic threads

flickered forward.

Lateral Spread Display

This pattern consists of either a lgteral orientation to a facing
fish, a parallel head-to~head orientation, or a parallel head-to-tail
position. The median fins are always strongly spread, and several
bedy curying components are present. The head and caudal regions
curve upward along with a horizontal sigmoid curving of the entire
body into an S-shape. The head is alWays directed away from the op-

ponent, and the pelvic threads extend ventro~posteriorly.

Opercle Spreading

The form of this behavior differs markedly from the previously

described opercle spreading patterns in other anabantoids (Forselius,
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1957; Hall, 1965). The opercles and branchiostegals are spread only
slightly, and this behavior does not occur in a froﬁtal approach con-’
text. The opercle spreading fish is positioned parallel and slightly
behind its opponent. The head is direcfed toward the other fish. A
sigmoid curviﬁg of the Body is usually present along with a downward
concave horizontal component rather thaﬁ the upward concave component
of late;al spreaa displéy. The head is usually higher than the tail,
and both dorsal and anal fins are folded while the near-side pelyic

thread may extend toward the opponent.

Tail Beating

Lateral, undulating movements of the caudal peduncle and tail of
a lateral displaying fish sometimes occur and have been referred to as
"tail beating'.(Miller, 1964)., This pattern was referred to by For-

selius (1957) simply as 'undulating movements.'

Fin Tugging

A stéfe of fin tugging is said to exist when a fish bites the fin
of another and fhangs onﬁ for a period of one to several se;onds, or
acfively pulls the fin by undulating, tugging‘movéments. Most often,
it is the anal fin of a lateral displaying fish whi;h ié attacked; but

the dorsal, pelvié, or pectoral fins may be seized.
Biting

Butting movements have been differentiated from biting on the
basis of whether a fish actually attempts to grasp the opponent with
i _ : , . l

its teeth (Miller, 1964; Hall and Miller, 1968; Miller and Hall, 1968;

and Miller and Miller, in press). The rapidity of this movement and
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the slight extent to which the mouth is opened in this species, how~.
ever, precludes any such differentiation in recording behavior during
fights. Biting during dominance formation usually follows one of two
slightly different patterns, In.fish oriented head-toftail, a nons
displaying fish makes contact by lateral movements of the head against
the body of his opponent. Whgn a fish faces a lateraily displaying
opponent, biting is accomplished by a forward thrust of the entire
body agginst the opponent. The lower flank region and caudal pedunclé
are the areas most consistently bitten. After establishing dominance,
the winner often bifes the caudal fin of a fleeing subordinate. These
former two Biting patterns are cénsidéred to be equivalent, and‘the

last biting form is not used in‘this study.

Bite Sessions

The temporal patterning of biting indicates a non-random distri-
bution patternt Bites tend to occur in clusters, and the number of
bites making up any such cluster varies from one to 35. A bite session
is conéidered terminated with the occurrence of a new behayior pattern,
the occurrence of biting by the opponent or a pause of at least 4 sec
between actions. Ihis pause duration was chosen because film analysis
indicates that transitions from one state to another dufing these en-

counters requires a maximum of only 1 to 2 sec.

AEEeasemeﬁf
The conclusion of a fight between a pair of fish comes suddenly,

The loser pales, folds its median fins, and often tilts along the

median axis of the body, while avoiding the other fish. This
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combination of behavior patterns and coloration is termed '"appeasement"
here.. This pattern serves only as a reference point for certain as=
pects of data analysis, as its function has not been experimentally

verified.
Chase

Chasing is said to occur each time one fish swims vigorously
after another. This term impliés the fleeing of one fish frém another;
thus, this behaviqr does not enter into the patterns exhibited during
the mutual fighting of a dominance encounter. As with appeasement, it
serves only as a reference point following the initial period of domi-

nance. establishment.

Surfacing

Because it is a-Labyrinth fish, T. trichopterus rises periodically
to the surface to gulp air. During dqminance figﬁting, sequenées of
agqnistic”behavior are interrupted approximately once a minute, during
which time Qne or both fish rise to the surface. These pauses with

concomitant inspiration are termed ''surfacing.''

Pausing

Pausing is defined as those periods of greater than 4 sec in

duration when none of the foregoing states is occurring.
Behavior Measures

The latency of the first occurrence of each behavior pattern was

recorded along with the total frequency in Phases I1 and III.
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Durationg of lateral digplaying, opercle spreading, and fin tugging
were totaled for each fish in the experiments of Phase III- from the
Esterline record charts. Corrections for yafied bout lengths were
made by dividing the béut length of each fight into the above-mentioned
measurés. The average duration of lateral displaying, opercle spreadf
ing, and fin tugging were éalculated alongIWith the average numbg;

qf bites per bite session. Intra~individual entropy values and trans-
ition frequencies were caiculated in the factoriél experiment of

Phaée I1T1, while both intra-inaividual apd inter-individual entrépy
values and traﬁsition frequencies were calculated in the paired experi-
ments of Phase III.

The valugvof using multiple measures in analyzing agonistic be-
havior»appargntly has been overlooked by m§st students of fish be-
havior. Tables iI and I1T show the symbols which represent the varia-
bles used in thi% study,‘and Table I11 lists their coding for Ap-

pendix A.
Terminology

Operational descriptions of certain parameters of this study that

apply throughout unless otherwise qualified are the following:

Residencz_

The prior occupation of a given environmental space is considered
to be a potential factor in determining the outcome of agonistic be-
havior between fish. Fish that occupied an aquarium or compartment of

the experimental tank for at least 24 hr prior to the introduction of
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TABLE 1T

BEHAVIOR STATES AND THEIR CODING

Term Symbol Pr1ncipT€”Cbmponents oE- Posturlng
Approach A D1rect movement to w1th1n two body lengths of
' ' another flsh
Lateral Spread L Erection of the median fins; sigmoid curving
Display of the body; head directed away from opponent
Opercle Spread 0 Slight extension of the gill covers; median
' ' fins folded; head directed toward opponent
Fin Tugging F Biting and tugging any fin of an opponent
Biting B Sharp mouth contact of one fish against any
region of another fish
Biting Session BS A<cluster of bites
Surfacing S Pause from ongoing behav1or and concomitant
C inspiration of air '
Pausing P Intra-individual periods greater than 4 sec

in duration during which no defined behavior
occurs.
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VARIABLES,MEASURED DURING DOMINANCE ENCOUNTERS

Variable Code Number
(Abbreviation) Unit in Appendix A
Outcoﬁeb | 0, 1 1
Approach First 0, 1 2
Bout Length Min 3
Surfacing/Min (S/M) #/Min 4
Pausing/Min (P /M) #/Min 5
Lateral Display First 0, 1 6
Laterai Display Frequency (LF) #/Fight 7
Lateral Display Duration (LD) Sec/Fight 8
Latefai Display Avg. Duratién Sec 9
(L D/F)
Lateral Display Rate (L F/M) Sec/Bout Min 10
Lateral Display Duration/Min Sec/Bout Min 11
(L D/M)
Lateral Display Rate by Opponent #/Bout Min 12
(L F/M/0)
Lateral Display Duration/Min by Sec/Bout Min 13
Opponent (L D/M/0)
Opercle Spread First 0, 1 14
Opercle Spread Frequency (OF) #/Fight 15
Operéle Spread Duration (OD) Sec/Fight 16
Opercle Spread Avg. Duration Sec 17
(0 D/F)
Opercle Spread Rate (0 F/M) #/Bout Min 18




TABLE TIII (Continued)
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Variable
(Abbreviation)

Unit

Code Number
in Appendix A

Opercle Spread Duration/Min
(0 D/M) :

Opercle Spread Rate by Opponents
(0 F/M/0)

Opercle Spread Duration/Min
by Opponents (0O D/M/0)

Bite First

Bite Frequency (BF)

Bite Session Frequency (BS F)
~Bites/Bite Session (B/BS)
Bite Rate (E/M)

Bite Session Rate (BS/M)

Bites/Bite Session by Opponents
(B/BS/0)

Bite Rate by Opponent (B/M/0)

Bite Session Rate by Opponents
BS/M/0

Fin Tug First

Fin Tug Frequency (FF)

Fin Tug Duration (FD)

Fin Tug Avg. Duration (F D/F)
Fin Tug Rate (F F/M)

Fin Tug Duration/Min (F D/M)

Fin Tug Rate by Opponents (F F/M/O0)

Sec/Bout Min
#/Min
Sec/Bout Min

0, 1
#/Fight
#/Fight
#/Session
#/Bout Min
#/Bout Min

#/Session

#/Bout Min

#/Bout Min

0, 1

#/Fight
Sec/Fight
Sec

#/Bout Min
Sec/Bout Min

#/Bout Min

19

20

21

22
23
24
25
26
27

28

29

30

31
32
33
34
35
36

37




TABLE III (Continued)
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Variable
(Abbreviation)

Unit

‘Code Number
in Appendix A

Fin Tug Duration/Min by Opponents
(F F/M/0)

Entropy for the 6 Behaviors:
{L, o, BS, F, s, P}, H(6)

Entropy for the 4 Behaviors:
{L, 0, BS, F}, H(4)

Number of these 6 Behaviors Shown
Total Number of these 6 Behaviors
Numbér of thesé 4 Behaviors Shown

Total Number of these 4 Behaviors

Sec/Bout Min
Bits

Bits

S S N

38

39

40

41
42
43

44




24

any other fish are called ''residents.'" Conversely, a fish which has

been moved into a new space or container is termed a ''mon-resident."
Dominance

The concept of dominance suggests a conflict or some hierarchical
organization. As pointed out in Chapter I, a variety of measures of
dominance haQe been employed. For example, primate studies often in-
volve priority for incentives such as food as illustrated by the work
of Carpenter (1942); van Lawick-Goodall (1968); and Bernstein (1969).
Another measufe used includes observations of relative numbers of
"aggressive' responses (Marsden, 1968).

Collias (1943) used the outcome of a paired encounter as a direct
measure of dominance in chickens. ‘In most avian studies, however,
dominance is often determined by observations of paired encounters
usually within flocks. Peck orderé are based on the relative numﬁer
of peck-avoidance or fhreat-avoidance encounters bétween dyads (Craig
et al., 1969)1 Spatiallrelations of '"neighbors'' are being used to
establish factors aésociated with dominance (McBride et al., 1963;
McBride, 1968). Landau (1951a) theoretically defined a dominance re-
lation as "o .o .8 binary, asymmetric, non~transitive relation, j domi-
nates k being written j> k."

No universal measure of dominance has been adopted in studies on
fish behavior. Most works include some measures similar to those
described for avian species or the occurrence of some subordinate pos=-
turing (Greenberg, 1947; Braddock, 1949; Barlow, 1962; Miller, 1964;
Simpson, 1968; and Hadley, 1969). Baenninger (1968b) used avoidance of

an opponent for 20 consecutive times as an indication of dominance.
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In this study the term "dominant' refers to a fish which has pre-
viously defeated another in an encounfer within:the past 24 hr. A
"subordinate'" is one which has lost an encounter within the past 24 hr.
A "dominance relationship' refers to the relétive hierarchical position
of a pair of fish following the initial phase of mutual fighting, i.e.,
a "winner" and av”loser" result. These 1attef two terms require no
subjéctive interpretation since the resultant patterns of appeasement,

chasing, and fleeing are self-evident of a conflict resolution.

Size

Standard length (distance between tip of snout and end of hypural
plate) was used in this study. The size factor of each study concerns

relative size rather than absolute size, unless otherwise indicated.



CHAPTER IV
QUALITATIVE ASPECTS OF DOMINANGE ESTABLISHMENT

The temporal patterning of the fighting behaviors shown in domi-
nance encounters seems to be influenced by several environmental,
physical, and social factors, but temporal relationships are remarkably

consistent in any given context. The following description of fighting

in T. trichopterus is intended to provide an overview of the similari-
ties referred to above. It also provides a point of reference for the
subsequent development of quantitative concepts of dominance encoun-

ters.
Protocol of a "Typical' Fight Sequence

Without considering the effect of experimental parameters on the
relative occurrence of certain behaviors, a "typical" fighting sequence
between two fish can be represented symbolically using the coding from

Table II, as follows:

Fish No, 1: P-A- L-L- 0-L~S-L-B-[ ... B-L-P-F-[...] L-APPEASE
Fish No. 2: P- L- 0-PeL B~S~ L-[...] B-F-L- [...] B-P-A-CHASE-B
Time (Sec) 0 30 50 240 - 720 850

The initial reaction of most fish when given access to an unfamil-
iar environment is to sink to the substrate and remain motionless for

a few seconds. This is represented by the pauses (P) of both fish at

26
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time Zero; and during this time, both fish seem to explore their sur-
roundings yisually. One fish (No. 1) begins to move slowly from the
bottom and orient toward the other fish (No. 2) within 30 sec. Fish
No. 1 swims slowly forward (A), and Fish No. 2 may then begin to move
upward and turn toward the approaching partner. When the distance be-
tween opponents is approximately 6 to 8 cm, Fish No. 2 exhibits a
lateral spread display (L). Almost immediately, Fish No. 1 swims
ahead of his displaying partner, orients laterally, and also displays
(L){ Fish No. 2, now slightly behind and lateral to Fish No. 1, ex-
hibits an opercle spreading pattern (0). This sequence of "L-0-L'" in
both fish may continue for several seconds, and from a subjective point
of view it seems that they ''"jockey'" for the L position. At about 1.5
min into the encounter, Fish No. 2>turns t§ward his partner and bites
(BS) at the lower abdomen or caudal peduncle. Mutual upward swimming
follows, during which time both fish surface (S) to gulp air. The al-
ternating sequence of ﬁL-BS-L” follows for the next few minutes with
occasional pauses to surface, opercle spread, or pause interspersed.
Fin tugging becomes incorporated into the sequences of bitingband dis~
playing after about 4 min. 1In the terminal phases of the fight, paus-
ing seems to occur more frequently, and Fish’No. 1 suddenly exhibits
the appeasement pattern (Chapter III) and moves away. A few seconds
iater, the winner (Fish No. 2) approaches, displays, circles, and‘may
display again. The loser again moves away, and the dqminant fish usu-
ally chases and bites the fleeing fish within a short time. This be-
gins the second phase of a dominance relationship in these fish, i.e.,

a period of dominance maintenance., The intervals between approaches



28

and chases by the dominant fish become shorter during the next 30 min,
i.e., during the first one~half hqur of the sécond phase.

The overall picture of such initial encounters in these fish seems
to be.one of gradual increase in tempo and intensity of some of the
agonistic behaviofs. The behavior patterns, though variable in fre-
quenéy and duration, are highly consistent in form, and a considerable

amount of redundancy exists in their sequential arrangement.
Color Changes

Forselius (1957) has discussed the color patterns and associated
chromatophore systems exhibited by several species of anabantoid
fishes. The basic color patterns as well as the changes associated

with courtship, reproduction, and agonistic behavior of T. trichopterus

have been reviewed by Miller (1964).

The ground color bf this species is a pale blue. Black ocelli
occur on the abdominal fggion and caudal peduncle, and smaller white
spots are present in the dorsal, anal, and caudal fins. Forselius
(1957) has described the a#rangement of melanophores ". . .that form
a numbgr of partly anastomosing vertical bands along the sides of the
body. . ."" The anal fin of some specimens has a light yellow tint
along thé ventral edge.

Fish kept>in white isolation buckets or in the white experimental
tank tended to be somewhat paler than fish isolated in gravel-bottomed
aquaria, During the first few moments of an encounter, both fish re-
tain this somewhat "washed out" color. The first noticeable color
changes during fighting are seen in a darkening of the lateral bands.

This is followed by a darkening of the iris. Following the first
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several exchanges of bites, changes in the melanophores of the caudal,
anal, and dorsal fins result in a darkening of these areas except for
the light spots mentioned above. These spots stand out more prominent-
ly in contrast to the darker regions. Iﬁ prolonged fights the lighter
reéions between lateral bands may begin to darken at this point and
result in what Milier (1964) has described as an ”inky” appearance.
The black ocelli have Become indistinguishable at this point.

At the conclusion of the fight, the subordinate quickly loses the
above~described patterns and assumes an extremgly pale color. The
dominant fish also»loses most of the darker colors, but more slowly

than the subordinate.



