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PREFACE

The objectives of the study weret (1) to describe the agonistic
behaviors and asséciated color patterns of longear sunfishj; (2) to
evaluate fhe influencé of tufbidity on the consequences of aggressive
behaviof; (3) to determine the effects of various spafial levels,
change of spatial level, énd average size of group members on
aggressive and social behaviors of groups of four longear; (4) to
define and evaluate the factors effective in social ranking; and
(5) to integrate fhe results of the study of these parameters into a
general’étatement of their relationships.

Dr. R. J. Miller served as major adviser and provided valuable
suggestions. Drs. Ts C. Dorris, W. A. Drew, and R; I. Smith served on
the advisory cqmmittee and reviewed the manuscript. I am greatly
_ indebted to thé employees of the OklahomavDepartment of Wildlife
Conservation Who‘interpretéd scale impressions. Messrs. L. E. Powell,
D, F. Frey, and‘especially S. L. Hensley gave invaluéble assistance in
collecting the fish. Miss J., A. Reser typed the rough drafts and gave
much needed encouragement. Mrs. T. A. Héist typed the manuscripto. The
patience and suppoft of>all these people is greatly appreciated.

The Study was supported by Federal Water Pollution Control Adminis-
tration grant 5T1-WP-185 adﬁinistered through the Oklahoma State

University Reservoir Research Center.
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CHAPTER I

INTRODUCTION

This study of aggressive behavior and social hierarchy of the

longear sunfish, Lepomis megalotis, deals with the influences of

available space, change of available space, average size of group
members, and turbidity on the behavicr of groups of four fish in the
laboratory. The effect of these variables cn color pattern display,
freedom of movement of subordinates, number oi agonistic bouts,
territoriality, and ranking were investigated.

The work was prompted by my previous study on aggressive behavior

and social hierarchy in pinfish, Lagodon rhomboides, (Hadley, 1967)

which raised some questions concerning the present status of knowledge
of this area. While many studies of social groups of fish were
available and a variety of social classifications had been erected,
there seemed to be a dearth of information dealing with the influencé
of experimental conditions on the results obtained. It appeared that
if variation in technigue could affect the experimental results, a
major reevaluation of conclusions regarding social behavior of fishes
might be necessary. Comparisons of the results of work done under
different experimental conditions would have to be made with care and
the applicability of conclusions drawn under a particular set of
circumstances would be greatly reduced. Further, the use of such con-

clusions in more general works attempting synthesis among various



animal groups would be severely limited. Of particular relevance £0
the present investigation are the works of Braddock (1945), Greenberg
(1947), Miller (1963), Huck and Gunning (1967), and Erickson (1967).
Braddock (1945) showed that size and sex were important factors in the
the determination of dominance in Platypoecilus maculatus. Some
evidence for the ability of fishes to recognize others as individuals
was presented.
Greenberg's 1947 work perhaps represents the single most important
contribution to knowledge of aggressive behavior and social hierarchy

in fish. Using immature green sunfish, Lepomis cyanellus, he found

that maleness and larger size were important in determining dominance.
He noted the function ofvsubordinates in lessening tension among
territory holders. By increasing the complexity of the habitat he was
able to inérease the number of successfully defended territories.
Miller (1963) studied the qualitative aspects of the behavieor of

species of Lepomis and Elassoma evergladei. The majority of‘the

Lepomis observations were of L. gibbosus but L. humilis, L. auritus,
L. megalotis and L. cyanellus we;e also studied. Her work dealt with
'baSiébdescription of color patterns, general behavior, and reproductive
behaviors.

Huck and Gunning (1967) investigated some facets of the behavior

of Lepomis megalotis. They observed longear in nature and commented

upon territoriality, nest construction, spawning behavior, and other
aspects of léngear ecology. Using pairs of longear in aquaria they
also studied aggressive behavior and its relationship to tank size,
They concluded that size was important in ranking but that sex had no

influence,



Brickson (1967) investigated relationships between social

hierarchy, territoriality, and stress reactions in Lepomis gibbosus.

He found maleness to be efféctive in rank determination. He contended
tﬁat hierarchical behavior was an artifact of confinement. Interrensl
tissue weights were negatively correlated with the number of attacks
initiated by the fish, leading him to suggest that stress was most

severe for least aggressive fish.

Papers dealing with social hierarchy in various fishes are

numerous. Among them are observations on Xiphophorus helleri (Noble

and Borne, 1938), Hemichromus bimaculatus (Noble and Curtis, 1939),

Platypoecilus maculatus (Braddock, 1945 and 1949), Lepomis cyanellus

(Hixson, 19465 Greenberg, 1947; Allee et alo,~1948; and McDonald and

Kessel, 1967), Mustelus canis (Allee and Dickinson, 1954), Salmo

gairdneri (Stringer and Hoar, 1955 and Newman, 1956), Betta splendens

(Braddock and Braddock, 1955), Salvelinus fontinalis (Newman,¢]956),

Colisa lalia (Forselius, 1957), Stephanolepis cirrhifer (Okaichi et al.,

1958), Danio malabaricus (Haas, 1959), Gambusia hurtadoi (McAlister,

1958), Gambusia affinis (Caldwell and Caldwell, 1962), Oryzias latipes

(Magnuson, 1962), Lepomis gibbosus (Miller, 19633 Erickson, 1967),

Lepomis humilis (Miller, 1963), Trichogaster trichopterus (Miller,

1964), Ptychoceilus oregonense (Pfeiffer, 1965), Mollienesia latipinna

(Baird, 1965), Lepomis macrochirus (Borkhuis, 1965), and Lagodon

rhomboidesf(Hadley, 1967).

Various aspects of longear behavior and ecology have been studied
by a number of workers. Gerking (1953), Gunning (1959), and Gunning
and Shoop‘(1963) havevstudied home range and homing mechanisms of

longear. Reproductive behavior has been investigated by Witt and



Marzolf (1954), Miller (1963}, Huck and Gunning (1967}, and Boyer
(j969), In addition to reproductive behavior, Boyer described feeding,
sleeping, and agonistic behaviors. Keenleyside (1967) described
reactions of male longear to females of three species in labeoratory
tests which indicated that specific distinctions were made.

Since considerable information relative to aggression and social
hierarchy was available and few attempts had been made to clarify the
effect of various aspects of the experimental regime on these
phenomena, it seemed desirable to investigate the relationships among
a few variables and the commonly studied behavioral correlates. Fish
size and available space were considered likely to influence experi-
mental results and to be of opposite valence. That is, the results
would be altered in the same fashion if fish size were increased or
spatial level decreased. Accordingly tests were designed to subject
groups of three average sizes of longear to various spaces. In other
tests the available space was changed at five day interwvals to
determine the influences of such change. Turbidity experiments were
conducted to assess the effect of reduced visibility on aggressive

behavior.



CHAPTER II
MATERTALS AND METHODS

The research was conducted in the Aquatic Biology Laboratory of
the Oklahoma State University Zoology Department from 14 November 1966

to 17 August 1968. Dates for all tests are shown in Table I.

Physical Conditions: All experiments were conducted in 12 tanks

81 cm ldng, 56 cm wide, and 38 cm deep with a capacity of approximately
173 liters. Six tanks were made.from enameled steel and six from
marine plywood. All had white interiors and each had one end made

of plate_glasso Moveable, transverse, transparent partitions of
plexiglas or plate glass 56 om wide and 38 cm tall were used in all
tanks. The léngth of the tank could be varied by moving the partition.
The bottoms of the tanks were covered with sand to a depth of about

3 cm. Tap water was conditioned by aeration in a large, wooden
reservoir tank before use. In‘the experimental tanks aeration was
provided by airstones. No plants or artificial cover was supplied°

The tanks were cleaned aﬁd the water changed before each experiment.
illumination was provided by overhead banks of fluorescent bulbs 24

hours daily. Water temperatures were maintained at 22 to 25°C°

Feeding: Fish were fed Daphnia and Chironomus larvae to repleticn

after each daily observation periode



TABLE I

INCLUSIVE DATES OF ALL TESTS



Fish Sige
Small

Group

Group
Group

Group

Medium

Group

Group

Group .