CHAPTER V

PRELIMINARY OBSERVATIONS AND RESULTS OF .PILOT STUDY

Blue gouramis exhibited some form of agonistic behavior and hier--
archical organization under all regimés used in tﬁis study. Unisexual
or heterosexual pairs or groups of fish, éstablished for some time,
often show little indica;ion of any social conflict. Mutual fighting
and displaying maybbe seldom observed. A dominant fish of the group
may approach a subordinate, and.either‘fish may move .away without ény
resultant agonistic behavior, Occasionally, a dominant fish approaches
and bites a subordinate, and a brief chasing-fleeing bout ensues.
Miller (1964) nopéd that overcrowding these fish tends to suppress
aggressive behavior; and tropical fish suppliers advertise this species
as a ”semifpeaceful”-fish (Wolfsheimer, 1967). It was found during
the initial stages of this study, however, that these fish fight quite
vigorously during the establishment of a dominance relationship. Some
factors which seem to influence a dominance relationship in this
species are: |

1. Familiarity with a given space, i.e., a residency factor

2, Sex

3. Absolute fish size

4. Relative size of opponents

5. TImmediate prior experience relating to dominance

30
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6. Time since this doﬁinance-related experience

7. Dufation of this dominance-related experience
The influenée of several of these factors was obsérved during the first
phase of this study, and the role they play in dominance establishment

was investigated during the pilot study.
The Influence of Sex

It was consistently observed that when an encounter occurred with-
in a group between a male and a female, the latter fled about 90% of
the timé. ﬁince the males may have been larger than these females, a
series of "'sex tests' was conducted. Small males were introduced iﬂto
aquaria with one or two larger females. The size differences were not
measured but were obvious. Nine out of 10 times; the males dominated
the females within séveral minutes of fighting. However, both sexes
occasionally exhibit some form of ter;itoriality, and the agonistic
patterns of males are qualitativeiy quite similar to those of females
with all of the patterns described in Chapter III occurring in both

sexes.
The Influence of Residency

Seventy~six resident fish out of 131 pairs in Experiment I .won
initial encounters. The null hypothesis for testing each pairing type
was that resident fish defeat non-resident partners in the same ratio
that non-residents defeat residents. The number of residents winning
is shown in Table IV along with the: respective Chi'.square 'probabili~’
ty level for each. From this data the null hypothesis was not accepted

during initial encounters under the following conditions:
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1. When isolated fish were first introduced into resident tanks
(Pairing 1):

2. When subordinates were introduced into the tanks of other
subordinates; (Pairing 3b)

3, When dominants were introduced into the tanks of dominants
. . i .
(Pairing 5)

4. When subordinates were introduced into the tanks of dominants
(Pairing 6)

TABLE IV

EFFECT OF RESIDENCY ON OUTCOME OF DOMINANCE ENCOUNTERS

Numberf of Resident Winners or Dominants

Pairing Péiringb .
No. Type Initial Encounters 24 Hr
1 S I->T o 17(23)* 11(24)
2a DD 6(10) 8(10)
2b S—»S 7(12) 6(12)
3a D—D 6(12). ' 6(12)
3b s-»é 10(12)* ‘ 9(12)
ha D—sD | 3(12) 1(12)%x
4b S—»S 9(11) 10(12)%*
5 D—>S 3(24)%%* 3(24)%*%
6 S—>D 15(15)%* 13(15)%*
Total | 76(131) - 67(133)

FNumbers in-pérgntheSesfaréfthé¥total number of cases on which Chi sq
analyses were based; *.025>p®.005; ** .005>p.
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One hundred per cent of the residents won their initial.encounters
‘in conditién No. 4, while only 18% of the residents were victorious in
the converse of this experiment, i.e., Pairing No. 5. Five of the 9
different pairings show decreases in the percentage of residents still
dominant 24 hr later; two other pairings show'equivalence; and 2 show
slight increases after 24 hr.

Based on the average latencies and the first occurrence of certain
behaviors, it was found that a resident approaches and bites sooner
than a non—residént, while a non-resident tends to lateral display

sooner than a resident.
The Influence of Relative Fish Size

The data for the influence of fish size on the outcome of en-
counters has been tréated in much the same way as the residency data.
The null hypothesis ;hat larger fish defeat smaller fish in the same
ratio that smaller fish defeat larger fish was tested. Table V shows
that while as many as 80% of the wiﬁners of a particular pairing type
were larger than their opponents, no pairing difference reached the
.05 level (Chi sq.). A slight, but non-significant inqregse in the
number of larger fish which were déminant over sﬁaller opponents after
24 hr of cohabitation of a space is also seen from the totals of
Table V. Four of the nine bairings shqw iﬁcreases in the percentage
of 1argef fish in a dominant posit;;n 24 hr after initial fights;
three pairings show ho_change; and ?wo show decreases affer 24 hr.
Though sample size is quite small, compéring these data on size with
residency daﬁa seems to indicate that a residency factor probably

operates independently of a size factor.
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TABLE V

EFFECT OF RELATIVE SIZE ON OUTCOME OF DOMINANCE ENCOUNTERS

Numbert of Larger Winners or Dominants

Pairing Pairing

No. Type Initial Encounters 24 Hr
) i ; i;$I i | _,;,,_12(23)* } 14(26)
2a D->D 6(8) 6(9)
2b S—>S | 6(12) 5(12)
3a D->D 8(10) . - 8(10).
3b 53 5(11) 8(11)
ba D—>D. 4(9) 4(9)
&b s>5 5(10) 5(10)
5 D->$ | 9(19) 10(20)
6 S—%b » 6(13). 7(14)

| Total ' - : 61(115) | .’67(119)

+Numbers in parentheses are the total number of cases on which Chi sg

s

analyses were based; *no Chi sq values are significant at .05 level.

The Influence of Prior Conditioning

The effect of immediate prior experience as a dominant or as a-
dominated fish on the outcome of a subsequent encounter was tested by
Pairings 5 and 6 of this study{ Table VI shows the number of domi=-
nants, i.e., dominant from the previous day, that won encounters witﬁ
"conditioned" subordinates. From Table V.it can be seen that size was
not indicated as an important inflgencing factor in these two experi-
ments. However, in PairingVS fhe opponent was larger in the three

cases where a '"conditioned'" dominant did not win. Since under these
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two conditions, all the dominantly conditioned fish were either the
residents (Pairing 6) or the intruders (Pairing 5), the effect of
residency indicated in Table IV for these two conditions seems con-

tingent upon this fact rather than a residency factor per se.

TABLE VI

EFFECT OF PRIOR EXPERIENCE ON OUTCOME OF DOMINANCE ENCOUNTERS

Number of Previously Dominant Fish Wihning
Encounters or Dominant After 24 Hr

Pairing Pairing : »
No. - Type Initial Encounter _ 24 Hr
5 D-»S 21(24) %% ’ 21(24) %%

6 S-»D 15(15)%* 13(15)**

**,005 2p

Stability of Established Dominance Relationships

In contrasting the results of the outcome of initial encounters
with the rank of the fish 24 hr later, some measure of dominance
stability can be assessed. The number of times that the outcome of
an initial encounter was reversed within 24 hr is shown in Table VII
for both male pairs and female pairs. The null hypothesis that the
size-related reversals are independent of fish sex was not rejected
at the .05‘1eve1 (Chi sq = 3.14, df = 1). Fourteen of these 22 re-
versals seemed to be related to a size factor, i.e., larger fish

eventually became dominant. Dominance relations, once established,
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thus tend to show considerable stability with only 16% of 132 fights
showing reversals within 24 hr. 1In 41 encounters of Experiment III,

only two reversals occurred within this same time period (Chapter VII).

TABLE VII

STABILITY OF DOMINANCE ENCOUNTERS OVER ‘A 24 HOUR PERIOD

Reversal Type Males Females =~ Total ~ % Total

‘Smaller fish reversed by

larger fish - 8 6 14 64
Larger fish reversed by
smaller fish 3 5 8 36

Total* 11 11

*The total number of encounters in Experiment I was 136 of which only
22 had ‘a reversal occur during the 24 hr period following dominance
establishment. g ' '

Testing A Theoretical Hierarchy

1
By the tournament-like series of pairings in this pilot study, a

theoretical hieraréhy had been established asva result of Pairings 1,
2, énd 3. 1In Pairing 4; tﬁis hierarchy was tested by»sqbsequently
fighting higher-ranking dqminants with 1ower-ranking dominants ana
pairing lower-ranking subbrdinates with higher-ranking subordinates
(see Table I). Table V;Ii ghows the number of times this theoretiéal

‘

hierarchy held true, and the null hypothesis that fish which are ranked
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higher theoretically win half their subsequent encounters was tested.
Lower-ranking fish of this theoretical hierarchy did tend to become

subordinate to higher-ranking.fish ultimately.

TABLE VIII

THE VALIDITY OF THE THEORETICAL HIERARCHY
' ESTABLISHED BY PAIRINGS 1, 2, AND 3

"Number of Winners or Dominants After

Pairing Type " Initial Encounter - 24 Hr

Higher-ranking dominant pairedb
with lower-ranking dominant _ .9(12)* 11(12)%*%*

Higher-ranking subordinate paired
with lower-ranking subordinate 10(12)%* 10(12)%*

%.250 >p ».100, **,050> p> .025, **%.005> p

The Influence of Experimental Paraﬁeters
’ on Agonistic Behaviors

While the outcome of an encounter may be treated as a discrete
phenomenon influenced by certain‘physical, sqcial,’and environmental
factors,-thg expression of agonistic behaviors during such eﬁcouﬁters
exhibits considerable variation,‘ Such variation depends, in part,
upon the céntext of that particular fight, For example; previoﬁsly
dominant fish paired with previously dominant fish (Pairiﬁgs 2a, 3a,
and 4a) exhibit differeﬁt fighting patterns than those shown by sub-

ordinates paired with subordinates (Pairings 2b, 3b, and 4b). Fights
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involving the former are characterized by significantly higher biting
rates (F-test, P > .01); significantly higher lateral displaying rates
(F-test, P > .01); and significantly shorter latencies to the first
lateral display (t-test, P > .025).

It was anticipated that a winning fish would probably exhibit a
higher biting rate than a losing fish, Figure 1 shows that this is
not uqiversally true since resident losers show higher rates than do
their opponents, i.e,, the winning non~residents. However, since the
agonistic behaviors of this pilot study were recorded only for the
first 10 min of fighting and fight length varies from about 2 to 30
min, this set of data does not adeﬁuately lend itself to rigorous
statistical analysis concerning the dynamics of the agonistic be-
haviors involved in dominance establishment. Recording the temporal
patterning of these behaviors was also deemed a desirable measure of
agonistic pétterns in the investigations described below.

From thié stﬁdy relative size of opponents, residency, and prior
experience were indicated aé contributing to either the outcome of a
dominance encounter or the behaviors expressed during such an en-
counter. One final aspect of this pilot work concerns the reaffirma-
tion of the existence of two phases in dominance relationships. Fig-
ure 2 illustrates the average occurrence per 10 min of several agonist~
ic patterns during the initial encounter and during a period of domi-

nance maintenance, i.e., 24 hr later.
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CHAPTER VI

THE RELATIVE INFLUENCE OF RESIDENCY, PRIOR EXPERIENCE,
SIZE, AND TIME ON DOMINANCE ESTABLISHMENT

A faétofial experiment, Experiment II, was conducted in order to
systematically evaluate the relative influence of an environmental, a
physical, a temporal, and a social factor on the outcome of dominance
encounters and ﬁhe behavidrs associated with such encounters. These
factors, defined and described in Chapter III are:

1. Residency——envirommental factor (A)

2. Prior Dbminance Experience—social factor (B)

3. Relative Size—physical factor (C)

4. Time Since Last Experience~—temporal factor (D)

Main effects and first and second order interactions were computed
" using the FACAOV Program and the IBM System/360 Computer facilities of
Oklahoma State University. The following statistical model was used:

C+ D+ AB + AC + AD + BC + BD + CD + ABC +

Y=R+A+B+ )
ACD + BCD + ERROR

ABD +
where the error term was a combination of the rep components and the
ABCD element. The qalculated F-values, error mean squares, and coeffi-
cients of variation are presented in Appendix A for the outcome of
encounters as well as 43 attendant measures of dominance establishment.
(Table II1 and Appendix A). Two- and three-way fables for interactions

exceeding the .05 level of significance are presented in Appendix B.

41
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Experimental Parameters and Qutcome

Dr.vLeroy Folks (personal communiéation) has pointed out that
since the outcome of these encounters represents a discrete event,
some reservations need to be employed in the interpretation of the
results of this type of factorial analysis of vériance. The influence
of previous experience on winning subsequent fights is unequivocally
significant; relative size e#ceeds the .005 level; and the factor time-
since~experience just exceeds the ;05 level (Appendix A; Variable 1
outcome; Factors B, C, and D,’respectively). The number of fish which
won encounters at each level of a particular factor is shown in Figure
3. When the number of fish of a p;rt;cular;factor winning their en-

' oo
counterslis compared between levels of that factor by Chi sq analysis,
only the prior experience paraﬁeter (Factor B) shows significance at
the .05 level. A subsequent investigation confirms, however, that size
plays a significant and probably differential lrole in dominance estab-
lishment.

The AOV of the main effects indicates that residency does not in-
fluence the outcome of an encounter. freviously dominant fish are
greatly enhanced, and previously dominated fiéh are strongly inhibited
in their ability to defeat another fish in é subsequent encounter;
larger fish tend to defeat smaller opponents; and fish with immediate
prior dominance-related experience are slightly less successful than
fish with equivalent experience 24 hr prior to a subsequent fight.

No interactions reach significance levels, but the 3~factor inter-

action of dominance experience, relative size, and time~since-experi-

ence (BCD) reveals an interesting trend. No small, subordinate-
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experienced fish won an encounter at either level of the time factor,
i.e., fighting immediately after contact with a dominant partner (Dl)
or 24 hr after that contact with a partner (DO). No large subordinate
fish won encounters immediately following the subordinating experience,
but three large subordinates won encounters with smaller fish when
given 24 hr of separation from their dominant partners. A waning of

the effect of being dominated seems apparent.
First Occurrence of Any Behavior

The experimental parameters of this study were shown to influence
the first occurrence of particular behavior patterns. Again, this
represents a discrete phenomenon similar to winning or losing, i.e.,
fish showing a particular behavior before their partners exhibited
this pattern were coded as a one (1) in the AOV, and fish not showing
an initial behavior were coded as a zero (0).

One fish usually approaches another within the first 30 sec of
mutual cohabitation of a space. Residency was the only factor which
seemed to influence this variable (Appendix A, Approaches First, Vari-
able_2). The residency.and size (AQ) interactién exceeded the .005
level, and the experience and size (BC) interaction exceeded the .01
level (Appendix B, Tables IX and X, respectively). Large, non-resident
fish are inhibited from approaching first} but large, resident fish
tend to initiate the first approach. The probability that a small fish
approaches first is not substantially influenced by the resideﬁcy

factor.
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As pointed out in Chapter IV, latefal displaying begins approxi-
mately 50 sec into the fight., No facters were linked with the first
occurrence of lateral displaying (Appendix A, Variable 6).

The third behavior usually occurring in‘the repertoire of agon-
istic behaviors is opercle spreading. Resident fish exhibited this
pattern first, regardless of prior deminance experience, relative size,
or time (Appendix A Opercle Spread F-values, Variables 15 to 19, all
exceed .05 for Factor A). The second factor which may promote the oc~
currence of this pattefn is the dominance experience factor. Previous-
ly dominant fish tended to opercle.spread before their partners, while
previously subordinate fish ''displayed' first only 25% of the time.
There is some indication from examination of the non-significant ex-
perience and time (BD) interaction that subordinate fish will begin to
opercle spread first about half the time, if given 24 hr of freedom
from domination.

After alternating sequences of lateral displaying and opercle
spreading, biting ensues. Residents and previously dominant fish bite
first (Apbendix:A,.Vériable 22)+: The first order interaction between
experience and size (BGC) reaches the .05 ievel of significance, and
Table XI suggests that a size factor might influence subordinate fish
but not dominant fish in this respect, i.e., only small, subordinate
fish are inhibited from biting first.

Resident fish tend to initiate fin tugging (Appendix A, Variable
31). The experience and time (BD) interaction (Appendix B, Table XII)
was significant and follows the same pattern as opercle spreading,
i.e., after 24 hr of freedom from domination, a subordinate is as

likely to fin tug first as a dominant fish.
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Behavior Rates and Durations

Multiple measures of particular behavior patterns have been re-

- corded and analyzed in this study. This method proves useful when
many tésts of significance are made to evaluate which results might be
due to random effects rather‘than real effects of some experimental
parameter. As an example, consider the supposed significant first
order size and time (CD) interaction for opercle spread rate by an
opponent (Appendix A, CD, Variable 20). The CD interaction does not
reach the .05 level for any other opercle spread vari;ble, and it
seems reasonable to assume thét these results are due to random com-
binations rather than real effects. Similar interpretations of such

random effects will be pointed out.

Lateral Displaying

The seven measures of lateral displaying described in Table III
have been used in this study. The residency factor influenced only the
average lateral display rate and average time spent displaying by an
opponent (Appendix A, Variables 12 and 13).

The strong influence of the prior experience factor on this dis=
play can be éeen by the highly significant F-values of Factor B for
5 variables (7 to 11) in Appendix A. 1In general, previously dominant
fish display more frequently, spend more time per minute displaying,
and exhibit longer duration displays than previously subordinate fish.

The main effects of relative size reached tﬁe .05 level for two
(L) variablesw;the total time spent displaying and for the frequency

of displays per minute by an opponent (Appendix A, Variables 8 and 12,
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respectively). These two, somewhat isolated cases seem to indicate
that the relative size factor does not influence lateral displaying
to any real extent in these fish.

The main effects due to Factor D (time-since-experience) show a
significant and opposite effect from the experience factor. The aver-
age duration of a display is longer, displays occur more frequently,
and more time is spent displaying per minute of fighting in those fish
which have their subsequent fights delayed by:24 hr, i.e., the loQ
level of Factor D. As may be expected then a significant experience
and time interaction (BD) exists. Inspection of (BD) two-way tables
(Appendix B, Tables XIII to XVIII) for the six significant lateral
displaying meésures reveals that the parémeter of "time-since-~last-
experience" influences subordinate-experienced fish much more pro-
nouncedly than it does dominant-e#perienced fish. As previously men-
tioned for latency measures, and as appears to be a reoccurring
phenomenon, it seems that losing a fight and being dominated by another
fish has an inhibitory effect on the expression of several behavior
patterns—lateral displaying included; This inhibitqry effect wanes
significantly within 24 hr, pfovided the dominating fish is removed.

The residency, experience, and time (ABD) three-way table for
lateral display duration per minute by an opponent (Appendix B, Table
XIX) indicates that an effect of residency may also influence these
subordinates once the inhibitory effects of being dominated have waned.
The non-significant ABD interaction for this variable (L D/M) in the
experimental fish fqilowed the same trend. Also, two-way tables for
(AD) residency and time interaction (Appendix B, Tables XX, XXI, and

XXI1) provide supporting evidence for this latter point. Finally, it



48

is possible that fish smaller than their opponents might display dif-
ferently than fish larger than their partners. The first order inter-
actioné of éize and time (CD)- for average length of a display and
display duration per minufe were found to be significant. Tables XXIII
and XXIV of Appendix B iﬁdicate that when small fish fight immediately
after some previous experience, their displays are shorter in duration
than those of a larger fishj; but the average display duration is
similar to larger fish when separated from a conspecifié partner for

24 hr.

Opercle Spreading

Opercle spreading, unlikg the previous behavior pattern, was
shown to be strongly influenced by a residency factor (Appendix A,
Factor A, Variables 15 to 19). Analysis of the 2nd order resident,
experience, and time (ABD) iﬁteraction of Tables XXV to XXIX illus-
trates that this residency factor is present oﬁly in dominant fish
with immediate prior experience or in subordinate fish whose prior ex-
perience was at least 24 hr previous. Twofway experience and time (BD)
interactions of Tables XXX-to XXXIV confirm this point. The effect of
residency then is influenced by both experience and time-siﬁce-exper-
ience. The opercle spreading rate and duration of an "untreated"
opponent shows slight residency effect.

The significant main effect of prior experience on opercle spread-
ing indicates that dominant pre-test experience increases frequency,
duration per display, and total duration of this pattern. The two-way
tables for BD interaction, howevér, shqw that this effect is.time-

dependent.
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Relative size of opponents apparently does not influence opercle
spreading. The significant residency and size interaction (AC) of
total‘opercle spread duration (Appendix A, Variable 16) probably repre-

sents an artifact of random combinations of error effects.

Biting

Total number of bite sessions, bites per minute, and bite sessions
per minute (Variables 24, 26, and 27, respectively, of Appendix A)
showed main effects due to residency (A); but the residency and time
(AD) interactions (Appendix B, Tables XXXV, XXXVI, XXXVII, and XXXVIII)
indicate that this residency factor is much more pronéunced.in those
fish whose partnefs have been reﬁdved for at least 24 hr. Residency
also interacts with prior experience (AB) forvthe number of bites per
biting session (Appendix B, Table XXXIX). Residency increases B/BS in
subordinate fish but affects dominant fish little.

Prior experience main effects (B) were highly significant for all
eight biting variables; dominant fish showed higher values than sub-
ordinate fish, The residency and experience (AB) interaction has
already been pointed out, and the only oﬁher first order interaction
involving experience was that of experience and‘time (BD). Tables XL,
XLI, XLII, AND XLIII of Appendix B illustrate a similar trend. Domi-'
nant-experienced fish show no effect due to a 24 hr period of separa-
tion from a partner, but suBordinafe-experienced fish increase their
number of bites per biting session and their BS rate by at least foura-
fold 24 hr after the removal of their dominant partner. Again, the

inhibitory effect of subordinate experience is seen to wane with time.
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Relative size (C) influenced total bites and bite sessions. This
parameter interacted with residency (AC) and prior experience (BC)
(Appendix B, Tables XLIV, XLV, and XLVI). Small, subordinate-experi-
enced fish bite less per minute than large subordinate-experienced
fish. |

A ;ignificant effect of time-since-experience (D) was present for
all biting variables except total bites and bite sessions (Appendix A,
Variables 25 to 30). The magnitude of these Qariables increased over
a 24-hr isolating period. The.2nd order interactions involving time-

since~experience have been pointed out above.

Fin Tugging

The seven fin tugging measures of Table IV were recorded and
analyzed. These fish were found to fin tug for about the same amount
of time as they spent opercle spreading, i.e., about 2 sec/min, Slight
increases in rate per minute, duration per minute, and average fin tug
duration were recorded for the residency factor (A), but only Variable
32, total number, reached the .05 level for this.parameter. A highly
significant residency and time (AD) interaction was found for the aver-
age fin tug duration (Appendix A, Variable 34) and Table XLVII illus-
trates that a residency effect is probably present only if fish have
been isolated from their opponents for a 24-hr period.

Prior experience as a dominant>fish does not seem to ihcrease all
seven fin tugging measures, but dominated fish showed depressed rates
and durations. A:lst order interaction was found between this social
factor andvthe time factor (BD). Table XLVIII shows that dominant-

experienced fish were not influenced by time-since-that~experience,
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‘but subordinate fish showed much shorter fin tugs when fighting an
immediate subsequeﬁt encountér. This inhibition wanes within 24 hr
if the dominating partner is removedf

No significant trends were associated with the relative size of
opponents (Factor C) and fin tugging variables.

Those fish fighting immediately after a dominance experience fin
tugged less frequently and for shortgr periods than fish separated

from an opponent for 24 hr.

Surfacing for Air

During the fights of Experiment II, fish rose to take in air
.94 T .48 times per minute. Non-résidents showed a significantly
higher réte of surfacing than did resident fish (Appendix A, Variable
4). This residency factor (A) may be influenced by both the relative
size (C} of the fish and ”déminance state".(B). The ABC interaction
(Appendix B, Table XLIX) shows that residency inflpences large, domi-
nant, and subordinate fish in the same manner as described for the
main effe;t trend; however, in small fish the residency factor does
not seem to affect dominant fish but greatly influénces a subordinate,

non~-resident to surface at a much higher rate.

The Interruption of Fighting Sequences by Pausing

None of the four experimental parameters influenced pausing
(Appendix A, Variable 5). It will be pointed out in Chapter VII that
this condition may be impo:tant in a coﬁtingency context rather than in
the actual state of inactivity itself. Pauses of at least 4 sec oc-

curred at about the same rate as surfacing, i.e., .94 T .84 times/min.
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Fight Duration

Fight lengths ranged from 1.03 to 36.33 min with an average of
11.96 T 7.48 min. Three main effecfs were significant for bout length,
i.e., residency (A),‘expeﬁienqe (B),‘and relative size (C) (Appendix A,
Vafiable 3). Thg'éffects of thése factors on bout duration can be
summafized as follows:

1. Resideﬁts—-14.22 min; non-residents—-9.70 min

2. Dominant-experienced fish—16.99 min; subordinate-~
experienced fish—6.94 min '

3. Larger fish—14.07 min; smaller fish-=9.86 min

No interactions reached the .05 level for fight lengths.

The Number and Variety of Behaviors in Fighting Sequences

Fighting sequences in this study have been considered as a set of
(N) elements of which (X)4are distinct. For example, in the intra=-
séquence fighting proto;ol of A——L——O——L—;L——BSf—L—-APPEASE, there are
eight elemeqts or states; but only five distinct elements, i.e., A, L,
0, BS, anq AEPEASEf Using Ashby's (1966) definition, this sequence
wéuld havé a-maximum variety of 5, or mo?e commonly (1og25 bits). Six
distincf elements‘of fighting sequences were recorded in'this experif
ment aslfollows (see Table III fof descriptions): L, Q, F, Bs; S,
and P. | |

The experimental parameters of this study imposed constraint on
the variety Qf these sequences. That is, the measure of variety used
in this study was alwaysblgss than-the maximum which Would equai 1og26
bits or 1og24 bits, depending on whether all sig behgviors or only the

four agonistic patterns L, O, F, and BS were considered. A measure of
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variety associated with these fights has been calculated by using the

following equation of Shannon and Weaver (1948):
H(X) = - L p(i) log,p(i)

If X is a classification With categories i and associated probabilities
p(i), then thelinformation content of X is given by the abové equation
(Quastler, 1958), H is the entropy or uncertainty at each step of the
séquence of events. Ag Pieloﬁ (19665 hés pointed out, H is an estimate
rather than anrexactbmeaSQre of uncertainty.i

This:qpantity (H) was estimated fiom the intra-individual se-
quences of behavior fér each experimental fish, and an AOV was computed
on these entropy values. Since this quantity is a function of both
total number of states and the varietf of.states, an AOV was also per=-
formed oﬁ these data CAépendix A, Vériables 39,‘41, and 42). A separate
analysis was conducted on the vérigty of sequences of behaviér using
only ihe four agonistic behaviors L, 0, F,.aﬁd BS. The results Bf this
data ére presentgd in Appenaix.A under Vériables‘AO, 43, and 44.

In.both‘casés, thé variéty ané entropy of these sequences seems to
be strongly iﬁfiuenced by the experignce ﬁactor (B) aﬁd the time-since-
experiencé faétor (D), and to a lesser exteﬁt by‘residency.(A) apd size
(c). Only suboidiﬁaieTexPeriepced fish séem to be affected by a resi-
dency facior‘andrthen only 24 hr after their previous experignce (Ap-
pendix B, Tables L and L1). The residency, experience, and time (ABD)'
interaciioﬁ for H<4) cléafly indicates this point (Appendix B, Tabie
LI1); and the ABD interaction of H(6), whiie not significant, follows

this same pattern. Subordinate-experienced fish show fewer total
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behaviors (Variables 42 and 44), fewer different types of behavior
(Variables 41 and 43), and lowe¥ entropy values (Variables 39 and 40)
tﬁan their dominant-éxperienced counterparts.

The possibélity of a size and time inferaction is seen in the sig-
nificant CD interaction for ﬁ(6) and H(4) of Apéendix A. Two-Way
Tables LIII and LIV of Appendix B indicate thét the.en£ropy of larger .
fish is“not inflgenced by the length §f time since their last encounter
but thét smaller fish show an increase in entropy with an increase in
fimefsince-last-encounter. Chapter VII will tfeat this phenomenon in

more detail.

Coefficients of Variation for Related Measures

As is true in most behavioral studies, considerable va;iation
exigté among experimental units. The céefficients‘of variation
(Civ. = é/X)‘of the 44 variables of this experiment are presented in
Appendix A: fhe C.V.'s rgﬁged from 17.5% for Variable 39, H(6), to
148.0% for Variable 38, fin tugging duration/min‘by a fish's opponent.
Thg C.V.'s of rate vériables‘were slightly lower fhan tHQse of dura~
tion, C«V.;s on variables for an experimental fish's oppenent had the
Same magnituée as the C.V.'s of the test animél itself. Measureé taken
on the former shouldvnot be»directly influénced by certain experimental
parameters since none/of these animals was subjécted to a pretest ex-
éerience facter nor any time-since-experignce factor. Yet, in mosﬁ
cases they behaved as if they had been t%eatgd, thus some sort of
"béhé?iqral mimicry"'of ”acfion-reaction"_phenomenon oécurred. Einally
all measu?es-which were éorrécted for varied fight iéngth showed re-

duced coefficients of variation.



CHAPTER VII

THE OUTCOME AND‘DYNAMiCS OF PATRED DOMINANCE- ENCOUNTERS

The data from Expgriment I-suggested that relative size between
fish nay not be a critical factor in initial encounters of a dominance
relationship, proyided size differences were not extreme. The size
effents in‘this experiment, hnwever, were confoundgd with several other
paramgﬁers, €egey resiaency and prior experience. Experiment IT clear-
iy demonsprated that ;elative siée%does affegt noth the outcome and
dqrntion of dqminance encounters whgn differences are in the range of
3 to5 ﬁm, but few behavior measures were influenced by size. Differ-
ences due tovchanges in the rela;ive S.L. betwéen fish cnuld not be
evaluated by fhis design. Furthermore, Experiments I and iI prqvided
no information regarding the role of particular behaﬁior patterns on
the outcome of enceunters, |

Experiment III was condncted to test the following hypotheses:

i. Bout outcome and Bout duration nre functions of relative size.

2. In dominance encounters, winning fish exhibit different pat-
terns of behav1or ‘than losing fish exhibit.

Finally, the data from this experiment were used to provide in-

formation on temporal-patterning and sequencing of fighting behaviors.
Effect of Size on Bout Outcome and Duration

Thirty-five of 41 bouts in Experiment III involved relative stan-

dard length differences (1 mm < AS.L.< 5 mm); the remaining six pairs
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of fish were the same size. Larger fish woen a significantly_greater
number of the#e bouts than $malle: fisﬁ (28 out of 35; Chi.s§‘= 12.6,
df =1, "p'" exceeds ,005'level)a It wés Bypothesized that winning
might be a ‘positive 'furiction of AS.L. Figure 4 represents the percéntf
age of largei fish defeating smaller fish when successive classes of
AS.L. are‘pooled. There is an in@icatiqn that winning is a po#itivé
function of relative size difference and bgcémes a significant factor
when a fish is.2 te 3 mm larger than his opponent. The distribution
of winners which were larger or smaller than théii opponents in each
size category is shown in Table LV. A variancettest for homogeneitj
of the binomialrove; these”five classes, howevei, reveals norsignifif

cant differences among classes (Chi sq = 4.58, df = 4, .50> p>.25).

TABLE LV

THE NUMBER OF WINNERS LARGER OR
SMALLER THAN THEIR OPPONENTS

_ A S.L. in Millimeters

1. 2 . 3 4 5 Total
S.L. W>L 57 5 g 7. 28

s.L. W< L 2 3 0 2 0 7

‘If the absolute sizes of winners and losers are tredated as random
variables and the null hypothesis J4 D= 0 is tested, it can be shown
that winners of these 41 pairs were significantly larger than their

partners (t = 4,33, df = 40, p exceeds the .001 level). The average
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winner was 55.4 1 .4 mm, and the average loser, 53.8 T .4 mm in
standard length. The relative size effects suggested by Experiment II
are thus confirmed.

Fighting durations were fitted to the regression model

Y=b
= by + by AX,

where b, represents an overall mean duration, b, is the regression co=

0

efficient of the difference in standard length on bout length in min-

1

utes, AX is the difference between the S.L. of the winners and losers,

and only AX>0 were considered. The model generated was
Y=14.90 - .55A X,

and the hypothesis H6: b, = 0, was not rejected at the .05 level. The

1
raw data are plotted in Figure 5 and show two extremely large values
for the 4 and 5 mm classes, respectively. Analysis without these two
values does reject the null, indicatingvthat relative size may indeed
influence bout duration in dominance encounters. As will be shown

subsequently, the absolute size of a fish did not influence bout

duration.
Behavioral Differences Between Winning and Losing Fish

The behavior measures used in the factorial experiment were also
recorded in these paired encounters. Differences in these measures
between winning and losing fish are presented in this section along

with an evaluation of their contribution to a '"dominance vector."
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The Linear Discriminant. Function

A multivariate technique for studying the extent to which differ-
‘ ent populations overlap or diverge from oﬁé another was used initially
to analyze the differences in behavior between winners and losers. The
linear discriminant function is a single test of the null hypothesis
that winners and losers have the same means with respect to all the
measurements involved (Snedecor and Cochran, 1967). Briefly, this

technique calculates a vector (Z=-score) from the linear combination of

a number of related measu;eménts made on each of two groups and com-
puted from the greatest of all squared univariate t-statistics from
the linear coﬁpounds of the responses. Morrison (1967) points out that
the ". . . actual linear compound with the greatest ;ritical ratio is
called the linear discriminant function, . . «''" The Mahalanobis Dis-
tance Squared is a measure of the overlap between vector scores of the
two groups. The greater this value becomes, the more divergent are

the two groups.  Figure 6 is a frequency distribution of Z-scores and
illustrates the divergence of the vectors of winners and losers where
the vector includes the following 11 variables previously defined in

Chapter IIT:

LF/M, LD/M, oF/u, 0

and H(6).

D/ F/ D/

M, F /M, F /M, B/BS, B/M, BS/M, S.L.,

The Mahalanobis Distance Square for this data was 1.51 and the F-value
(2.46, df = 11,70) exceeded the .05 level.

The discriminant function model is represented as follows:

Z = L1 X1 + L2 X2 + e + Li Xi + ... f Ln Xn’
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where Li is the i-th variable coefficient and Xi is the i-th variable.
Morrison (i967) points out that if the variances of the responses are
nearly equal, thesé coefficients (Li) in the vector give the relative
importance of each variable in the F-statistic. The variance of rate
measures for lateral displaying, opercle spreading, fin tugging, biting
sessions, surfacing, pausing, and the entropy H(6) associated with
these measures was nearly equal. The relative importance of these
measures in determining the outcome of a bout was based on the absolute
magnitude of their discriminant function coefficient. The linear dis~
criminant model for this analysis was found as follows:

Z = - 0.0066(L) + 0.0086(0) + 0.0407(F) - 0.0008(BS) +

0.0009(S) + 0.0018(P) - 0,0114(H).