Group

Large

Group

Group
Group

Group

A

0 O W

A

(@]

A

B oo W

Test

43L 86L 172L >< <>

20 January - 24 July - 24 July - 23 October - 28 June -

13 February 1968 17 August 1968 17 August 1968 16 November 1967 22 July 1967
(Same) (Same) (Same) (Same) (Same)
(Seme) (Same) (same) (Same) (Same)
(Same) (Same) (same) (Same) (Same)

20 January -— 20 January - 24 July - 11 September - 14 November -

13 February 1968

13 February 1968

17 August 1968

5 October 1967

8 December 1966

(Same) (Same) (Same) (Same) 31 January -
24 PFebruary 1967
(Same). (same) (Same) (Same) 31 January -
: 24 February 1967
(Same) (Same) (same) (Same) 21 March -
‘ 14 April 1967
21 June - 21 June - 21 June - 11 September -~ 2 May -
15 July 1968 15 July 1968 15 July 1968 5 October 1967 26 May 1967
(Same) (Same) (Same) (Same) (Same)
(Same) (Same) {Same) (Same) (Same)
{Same) (Same) (Same) (Same)

(Same)

-~



Collections and Handlings The fish used were collected by

seines, funnel traps, and electro-~fishing gear from Salt Creek and its
tributaries in Osage County, Oklahoma. They were kept in stock tanks
in the laboratory under the same conditions of lighting, temperature,

and feeding as in the experimental tanks for a minimum:of two weeks.

Pretest Treatment: Prior to each experiment, the fish to be used

were isolated for 14 déys in plastic containers with approximately

9 liters of aerated water. The day before an experiment was begun,
and at the termination of each experiment, the fish were weighed to
.1 gram on a pan balance and their standard lengths measured to the
nearest mm. Identification Qf individuals was accomplished by
clipping a small portion of the soft dorsal, soft anal, upper caudal
lobe, or lower caudal lobe. At the end of a test the fish were
individually tagged, preserved in 10% formalin, and sex determined by
examination of the gonads. These fish were assigned catalog number

6443 in the Oklahoma State University Museum.

Aging: Scale samples were taken from an area postero;dorsad from
the left pectoral fin. Plastic slide scale impressioﬁs were made and
the year class determined by employees of the Okléhoma Department of
Wildlife Conservation at the Oklahoma Pishery Research Laboratory in

Norman, Oklahoma.

Fish Size: Three sizes of fish, 4.0, 5.5, and 7.0 cm average
‘standard length, were used in each experiment except the turbidity tests
where only 8.5 cm average standard length fish were used. In the

4.0 cm groups, fish ranged in size from 3.5 to 4.5 cmy, in the 5.5 cm



groups they ranged from 5.0 to 6.0 cm, and in the 7.0 cm groups from
6.5 to T.5 ems In all tests, groups of four fish were used. The
individuals in a group were selected to maximize the range of sizes
represented (within the 1.0 cm variation allowed) and the difference
in size among group members. In the turbidity experiments, standard

lengths varied from 7.5 to 10.2 cm,

Observations: Tests were 25 days long and each group of fish was

observed 10 minutes daily. Observations were méde between 11330 AM and
1230 PM. All observations were made with the experimenter seated
directly in front of the tank at a distance of about 1 meter. The
observer was relatively motioniess and his presence did not seem to

affect the fish's beha.vior0

Agonistic bouts: During an observation period the results of

a}l definitive aggressive encounters were recorded on a standard win-
lose grid. An aggressive bout was considered to have been definitive
if a clear-cut wimmer and loser could be distinguished (flight or
submissive posturing by the defeated fish)o_ Encounters were not
recorded if (1) the loser was aftacked from behinds (2) the loser had
been defeated by another fish immediately before the bout in question;
(3) the winner was in his own territory (when both fish involved held
territories)s; and (4) the bout was terminated by mutual withdrawal

or cessation of displaye.

Color Patterns: At the end of an observation period the color
patterns of the fish were recorded. Changes in color patterns some-

times occurred during agonistic encounters but these were usually of
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/
short duration and the pattern recorded for a fish was that which
seemed to be displayed for the greater part of the period. It must be
noted that, while efforts were made tq eliminate bias, this was a

subjective measure.

Movement: The extent of movement by fish other than territory
holders was recorded as having been of one of four éategorieso
Instances in which subordinate fish were able to move freely throughout
the tank except in thé immediate vicinity of the dominant(s) were
termed Little Restricted. When non-territory holders were allowed
frequent access to the éubstrate it was called Somewhat,Restricfedo
Those cases where relgtively unmolested movement of subordinates
occurred only in the upper areas of the tank were classified as
Restricted, ;ﬁd when subordinates moved only to escape a territory

holder, thebcondition was referred to as Completély Restricted:

Territory: The presénce of any territory was recorded at each '
observation, Territory héere means an area defended by an individual
in which he defeats all other group members in almost all definitive
bouts. Partial territories, i.e., areas successfully defended against
most but not all other individuals, were not recorded. The presence
of multiple territories was easily determined, but a single territory
could not«be'distinguished since no boundary displays'occurredo Rather
than assume that no térritory existed unless two or more were present,
and thereby forfeit some valuable comparisons, groups in which a
single dominant fish confined the movement of the subordinates at the
Réstricted or Completely Restricted level were-recordedbas having a

single territory present.
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Ranking: After each observation period, the group members were
assigned hierarchical ranks on the basis of the outcomes'éf aggressive
bouts. A fish that defeated another fish three or more times (or by a
margin of three of more if both won bouts) during an observation period
was considered dominant in that pair relationship for that observation.
An individuai déminating thebother three group members was ranked num;
ber 1; a fish dominating two others was ranked number 23 a fish domi-
nating a single ihdividual was ranked number 33 and the number 4 ranked
fish did not dominate any other. When too few encounters occurred to
determine the relationship of a pair of fish, their ranks from the pre-
ceding observation period were assigned. If bouts tetween a pair of
fish were frequent but were not definitive or neither fish won by a

margin of three bouts, the fish were considered to be equally ranked.

Space Tests: Five experimental conditions were imposed on three
average siges of fish in tests evaluating the influences of space and
fish size on aggressive behavior and group social structure. Four
similar groups of four fish each of ea?h size tested were used in these
experimental regimes. Kach experiment was of 25-day duration. In
three of the five tests of spatial effects, the partitions were left in

position for the entire experiment (static space tests)° The dividers

were positioned as followss

20 X 56 X 38 cm 43L Test
40 X 56 X 38 cm 86L Test
80 X 56 X 38 cm 172L Test

In the other two tests, the amount of available space was changed at

5~day intervals during the 25-day test period as follows:

Day 1-5 6-10 11-15 16-20 21-25
43L 86L 172L  86L  43L Test
172L  86L  43L  86L 172L Test
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Turbidity Testss The effects of turbidity were tested by the use

of four similar groups (about 8.5 cm in average standard length) of
four fish each at three different‘turbidity levels in 172 liters of
water. Turbidity waé achieved aﬁd maintained by the addition of India
ink to conditioned tap water. Turbidity was measured with a Bausch
and Lomb Spectronic 20 spectrophotometer using 2.54 cm diameter t#bes
at 450 millimicrons. Turbidity levels were maintained at 45-50%
transmittance (High Turbidity), 75-80% transmittance (Moderate
Turbidity), and 95-100% transmittance (Low Turbidity). Since observa-
tions were precluded in these tests, deaths resulting fromvaggreSSion
were used in the analysiso Dead fish were removed, identified,

preserved in 10% formalin, and the day of death recorded.



CHAPTER III
COLORATION AND COLOR PATTERNS

The following description of coloration deals with the basic
elements of color display of longear in agonistic encounters. The
combination of these components into the various color patterns is

described and discussed subsequently.
Coloration -

Opercle Flap - Coloration of the opercle flap varied from black
through shades of dark grey to an iridescent pale green, with the
contrast between flap and body color decreasing similarly. In fish
engaged in aggressive display, the flaps, with the exception of the
silvery-white margins, were an intense black. Black opercle flaps wére
typical of the highest ranking fish in a group, territory holders,
and subordinate fish engaged in aggressive displays. Fish with lower
social rank typically displayed less intense coloration of the flaps,
although the degree seemed to vary with size of fish and available
space. Color changed rapidly and flaps of the loser of a mutual
agonistic hout became pale within seconds.

Iris Color -~ The color displayed was related to rank and the
behavior performed. Dominant fish showed relatively large amounts of
red in the iris. The extent of red color decreased with rank; low

ranking fish had dark brown or black irises with no red visible. Iris

13
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color changed rapidly but appeared to require more itime than changes
in opercle flap coloration.