The Mahalanobis Distance Square was .6548 and the F-value (1.77, df =
7,74) exceeds only the .25 level. The two groups are not discriminant
based on this model, and the smaller value for the Mahalanobis Distance
Square indicates that this model is less discriminating or overlaps
more than the first model presented, i.e., the model with 11 variables.
Table LVI represents a series of models which were tested using combin-
ations of these 7 variables, and the rank of the absolute value of the
variable coefficients (Li) are indicated. From this analysis it can
readily be seen that the function becomes significant in discriminat-
ing winners and losers when the two variables S/M and P/M are deleted
from the model, Furthermore, the rank order of the variables (F>H>

O>L>P>S>BS) in discriminating winners and losers holds in all but

one case.
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TABLE LVI

RANK ORDER OF SEVERAL VARTABLE COEFFICTENTS (L) FROM SIX
LINEAR DISCRIMINANT FUNCTION MODELS

Rank of Variable Coefficients F | Sig. Level Mah. D. SQ-1 
F>H>0>L>P> S> BS*- 1.773 .25 <654
F>H>0>L>S>BS ©2.084 -10 . 650
F>H> O>L>»P>BS 2.096 .10 .654
F>,O>L>P>BS>S’ 2.050 .10 640
F">H>Ov)L)BS‘ 2.533 .05 .650
F> 0> L) BS “ 3.110 .025 .630

*L, 0, BS, F, S, and P were defined in Chapter III. H is the entropy
associated with these states. H is in bits while L, O, BS, F, S, and
P are frequency per minute measures. ~

A second set of measures of the four agonistic behaviors (L, 0, F,
and BS) was calculated using L, O, and F duration per minute and the
number of bites per bite session (B/BS). The discriminant coeffi-

cients (Li) for these variables follow the rank order:
P>/ (.00349)>L_D/M (.00046)> B/BS (.00031)> o®/M (.00021)

The F-value (2.78, df = 4,77) exceeds the 05 level for this analysis.
The variances of these measures are approximately equal and seem to
confirm the unequiyocal importance of fin tugging as a determinant of
bout outcome.

The overall rank ordering of all 11 measures of the initial model
indicates that frequency measures ranked higher than duration measures.

The original model shows greater separation of Z-scores than any other
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model based on the Mahalanobis Square Distance. It should be noted,
however, that the efficiency of such general comparisons is less when
variables show some correlation as do some of the initial analyses

(Snedecor and Cochran, 1967).

Differences Between Winners and Losers

A student's t-statistic for paired samples has been calculgted
for each response variable, and the null hypothesis Ho:}JD = 0 was
tested. The data have been summarized in Table LVII. Mean values T
S.D. for winners and losers, the calculated t-statistic, and an indi-
cation of significance or probability level exceeded are presented.
Only fin tugging rate and duration per minute are unequivocally sig~
nificant. The number of bite seésions per minute approaches the 0.10
level, and the entropy associated with the frequency of L, O, F, BS, §,
and P approaches the .05 level of significance. The coefficients of
variation were about 1/4 to 1/3 less than those of the factorial ex-
periment except for the three biting vériables, Qoefficients of vari=
ation for B/BS, B/M, and BS/Mvwere of the same magnitude in both |
experiments of Phase III. The average duration per act for L, O, and
F were compared between winners and losers by the Wilcoxon signed
rank test; and no significant différences were indicated (Z 1.96,

M= 41)-
Correlation Among Behaviors in Dominance Encounters

Several correlations exist among the measures employed in this
study. The intra-individual correlation coefficients among 13 varia-

bles are shown in Tables LVIII and LIX for winners and losers,
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DIFFERENCES BETWEEN WINNERS AND LOSERS FOR 13 VARIABLES
ASSOCIATED WITH THE BEHAVIOR OF DOMINANCE ENCOUNTERS

Mean + S.D. Probability

Variable* Winner " Loser t-Cal Exceeded

L Rate a 2.15 T .68 2.26 T .63 1.300 N.S . %%

L D/M 23.64 T 8.42 25.55 T 6.56 1.255 N.S.

O Rate .68 T .50 .68 T .48 .019 N.S.

0 D/M 2.53 T 2.44 2.90 t 2.76 .626 N.S.

F Rate 42 T .33 22t .22 4.050 .001

F D/M 3.33 T 3.02 1.59 T 1.79 4,486 .001

B/BS 3.98 T 2.48 4,02 T 2.04 ;088 N.S.

B Rate 7.16 T 4.22 7.35 T 4.84 .268 N.S.

BS Rate 1.94 % .85 1.72% .75 1.507 .2

S Rate 62T .35 .63 T .36 .335 N.S.

P Rate .86 T .56 86 T .48 110 N:S.

Entropy, 2.17 £ .16 2.10t .22 1.774 .1

H(6) '

*L, 0, F, BS, S, and

is in bits.

P rates are frequencies per minute, while H(6)

*%N.S. = Not Significant



TABLE LVIII

- INTRA-INDIVIDUAL CORRELATION COEFFICIENTS FOR
WINNERS OF DOMINANCE ENCOUNTERS

L- L 0- 0 F- F B- BS- - s- P-
. Rate Dur /M Rate Dur /M Rate Dur /M B/BS Rate Rate S.L. Rate Rate H(6)
L-Rate .576% .311 .014 163 .045 .064 2122 .210 -.278 300  -.224 .070
g%% .032  -.164  .140  .094  .332  .214  .170 -.216  .288 -.472  .096
- O-Rate .554 -.170 -.196 -.288 -.196  .100 -.209  .002  .056  .235
Dur ‘
0 m -0112 _-0150 -0223 --256 -0088 0060 -0253 -150 0198
F-Rate .838 =-.029 .372 416 .081 .082 -.166 .532
F DUE 015 .338 . 400 .025 .104 -.288 542
Min
B/BS  .640 -.190 -.157 -.007 =.247 2,215
B-Rate .389 -.078 .302  -.437 234
BS-Rate -.007 .388  -.260 .523
S.L. =.020 =.222 -.063
S-Rate -.554 .370

P-Rate =-.284

*The. .05 and .01 levels for r-tabulated (df = 39) are .308 and .398, respectively.

99



TABLE LIX

INTRA-INDIVIDUAL CORRELATION COEFFICIENTS FOR
: LOSERS OF DOMINANCE ENCOUNTERS

L- L 0- 0 F- - F B-  BS- S- P-
Rate Dur/M Rate Dur /M Rate bur/M-  B/BS Rate Rate S.L. Rate Rate H(6)
L-Rate  .334%  .284 .062  -.003 .101  ~.024 -.008  .090 =.262 .067 .103  -.053
L %%% .140 -.016  -.264 -.168 2162 =.052  ~.144  -.150  -.164  -.194  .047

O-Rate .813 -.214 -.264 .108 .094 .150 -.244 -.068 .032 .392

Dur

0 gz --142 -.204 -.079  -.075 .016  -.196 -.132 .232  -.334
F-Rate .896 .102 .382 . 600 .182 .232 -.187 440
- Dur 516 .256 .528 .126 .250 -.166 .362

Min .

B/BS  .798  .288  .142  .268 -.574  .372
B-Rate .718 284 .342 _.588 .376

Bs,R;te .270 .350 -.368 .527

| S.L.  .146  -.240  .146

| SfRate -. 478 .316

P-Rate =-.339

*The .05 and .01 levels for r-tabulated (df = 39) are .308 and .398, respectively.

L9
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respectively. Measures of rate and duration per minute for both win-
ners and losérs are positively qorrelated for L, 0, and F; B/BS is
positively correlated with B/M bqt not with BS/M; and B/M is positively
correlated with BS/M. This was expected since ghe factorial experiment
showed that a particular féctor,influenced fate and duration measures
in the same way. The correlation matrices for winners and losers show
several other similarities. Fin tugging rate and duration is corre-

D/

lated with bites per minute and bite sessions per minute ("r" for FI'M
and B/M of losers just fails to reach the ,05 level). Bites per ses-
siqn>is highly correlated with bites per minute in both groups. Since
B/BS was not correlated with BS/M, it is suggested that the number of
bites a fish shows is dependent upon both the frequency of biting ses-
sions and also the number of bites in a session, but that the two vari=-
ables may be influenced by different mechanisms. Thus, while B/M and
BS/M are correlated, they are not equivalent measures.

Pauses greater than 4 sec du;ation (P/M)bwere negatively corre-
lated with bite réte and surfacing rate. Surfacing rate is pfobably
positively correiated with biting rate and bite session rate.

Some apparent differences in the two matrices are present. Oper-
cle spreaaing rate was not correlated with the entropy H(6) values for
winners but‘pqéitively correlated for losers. Bites per session (B/BS)
were negatively correlated with H(6) in winners but positively corre-
lated in losers.‘

Invorder to determine whether agonistic behavior rates were tem-
porally organized, their>corre1ations with bout length were determined
for winning fish. Only B/M and BS/M were significéntly correlated with

fighting duration (n = .458 and r = .630, df = 39).
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While no measures were correlated significantly with fish size
(S.L.), BS/M and S/M of winners were slightly negatively correlated
with S.L.; however, these two measures were positively correlated in

-

losers.
Behavior Sequences

Intra~individual and inter-individual sequences of behavior in
dominance'eﬁcounters are considered in this section. A contingency
analysis on tﬁo-act sequences of behavior is presented. The method
used to obtain two-act sequences follows that of Nelson (1964),
Hazlett and Bossert (1965), Miller and Hall (1968), and Dingle (1969)}
As an example, the intra- individual sequence of ,..L—0—B—S—L—... was
broken déwn into the four 2-act sequences L—-0, O-B, B—S, and S;L. Two
matrices, one for éach fish, were thus produced ffom each figﬁt. The

inter~individual sequences,

Fish No. 1: ...L O—L; Beoo
Fish No. 2: ....0-L——B—-...

also produces two matrices, where one first considers the initial acts
of Fish No. 1 and the following acts of Fish No. 2 (...L—-0, L-L, 0-No
Change, L-B...). The second matrix results from the initial‘acts of
Fish Nq. 2 and following acts of Fish No. 1 (...0-NC, L—0, L-L,
B—B...). |

Only states or acts which are muﬁually exclusive are incorporated.
into this analysis. For example, tail beating occasionally occurs
simultaneously with lateral displaying and therefore is not considered

in this data processing. Six behaviors or states (L, O, F, BS, S,
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and P) were a part of the’intra-individual analysis, while an addifion-
al category of 'no change' (NC) is added in the inter-individual se-
quences. If a particular behavior by one fish occurred with no visi-
ble change in the ongoing behavior of the other fish, a condition of

NG was recorded.

Intra-Individual Sequences

The frequency distribution of 3816 intra-individual, two-act se-
quences pooled from the 41 winning fish of Experiﬁent IIT is shown in
Table LX. The equivalent data from 3596 two-act sequences for their
partners is present in Table LXI. The distribution of following acts
(row totals)l&as used to calculate the expected values enclosed in
brackets.

Column totals, i.e., the distribution of all initial acts regard=~
less of &he following behavior, were compared between winners and
losers by Chi sq. The same test was applied to the following behavior
totals. Significant differences were found in both cases. Opercle
spreading was found to be both a preceding and following behavior more
ofteﬁ in losers than in winners. Fin tugging showed the opposite
trend. Lateral displaying was an initial behavior of two-act se-
quences more often in losers than in winners. Results f:om such
analysis are probably due to a greater or lesser absolute frequency:of
occurrence for fin tugging and reveals no new information, but the
above relationships for L and O.seem to merit further investigation.

By comparing the observed and expected values of Tables LX and-
LXI, the deviation from randomness or a‘measure of independence can be

estimated for any two-act sequence. Hazlett and Bossert (1965)
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OBSERVED AND EXPECTED FREQUENCY DISTRIBUTION. OF 3816 INTRA-
INDIVIDUAL TWO-ACT SEQUENCES. FOR 41 WINNING FISH

Initial Act

Following
Act L 0 F BS S P Total
Lateral : '
Display 107 136 84 459 235 173 1194
(L) (370) = (99) (90) (388) (130) (120)
Opercle
Spread 105 7 14 145 16 29 316
(0) (96) (26) (23) (99) (33) (30)
Fin Tug 18 4 6 238 11 14 291
(F) - (90) (24) (22) (193) (32) (29)
Bite
Sessions 641 122 124 63 148 150 1248
(BS) (380) (101) (92 (394) (133) - (122)
Surface 239 32 27 83 2 10 393
- (8) (122) (32) (30) (126) (42). (39)
Pause 75 16 32 242 3 6 374
(P) (116) (31) (28)\ (120) (40) (37)

Total 1185 317 287 1230 415

382 3816

*In this and succeeding tables, numbers in parentheses
values. : '

are expected -
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TABLE LXI

OBSERVED AND EXPECTED FREQUENCY DISTRIBUTION OF 3596 INTRA-
INDIVIDUAL TW05ACT'SEQUENCES FOR 41 LOSING FISH

Initial Act

Following
Act L 0 F BS 'S P Total
Lateral ' :
Display 137 156 43 469 211 184 1200
(L) (408) (125) (49) (370) (129) (118)
Opercle
Spread 134 7 6 191 16 25 379
- (0) (128) (40) (16) (116) (40) . 37
Fin Tug 24 1 3 112 3 3 146
(F) (50) (15) (6) . (44) (16) (14)
Bite
Sessions 576 159 63 47 154 135 1134
- (BS) (385) (118) (46) (349) (118) (112)
Surface 258 36 14 66 3 5 382
(8) (130) (40) (16) (118) (41) . (37)
Pause 93 17 19 223 1 2 355

(P) (120) (37) (14) (109) (38) (34)

Total 1222 376 148 1108 388 354 3596
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described sequences which occurred more frequently than expected as
"directive" and those occurring less often than expected as "inhibi-
itive,ﬂ,i.e., a preéeding behavior may be directive or inhibitive on a
following behavior in a statistical sense. As an example, compare the
obserQed and expected values for the sequence L—L in Table LX'(107 VS.
370). Lateral displéying clearly follows laterai displaying less often
than expected, based én the overall distribution of L as a following
act. In this respect, intra-individual sequences differ little between
winners and losers. However, a sa;ient feature of both matrices is
that a particular behavior follows itself less often than expected in
each case (see the diagonal terms in the matrices). The degree to
which a behavior is directive or inhibitive on a following behaviof
can be estimated by the Chi sq value associated with tha; sequence.
Finally,bthe conditional probabilities for the occurrence of
lateral displaying and biting following particular‘behaviors differs
between winners and lqsers. The probability? P(E1 EZ) is greater in
losers than in winners_when E2 is a lateral display or pause and when
El is a lateral display, i.e., given that a fish has just displayed
or paused, losers are more likely to L than are winners. These values

were as follows:

p(“

Lléééf‘leééf = -112, p(Lwinnef‘Lwinher = +090;
p<LléSef!Ploséf) = -520, p<Lwinner!Pwinner = -433.
The opposite trend is shown for sequences where E1 = BS. Winners tend
to bite following an L or P more often than do losers. The p(E1 EZ)

for these sequences were as follows:
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BloserlLloser) = 471, p(BWinnerILwinner?

p<Blosér|Ploser) = 381, p(BwinnerIPwinner)

il

.393,

Certain directive and inhibitive relationships of these matrices will

be discussed in the following chapter.