Fin Color - The fins of longear, except the pectdrals, which
remained translucent at all times, were subject to some variation in
color. In some instances, the median and pelwic fin coleors were pale
and flesh-toned like the pectoralsa However;, in dominant individuals,
particularly in the larger fish,; the fins became suffused with orange.
The intensity and extent of orange pigmentation varied among group
members and tended to decrease with rank. Change in fin color was
slow and seemed to be mediated differently than color changes in the
other structures,

Body Qolor - In general, the basic body color of all fish was
similar and agreed with the description by Miller_(1963), but was less
intense in lower ranked fish., In dominant individuals, some increase
in the extent of orange pigmentation was noted. The most striking
variation, however, was in the intensity of the lateral bands. The
sides of fish were marked by eight to twelve lateral bands which
varied greatly in intensity. Typically, the highest ranking fish in
a group showed no bandinge Subordinate members were often identifiable
wifh regard to rank on the basis of intensity of lateral bandings

higher rank - lighter bands, lower rank = darker bands.

Color Patterns

Differences in the expression of the various markings described
above were observed, associations between changes in color of the
various body areas were noted, and descriptive terminology applied to

these combinations of color components., While the patterns described
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here are relatively distinct,; they are selected portions of a continuum.

Pale -~ The Pale color pattern occurred when the lateral bands were
not expressed. Typicall&, the opercle flaps were black or very dark,.
the irises were red, and the fins showed some orange. However,
variation in color of these areas was extreme. A fish might show the
Pale color pattern with the opercle flaps green, the irises darkbbrown
and no red'vieible, and the fins entirely’translucento

Banded - When the dark lateral bands were v181ble; the condltlon
was termed Bandede A w1de range of band intensities was observed and
three levels of,band expree51on were distinguished and recorded. |

Light Banded - Fish were said to be Light Banded when the lateral
bands were‘visible bnt of low intensityyl Iris eelor, amount of orange
in‘fhe fins, and darkness of the opercle.flaps were variable. In
general however, the nght Banded pattern was accompanied by some red
in the iris, a darkened but not black opercle flaps, and a small amount
of orange in the.flnSa‘ |

. Moderateiy Banded - Whenvthe intensity of the lateral bands was
at a level approximateiy midway between Light Banded and Dark Banded,
the fish was con81dered to be Moderately Bandeda This pattern is
typlcally dlsplayed w1th little or no red in the 1rls, light opercle
flaps, and pale, translucent flns; hut exceptions were common.

Dark Banded - A fish with the_laferal hands maximally pigmented,
or nearly so, was’Dark Bandedo This condition4was accompanied by some
blanchlng of the baslc body” coloratlon so that the lateral bands were
emphas;zed and their v1s1b111ty enha.nceda Iris color was dark, opercle

flaps pale and fins translucent when this pattern was showne.



CHAPTER IV
EEHAVIOR PATTERNS

Miller (1963) described the non-reproductive social behavior of

Lepomis species, deriving most data from L. gibbosus, L. humilis, and

L. macrochirus. In the main, her observations of the generai forms of
agonistic displays are in accord with those made here on L. megalotis.
In the discussion below, the more discrete agonistic behaviors are
briefly described, the associéted color patterns noted, and their
occurrence relative to the experimental regime mentioned. No quantifi-
cation of individual behaviors was attempted, hence all statements are
of a qualitative nature.

Lateral Display — A fish in Lateral Display was oriented so that
the lateral body aspect was toward the other individual involved.
Median fins wére typically erected, and the pelvics extended ventrally.
Usually the Pale color pattern was manifest; but occasionally fish
with a Banded pattern engaged in this display. Body and fin color
were extremely varied, but some red in the iris was normally present
and the opercle flaps were always black. Lateral display occurred most
frequently in the first day of a group's existence, before hierarchical
relationships were established. It wés common at territorial bound-
aries later in the test period but‘otherwise declined in frequency with
time. The form of this behavior was modified with time from test

inception. On the first day of observation, Lateral Display appeared

16
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10 be of high intensity with maximal fin erection. Later, However,
fin erection in most instances decreased in magnitude, and ultimately
it became impossible to distingﬁiéh between fish engaged in Lateral
Digplay and a fish that was fortuitously oriented broadside to another.
The significance and causation of this change were not investigated in
this study, but habituation, learning, and motivational changes may
have been operative. Miller (1963) termed analogous behavior Lateral
Threat Displaye.

Frontal Display - The Frontal Display postures, color patterns,
and fin positions were similar to those of Lateral Display, the pri-
mary distinction béihg orientation. 1In Froﬁtal Display the fish wés
positioned facing the oppohent° This Behavior in its most distinctive
form, like Latéral Display, decreased in frequency with time from
group formation. However, the occurrence of Frontal Display seemed
to wane more slowly than that of Lateral Display. The form of the
behévior followed a pattern of modification in time similar to
Lateral Display.

Opercle Spreading - Longear in Frontal Display postures occasion-
ally spread the opercles laterally with concomitant erection of the
opercle flaps. Thié behavior was rarely observed. It was most often
observed on the first day of a test»but occurred later in a few mutual
display contexts. Opercle Spreading was displayed only by fish in a
Frontal Display posture, and then only when the rank of the opponents
was undecided and mutual display was occurring.

Biting -~ The term Biting was applied to cases where the jaws of a
fish contacted the body of another. Median fins were most frequently

bitten, but other body parts also received bites. Biting increased in
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frequency with time, and hemorrhage resulting from damage to median
fins by biting was the apparent cause of death of many fish. Fish
were seen to engage in Biting while displaying all of the color
patterns described, although Pale was by far the most common. Miller
(1963) described Biting movements in which no contact between the jaws
and the opponent occurred. In this study such behavior could not have
been distinguished from Biting, as here defined, owing to the rapidity
of the movement.  The Biting by dominants of thoroughly defeated
subordinates was slow enough to be readily observed. ‘Huck and Gunning
(1967) observed similar behavior in captive groups of longear.

.Tail Beating - Tail Beating invoived lateral flexure of the caudal
peduncle and caudal fin so that a flow of water was directed toward
the opponent. With a few exceptions, Tail Beating was mutual; the two
fish were side by side with head opposite the opponent's tail. This
orientation was not invariable, and longear were seen Tail Beating
from a number of other positions. This behavior frequenfly.opcurred
in the initial stages of hierarchy formation,; more rarely in boundary
disputes between adjacent territory holders, and was occasionally
engaged in by dominants attacking thoroﬁghly subjugated subordinates.
Any color pattern might be displayed while Tail Beating, but Pale and
Light Banded were most common.

Subordinate Postures - Subordinate fish subject to approach or
display by a dominant frequently behaved in a manner similar to that
described as "appeasement" by other authors. Since the function and
causation of the behaviors désdfibed here have not been studied, the
less interpretive term Sgbordinate Pogtures has been applied. A variety

of behaviors were included in this category, perhaps related only by
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context although they may represent selected parts of a continuum.
Subordinate Posture involved a shift of the longitudinal body axis
away from the horizontal (head up or head down in response to a
dominant's approach from below or above respectively) or inclining

the vertical axis away from a laterally approaching superior. The
extent of the inclination from the horizontal or vertical varied
widely, from an almost imperceptible shift to a full 90 degree movement.
Although no quantitative data are available to support the contention,
it appeared that the extent of the mo;ement was related to the follow-~
ing factors: (1) distance of closest approach by the dominant;

(2) behavior of dominant subsequent to closest approach; (3) speed of
dominant's approcach; (4) course of previous encounters of the pair
(both recent and long-term); and (5) status of subordinate relative to
other group members. In cases of extreme domination, the head up or
head down postures were maintained at all times, and these postures
were typical of fish just prior to death from Biting by a dominant.
Median fins were depressed in all Subordinate Postures. A rarely seen
behavior similar in form to the latter was displayed in response to a
laterally approaching dominant. The vertical body axis was inclined
toward the dominant and a variable amount of dorsal spine erection
occurred. A head down posture termed Head Standing occasionally
occurred., It differed from the more common head down movement
previously described in that it was displayed without apparent rsgard
for the angle of approach of the dominant and invelved a more complex
motor element. In this behavior the subordinant fish assumed a nearly
vertical, head down position but moved rather freely in a horizontal

plane by use of the pectorals and possibly the caudal. Subjectively,
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it seemed that this behavior was performed in a somewhat different
context than the other head down display. The Banded color patterns
were displayed by fish engaged in Subordinate Postures.

Combat — If an agonistic encounter was not resolved by other less
damaging behaviors, a pair of longear might engage in a mutual behavior
termed Combat. The opponents would orient head to tail and, maintain-
ing this position, whirl rapidly through the water. Little could be
determined regarding the elements of this pattern owing to its speed.
It appeared that Biting, directed at the soft dorsal rays of the
-opponent, occurred simultaneously with movements of the caudal
away from him. Median fins were spread at the outset of this behavior,
but their position during actual Combat could not be determined. A
Combat encounter was usually terminated by Flight (see below) of one
fish, but at territorial houndaries the opponents simply ceased
spinning and retreated tail first into their respective territories.
The Pale color pattern was displayed at the outset with large amounts
of red in the i;iées and black opercle flaps. During Combat the Light
Banded pattern seemed to appear. If the bout terminated with definite
winner and loser, their patterns were Pale and Moderately or Dark
Banded, respectively, within seconds. In Combats which terminated
without resolution, both fish showed a Banded pattern.

Driving - The activity of a fish that pursued another was termed
Driving. Driving differed liﬁtle from normal swimming movement; the
principal distinguishing factor was orientation toward the subordinate
fish. Dorsal and anal fin erection was greater than in simple loco-
motion, but this was not invariable. A fish gngaged in Driving might

display any color pattern, but Pale and Light Banded were the more
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common. Driving behavior appearsed to increase in frequency early in
a test period and then decrease somewhat in later days.

Flight - A fish retreating from another was said to be Fleeing.
Median fins were usually folded during Flight and the color pattern
displayed was typically Banded. An increase in the darkness of the
lateralibands from their condition prior to Flight was frequently
noted, e.g., Light Banded changed to Moderately Banded. vD;iving
behavior was obviously associated with Flight, but the latter could
occur in response 1o other behaviors such as Lateral Display, Frontal
Display, etc.

As discussed above, many of the behaviors described were observed
onlj early in the test period. Tail Beating, Opercle Spreading and
Combat were uncommon after the first or second day of a test except in
cases where two territories were present or where two or more
subordinates were of equal rank. The bulk of the definitive agonistic
bouts recorded consisted of rather modified Prontal Display, Lateral
Display, Biting, or Driving by‘the winner and Subordinate Posfuring
or Flight by the loser. The display of a dominant was rarely returned

by a subordinate in the later days of a test.



CHAPTER V
OCCURRENCE OF COLOR PATTERNS

The occurrences of the four coler patterns, Pale, Light Banded,
Moderafely Banded,‘and Dark Banded, recordgd in this.study.are inter-
pretéd as indicators of eiperimeptal treatment. While the color
patferﬁ displayedrﬁy a fish waé found to be related to rank, the
particular‘color pattern was not constant for all fish with that rank.
For example, a fish ranked number 2 in one experimental regime might
show the Pale color pattern, while the number 2 fish in another test
might show the Moderately Banded color’pattern° The occurrénce qf
colqr patterns appeared fo bé a rather accurate reflection of test
effecfso |

| The classification of fishes into size groups and the discussion
of results from different sizes are not meant to imply that size was
the only difference‘amqng the three sizes observed. Obviously, other
factqrs differed among fish sizes and could‘not be controlled when '
wiid caught fish were employedo While size appeared to play a central
role in the differences among sizes,; acknowledgement of the possible
influences of uncontrolled factors is neceséaryo

The percent occurrence of each color pattern f§r>each 5-day period
and the entire 25 days from éll experimentalvtreatments is shown in -
Table II. The total number of occurrénces of a patterh in each 5-day

period is expressed as a percent of the total number of all color
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TABLE II
PERCENTILE OCCURRENCE OF FOUR AGONISTIC
COLOR PATTERNS IN FOUR SIMILAR GROUPS
OF FOUR .LONGEAR SUNFISH

Total number of occurrences of a pattern in each 5-~day interval
expréssed as a percent of total number displayed by all groups
and percent of 25-day total. Data for large fish in 43L test
from four groups on days 1-5, three groups on days 6-10, two
groups on days 11~15, and one group subsequently. Data for
large fish in 86L test from three groups on days 1-5 and from
two groups subseduentlyé All data from three groups in the
172L aﬁd large té small to large tests of large fiéhn Data for
small to 1grge to small tests of 1argevfish from two groups on

days 1-5 and from one group subsequently.



Test

43¥ Days

Pale

Light Banded
Moderately Banded
Dark Banded

86L
Pale )
Light Banded
Moderately Banded
Dark Banded

172L
Pale
Light Banded
Moderately Banded
Dark Banded

><
Pale
Light Banded
Moderately Banded
Dark Banded

<>
Pale
‘Light Banded
Moderately Banded
Dark Banded

1-5 6-10 11-15 16-20 21-25 Avg.

29
59
12

0

89

100

92

66
29

96
4
0

0

98

100

96

80

19

Small
100 100
0 0
0 0
0
100 100
0 0
0 0
0
100 -~ 100
0 0
0 0
0 0
96 100
4
0
0
Nn 89
9 . 1
0 0
0

100
0
0

o

100

100

85
13
2

0

91

100

97

80
18

25

9
17
49

47

26
18 .

9

34
25
40

]

60
20
20

49
15
20
16

25
5
26

44

47
35

13

5

49
41
10

0

52
29
14

5

70
1

5

14

Fish Size
Medium
1-5 6-10 11-15.16-20 21-25 Avg.

26
20
39
15

66
25
5
4

64

19-

12

93

25
24
46

5

66
33

T
29

74
17

25
44
27

4

50

41

64
36

100

75

10
14

25
20
31
24

55
32
9
4

57
33
10

]

70
17
1

2

74

10

1-5 6-10 11-15 1620 21-25 Avg.

31
14
29
26

32
17
46

5

35
22

33

10

42
25
26

7

35
10
22

33

18
3
2

17

25
25
30
20

42
38
17

3

37
17
15
3

.25

20

30

25

Large

17 25
2

26

55 75
27 25
23 25
27 27
23 23

42 42
35 32
15 18
8 8

33 80
15 15

28

24

50 50
50 50

25

75

27
25
28
20

35
33
20
12

94

40
60

23

4
11
62

27

23
32
18

39
32
21

8

57
15
5
13

40
38
10
12

¥2
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patterns displayed in that period. Data for all four groups of a
particular size in each test have been combined. A number of ﬁ
fatalities occurred in the large fish groups. Groups with deaths are
not included after the last S5—day period in which all members were
alive. Hence, in Table II values for large fish in the 43 liter test
are from four groups in the 1-5 day period, three groups in the 5~10
day period, two groups in the 11-15 day peried, and one group in the
16-20 day and 21<25 day periods. The data for large fish in the 86
liter test are from three groups in the 1-5 Qay period and two groups
in all subsequent periods. The 172 liter test data from large fish were
all taken from three groupsu In the_la;ge tq small to large tests of
large fish all &ata were frém three groups. Large fish data from -the
smali to large to small test are from fwo groups in the 1-5 day period.
and one group in subsequent periods.

The relationship between time and social structure must be con-
sidered before‘analysis-of experimental treaiments is attempted. Color
pattern frequencies, in general, changed with time in static space .
tests. Typiﬁélly, the mofe subordinate patterns decreased in frequency
and the less subordinate patterns inoreasedo: This qhange with time
may have resulted from inoreaséd stability of relationships between
group'mémbersdand a consequent decrease in séoial stress. It'may also
ﬁéve reflected a reduction in aggressive beh@viors by the highest
ranked fish and a’sﬁbsequent lessening of soqial stress.

In any single experimental design, differences in frequencies of
color pattern display among the three sizes of_fish were observed. In
all cases the more sﬁbordinate‘color patterns, Moderately Banded and

Dark Eanded, were expressed with increased frequency in larger si;ed
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fish. The less subordinate patiterns, Pale and Light Banded, weré more
common among smaller fish groups. Larger sized fish were apparently
subject to greater social stress, at a given spatial level, than were
smaller fish.

For any size fish; less available space resulted in greater
numbers of the ﬁbre subordinate color patterns. Tests with more space
had fewer of the more subordinate patterns. Hence, the amount of
space available to a group of fish was effective in determining the
color patterns displayed.

The data from the two experimental treatments in which spatial
parameters were changed dufing the course of the tests present some
difficulty in interpretation. To analyze the results in terms of a
single influencing factor is impossible. In both the treatments the
possible influences of three factors must be considered. (1) The
average amount of space available throughout the test period. (2) Time
related alteration of the social environment. (3) Change in spatial
parameters.

The average amount of space available to a group during the entire
course of a test seems likely, on the basis of the static space test
results, to have affected social parameters. The large to small to
large design made available an average of 111.8 liters per day. The
small to large to small tests averaged 86 liters. Presumably, if the
average space were of prime import, results from the sméll to large to
small design, for a given size of fish, should have closely resembled
those from the 86 liter static space tests and those of the large to
small to large tests should have been intermediate between the 86

liter and 172 liter test results. The data in Table II do not show the
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predicted relationship. Therefore, it appears that while the average
available space may have had some influence on the display of color
patterns its effectsvwere outweighed by those of other factors.