Inter-Individual Sequences

- In the preceding section, behaviors were treated independently of
the role that an opponent's behavior might havevon their occurrence.
Inter-individual relationships were analyzed to evaluate the influ-
ence of a conspecifics behavior on the partner. The two-act, inter-
individual seqﬁences from the 41 dominance encounters of Experiment III
afe shown in the matrices of Table LXII for initial acts of winners and
in Table LXIII for initial écts of losers. As in the previous»section,
the distribution of following écts was used to calcuiate expected
values. |

Initial-act distributions differed ﬁignificantly between winners
and losers (Chi sq = 58.52, df = 5). " Lateral displays and opercle
spreads were more often‘initial behaviors in losers ;han in winners,
while fin tugging was a preceding behavior more coﬁmon to winners.
Biting, surfacing, and pausing were apparently not different. When
following=-act totals Qere compared by the same.method, winners showed
significantly less O and P;states but a greater-than-expected number
of F; BS, and NC states.

| A lack of independence obviously exists between certain behavior
sequences in Tables LXII and LXIII (compare the observed and expected

values). Again, certain behaviors can be described as inhibitive or
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TABLE LXII

OBSERVED AND EXPECTED FREQUENCY DISTRIBUTION OF 4574 INTER~
INDIVIDUAL TWO-ACT SEQUENCES FOR WINNERS AND LOSERS

Following Initial Act by Winner
Act by ) o .
Loser L 0o - F BS S P Total
Lateral
Display 419 33 36 407 100 76 1071
(L) (436) (78) (74) (303) (83) . (96)
Opercle :
Spread 279 12 1 13 12 8 325
(0) (132) (24) (22) (92) (25) (29)
Fin Tug 72 0 11 18 7 14 122
(F) (50) (8) (8) (35) (9) (10)
Bite
Sessions 549 14 57 129 67 51 867
(BS) (353) (61) (60) (245) (67) (78)
Surface 138 32 31 56 52 14 323
(s) (132) (23) (22) (91) (25) (28)
Pause 159 0 34 28 7 26 254
(P) (103) (18) (18) (72) (20) (22)
No 248 241 148 644 110 221 1621

Change (656) (117) (112)  (456) (125) (144)

Total 1864 332 318 1295 355 410 4574
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TABLE LXIII

OBSERVED AND EXPECTED FREQUENCY DISTRIBUTION OF 4307 INTER-
.~ INDIVIDUAL TWO-ACT SEQUENCES FOR LOSERS AND WINNERS

Following ‘ ‘ Initial Act by Losers
Act by - - - . S—
Winners ‘L : 0 F BS S - P Total
Lateral ’ ‘
Display 428 29 20 298 113 72 960
(L) (422) (86) (36) (252) (78). (85)
Opercle o . a ) ‘
Spread 199 15 1 5 5 o2 227
(0) (100) (20). (8) (60) (18) (20)
Fin Tug . 172 0 6 3 6 § 197
(E) (86) (18) (7) (52) (16) (17)
Bite
Sessions 565 22 27 181 74 70 939
(BS) (412)  (8&)  (36).  (246)  (1T)  (83)
Surface 129 33 19 50 44 16 291
(s) (128) (26) (11) . (76) (23) (26)
Pause 185 14 14 32 15 25 285
(P) (125) (26) (10) (74) (23) (25)
No 212 274 76 560 97 189 1408
Change (618) . (126) (53) (370) . (116) (124)

Total 1890 387 163 1131 354 382 4307
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directive upon the subsequent behavior of opponents. To illustrate

this point, observe that the I, ——B

. S sequence occurs much
winner : loser -

more often than expected (Tabie LXII); and L would be considered dir-
ective on BS. Winners and losers follow similar patterns. As a rule
then, particular two-act sequences are either directive or inhibitive
in both winners and losers in the same magnitude and direction. Vari-
ations from this pattern are reflected in the conditional probabili-
ties associated with the occurrence of certain events.

Three conditional probabilities seem to merit inspection, Ulti-

mate winners are more likely to fin tug a lateral displaying partner

) = .091 and p(F,

than vice versa, i.e F L
v S P(-w1nner loser”. . loser|

, ) = .038. A somewhat similar relationship exists in BS—BS two-
winner ,

act sequences. Winners are more likely to bite upon being bitten than

are losers, p(BS ) = .160; p(BS ) = .100.

. S BS
‘winner . loser loser winner

Lateral displaying followingiBS sequences show a relationship opposite

to the above, i.e., p(L BS ) = .263; p(L ) =

. BS_ .
winner loser loser winner

+314, Since fin tugging rate was shown to diffef significantly be-
tween winners and quers, the expected and observed values were com-
pared fér all acts félléwing fin tugs. it was found that fin tugging
by winners is directive on pausing by losers but the coﬁvérse relation~

ship showed independence.
The Uncertainty Aésociated with Fighting Sequences

In Chapter VI it was shown that prior dominance-related experi-
ence strongly influenced the: number of different types of behavior that
a fish exhibited during subsequent fighting. A measure of uncertainty

associated with each step in a fighting sequence was also responsive to
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this experience factor. This "uncertainty factor" or entropy has
furﬁher been shown to be greater among winning fish than losers.

The relationship between entropy of dominance encounters and
- relative size hgs been investigated in this study. The absolute size
of fish in this study was not correlated with fighting entropy (Table
LVIII and LIX). It seeméd feasonéble, however, to suspect that un-
certainty a# eachvstep might be a function of relative si;e. The aver=-
age entropy H(6) for 11 winners and 11 losers in each of two different
relative size rénges was compared. Figure 7 shows that winneré exhibit
greater uncertainty as stated previously. It also shows that this
entropy seéms to be a negative function of standard length difference,
i.e., the greater the difference in size between opponents the less
uncertainty will be shown by both winners and losers.

The simple linear regression model of relative size effect on

entropy H(6) of 28 winners was
Y = 2.3062 - .0440AX,

where a 1 mMm<AX<5mm range of winners larger than losers was con-
sidered. The null hypothesis b1= 0 was not quite rejected at the .05

level,
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Figure 7. The‘infiqence'bf relative size of opponents
on the entropy of fighting sequences
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CHAPTER VIII

DOMINANCE ESTABLISHMENT-—A SYNTHESIS OF THREE APPROACHES

Pairs of male blue gouramis usually eetablieh a hierarchical re-
lationship Witﬁin the firse 45 min of their association, generally as
a result of mutual fightingi Occasionally, the fights are brief and
one-éided, but(some sort of mutual agonistic behaviqr always occurs.
The d{scuseioﬁ below will atteﬁpt to evaluate the relative signifieance
of several factors previously shown to influence dominance and attend-
ant activity, and will seek to develop a series of models which may
clarify some Qf the relationships among them.

Three rathe; different types of studies have generally been con-
ducted by students ofisocial order in lower vertebrates. The first
type inveetigates the relatiqnships among parameters sueh!as size, sex,
and previous experience and the outcome of agoﬁistic enco&nters.‘ Many
of the works cited in qhapter I fit this modelf A second fype consi;
ders the.same~parametefs'bgt“determines'their effects on the aéoniﬁtic
behaviors eccurfing in hierarchf fighte rather than on outcome per se
(see Dennis, 1970). Finally, a.few stddies (i.e., Braddoek, 19553
Simpson, 1968; Miller and Miller;‘in press) consider the influence of
particular behaQior patterns on outcome or social structure. None of
these works‘has attempted to combine the three approaches in synthe-

sizing a general theory of dominance~determination; therefore, the

80
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discussion below will seek to develop simple descriptive models based
on each of the three types, then combine them to produce an overall
model for dominance encounters.
Model I. Experimental Parameters Determining
A Dominance Relationship

The effects of prior residency, relative size of opponents, pre=~
vious dominance experience, time since last contact with a dominant or
subordinate partner, and their first or second order interactions on

the outcome of fights between pairs of blue gouramis have been evalu-

ated previously (see Chapters V, VI, and VII).

Residencz

Noble and Curtis (1939), Greenberg (1947), Braddock (1949), Baird
(1968), and chers have implied that familiarity‘with a given area
gives a resident an advantage in dqminance encounters in several tele-
ost species. The accuracy‘of such a.generalization for blue gouramis
is questiqnable, since resident; (Qccupants of a space for at least
24 hr) did not defeat non—residents significantly more often than non-
residents defeated residents in Experiment I, nor was there a signifi-
cant residency main effect in Experiment II for bqut outcome. It
should be mentioned, howévef, that size was a confounding variable in
Experiment I. Two points support the pos;ulation of a reéidency factor
as a bout outcome determinant in this species. First, in the initial
bouts of Experiment I, residency was a significant factor in one pair~-
‘“ipg type, i.e., whe;e isolated fish were placed in aquaria with iso=-

lated residents. Second, inspection of the non-significant, 3-way
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interaction between residency, experience, and time (ABD 6f ExPeriment
I1 for bopt outcome) suggests a ten&enéy fqr»residents to win more
often than non-residents where these fish have had 24 hr to occupy that
habitat without é dominant or subordinate partner. Since the prior ex-
perience factof was foupd to be unequivocally significant in regulating
bout outcome, its potential role iq masking the possible subtle influ-
ence of factors like residency must be considered. As time elapses
after a previous dominance experience, the effect of.the experience
factor lessens and the modest advantage of being a resident may bécome
measureable.

An alternate hypothesis might follow the idea that fish which
occupy their environs in thé absence of conspecifics either "build up"
some tendency to dominate another fish or perhaps the 'defeat' thesh-
old for these fisﬁ is réised. However, it seems simpler to assume that
fhese fish, in the absenée of a partner to dominate or upon being free
from domination, have more opportunity to become '"familiar' with their
environment. The behavioral effect may be due to a decrease in fear-
fulness produced by the initially strange environmént. If a residency
factor exists relative to bout outcome, it is subtle and clearly is
inflﬁenced by a time function and can be readily masked by other fac-

tors like prior experience.

Size

While an earlier work (Frey and Miller, 1968) indicated that rela-
tive size was not an important determinant of fighting outcome, the
present study shows that the relative size of opponents significantly

influences dominance relationships. Larger fish tend to defeat smaller
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opponents, as is true for several other teleosts (Braddock, 1945; Huck
and Gunning, 1967; Baird, 1968; and Hadley, 1969). Other factors being
>edua1, the probability of winning a fight seems to be a positive func-
tion of relative size, Data from Experiment II (p. 42-44) suggested
that, like the residency factor, the influence of relative size beéomes
more prominent as the powerful inhibitory effect of being dominated

wanes.

Prior Experience

The masking effects of the experience factor were mentioned above.
In Experiment 11, 78% of the dominant-experienced fish won encounters,
while only 9% of the subordinate-experienced fish defeated controls.
The F-statisfic for this factor was highly significant and exceeded
the next greatest factor sevenfold. Considering the magnitude of the
influence 6f this factor, it is infgresting to note that few people
have studiéd previous experience as a determinant of hierarchical orde;
or fighting outcome,

The data cleariy show that while dominating another fish for 24 hr
produces a slightly higher probability of winning avsubsequent encount-
er, being dominated for 24 hr virtually eliminates the possibility of
winning a subsequent encounter (p. 42-44). The inhibipory effects of
being beaten thus séem most striking. Within 24 hr, however, even
this factor wanes (if the dominant is removed); and other factors
such as size begin to exert more influence.

Thus; rankiné the importance of the residency (A), prior experi-

ence (B), and relative size (C) factors would produce the order:
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B C)A, initially, in determining the winner of a fight. Changes in
relative importance of the factors may occur over a period of time,
however, subsequent to the last encounter or experience.
Model II. Experimental Parameters Influencing Measures
‘Associated with Dominance Establishment
Many of the behaviors occurring in these fights were shown to be
affected by residency, size, experience, time since that experience,

and interactions among these parameters (see Chapters V, VI, and VII).

Residencz_

i

While residency was shown to have a limited effect on thg outcome
of a bout, it significantly influenced the performance of the fish
(Experiment‘II, p.‘44-53)a Residgnts tend to appfoach first, but this
fendency is complicated by the effeétsrof size. Fiéh larger than
their opponents.approach more readily when in a famiiiaf environment
and muéh less when they are non-residents (Experiment II, p. 44). Fish
smaller than their opponents approaqh first about 50% of the time, re-
gardless of residency.
| Resident fish also opercle spread first slightly more often than
their partners (controls), but non-residents show a greatlyvreduqed
probability qf fi;s# occurrence for this pattern (16%; p. 45). Fre-
quency and duration measu;és of opercle spreading were slightly great-
er in residents (p. 48). The residency, experiencé, and time (ABD)
interactions suggeét thét depressed values for subordinate-experiencedu
fish are due to a "fright component" associatedvﬁith being dominated,

which wanes significantly within 24 hr. Such'fright-induced inhibition
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can be.re-established‘by thevfrightening effects of transfefzto a
strange enfironment (see Chap?er VI and Appendix’B, Table XXVIII).
This idea 1is supported,by the fact that‘ABD interactions were not sig-
ﬁificant in the opponents of these fish where no experience factor was
involved.  Thus, dominance state may influence the éffect residency has
oﬁ opercle ;preadiﬁg aﬁd other gctivities discussed below, . (
Resident fish u;uaily bite first and fiﬁ tug first; but among ~§g;

several quantitative measures associated with these two expressions of

overt aggressiveness, only the number of bite sessions per minute were
highly influenced by residency. The ABD interaction Qf this variable
indicates that.the residency effect ié also liable to the influence of
the dominance s£ate (p. 49). Apparently, a fish muét be free of domi-
nation in é home space for about 24 hr Before the residency effect
appreciably influeﬁces these activities.

Under such circumstances, residency influences not only the fre-
quency and latency of the beﬁaviors shown in these encounters, but
also the measure of sequence uncertainty, or entropy (p. 53)f

A "fright-rgsidency” hypothesis may then be statéd as follows:
When the inhiBito:y efféct due to prior experience of being dominated
wanes sufficigntly, a sqbordinate fish may ;éspond to a conspecific in
the same méﬁnér as would a doﬁinant, re;ident fish at that time; but
anj aaditianal fright input suéh aé that due to an unfamiliar environ-
ment may inhibitvnérﬁal fighting behaviors. Perhaps the residency
factor may not be a positivé effecf due to environmental familiarity
buﬁ rather a negative factor associated with unfamiliarity. Barlgw_
(1961) .implied that 'new surroundings"'producé a lowering_of a "fright

threshold™ in Badis badis. There is no way to presently determine
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whether "fright inhibition' is a unitary process or a more complex
system. Clearly, both non-residency and subordination affect it, but

the temporal pattern of their effects clouds the issue..

Prior Experience

The fagtor of paramount importance in the responses of these fish
was the prior dominance experience fagtorg From Appendix A (of‘the 43
measures tested in Experiment II), it can be seen that the only varia-
bles not significantly affected by this parameter were first approach,
first laterai dispiay, first fin tug, surfécing rate, and pausing rate.
Dominant fish or parﬁners of these fish showed the highest values in
éll éther cases.

Nearly alllagonistic’variables and the two entropy measures for
the dominant~experienced fish were of the same magnitude whether this
experience was 0 hr or 24 hr prior to an‘encounter. Values for domi-
nated fish approached those of dominant fishvafter 24 hr of waning of
iqhibitory effects;_ Thus, based’onrresponses, there is-no evidence in
supportbof an arousal phénomenoﬁfdug'to previous winning. An argument
congruent with the foregeoing ”fright-residéncy" hypothesis seems more

. reasonable: The effect of dominating a fish does not result in a

=y

positive input fqr subsequent aggressiveness. .Rather, the piedomiqant
factor which is relevant #Q this parameter and which is iﬁportant in
influencing subsequent behévior is the degree of inhibition of the
domina;ed fish. The experience factog may, of course,»result from
“ngeating or being deféated, plus the maintenance of that relationship

i . .

': ' .
for 24 hr, rather than from the experience of winning or losing per se.
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Short-term: arousal processes due to the ‘latterseem probable but- cannot
be evaluated by thlS data. It should also be remembered that the domi=
nant-experienced fish won 78% of their subsequent encounters with non-
experienced partners. |
Aithodéh itvseeﬁs impossible to ootain any direct measure of the
effect referred to as fright, the relative influence of an unfamiliar
environment (Factor A)iorvbeing dominated (Fector.B) can be assessed:
for those fish fighting immediately-efter their previous dominance ex-
perience. Consider any variable from Appendix A for which a signifi-
cant residency, experience, and time (ABD) interaction exists, €y
the entropy associated with L, O, F, and BS (Appendix‘A, Veriable 40
and also see Table LI) or the average O duration per dlsplay (Variable
17, and Table XXVII) The inhibitory influence of being dominated can

be measured by

Af[B ] A BlDl - ABD,,

and the inhibitory effect of an unfamiliar environment would equal

Af[A ] = - ABD, - AOBODl,

whereZ&f[Bi] andAkf[Ai] are the decrements of variable i due to factors

B and A; and A,B. D

184Dys A B.D, and A B D, ‘are the values found for those

17071 07071
treatment combinations from the 3-way table of that variable. The

relative inhibitien due to being dominated can be calculated as:
Per cent Inhibition =_Af[Bi] x (Af[Bi] +Af[Ai]) "~ x 100

while the relative inhibition due to an unfamiliar environment can be

calculated as:
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Per cent Inhibition :Af[Ai] X (Af[Bi:I +Af[Ai:|.)vl-1' x 100.