Since time related change in color pattern display was shown to
occur in the static space tests, its effects must be considered in the
changing space tests. If time related change had not functioned, the
data gathered from a given size fish in the first two 5-day periods of
a changing space test should have closely resembled that recorded
during the last two 5-day periods. Examination of Table II shows that
all fish sizes in both changing space tests had fewer of the Moderately
and Dark Banded patterns in the 16-20 and 21425 day periods than in
the 1-5 and 6-10 day periods. Thus, time was effective in reducing the
numbers of the more subordinate patterns in both changing space designs.

The effects of change of available space were of primary interest
in the changing space tests. The manipulatiqn of this parameter may
have affected social phenomena in a number of interrelated ways. It
was assumed that change of spatial regime would result in modification
of the social milieu in accordance with the absolute amount of space
made available., It was also hypothesized that the direction of the
change, increase or decrease, would affect the social group. Further,
it was anticipated that the space availablé during the first few days
of a test might have important consequences in subsequent days.

In the large'to small to large spaée design with small fish,
relatively little change in color pattern frequencies was recorded.

The distribution of color pattern occurrences in this test resembled
those of the 86 liter static space test., However, the difference

between the large to small to large design results and those of the
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172 liter static space test are so small fhét distinction seems unwise.
Time related change seems to have effected coior pattern expression
under this regime. It is notable, though hardly conclusive, that the
time related decrease in the Light Banded color pattern extended over
a longer period in these tests than in the 86 or 172 liter static

space tests; presumably the effect of'decreasihg space and resultant

- continued social stress.

The data from the small to large to small tests of small fish
contrast rather sharply with all other small fish test results. These
data seem to indicate that stress under this regime was greater fhan
in any other design. The frequency of display of the color patterns
varied in conjunction with spatial change. Increasing space resulted
in fewer of the more subordinate patterns, while decrease in space
resulted in greater frequency of display of these patterns. The
converse held for the less subordinate patterns. Time related change
in pattern display may have been responsible for the failure of the
frequencies of the more subordinate patterns in the last ten days of
the tests to reach levels equal to those of the first ten days.

Comparison of the results from the two changing space tests with
small fish showed indication of a mirror-image relationship modified
by time. On a five day basis, the data from large to small to large
tests seemed to indicate increasing and then decreasing stress. The
small to large to small tests resulted in decreases and then increases
in social tension. In both cases there appeared to be a direct
relationship between spatial change and its direction and the color

patterns observed.
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Medium sized fish groups displayed color patterns in the changing
space tests in similar fashion to small fish groups except that the
medium fish showed more Banded and fewer.Pale patterns than small fish
in a particular test. Stress, as measured by color pattern display,
varied similarly in both sizes but was apparently greater proportion-
ally in medium sized fish.

The data for large fish in Table II was compiled only for groups
with ﬁo mortality at the end of any 5-day period. Groups in which one
or more individuals were killed were not included. Thus, color
pattern data for some designs were taken from less than four groups
as previously indicated. Large sized fish reacted to the large to
small to large tests much like small and medium fish, although stress
at any point in the test was apparently greater for large fish. So
little data was available for the small to large to small tests with
large fish that no conclusions were possible. However, the intormation
collected did show tendencies much like the other fish sizes.

The. frequency of color pattern display was influenced by spatial
level, the average size of group members, and timeo Changing the
available space had a definite effect on the frequepcy of color
patterns. Change in spétial level seemed to be more impértant in
influencing color pattefn display than did the average space available

throughout the entire test period.



CHAPTER VI
EXTENT OF MOVEMENT

The extent of movement of the subordinate fish in a group was
utilized as a means of assessing the rigors of the social situation.
It appeared that the amountbof movement by subordinate fish was a
function of several variabies. The dominant fish seemed to regulate
subordinates!? movements by attacking them and subordinates appeared to
learn thét in some regions of the tank they were less subject to attack.
A similar phenomenon may have influenced the dominant's behavior.

That is, the dominant seemed to become habituated to the presence of
subordinate fish in a particular area and directed attakajat them
less f;equently as long as they remained in that area. Hence, with
time, mutual learning seemed to serve to restrict the subordinates'
movements and concomittantly reduced overt aggression by the highest
ranked individual.

Aggressive encounters between subordinates may also have had some
bearing on the extent of movement, but this factor was of much lesser
magnitude than the relationship with the highest ranked fish.

Time was a factor in the subordinates! freedom of movement. This
‘influence seems likely fo have been at least a partial function of
learned restriction_of movement with time. However, Table III shows
that gradual increases-in suBordinate movement occurred through time

in many groups. This change with time was paralleled in most instances
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TABLE III
EXTENT OF MOVEMENT OF SUBORDINATE MEMBERS OF FOUR
SIMILAR GROUPS OF FOUR LONGEAR SUNFISH

Total number of observations of a particular movement level in
each 5-day interval expressed as a percent of the total of all
categories in that period and percent of 25-day total. Data
for large fish in 43L test from four groups on days 1-5, three
groups on days 6-~10, two groups on days 11-15, and one group
subsequently. Data for large fish in 86L test from three
groups on days 1-5 and from two groups subsequently. All data
from three groups in the 172L and large to small to large tests
of large fish. Data for small to large to small tests of large

fish from two groups on days 1-5 and from one group subsequently.



Fish Size

Test Small - Medium . Large .
+43L : Days 1-5 6-10 11-15 16-20 21-25 Avg. = 1-5 610 11=15 16-20 21-25 Avgs  1-5 6-10 11-15 16-20 21-25 Avg.
Little Restricted 20 60 100 75 .65 - 65 5 0 0O 0 5 2 0 o0 o0 o0 0 0
Somewhat Restricted . 45 40 0 -25. 30 27 5 0 5 5 35 1 0 0 0 0 0 0
Restricted 35 0 0 o 5 8 25 50 8 95 60 - 62 70 47 47 0 o 33
' Completely Restricted 0 0 0 o 0 0 65 50 15 0 0 26 30 53 53 100 100 67
86L '
Little Restricted 40 40 50 70 70 - 54 20 20 30 30 25 25 0 0 © o 0 0
_ Somewhat Restricted 55 60 50 30 - 30 . 45 40 10 10 30 . 25 23 40 40 10 . O o 18
Restricted 5 0 © 0 0 1 25 60. 60 40 SO 47 47 50 90 - 100 . 100 77
Completely Restricted O 0 0 ) 0 0 15 10 0 0 0 5 13 10 © 0 0 5
172L ' ' ‘ '
Little Restricted 100 100 100~ 100 100 100 o o0 0 5 15 4 O 46 34 40 20 28
Somewhat Restricted 0 0 © 0 ) 0 5. 25 15 20 _ 35 . 22 40 34 33 20 46 35
Restricted o0 o o o o 0 75 70 8 75 . 50 1 46 20 33 40 27 33
Completely Restricted O 0 0 0 0 0 10 5 0 0 0 3 14 0 o © T 4
>< ‘ o
Little Restricted 100 10 45 95 .100 70 10 10 10 -3 60 25 -0 0 O 26 34 12
‘Somewhat Restricted - O 90 - 55 1 0- 30 45. 60 65 35 - 20" 45 26 . 7T 20 53 40 29
Restricted o o0 0 0 0 0 3030 25 30 20 27 60 40 46 21. 26 39
Completely Restricted ~ 0 O O 0 0 0 15 "0 © 0 0 3° 14 53 34 0 0 20
_ Little Restricted 45 60 65 90 15 67 0 o 5 0 0 -1 0o 0 © 0 0 0
Somewhat Restricted 40 30 35 10 25 28 0 10 45 30 5 18 0O 0 8 40 0 24
Restricted 1% 10 0 0 0 5 6090 50 70 B T 50 60 20 60 100 - S8

Completely Restricted O O O 0 0 0 40 0 0O o 10 10 50 40 0O 0 0. 18

g€
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by the changes in color pattern frequencies (see Table II); both
seemingly indicative of decreased social stress through time. If the
extent to which movement of subordinates was restricted varied
inversely with social stress, then the changes observed seem to support
the hypothesis that time‘factqrs served to lessen the level of stress.
The extent of subbrdinate movement in any single experimental
regime differe& among fish SiZesf At a given spatial level, the sub-
ordinate members of small fish groups had greater freedom of movement
than subordinate medium fish and théy, in turn, moved mdre freely than
subordinate large fish. It must be noted that many mortalities occurred
in large fish groups, necessitating exclusion of the observations from
those groups from Table III, and as a result the data presented were
reéorded from groups which presumably were subject to the least social
stress and, hence; likely to have had less restriction of movement than
those groups in which mortalities occurred. Comparisons of the data
from large fish groups in Table III must be evaluated in this light..
The influence of space on extent of subordinate movement appeared
to be similar to the effect»of space on color pattern frequency. In
tests with‘greater available space, all subordinates typically had more
freedom of movement than in experiments with less space. The only major
deviation from this relationship was in the 86 and 172 liter tests with
medium fish. Movement was generally more restricted in the 172 liter
tests and:less restricted in 86 liter experiments. The summary nature
of Table III obscures the explanation; one group at 86 liters was con-
sistently Little or Somewhat Restricted throughout the test, and one
group in‘the 172 1iter.test was always Restricted or Completely Restric-—

ted. With the exception of these groups, the data fits with the
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predicted results,

Subbrdinate movement data from the two changing spacevtests were
much like those on color pattern frequency; The large to small to
large tests resulted in less restriction of movement than comparable
small to largg to small tests. In all tests the extent of movement of
subordinates tended tovinCrease or decrease with increase or decrease
in available spaoe;

Small fish groups showed rather small differences in Tresponse to
the two changing space experiments. The differences betﬁeen the
éorresponding 5—day averages were, however, of the nature expectedo
The small to large to small tests resulted in less restricted hovement
than did the 86 liter static space experiments; a rather surprising
situation. However, the 86 iiter test groups showed somewhat more
restriction than might have been expected from comparison of the 43
and 172 liter test data and the differences between 86 liter and large
to small fo large tests may represent rather unusual circumstances in
the 86 liter test groups. The large to small to large test fish
behaved as expected with regard to subordinate movement when compared
to 86 and 172 liter test groups.

Medium sized fish in the changing space regimes had subordinates'
movements.restricted in generally inverse manners. The large to small
to large test fish were somewhat less restricted than the small to large
10 small test groups. Subordinate fish in the large to small to large
tests moved‘somewhat more extensively than the 86 or 172 liter groups.
Although this is rather surprising,iit is in harmony with the previous
observation that the data from the 86 and 172 liter tests may have been

somewhat distorted by a single rather atypical group in each design.
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Large sized fish in the changing space tests reacted much like
medium fish, but in all cases large fish moved less than medium fish.
So few groups were available in these tests that little else may be

inferred.



CHAPTER VII
TERRITORIALITY

Territoriglity, as herevqefined, was observed in most groups, as
shown in Table IV; Of the 60 groups tested, six had no territorial
beh%viory 46 had a single territorial individual, four had two fish
wifh territories, four haa threé territories, and no instance of a
- group with fouf territories was observed. Small sized fish groups were
least likely to have territories, only 15 fish displaying territorial
behaviorf Medium sized fish engaged in territqrial“behavior most fre-
quently, 29 instances. The large sized fish had 22 territorial
individuals, intermediate between the numbers of small and medium terri-
tory holders. Groups with more than one territory occurred in all size
categories, but both large and small fish each had only a single
instande, while sii groups of medium fish had twq or more territories.
Before an»attempt is made to clarify these data, some consideration of

the factors influencing territoriality is in order.

TABLE IV

NUMBER OF TERRITORIES
Fish Sigze Small Medium. Large

Group ABGCDTotal A BC DTotal A BC D Total
Test
43L,. 2111 5 1111 4 3111 6
8L 1100 2 1113 6 1111 4
172L, 0000 O 2113 1 1111 4
>< 1111 4 1113 6 1111 4
<> 1111 4 2121 6 1111 4

36
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Single territories provided little insight into factors affecting
their establishment as a result of difficulty in definition; as pre-
viously discussed and as Greenberg (1947) has described. Those groups
in which two or more territories were maintained were much more
productive. In these'groups originally a single territory was defended
and the others(s) were defined later in the test period. Several
factorsvappeared to influence the establishment of second and third
territories. The following enumeration of potentially operative
factors is not intended as a description of discrete, non-interacting
variabless they should be interpreted as interrelated functions
distinguished here for reasons of clarity and convenience.

1. Eqﬁaiity of Aggressivé Aﬁility° This factor is a composite
of influénces including sex, size; age, reproductive state,
etc.; which result in thé potential equality in fighting
abiiity Qf two individualsa

2. AvailablevSpaoeo The finite space available appears to be of
importance in determining fhe likelihood of second territory
formatioﬁé Increased space seems to enhance this probability.
Vén den Assem's 1967 model has‘some relevance here.

30‘ Environmental Configurafiono Complexity of the physical
environment has been shéwn‘to affect territory numbers by
many authors working with fish (Miller, 1964; Greenberg, 1947:
van den Assem, 1967; and others)o

4o Presence of Subordinafese Greenberg (1947) hypothegized that
the diversion of the first territory owner's aggression by the
other memberslof a group reduced the frequency of attacks on

a prospective territory holder and thereby enhanced the
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probability of second territory formation. Subjective
appraisal of the fish in the present study seemed to support
this contention.

Freedom from Attack. A fish subject to large numbers of
aggressive actions by_a dominant seemed to be less likely to
engage in territorial defense thah an individual receiving
fewer attacks. - The impression was received that decreased
aggression by the first territory holder tended to favor
establishment of a second territoi‘y°

Regtricted Movement. The limits placed on the mobility of
subordinate fish by the territory holder were thought by
Greenberg (1947) to have a positive influence on the
acquisition of territory by a subordinate. ‘A facfor of this
nature appeared to be operable in the present study. It
seemed that fish allowed to occupy akpérticular area for an
extended period tended to centér subsequent territorial
behavior in that area and that occupanéy.was a part of the
complex leading to territoriality.

Presence of More Than One Territory. In instances where two
territories were already extant, the)defini@ibn of a third ter-
ritory was apparently facilitated. Obviously, there wére mul;
tiple influences within this classifidation, but of prime im;
port was the reaction of the two territory holders to the pre-
sence of a rival of equal aggressive ability. The driving of
subordinate fish from their territories resulted in ultimate
positioning of the subordinates at the mutual boundary of the

already present territories. On several occasions a third
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territory was defined and ultimately expanded from this area.
Some evidence to support this contention can be drawn from the
fact that as many groups had three tefritories as had two
territories. Most factors, with the exception of the
phenomenon undef discussion, served to»make establishment of
terri£ories beyond the first one progressively more difficult.
Therefore, the number of groups with two territories should
havevexceeded the number with three. Van den Assem (1967)
observed that male sticklebacks introduced into a tank already
cohtaining territorial males took up territories at the
boundaries of’the‘pre-existing territories, and attributed
this to the distance-aggression relationship. Certainly this
is an important element but the fact that territorial males
were accustqmed to the presence of a rival of equal aggressive
ability at that place may also have favored that site for
establishment of a third territory. Myrberg (1965) made

similar observations on territory formation of Pelmatochromus

guentheri.

The highest incidence of territoriality in small fish was in the
43 liter test; suggesting the hypothesis that non-breeding territorial-
ity may be space~-related for a given fish size with a particular com-
bination‘of population size and available space tending to enhance its
expression. If this is true, then the occurrence of territoriality
would be less frequent.with more available space. Small fish did, in
fact, show less tendency to defen& an area in tests with greater space.
It is necessary to use such information with some céution gince the

means of assessing ierritorial behavior employed here may be prone to
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error as previously discussed.

Medium fish defended territories more frequently than any other
size. This differs from the results that would have been predicted
on the basis of a strict fish size-available space relationship hypo-
thesis. However, the possibility that differences in the likelihood of
territorial behavior among fish sizes existed cannot be dismissed. If
the hypothesis that tgrritoriality reaches maximum expression at a
particular level of space relative to fish size holds, then the
increase in numbers of territories observed in tests with greater space
may be interpreted to mean that space was critical at all levels used.
Presumably, still larger spatial levels:would have been necessary to
-implement the decrease in territoriality in medium fish that was
observed in small fish groups.

Large size fiéh defended similar numbers of territories in all
test regimes. With one exception, a single fish held a territory in -
each group. Only one group had more than one territory. It seems
reasonable to conclude that spatial influences were critically low in
all tests and that larger amounts of available space might have
resulted in more instances of multiple territories, particularly in
view of the greater numbers of multiple territories in the medium fish
groups af the saﬁe spatial regime.