Using the dimensionless variable entropy H(4), thgse indices of ;ela-
tive.inhibition are 88.5% and 11.5%, respectively, for domination and
residencyl Using\a vafiable with a cénsiderably higher Qoeffiqient of
Variation such as O D/F, the indices are 87.4% and i2;6%; demonstrating
‘unequivpcally tﬁe é;eater ;ffect éf domination. |

Thé inflgenée of time-since-last-ékperience was shdwn in Chaptgr
VI -and also mentioned above. The effect of dominatioﬁ wanes signifi-
canﬁl§ within 24 hrf While the nature of this waniﬁg process has not
" been in?estigated.here in any Aetail, it is prqbabiy not completed by
24 hr because response valqeé are not yet up to no;ma; levels at that
time. Aitﬁoﬁgh Bariow (1962) implied that the 'background" of the
fish involved in any encounter ﬁay influénce the course of that en-
counter, few stﬁdies indicéﬁe tﬂe pre-test conditions of the fish in-
volved; and only the work of McDénald, et al; (1968) on Legqmigb
czanellué seems to have tested fof the role.of this vari;bie,> Con~- .
foﬁndihg e#istéd in fheir study, howeQer, because their Qpre-gonditiOn-r
ingT'measures were;tgkenv6 h# after establishing a pair,'while."post_
cénditioningﬁ_observations were recorded immediatély éfte; establish~
ﬁént, Theig dat; cleéfly illuétrates that in the formef case a peried
of dominance maintenance'was being evaluated while in the latter, the
perio§ of dominance establishment was iﬁ progress. A.soﬁewhat analo=-
goué confounding seems to éxist‘in studies whicﬁ asc;ibe changes in'

"aggréssion' to some duration of pre-testing isolation per se. South-

wick and Ward (1968) concluded for Macropodus.opercularis that an

intermediate isolation period resulted in maximum aggressivenesss
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Pal (1968) reported that longer periods of isolation from cqhspecific

Macropodus cupanus resulted in increased aggressiveness. Such 'isola-

lation'" effects may well be partly due to changes in the effects of

."dominance factors' determined prior te isolation.
Size

Relatively few variables of this study were influenced by a size
factor. As pointed out in Chapter VII, the absolute size of partici=-
pants was not correlated with any of the measures associated with domi-

nance encounters. Hadley (1969) found an absolute size factor to in-

fluence established groups of Lepomis megalotis, but Dennis (1970)

found no such facter for Lepomis humilis.

Relative size is a more significant variable than absolute size.

Barlow (1968) noted thét in Etroplus maculatus, ”f ... males attacked
more when ingeracting Qitb laré;r femélés, . .ﬁ Most other refer-
ences to relative size effects”in the literature seem to concern only
established groués,‘obgerved during a dominance mainﬁenance phase. 1In
the present study; male blue gouramis tended to bite more éften wﬁen
fighting.a sligﬁtly larger male opponent than a slightly smaller pért-
ner (see Appendix>A, Variable 9}9-tﬁough this trend may be masked by
more powerful factors. :

Nq other direct effegf of relative éize on behaviqr rates or
durations‘was found in the data, i.e., no variable was significantly
correlated with A S.L. The number éf bite sessions per minute tends
to deérease as the relative size'differences»between oppenents becomes
larger, but this trend may be dge to a time dependent factori_ Fights

tend to be shorter as.A 8.L. increases (Figure 5), and it was pointed
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out in Chapter VII that shorter,fights have lower bite session rates.
Thus, BS rate may be indirectly releted to relative size. An increase
in BS/M which occurs in longer fights may provide some evidence of a
snort-term arousal process occurring dnring fighting,

| While relative size was not directly 1inked to behavior differ-
enees between opponents in fighting sequences, the uncertainty.assoei-
ated with these events (entropy) was snown to decrease for winners ae
they become progressively larger than their partners (Chapter VII).
The winners in Experiment I1I (Figure 7) exhibited a greater amount of
behavioral uncertainty than the losers, yet the AOV for tne effect of
size en entropy (Experiment II; Appendix A, Variebles 39 and 40) was
not significant. This seems to indicate that being larger or smaller
in itself does not influence fighting entropy directly but tnat the
uncertainty of sequences is related to the interplay between a rela-
tive.size facter and the oyerall vdominanee” state of a fish. As size
differences increase, so does the advantage conferred to an individual
in obtaining dominance.

Finally, it shouid be noted that the four factors tested here or
other untested parameters may strongly inflnence agonistic behayiors
in some unmeasqred fashien. For example, it seems reasonable to sug-
gest that a larger fish is moreICapaple of inflicting physical damage
to an opponent than could a emallerkfish, yet no means of quantifying

bite or fin tug intensity was possible.
Model ITI. Behavioral Variables Regulating Bout Outcome

During dominance encounters, it is usually quite difficult in this

species to detect obvious behavioral differences between the ultimate



91

winner and lqserf' Simpson (1968);qnd Braddock (1955) found that both
membgrs.of a paif of Siamese fighting fish tend to hkeeb inaétep” for
@ost of the fight and only toward the end does the winner outstrip the
loser in some display pétﬁern. The only behaviof in which the winner

outstrips the loser in T, trichopterus seems to be fin tugging. During

the course of alfight, fin fugging rate usually incréasés slightly in
the ultimate loser but markedly in the winner.

There aré seve;al ways in which behavieral events might prove
directive on bqﬁt outcome., Simpsoﬁ (1968) statéd that he did not feel
that widely separate eventS»inflqencg the o;tcome of an encounter, His
concept of bout deterﬁiﬁaﬁiqn implies that a bout would be terminated
when a critical diffeféncé in some display rate was reached. The cumu-
lative éffecfs of intervening behaviors are not considered to be of
'directvsignificanée;i.A‘second'hypothesisvmiéht consider the cumula-
tive noxiqﬁs phygical effgcﬁs of the fight. Finaily, the possibility
that Fhe outpqmefof é béut may actually be determiﬁed befofebthe fight-
ing néars a tgrminal sﬁage should algo be considered, In this case,
the pgrtiqipants only continue to "act out' some pre-established
stereotypgdipéttern{
| Thebfirsf hypothesis seems questionable in this species since some
fights fail to include appreciable fin tugging (the only overt response
which could qualify as an evaluato;)_by.either fish. If physical
damage is the.criterion for cumulative deleteridus effects, then the
second hypothesié cannot account fgr bogté which ére‘determined without
body coﬁtact, i.e., bguts in which oply displaying occurs. The third‘

paradigm will be dealt with below.
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In his formulation of a mathematical construct for hierarchical
organization of animal societies, Landau (1951a) assumed that ". , .

each member is characterized by an 'ability vector,' Xj = (X'l’ ij,

J
e o e Xjn); The Xja measures the individual characteristics which
make for dominance such as size, . . . etc.'". He also noted that if

dominance probability is the weignted aum of several independent com-
ponents, aa the number of components increased, the probability of
establishing a dominance outcome would decrease. Z-scores of the
1inearvdiscriminant mddel of ghapter VII of this atudy do net repre-
sent abiiity vectors; but it was found that Z-acotes-were influenced
principally by two variables, fin tugging and beh?vioral uncertainty:
The analysis of behavior measures influencing fighting outcome is
considered here in terms of a dominance vector. Ihis Qector is not
cOmparable tQ Landau's ”ability vector," which isia function of experi-
mental parameters such as size. The dominance veﬁtor is a function of
behavior-related yariables.such as biting rate, F;rate, or»entropyg
All of its‘components cannot possibly be determined from these data,
but many ef its probable cqmponents can be postulatedf Thus, the domi-
nance vector, F(X), is quite likely a complex fdnction of several com-

ponents, Xl’ X2, <. X,

PR Xn. These components are in turn func-

tions of certain parameters sdch as size, experience, etc., whoae
interrelationships wiil be the_snbject of tne next section. Fof the
model undet eonsideration, however, we will concern odrselnes with‘the
Xi-components of the vector.

in_a recent paper, Kalmus (1969) has reviewed some of the prineif‘i
ples df game theory as they apply to social behavior. He noted that“

many "« . . kinds of animal interactions are analogous to a zero sum
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game." 1In other words, one or the other member of the pair must lose.

Fighting in T. trichopterus seems to fit this definition. A principle

of such theofy invoives the degree of determinateness involved in the
"moves of the game.'" One extreme of this phenomenon is pointed out by
:Kalmus (1969) when he notes that in certain gamés, giveh two competent
players, ". .« there always e#ists one particular winning move, even
if the acﬁual playérs do not realize this." Such a game might bg com-
parable to a completely ritualized fight. ‘EiblnEibesfeldt (1961) qon;
cluded ;hat fighting in vertebrates includes a high degree of innate
determinateness. Heiligenberg (1965) and Skaller (1966), in their
analyses of-atfacking behavior By cichlid fish, concluded that the
bouting of behaviors was primarily endogenously deterﬁined. Studies
proposing endogenous control seem to imply a high degree of determi-
nateness associated with behavior sequences.

Some -of the data-in Experiment III indicate a level of determi-
- nateness suggesﬁing a degree of endogenous control. For example, the
éccurrence of a particular behavior seems to inhibit the reoccurrence
of that behavior by the same fish at leaét for.the next four secohds
(noté that the diagonal tefms of Tables LX and LXI are always less than
théif expected values). Tt also seems as if the repeating intra-
iqdividual sequences of (L-B—L-B . . .) and (L-8-L . . .) are '"self-
generating' sequences. fha; is, lateral dispiaying is étrongly direc=-
tive in a statistical sense on both biting and surfa;ing, while biting
and surfacing are directive on 1atéra1 displaying, i.e., theif observed
occurrences greatly exceedrtheir expected values. The ”links”‘between
(LfB) and (B-L) afe probably greater for winners than losers since the

directive Chi sq values associated with this dyad are more for winners
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than losers (179.2\vsf 104.0 and 128.0 vs. 26¢6; respectively). This
suggests that by hgving a greater control of the'sequeﬁeing of theif
own behavior, winners essentially cqntrol the course of the fight.
Losers are more responsive to the actions of the winner and thus ap--
pear to be less able to influence the trajectory of a fight. This
situation might be compared to one of méking more of the right moves
in a somewhat determinant game. In additiqn to the'conditionallproba-
bilities associated with the above dyads, several other conditional
probabilities pointed out in Qhapter VII are probably important vector
components.

Colliae (1943) studying fighting in hens, concluded that a large
number of unknown or as yet undetermined factors influence the outcome
of encountefs. Among these fectors he postulated the roles ef the be=~
hgvior of the opponent and ”chanee'blqws.” The former can be consjd-
ered as an exogenous infigenee‘on,an animal's behavior.

The behavior of one fish does influence that’of another fieh as
indieated By the lack of independence in Tables LXII and LXIII. As
with intfa-individual sequences, certain inter-iﬁdividual sequences
seem to be "'self-generating.' The’relationship between endogenous
and exogenous:inflﬁences in these cases, however, can readily be seen
by an anal&sis of two commonly-occurring sequences.- The first of

these involves L and 0, as follows:

ULTIMATE WINNER: S 0O L o O JRPR "
a."\\\ /l ¢ . AN |

ULTIMATE LOSER: o2

[}
/ /
' Fg SN T
L L

From Tables LXII and LXIII it can be shown that lateral displaying by

one fish tends to be followed by an opponent's opercle spread (dashed
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segments ''a' and '"c'" represent these tendencies),» The intrae~individual
two-act sequence 6fL can likewise be shown from Tables LX and LXI to
occur much more frequently tﬁan expected by mere chance (''b" and ''d"

" represent these tendencies):

Upon observing the Esterline records for one fish only, intra-
indiyidual sequence (L%OfL-O-) appears at first to be a '"'self~generat-
£ng” andvgefhaps endogenousl& controlled sequence. However, Tables LX
and LXI show that the L-0 sequences occur-no more often than expected.
As péinted out.in Chapter IV, there seems to be a '"jockeying" for the
L positiqn; that is, the aﬁterigr position of a lateral spreading fish
seems to influence the obercle spreading  opponent to rapidly swim for-
ward and displéy. Contrary to the O-L sequence, therefore, the L-0
seduence is’mediated more by exogenous factors than endogenous factors.
Biting tends to reblace opercié spreading in these»inter-individual se~
quences after a few minutes into the encounter. The protocol for these

sequences tends to follow the pattern:

1
ULTIMATE WINNER: ...L 2 ,B d L~
s . AY . . . ~ e
. a \\ _b ,/ C c' .\\\

ULTIMATE LOSER: o s o B———In _— B...

where the same relationships exist as in the protocol for lateral dis-
playing and opercle spreading. The principal difference seems to be a
tendency for intrasequence lateralldisplaying to be follpwed by biting
by the opponent ("a'" and '"c¢'' represent these tendencies). This se-
quence seems to be less determinant than that for L and O sequences
perhaps because Qf the two competing teﬁdencies al vs. "a'" and e
vs. '"c'." The above seqﬁence would occur only as long as the following

tendencies existed: 'a'" > "a'" and "¢''2> "c'." As found for intra-
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individual, two-act sequence analysis, the pooled data of the 41 fights
in Experiment III suggesﬁ that the directive influence (based on Chi sq
magnitude) of a winner's behevior in these sequences is considerably
greater than that of their partners. Winners thus seem to control the
"direction'" of a fight, and ﬁhe degree of directive control might be
considered a dominance vector component. |

It seems highly probable that more successful fish would also be
quicker to react to an opportunity to attack. It woule be highly in-
structive to investigate time associeted with segments "a'" and "c.'.
Such a reaction-time hypothesis would predict that time associated with
"c" was less than that assoeiated with "a."
| Einally, concerning inter-individual sequence constraints, it can
be shown from Tables LXII and LXIII that biting by an ultimate winner
seems to be followed iess frequently by an opponent's attack than vice
versa. The Chi sq values associated with these inhibitory relatiomn-
shi?s were 55.2 and 17{4, respectively. |

The second undetermined factor mentioned by Collias (1943) was
”chance blows.”( kalmus (1969) pointed out that chance moves exist in
many games as well as being ". . . fairly characterietic of much ani-
mal behavior, which as a consequence is noeoriously unpredictable."
Miller (1965)_eduates the entropy of a system with unpredictability,
and that definition has been followed in this spudy. This uncertainty
measure has been used by Hazleet and Bossert (1965) and Dingle (1968) .
in analyzing aggressi&e communication systems/of cfustaceans and has
been described previously in Chapter VI. This measure is the equiva-
lent of species diversity indices used by some ecologists. Wilhm

(1969) has cautioned that such a measure must be independent of sample
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size in order to be of value in comparative work. 1In brief encounters
between a dominant-experienced fish and a subordinate fish, the entropy
is considerably less than that exhibited during a longer fight which
involves much mutual interaction. In piotting the H(6) valqes of Ex-
periment iI for all 64 bouts against time,‘it was found that when a
fight exceeded about 2 min an asymptotic level seemed to be reached.
The 41 bouts of Experiment III all exceeded 2 min in duration.

Barlow (1968b) discussed behavioral uncertainty in terms of varia-
bility vs. stereotypy. He noted th reasons stereotypy seems to have
evqlved. The first reason concerns the efficienéy of a response. He
pointed out that ", ; « conditioned responses tend to become parsimoni-
ous'" and found no reason to assume that natural selection should oéer-
ate otherwise. Second, he suggested that stereotypy is probably adapt-
ive .in a signal funétion context by reducing chances for communication
errors. However, he did note that a ceftain amount of unpredictability
may be favored in cértain‘reproductive contexfs.

The data of Experiment III (Figure 7) clearly indicated that
winning patterns Qf behavior show greater uncertainty than losing pat~
terns. This function, i.e., overall squence'uncertainty, may be as
impértant‘a factor in a dominance vector aé ;he redundancy of particu-
iar two-act sequences discussed on p. 70"777

Altman (1965? noted that stereotypy is a measure of the degree of
determinateness of behavior<sequences. His index of stereotypy S(X)

has been applied to the data of this study. The index,

H(X)

S =1 - X i)’

ranges from 0 to 1, where a value of 0 représents events that are
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completely independent of preceding events and 1 represents completely
stereotyped sequences. Only first order S(X) approximations were
determined, i.e., the stefeotypy associated with a preceding event.
Thg data wasbnot analyzed fér evidence}of Umemory”‘beyond a preceding
event.

The S(X) vglues for the winners and losers of Experiment III1 were
.1216 and .1508 when thé four agonistic patterns (L, O, F, and BS)
were considered, while eqUi?alent measures for all six statés (L, o0, F,
BS,>S, and B) were .1064 and .1263, respectively. As expected, higher
stereotypy is associated with the behavior of an ultimate loser. It
also seems that surfécing and pausing are more random in their occur-:
rence and thus may‘function in iﬁcreasiﬁg uncertainty in an animal's
fighting pattern. The average stereotypy shown in Experiment II1 was
éréater than that iﬁ ExperimentvIII. Apparently, manipulating para-
meﬁers such as prior experience, residency, etc., produces greater
stereotypy than the size parameter alone.

Finally? the behavior sequences tend to become more stereotyped
as a fight progresses. The pooled S(X) values from the first third of
the bouts in Experimeﬁt I1I1 were coﬁpared to the S(X) values for the

last third of the bouts. The following S(X) estimates were determined:

LOSERS: 1st third = .1347, last third = .1549

WINNERS: 1st third = .1187, last third = .1347

The foregoing discussion suggests that two tendencies toward
stereotypy may be operating in opposition to one another. An
endogenous stimulus would thus tend to compete with the signal coming

from an opponent. Depending on the states of the animals (size, sex,
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experience, etci) and feedback from the actions occurring in the fight,
one of tﬁem might begin to develop a bebavioral sequence more dependert
on endogenoué_stimuli, which Would permit him to gain control of the
fight. Any deviation from expected responses to signals emitted by

the ultimaté loser would probably contribute to conquing and upsetting
him? thereby increasing tﬁe winner's control of the fight. Thus,
greater unpredictability could be seen as a major factor in attaining
ascendency in a fightf It is interesting to note that even in the
first third of a bout, a difference between S(X) values exists between

ultimate winners and losers.
The Establishment of Dominance Relationships

Intga-specific fighting occurs in every major vertebrate group,
and several aqthors have speculated on ifs adaptive significance (among
others, see Eibl-Eibesfeldt, 1961; Wynne-Edwards,'1962; Lorenz, 1966;
Ardrey, 1966; and Etkin, 1967). Collias (1943) has noted that the |
initial encounters between pairs 6f animals, ", . . lie at the basis
of the.social order in flocks of’chickens, as is known to be the case
with a number of ver;ebrates;”‘ Fof this reason, it‘seems important to
determine which factors influence this phenomenon and how they seem to
worki

Three models related to the establishment of dominanée have been
discussed in this chapter. ‘Model I described the effect of several
experimental parameters on the outcome of these encounters. Model II
showed that certain experimental parameters influence the agonistic
behaviors of these fights. 1In Model III agonistic behaviors were

shown to influence outcome and a dominance vector was hypothesized.
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A synthesis of the three models suggests an overall framework in which
two levels of integration may exist. The experimental parameters of
the first model influence agonistic behaviors, resulting in a new
integrated variable, the dominance vector (D-vector). This vector
functions during a hierarchy fight in determining which fish will be-
come dominant.