The‘singlelmultiple territory group of large fish may be considered
somewhat atypipal éince it qccurred in the 43 liter test. It should be
noted that this group had three territories rather than two, a fact
which lends credance to the contentién that the occurrence Qf two terri-

tories expedites the third..
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It appears that by manipulation of numbers of individuals, selec-—
tion of sexes, and size differences among group members; it may be
possible to have large numbers of territqry holders in quite restficted
areas, i.e., much smaller territories thanbwould at first seem possible.
It is possible that non-reproductive territories may have lower size
limits approaching in diameter the body length of the defenders.
Further, minimum territory size may be found to be more a measure of
equality of aggressive ability than of finite available space.

Non—reproductive territoriality has received very little attgntion
in studies of fisﬁ behavior. Further study seems most desirable since
some freedbm,frdm the influences of feproductive factors and consequent
simplification of the variables involved could yieid valuable
behavioral and ecological insights. A tentative hypothesis is
prqffered herevin the hope that it may stimulate more rigorous investi-
gation of non—reproductive.territoriality° The model described below
is, in large measure, speculative and should not be interpreted as more
than one of a number of possibilities that should be tested.

The number of territories established by longear in a captive
group may.be‘a function of a number of interacting factors and, other
factors being equal, the number of territories established will increase
as available space is increased. Beyond a certain spatial level the
number will decrease. Inherent in this is the assumption that an
optimum level of space should exist relative to number of fish in the
group, average size of fish, distribution of fish sizes within the
range used, and sex of individuals such that maximum numbérs of
territories will be established. Hence, spatial level either lessgr or

greater than the optimum will result in fewer territories.
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A similar representation could be expected if space were constant
but different fish sizes were employed. At a given spatial level the
largest fish would presumably display an intermediate number of
territories, medium fish the most, and small fish the least° This
presumes, of course, that the spatial regime selected is optimum for
inducing this relationship oi that fish sizes employed vary greatly.
The observations made here seem to have followed a pattern consistant

with this model.



CHAPTER VIII
AGONISTIC BOUTS

Data on numbers of definitivg aggressive bouts are summarized in
Figures 1 through 4; In Figures 1 and 2 afe shown the total number of
definitive agonistic bouts recorded for each group at 5-day intervals
during the 25-day observation period. The points in Figures 3 and 4
are the ﬁeans of the four points plotted in Figures 1 and 2. Figures
3 and 4 are intended'to clarify the data for compéiison»of different
test regimeg and fish sizes, while Figures 1 and 2 are included to
avoid évéréimpiification. Figures 1 and 2 emphasize the variation
befween gréups in the numbers of bouts recordgd and it is apparent that
generélization andvreference 1o figures 3 and 4 must be tempered with
duelfegérd for the compléxitj of the &ata. Conclusions drawn must,
of neceésity, be tentative. |

‘Small sized fish showed little difference between 43 and 86 liter
regimes, _The majqr‘variation was recorded in the 1-5 day period where
v86;litgr fish had more épcbuntérs thén 43‘liter groups. Both tests had
peak levels‘of égonistic bouts’in the 6~10 day‘period and subsequent
general‘deciines in boﬁt frequency. The 172 liter test had more
variation between groups, but.all showed decreased numbers of inter-
actions in the 21-25 day period;

Medium fish groups in the static space designs engaged in agonistié

encounters in frequency and time much as did small fish. Typically, in

43



Figure 1. Number of Definitive Agonistic Bouts/5-Days/Group
‘ of FPour Longear Sunfish in Static Space Tests.

ese = Group A. w—= = Group B. -o¢= = Group C. —— = Group D.
Data from large fish groups omitted after death of one or more

subordinates.
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Figure 2. Number of Definitive Agonistic Bouts/5-Days/Group
of Four Longear Sunfish in Changing Space Tests.

Data from large fish groups omitted after death of one or more

subordinates.
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Figure 3. Average Number of Definitive Agonistic Bouts/5;Days

for Four Similar Groups of Four Longear Sunfish

in Static Space Tests.
Data for large fish in 43L test from four groups on days 1;5,
three groups on days 6-10, two groups on days 11-15, and one group
subsequently. Data for large fish in 86L test from three groups
on days 1=5 and from two groups subsequently. All data from
three groups in the 172L and large to small to large tests of
large fish. Data for small to large to small tests of large fish

from two groups on days 1-5 and from one group subsequently.
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Figure 4. Average Number of Definitive Agonistic Bouts/S-Days
for Four Similar Groups of Four Longear Sunfish
in Changing Space Tests.

Data for large fish in 43L test from four groups on days 1-5,

three groups on days 6-10, two groups on days 11-15, and one

group subsequently. Data for large fish in 86L test from
three groups on days 1-5 and from two groups subsequently.

All data from three groups in the 172L and large to small to

large tests of large fish. Data for small to large to small

tests of large fish from two groups on days 1-5 and from one

group subsequently.
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the 43 and 86 liter tests, numbers of bouts were greater in the 6-10
day period than in the 1-5 day period., The peak levels in the 6~1O
day period were followed by a gradual decline in frequency. The 172
liter data compares to the 43 and 86 liter results much as did that
for small fish groups. The 172 liter groups displayed higher
frequencies later in the test than did 43 and 86 liter groups and then
declined.

The information gathered from large fish groups was limited by the
mortalities that occurred in those groups. Groups were not included
in the summary after a death had occurred. The information available
shows little difference between any of the static space tests of large
fish. Generally, it appears that the number of bouts increased through-
out the test period.

Comparison of the three fish sizes in the static space tests shows
some tendency toward divergence between large fish and the small and
medium groups. Although little data is available, large fish groups
had increasing numbers of interactions for the entire test periods,
while small and medium fish groups reached peak levels of interaction
frequency rather early in the tests and subsequently declined. No
distinction of bout frequencies between small and medium fish groups
seems warranted.

The two’ghanging space tests with small fish groups appeared to
result in rather different bout frequencies. The small to large to
small test groups engaged in agonistic bouts with increasing frequency
throughout the test periods. Change in interaction frequency during
the first 15 days (5 dayé at 43 liters, 5 days at 86 liters, and 5 days

at 172 liters) was rather minor; in marked contrast to the data from
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the three static space designs where general increases and then
decreases in bout numbers occurred in the same period. In the last\
10 déys of the tests (5 days at 86 liters and 5 days at 43 liters)
numbers of bouts increased sharply, particularly in the 86 liter
period. Static space groups in the same time span typically had de-
creased bout frequencies. |

Small fish in the large to small to large design differed
sharply from the small to large to-small test with the same size fish
in frequencies of définitive agonistic bouts. In general, large to
small to large groups had fairly constant bout numbers throughout the
25~day test period, although some tendency was evident for interactions
to decrease during the last 15 days. The data for this design show
considerable resemblance to those from 86 liter tests of small fish.

Medium fish groups in the two changing space designs were perhaps
most notable for the extreﬁe variation in bout frequencies between
groups iﬁ thé same test. Differences among similarly treated groups of
medium fish in these designs were greater than those for any other
design or fish size.

Large size fish in the changing gspace tests showed quite different
bout numbers, but data from only‘one group pf small to large to small
test could.be employed. -The large td smali to large test groups for
which data was recorded had reasonably similar patterns of agonistic
interactions., In all three groups numbers of bouts declined in the
6-10 and 11-15 day periods and subsequently increased. These groups
compare in almest totally inverse relationships with small and medium

fish groups in the same spatial regime.
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The comparison of results from changing space tests among fish
sizes is hambered by lack of data for large fish and the extreme
variations among the medium fish groups. In general, small to large
to émall test groups of all siées showed increasing numbers of bouts
with time in contrast to static space treatments where numbers of
interactions typically decreased later in the tests. Thus, it seems
that the increase in frequency of agonistic bouts during the last 10
days of the small to large to small tests may have been related to the
decrease in available space.

Generalization regarding the large to small to large tests with
respect to all fish sizes is still more difficult. - EBach fish size
seemed to be differentially affected by this regime. 1In large fish
groups the number of interactions appeared to be positively related to
spatial level; increasing bout numbers with increasing space and vice

versa.