To facilitate understanding of this concept, Figure 8 diagrams
some of the suggested relationships. Some of these vector components,
such as fin tugging rate, unpredictability, redundancy of more success-
ful inter-individual dyads, and biting intensity have been postulated
above. Such components (Xi's of Figure 8) are iﬁfluenced by a set of
envirommental, physical, temporal, social, and other parameters
(Pi's of Figure 8). 1In other words, the D-vector components (Xi's)
are functions of n—parameters{where the number and set of Pi's in-
fluencing any Xi probably varies at any given time. In Figure 8 for
example, the parameter P4 is not influencing any vector component at
the time while P1 is operating to enhance two vector components and
inhibit a third. These parameters may be main effects or interaction
effects of factors such as those tested in Experiment II, e.g., resi=-
dency, relative size, etc. The importance of any Pi would vary for
different D-vector components. The time factor of Experiment II, for
example, was relatively more influential on fin tugging rate than on
behavioral entropy, though both are quite likely vector components.
Similarly, the relative size factor did not affect behavior rates but
undoubtedly affects certain Eehavior intensities, such as biting.

The Xi's may likewise vary in importance as vector components,

depending on the particular set of parameters or the level of any one
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parameter., Behavior entropy is considerably lower when more parameters
are influencing the system than when only a few are present. Another
example is associated with relative size and behavior entropy. As
AS.L. approaches zero, H(6) increases in importance as a dominance
vector component. This suggests that entropy reflects a more signifi-
cant behavioral control system operating when fighting is needed to
determine relative sizes and strengths, Directive and inhibitive re-
lationships probébly e#ist among some of the components; a few are
shown in Figure 8.

The outcome of a dominance encounter might be viewed as the re-
sult of a '"test'" between two D-vectors. Figure 9 représents one way
of describing.such a test within the framework of a threshold model.
The D-vector levels (Dj and D, in Figure 9) for fish j and i, respect-
ively, are shown to diverge steadily as the fight progresses, while in
reality considerable fluctuation would probably occur. The difference
between Dj and Di is shown as LX]D. Between time (t) and (t + 1) this
difference exqeeds a critical level (submission thfeshold) and fish i
ceases to exhibit aggressive behaviqr. This threshold can perhaps best
be. considered as a theoretically static level of difference between the
two highly variablé-D-vectors. The D=vector curves might be higher and
much closer together, initially, where two well-matched fish who had
recently won fights were matched in territory familiar to both. None-
theless, as the fight proceeded, the A D would eventually increase
until it reached the critical level.

Based on the data presented in this paper and abundant supportive
observations, the following scheme summarizes a proposed model for

dominance determination under the conditions of this study. The winner
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and loser in a two-fish interaction are determined through a complex
evaluative procéss which is not directly accessible to study by the
pfesent techniques. The overt manifestations of this process, however,
are changes in the frequency and pattérning of behavior, and occasion-
ally, subtle qualitative differences in motor patterns. The present
study suggests that these changes are not iny indicative of changes

in psychological "dominance sets,'" but also contribute to inter-indi-
vidual communication about the state of such sets or moods. It further
seems likely that some of these changing pattérns contribute to speed-
ing the evaluative process, and must be thought of as truly directive.
The concept of a dominance vector is pfoposed to provide a probabalist-
ic construct (greater or lesser likelihood of winning) as an alternate
to the mentalistic concepts of "set'" or 'mood."

The present study confirms the importance of several parameters
(Pi's of Figure 8) such as relative size, previous experience, and
residency in inflqencing the outcome of dominance encounters, and sug-
gests that they exert these influences via directive variables
(Xi's of Figure 8). Ihe net activity of these behavioral variables
communicates the 1¢vel of the dominance vector to the opponent, and
cqntributes fo enhancing the trajectoryl(towards winning or losing) of
the dominance vectors.

In this type of system, one can conceive of a match between a
much larger, positively experienced resident fish and a smaller, pre-
viously intimidated intruder. Most of these factors could be identi=-
fied very soon after initial contact, and the difference in nyectors
would be large almost instantaneously;vfequiring‘only a short fight

to confirm and reinforce D~vector trajectories. 1In this case,
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differences in behavior patterns (Xi's) would be largely communicative,
rather than directive. 1In cases where the fish were well matched, D=
vectors would be verf similar initially, and the pattern of development
of the fight would be very important in influencing the outcome. The
fish that gains control of the fight (see p. 93-99 for discussion of
entropy and determinateness) ultimately becomes the winner, but the
point at which such control occurs is difficult to determine. It seems
therefore that there is a significant interplay between complex cogni=
tive evaluations and feedback derived from behavioral interactions more
accessible to study. With the present data, it seems prudent simply

to demonstrate the associations among experimental parameters, be-
havioral variables and outcome, and present siﬁple descriptive models
(Figures 8 and 9) for overall operation of the system. Future studies

will test some of the hypotheses rendered above.



CHAPTER IX

SUMMARY

1. Hierarchical relationships in the blue gourami, T. trichop-
terus are characterized by two distinct temporal phases—-an ephemeral
period of dominance establishment and a period of hierarchical main-
tenance. Variable behavior patterns are shown in the mutual fighting
during dominance establishment between pairs of fish, but the initial
outcome is always a discrefe event, i.e., one fish dominates the other.
The influence of several parameters on this period of dominance
establishment has been investigated in this study, and the probable
relationships between these parameters and patterns of behavior
characteristic of ultimate winners and losers has been discussed.

2. Prior residency per se does not increase the '"dominance po-
tential' of this species. Residency was not found to act as a positive
input for increased aggressiveness, rather it was concluded that the
"fright" component due to moving a fish into unfamiliar surroundings
écts to inhibit the 'mormal" expression of aggressive behavior. The
residency factor interacts both with prior dominance experience and
with time since that experience.

3. Prior experience as a dominant increases the probability that
a fish Will win a subsequent encounter, while fish previously domi-
nated within the last 24 hr seldom win subsequent encounters. Forty~

three behavior measures recorded during these subsequent encounters did
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not indicate an arousal phenomenon due/tq dominating a partner for 24
hr, but a highly significant inhibitory effect on all agonistic be=~
haviors was observed for those fish which had been dominated for 24 hr.
These inhibitory effects wane during the next 24 hr, provided the
dominating partner‘is removed. It is conceivable that short-term
arousal input due to winning per se may temporarily lower aggressive

- thresholds, but whether these lowered levels would Be ”transferred”
into a new fighting context is questionable. The phenomenon of domi-
nance~related inhibition has been considered as a parameter which in-
fluences the '"dominance vector'" of each fish.

4. Thé inhibitory effects of '"mon-residency'" are in part depend-
ent upon the "dominance state'" of a fish. Dominant-experienced fish
are only slightly inhibited by non-residency, while subordinate-
experienced fish are strongly inhibited by this factor. As the prior
experience effect wanes, the fright due to environ unfamiliarity is
less inhibiting.

5. Initially, the decrement in responses due to prior experience
is much greater than the decrement due éo non-residency.

6. Prior experience did not influence surfacing or pausing. This
seems to indicate that these patterns are not a part of the agonistic
repertoire in this species. For this reason, two measures of behavior
uncertainty (entropy) were calculated. The first included the un-
certainty associated with all the elements defined for the system,
i.e., [L, 0, BS, F, S, and P], while the second entropy vglues were
based on only the agopistic set [L, O, ES, and F|. The prior experi-
ence factor influenced both entrop? values more strongly than it did

any single variable.



108

7. The relative size of opponents is probably paramount iﬁ decid-
ing bout outcome when A S.L. is beyond the range tested hére, i.e.,
where‘éss.L. > 5 .mm. As the time since the last dominance experience
increases, the influence of A S.L. also increases. The iength of time
that two fish fight was shown to depend upon AS.L., while the only
behavior correlated with relative size was BS rate. Smaller fish bite
more frequently than did their counterparts. Finally, entropy measures
were found to be functions of‘ZXS.L. Asl&:StL. approaches zero, entro-
py values increase, indicating that othgr variables, suc@ as biting
intensity, may become more important as a ''dominance vector' component
when one fish is considerablyilarger than his partner.

8. The absolute size of fish did not seem to be correlated with
- any measures associated with dominance establishment.

9. A ”dominanée vector'" was defined in this study as that complex
of variableé which contribute to the defeat of one fish by another.
Such a complex, highly integrated variable must remain hypothetical.
Some possible components of this vector indicated by this studyvin-
clude: variables associated with fin tugging réte or duration, biting
intensity, unpredictability, and redundancy oﬁ certain interfindividual
or intra-indiyidual dyads such as [Blew] or [Ll-Bw] where their con-
ditional probabilities may be important.

10. A simple déscriptive model relating environmental, experi-
ential, size, temporal or other parameters to the dominance vector was
presented. A mechanism describing how such a vector might operate in

determining bout outcome was also postulated.
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APPENDIX A

CALCULATED F-STATISTICS FOR
" EXPERIMENT II

The same variable coding is used in Appendix A as is employed in

Table III and the text. Appendix A includes the following variables:

1. Outcome 25. B/BS
2. ’Approach first 26. B rate
3. Bout length 27. BS rate
4. S rate 28. B/BS’by opponent
5. P rate 29. B rate by opponent
6. L first 30. BS rate by opponent
7. L frequency 31. F first
8. L duration 32. F frequency
9. Duration/L 33. F duration
10. L rate ‘ 34. Duration/F
11, L duration/min 35. F rate
12. L rate by opponent 36. F duration/min
13. L duration/min by opponent 37. F rate by opponent
14, O first 38. F duration/min by
15. O frequency cpponen
: . 39. Entropy associated with
16. O duration g} [L, O, BS, F, S, P]
17. Duration/O 40. Entropy associated with
18. O rate [L, 0, BS, F]
19. O duration/min 41. Number of elements of
: [L, O, BS, F, S, P]
20. O rate by opponent ‘ ‘
. 42. Total (LADHBS-+F+S5+P)
21. O duration/min by opponent _ .
B £y 43. Number of elements of
22. irst [L, 0, BS,’F].
23. B '

frequency 44, Total (LHO+BS+F)
24, BS frequency
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Factor or

F-Statistic for Variable: .

Interaction 1 | 2 3 4 " 5.

Replications 0.00% 0.56 0.99 0.76.  0.48
Residency (A) 0.52 115,00 5.82 5.35 3.72
Experience (B) 62.53 2.21 28.85 0.07 0.15
Size (C) 8.26 0.08 5.07 1.75 0.00
Time (D) 4,65 0.79 1.04 1.65 0.17
AB | 0.00 2.21 0.58 3.08 0.70
AC 0.51 10.74 2.32 0.02 0.00
AD 2.06 0.08 1.26 0.98 0.86
BC 0.51 7.36 0.57 3.85 3.96
BD 0.00 0.79 3.37 0.56 0.23
o)) 0.51 0.08 0.27 5.80 2.08
ABC 2.06 0.08 0.32 6.01 0.69
ABD 0.51 2.21 1.26 1.08 0.09
ACD 0.00 0.79 0.58 0.33 0.04
BCD 2.06 0.79 3.50 1.59 1.48
Error 0.12 0;17 56.03 " 0.22 1.48
C.V. 74,47 86.59 62.55 50.91 89.67

*Tabulated F-values for (d.f. = 46,1) are 4.05,>7.21, and 8.80 for

o = ,05,% = .01, and9% = .005, respectively.,
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F-Statistic for Variable:
Factor or .

Interaction 6 -7 8 9 10

Replications 0.97 - 0.24 0.66 3.46 0.74
Residency (A) 0.00 3.66 1.80 1.90 0.87
Experience (B) 2.19 31.40 36.54 12.58 23.38
Size (G) | 0.00 3.52 5.38 3.16 0.56
Time (D) 0.00 1.67 1.39 6.54 11.04
AB ” 0.24 0.52 1.22 1.12 4.12
AC 0.00 1.95 2.78 0.02 0.21
AD 3.89  3.05 0.95 0.09 6.41
BC 2.19 0.47 2.09 0.00 0.02
BD 2.19 3.76 5.75 10.13 8.04
CD 0.97 0.60 2.48 6.67 3.31
ABC 0;24 0.11 0.32 0.25 0.00
AED 0.24 1.09 3.23 1f94 1.64
ACD 0.97 2.06 3.00 0.02 2.85
B¢D A 0.24 1.41 2.97 7 0.19 0.41
Erfor | 0.25 373.10 41368. 20 - 23;81> 0.55

C.V. 101.34 81.88 77.09 57.11 49.14
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Factor or

F-Statistic for Variable: .

Interaction 11 12 13 ‘_léi ff' 15
Replications 1.96 >2.85 0.76 0.95 0.49
Residency (A) 0.35 6.17 13.16 17.47 4. 69
Experience (B) 29.18 35.17 55.21 5.70 19.83
Size (C) 1.80 5.27 2.67 0.35 0.06
Time (D) 12.99 4.29 16.59 0.35 0.15
AB | 6.85 1.87 6.43 0.35 0.69
AC 0.01 0.21 0.07 0.00 2.97
AD 2.35 5.37 14.20 0.00 0.27
BC 1.07 0.28 0.01 3.20 0.04
BD 11.22 5.06 13.87 3.20 12.47
cp 8.73 1.31 2.55 0.00 2.51
ABC 0.00 0.75 1.77 0.00 1,08
ABD 2.59 1.67 6.87 1.42 5.15
ACD 1.14 0.54 0.22 3.20 1.15
Bcp 0.02 2.85 0.04 1.42 3.50
Error 68.33 0.53 50.33 0.17 53.65
50.61 45,77 43.23 111.64 102.58

C.VD
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Factor or

F-Statistic for -Variable: :

Interaction 16 17 18 19 20

Replications 1.00 0.94 1.79 1.54 70.65
Residency (A) 5.47 7.58 4.16 5.14 0.16
Experience‘(ﬁ) 15.74 30.64 13.54 11.41 20.13
:Size (c) 0.03 0.00 .51 - 1.05 0.00
Time (D) 0.35 6.57 0.58 0.08 3.08
AB | 0.40 5.31 2.71 1.81 1.66
A¢ 4,11 1.48 0.00 0.14 0.09
AD 0.09 2.12 0.83 0.43 0.00
BC 0.76 0.19 0.02 0.91 0.00
BD 13.73 14.66 11.91 14.20 1.78
D 0.53 0.02 2.49 0.26 5.29
ABC 0.64 0.35 0. 60 0.02 0.34
ABD 6.60 5.15 4.13 6.75 2,28
ACD 0.49 0.00 0.00 0.25 2.38
BCD 2.86 0.46 0.05 0.00 1.82
Error .933.19 2.24 0;19 3;32 0.14
C.V. 111.44 60.26 92.53 102.71 92.50
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F-Statistic for-Variable:
Factor or

Interaction 21 22 23 24 25
Replications 0.02 0.13 0.43 0.44 2.89
Residency (A) 0.12 49.71 3;73 8.40 1.01
Experience (B) 17.79 16.66 18.12 29.15 39.07
Size (C) 0.30 1;23 5.57 6.37 1.07
Time (D) "2.52 1.23 2.39 2,36 8.61
AB 1.30 3.44 0.23 0.17 7.45.
AC 0.91 3.44 1.39 5.11 0.21
AlD 0.01 3.44 6.53 C5.11 9.91
BC 0.09 6.74 0.56 0.00 0.12
ED 2399 1.23 0.77 2.75 4.40
CD 1.90 1.23 0.44 0.61 1.04
ABC 0.14 0.13 0.10 0.00 1.51
ABD 0.51 3.44 0.00 0.92 0.18
ACD | 1.81 1.23 0.47 0.19 0.11
BCD 2;46 0.13 0.35 0.85 0.26
Error ©2.29 0.11 i1211.65 432.12 2.12

C.V. 97.42 74.34 113.74 87.95 59.25
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Factor or

:1F~Stétisticwfor~Vaniab1e:

—

Interaction 26 v 27 ‘ 28 29 30
Repiicatioﬁs 1.50 0,27 2.97 3.87 2.35
Residency (A) 5.06 17.31 1.46 1.28 1.42
Experience (B) 32.79 62.16 9.84 18.61 15.94
Size (C) | 3.16 ©2.55 0.07 3.31 4.35
Time (D) 5.74 5.08 5.20 7.98 4;12
AB : 1.21 0.81 15.27 9.52 0.32
Ac 0.01 0.38 0.00 - 0.01 0.62
AD 11.09 5,43 5.79 5.93 5.72
BC 0.05 5.51 1.32 4.89 0.96
BD 1.01 6.02 4.69 5.05 2.35
CD 0.72 1.97 2.99 2.02 0.00
ABb 1.46 1.87 0.08 0.07 0.05
ABD 0.09 3.09 1.10 1.30 0.23
ACD 1.68 5.38 0.07 0.08 2.45
BCD 0.43 3.76 0.26 0.09 0.24
Error 15.30 0.53 2.49 9.95 0.68‘
C. V. 73.10 46.79 56.10 64.41 58.33
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: F=Statistic- for Variable: -
Factor or ]

Interaction _ .31 v 32 33 34 35

Replicafions 0.28 3.61 4.68 2.75 2.97
Residency (A) 6.31 4.16 1.88 1.53 3.00
Experience (B) 1.94 16.44 11.45 - 7.88 8.98
Size (C) 0.07 0.37 0.09 0.08 0.28
Time (D) 3.82 4.38 5,22 8.49 8.83
AB | 1.94 o;os 0.05 3.07 0.00
AC 0.07 1.97 0.76 0.50 0.11
AD 0.70 1.68 1.08 8.07 2.74
Bd 0.07 0.25 0.31 3.61 0.03
Bb ' 6;31 0.03 0.01 8.20 0.14
cD 1.94 0.30 0.89 3.85 0.92
ABG 0.07 0.00 0.19 1.71 0.04
ABD 1.94 0.43 0.45 0.54 0.65
ACD 3.82 0.00 0.15 0.12 0.24
BCD. 0.07 2.12 2.92 0.05 0.00
Error o 0.20 2223 2113.63  14.89 0.06

C. V. 114.61  122.16 141.80 87.24 113.63
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' F-Statistic for Variable:
Factor or . -

Interaction 36 | 37 e 38 39 40

Replications 3,72 146 2.87  0.15 0.12
Residency (A) 1.17 1.54 0.71 2.85 5.29
Experience (B) 5.20 16.36 11.28 58,18 65.83
Size (C) 0.43 0.82 0.46 0.28 0.11
Time (D) - 8.46 0.00 0.17 17,53 16.25
AB 0.47  4.25 1.56 4.50 8.06
AC 0.00 0.01 0.07 0.01 0.50
AD 2f29 0.87 1.09 0.45 2.54
BC 0.14 0.20 0.00 3.05 1.13
BD 0.21 0.73 0.67 24.37 20.45
cD 2.82 0.68 0.57 445 6.48
ABC , 0.11 0.42 1.42 0.04 0.10
ABD 0.33 0.73 0.99 2.33 4.20
ACD 0.23 4,15 3.07 0.38 0.67
BCD 0.10 1.81 2.83 0.27 0.35
Error 6.66. 0.03. 2.42  0.10 Q.i7

C. V. 133.88 136.94 148.02 17.53 37.72
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Factor or

F-Statistic for Variable:

1

Interaction 42 43  b4
Replications 0.45 0.32 1.88 0.26
Residency (A) 4.84 6.39 22.58 6.96
Experience>(B) 68.19 33.98 217.02 34.58
Size (C) 0.30 3.93 2.03 4.02
Time (D) 21.59 1.63 65.26 1.86
AB 2.72 0,44 14.45 0.39
AC 0.30 3.49 0.00 3.95
AD 1.89 3.10 8.12 3.74
BC. 0.30 0.00 2.03 0.02
BD 27.35 5.02 81.52 4.72
cD 3.71 0.02 11.06 0,09

~ ABC 1.21 0.90 0.06 1.89
ABD 1.89 1.83 8.12 1.74
ACD 0,07 0.34 0.90 0.36
BCD 1.89 1.82 5.64 | 1.91
Error 0.82  3401.53 0.27  2127.52
C. V. 18.86 73.85 18.91

78,33




APPENDIX B

TWO- AND THREE-WAY TABLES FOR INTERACTIONS OF
EXPERIMENT I1 EXGEEDING THE ..05 LEVEL

The following symbols are used in all the tables of Appendix B:

A0 = Non-resident

A1 = Resident

B0 = Subordinate pre-test experience
B1 = Dominant pre-test experience

C0 = Smaller than opponent

01 = Larger than oppoﬁent

D0 = 24 hr since pre-test experience

D1 = 0 hr since pre-test experience
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TABLE. IX

127

RESIDENCY AND SIZE INTERACTION FOR PER

CENT OF FISH APPROACHING FIRST

A, 43.75 12.50 28.12
A 50.00 87.50 68.75
X . 46.88 50.00 -

TABLE X

EXPERIENCE AND SIZE INTERACTION FOR PER

CENT OF FISH APPROACHING FIRST

| :CO 01 X

B0 25.00 56.25 40.62

B1 68.75 43.75 56.25
50.00 -

X 46,88

TABLE XI

EXPERIENCE AND SIZE INTERACTION FOR PER

GCENT OF FISH BITING FIRST

COI C1 X
B, 112.50 43.75 128.12
B, . 68.75 56.25 62.50
X 40.62 50.00 -



TABLE XII
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EXPERIENCE AND TIME INTERACTION FOR PER

CENT OF FISH FIN TUGGING FIRST

D D

0 1 X
B, 56.25 6.25 31.25
B, 43.75 50.00 46.87
X 50.00 28.12 -
TABLE XI1I

EXPERIENCE AND TIME INTERACTION" FOR LATERAL

' DISPLAY DURATION/FIGHT“

|

Dy D,
By ' 201.1 19.1 110.1
B, 386.5 448.6 417.5
X 293.8 233.8 -

#*All duration variables in Appendlx B are re-

ported in seconds.

TABLE X1V

EXPERIENCE AND TIME INTERACTION FOR AVERAGE

DURATION/LATERAL DISPLAY

D - D

0 1 X
B, : 9.88 - 2.88 6.38
10.70

B 10.32 11.09

X 10.10 6.98




TABLE XV

EYPERIENCE AND TIME INTERACTIQN FOR
LATERAL DISPLAYS/MINUTE

X
% !

_ Bd ' 1.632 0.490 1.061
B, 2,004 1.913 1.958
X 1.818 1.202 -

TABLE XVI
EXPERIENCE AND TIME INTERACTION FOR
LATERAL DISPLAY DURATION/MINUTE
| D0 ~ D1 .X
By 17.94 " 3.56 10.75
B, 22.18 21.65 21.96
X 20.06 12.60 -

TABLE XVII

EXPERIENCE-AND TIME INTERAGTION FOR LATERAL.

DISPLAYS /MINUTE BY OPPONENTS

D. D. - X

B, 1.446 0.658 1.052
B, 2,118 2.150 2.134

X 1.782 1,404 -
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TABLE XVIII

EXPERIENCE AND TIME INTERACTION FOR LATERAL

DISPLAY DURATION/MINUTE BY OPPONENTS
P Py X
B, 16.74 2.90 9.82
B, 23.30 22.69 23.00
X 20.02 12.80 -

RESIDENCY, EXPERIENCE, AND TIME INTERACTION FOR LATERAL

TABLE XIX-

‘DISPLAY DURATION/MINUTE BY OPPONENTS

130

A

0 Al ‘
Dy Dy X Dy Dy X
B, 5,60 3.10 4.35 27.87 2.70 15.28
B 21.32 22.74 22.03 25.29 22.64 23.96
X 13.46 12.92 - 26.58 12.67 -
TABLE XX
RESIDENCY AND TIME INTERACTION FOR
LATERAL DISPLAYS/MINUTE
Dy’ D, X
'AO 1.496 1.350 1.423
A 2.140 1.054 1.597
X 1.818 1.202 -




TABLE XXI
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RESIDENCY AND TIME INTERACTION FOR LATERAL
‘ DISPLAYS/MINUTE BY OPPONENTS

Do °1 X
A, 1.344 1.389 1.366
A, 2.220 1.419 1.820
X 1.782 1.404 -
TABLE XXTT

RESIDENCY AND TIME INTERACTION FOR LATERAL
DISPLAY DURATION/MINUTE BY OPPONENTS ~

D, D, X
Ay . 13.46 12.92 13.19
A 26.58 12.67 19.62
PO 20.02 12.80 -

TABLE XXIII

SIZE AND TIME INTERACTION FOR AVERAGE
DURATION/LATERAL DISPLAY

D, D, X
S, 10.59 4,32 7.46
c, 9.61 9.64 9.62
X 10.10 6.98 -




TABLE XXIV

SIZE AND TIME INTERACTION FOR LATERAL
DISPLAY DURATION/MINUTE '

D0 D1 X
S, 21.72 - - 8.16 1494
c, 18.38 17.05 17.72
X 20.06 12.60 -

TABLE XXV

RESIDENCY, EXPERIENCE, AND TIME INTERACTION- FOR
‘ OPERCLE SPREADS/FIGHT

132

0 1
Dy D, i, D, D, Z
Bd 0.62 0.00 .31 11.25 = 0.38 5.81
B, 8.00  12.00 10.00 7.25 17.62 12.44
X 4.31 6.00 - 9.25 9.00 -
TABLE XXVI
RESIDENCY, EXPERiEﬁcﬁ, AND TIME INTERACTION
FOR OPERCLE SPREAD DURATION/FIGHT
Ao A1
Do D, X Dy D, X
B, 1,75 0.00 .87 46.50 0.75 23.62
B, 28.25  43.87 36.06 24.00 74,12 '49.oé
X 21.94 35.25 37.44 -

15.00




TABLE XXVII

RESIDENCY, EXPERIENCE, AND TIME INTERACTIONFOR
AVERAGE DURATION%OPERGLEnSPREAD“

133

Ty | | Al‘
By 1.000 - 0.000 0.500 4294 0.500 2.396
31 3.354  3.524 3.44b 3.218 /3,996 3.607
X 2.177  1.762 - 3.756 2.248 -
TABLE XXV?II
RESIDENCY, EXPERIENCE, AND TIMEVINTERACTION
* “FOR OPERCLE SPREADS/MINUTE” '
A0 | A
Dq D, X Dy Dy X
B, 1394 .0000 .0697 - .8661 ~ .0814 .4738
B, 5678 .7389 .6534 .4878 .9048 .6963
X .3536  .3694 - .6770 4931 -
TABLE XXIX
RESIDENCY, EXPERIENCE,_AND»TIME‘INTERACTION
© FOR OPERCLE SPREAD DURATION/MINUTE
A9 Ay
% M X % N X
B, 0.361  0.000 0.180  3.494 0.162 1.828
B, 1.982  2.686 2.334  1.518 3.990 2f754
X 1.172  1.343

- 2.506 2.076




TABLE XXX

EXPERIENCE AND TIME INTERACTION FOR
" OPERCLE SPREADS/FIGHT

P ’1 X
B, 26.12 59.00 42.56
X 25.12 29.68 -
TABLE XXXI
EXPERIENCE AND TIME INTERACTION FOR
OPERCLE SPREAD DURATION/FIGHT
Po e
B, 5.94 0.18 3.06
B, 7.62 14.81 11.22
X 6.78 7.50 -
TABLE XXXII
EXPERIENCE AND. TIME INTERACTION FOR
* AVERAGE DURATION/OPERCLE SPREAD
D, D, X
By - 2.646 0.250 1.448
B, 3.286 3.760 3.523

2.966 2.005 -
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TABLE XXXITI

EXPERIENGE AND TIME INTERACTION FOR
' OPERCLE SPREADS/MINUTE '

- Dy Dy X
B, 5028 L0407 - .2718
B, .5278 .8218 .6748
X 5153 L4312 -
TABLE XXXIV
EXPERIENCE AND TIME INTERACTION FOR
OPERCLE SPREAD DURATION/MINUTE
D, D, X
By 1.928 0.081 ~1.004
B, 1.750 3.338 2.544
X 1.839 1.709 -
TABLE XXXV
RESIDENCY AND TIME INTERACTION
" 'FOR BITES/FIGHT
D, D, X
Ay 54.1 © ° 80.88 67.5
A 173.0 64.3 118.6
X

113.6 . 72.6 -
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TABLE XXXVI

RESIDENCY AND TIME INTERACTION
FOR BITES /MINUTE.

D, D, X
A, 3,793 4,708 4.250
Ai 9.251 3.650 6.450
X 6,522 4.178 -
TABLE XXXVII
RESIDENCY AND TIME INTERACTION
‘FOR BITE SESSIONS/MINUTE
D, D, X
A, 1.178 1.192 - 1.184
Ai 2.366 1.526 1.946
X 1.772 1.359 -
TABLE XXXVIIT
RESIDENCY AND TIME INTERACTION
' 'FOR'BITES/BITE SESSION
Dy D, ‘x
A 2.240 2.318 2.278
A 3.756 1.537 2.646

2.998 1,927 -
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TABLE XXXIX

RESTDENCY AND EXPERIENCE~INTERACTION
‘FOR BITES/BITE SESSION

Ay 0.640 3.917 - 2,278
A 2.004 3.289 2.646
X 1.322 3.603 -
TABLE XL
EXPERIENCE AND TIME INTERACTION
" FOR BITES/BITE SESSION
D, D, X
"BO 2.240 0.404 © 1,322
B, 3.756 3.450 3.603
X 2.998 1.927 -
TABLE XLI
EXPERIENCE AND TIME INTERACTION
" FOR BITE SESSIONS/MINUTE
% e S
B, 1.275 0,412 - 0.844
Bi 2.270 2.306 2.288
X,

1.772 1.359 .
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TABLE XLII

EXPERIENCE AND TIME INTERACTION FOR BITES/
BITE SESSION BY OPPONENTS =

B0 3.072 ; 1.316 ) 2.194
B1 3.455 3.410 3.432

X 3.263 2.363 -

TABLE XLIII

EXPERIENCE AND TIME INTERACTION FOR
'~ BITES /MINUTE BY OPPONENTS

Dy D, X
B, © 5.049 1.046 3.047
B, 6.978 6.523 6.751
X 6.014 3.784 -

TABLE. XLIV

RESIDENCY AND SIZE INTERACTION
" FOR BITES/FIGHT

o €1 X
Ay 16.25 17.62 16.94
A, 19.56 4. bt 32.00

X 17.90 31.03 -




TABLE XLV

EXPERIENCE AND SIZE INTERACTION
_FOR BITE SESSIONS/MINUTE

% % x
B 0.482 1.205 0.844
B 2.356 2.219 2.288
X 1.419 1.712 -
TABLE XLVI
EXPERTENCE AND SIZE INTERACTION FOR
BITES/MINUTE BY OPPONENTS
% °1 _
By ©3.202 2.892 3.047
B, 5.160 8.342 6.751
X 4.181 5.616 -
TABLE XLVII
RESIDENCY. AND TIME INTERACTION FOR
 AVERAGE DURATION/FIN TUG
D, D, X
Ag 3.860 3.790 3.825
Al 7.798 2.245 5.022
3-017 -

X 5.830
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TABLE XLVIII

EXPERIENCE 'AND. TIME INTERACTION FOR
AVERAGE_DURATION/FIN TUG

D, D X
B, 5.857 0.281 3.069
B, 5.802 5.753 5.778
X 5.830 3.017 -
TABLE XLIX

RESIDENCY, EXPERIENCE, AND SIZE INTERACTION

FOR SURFAGING/MINUTE

140

AO ) Al

¢, c, X < c, X
B, 1.521 0.815 1.168 0.722 0.640 0.680
B 0.814 1.167 0.990 1.024 0.824 0.924
X 1.168 0.991 - ~0.872 0.732 -

TABLE L
EXPERIENCE AND TIME INTERACTION FOR
'ENTROPY OF 6 BEHAVIORS; H(6)
Do’ by X

B, 1.931 1.183 1.557

B, 2.152 2.213 2.182

X

2.042 1.698 -
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TABLE LI

EXPERIENCE AND TIME INTERACTION FOR
ENTROPY OF 4 BEHAVIORS, H(4)

Dy Dy X
B, 1.137 0.238 0.688
B, 1.514 1.566 1.540
X 1.326 0.902 -

TABLE LII

RESIDENCY, EXPERIENCE, AND TIME INTERACTION FOR

ENTROPY OF 4 BEHAVIORS, H(4)

A, A
D, D, X D, D, X
B, 0.676 0,160 0.418 ©1.598 0.316  0.958
B 1.566 1.570 1.568 1.462 1.562 1.512
X 1.121 0.865 - 1.530 0.939 -
TABLE LIII
SIZE AND TIME INTERACTION FOR ENTROPY
'OF 6 BEHAVIORS, H(6)
Do Dy X
¢, 2.106 1.590 1,848
¢, 1.976 1.806 1.892
X 2.042 1.698 -
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TABLE LIV

SIZE AND TIME INTERACTION FOR ENTROPY
* OF 4 BEHAVIORS, H(4)

% 5 X
S 1.442  0.750 - 1.096
c 1.210 1.054 1.132

1.326 0.902 -
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