CHAPTER IX
MORTALITY

Aggressive behavior by dominant fish resulted in the deaths of
25 subordinates in large fish groups. No mortalities occurred in small
or medium fish groups. Typically, situations which led to the deaths
of subordinates began with complete restriction of subordinate movement.
Under these circumstances the dominant individual bit the three
subordinates repeatedly. In most cases, a single subordinate received
the majority of the attacks. Bites appeared to be most frequently
directed at the caudal, soft dorsal, and soft anal, although any body
area might be bitten on occasion. Repeated bites gradually removed the
soft fin\rays until only stumps projected from the body. Hemorrhage
appeared to be extensive when fin destruction was nearly complete.
At this stage, attacked fish lost ability to equilibrate, sank to the
bottom, floundered without control and died. The dominant individual
continued to bite the afflicted subordinate throughout this period.
Dominants were seen to bite dead subordinates, and one instance of a
dominant Tail Beating the body of a dead subordinate was observed.
Similar observations of aggressive behavior and subordinate deaths were
made by Huck and Gunning (1967).

Table V shows the distribution of deaths by group for all tests of
large fish. 1In the static space designs the number of groups suffering

mortalities was greatest with the least SPace, three of four groups in

23
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the 43 liter test, intermediate with medium space, two of four 86 liter
groups, and,leas% with the greatest space, one of four 172 liter groups.
In the changing space tests, one group had deaths due to aggressive
behavior in the large to small to large tests while in the small to

large to small design three groups had mortalities.

TABLE V

NUMEER OF SUBORDINATES KILLED
IN LARGE ¥ISH GROUPS '

Deaths/Group
Test A B C D Toﬁal
43, 1 0 3 1 5
8L 0 3 0 3 6
172L 0. O 3 0 3
>< 0 3 0 0 3
<> 3 2 3 0 8

Spatial level appeared to be direétly related to the incidence of
mortality due to aggressive behavior in both the static space designs
and the changing space tests. The number of groups with deaths due %o
aggressive behgvio;;in the large to small to large test (approximately
111 iiters average space) was less than that of the 86 liter static
space tesfsa The small to large to small tests, however, had more
groups with deaths than would be expected on the basis of average avail-
able space. Space available during this test averaged 86 liters but
three groups suffered subordinate mortalities, while two of the 86 liter
groups had deaths. It is possible that the average space available was
less important thén the initial space. The number of groups with mortal-
ity in the small to large to small tests was the same as that recorded
for the 43 litey‘static space groups, lending some credance to this as-
sertion. Presumably, spatial regime during the first few days of the

test may have had long-term effects on learning and behavioral responses.



CHAPTER X
DOMINANCE

In this study a fish was considered to have defeated another when
it was able to elicit flight or subordinate posturing by the opponent.
If, during a single observation period, a fish won encounters with
another by a margin of three or more, he was termed the dominant member
of that pair forithat observation. For summary purposes, the number of
observations in which one fish dominated another was compared with the
sum of periods in which the other fish was ranked as dominant. The
individual that dominated in the majority of observations was ranked
as dominant for the test as a whdleo In the vast majority of pair
relationships, one of the individuals was dominant in most or all
observations., In Table VI rank for the entire 25-day test period was
assigned in this manner. Included in the table are the sexes of the
group members, their ages as determined by scale reading, and their
relative sizes at the beginning_of the test period.

Size, sex, énd age were hypothesized to be effective in determiﬁa~
tion of rank on the basis of previous studies reported in the literature.
Other factors may-éffect ranking, but no data relative to them are
available from this investigation. In the following discussion, size,
sex, and age are considered separately; however, it is obvious that they
are not always mutﬁally exclusive categories and interaction is probably

typical.
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TABLE VI
RELATIVE SIZE, AGE, SEX, AND RANK
OF LONGEAR SUNFISH IN EACH TEST
Age in years. Size relative to other group members: 1 = largest,
2 = second largest, 3 = second smallest, 4 = smallest. Rank in
social hierarchy: 1 = highest, 2 = second highest, 3 = second
lowest, 4 = lowest. Same rank number indicafes equally ranked

fish, D indicates death.
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Relative size seemed to be of paramount importance in determining
dominance in a fish pair. Many ?uthors have observed that larger fish
tend to dominate smaller ones (Miller, 19633 Hixson, 1946; Huck and
Gunning, 19673 Newman, 1956; Erickson, 1967; Greenberg, 1946; Magnuson,
19623 Braddock, 1945; and others). Analysis of the data from this
investigation supports this conclusion, although the mode of operation
of éize effects remains unclear. During these experiments, 360 pair
relationships were established. Of these, 26 pair relationships are
unavailable for analysis due_to fish death. An additional 27 pairs
were equally ranked and cannot be utilized for clarification of
dominant-subordinate relationships. The remaining 307 pairs established
definite rank orders and form the basis for this discussion. Since
sex and age have been found to be effective in dominance relationships,
the analysis of size influences must be made as independently of these
as possible, Therefofe, the following data were taken from unisexual
pairs in which both fish were of the.same age. Seventy-five unisexual
pairs of equal age formed definite dominance relationships. Of these,
59 pairs were dominated by the larger fish. Chi-square analysis showed
this to differ from a random pattern at the .005 level. Thus size is
effective in rank determination, the larger of a pair being much more
likely to dominate.

Sex has been shown to be a factor in ranking by several authors
(Braddock, 1945; Miller, 1964; Greenberg, 1946; Erickson, 19673 Hixson,
1946; and others). However, Huck and Gunning (1967) studied longear
in aquaria and on the basis of observ#tions of dominance relationships
between pairs qf fish Qoncluded that "sex plays no role in the

determination of dominance." Apparently, this statehent was based on
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the relationships established between 21 heterosexual pairs of longear.
They made no attempt to differentiate between the influenpes of sex
and size. Ages were apparently not determinedo From the data they
present, it is possible to determine the number of heterosexual pairs
in which the larger dominated the smaller, and in 19 of the 21 pairs
the larger dominated the smaller. In two pairs lengths were equal.

If it is assumed that size and sex are equally effective in determining
rank, then their conclusions may have some‘credibility despite the
small number of pairs uéed. Alternatively, there seems to be little
Jjustification fbr accepting such a thesis since no evidence has been
proffered to support it. Perhaps more persuasive is the assumption
that the variables involved need not be of equal effect; that is, the
influenée of a parficular variable may mask the effect of another.

In such a situation the hypothesis may be advanced that size differ-
ences obscure the effect of sex. Subject to this, the only valid test
of the effect of sex on ranking would by the use of heterosexual pairs
of equal size or cases in whigh the smaller fish of a pair dominated
the larger.

In the present study, 153 heterosexual pairs were ranked. Of
these, 97 were dominated by.males and 56 by females. If this data is
analyzed without regard for the other factors involved, it might be
concluded that males tended to dominate females. However, as discussed
above, most pairs must be excluded because of size or age differences.
Since no equally sized pairs were included in these e#periments, only
cases where a sméller fish dominated a larger are available. With
:egard to age, only those pairs of equal age or pairs in which the

younger dominated the older may be used. Twelve heterosexual pairs in
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which the larger, older, or equal age fish was dominated by the
sméller, younger, 6r equal age individual may be analyzed. Of the 12,
two pairs were dominated by females and 10 pairs by maleée Chi-square
analysis showed this ratio to differ from 1:1, the expected if sex were
not influencing dominance, with .025 >p >.005. Hence, sex affected
ranking. Under the conditions described above, the malé of a hetero-
séxual pair was likely to dominéte the female.

Thé.effect of age on dominance relationships is difficult to
determine on the basis of the data available. The foremost source of
error was probably in the aging techniquea“Considerablé variation in
annulus formationvoccurs at this latitude.and the effecf of laboratory
holding‘periods on growth was unknown. It is likely that errors were
made due to these influences and analysis of age effects must be
tempered in this light. Further, if the influences of size and sex are
minimized by excluding heterosexual pairs and those in which the larger
fish was dominant, only nine pairs are subject to analysis. Of the
nine, three were dominated by the older fish and six by the younger
(Chi;square: .500>p> .250). Since the number of pairé suitable for
analysis was so limited and some questions exist as to the reliaﬁility
of the aging technique, 1ittlelmay_be said about the influence of age
alone on rank. |

Investigation of the factors subject to analysis in these tests
showed that both maleness and larger relative size were associated with
dominance. Size differential seemed to mask the effect of sex and,
therefore, larger relative size is presumed to have bsen of greater

valence than sex in rank determination.



CHAPTER XI
TURBIDITY

The results of the turbidity tests are presented in Table VII.
The low turbidity groups all had deaths resulting from aggressive
behavior. In three of the four test groups all subordinates were
killed and in the other group'all but one subordinate died. The number
of fatalities in the low turbidity test contrasts sharply with those in
the moderate and high turbidity groupé. At the moderate turbidity
level only onebgroup suffered deaths due to aggressive behaﬁior; two
subordinates killed. The high turbidity tests had a single group which
had a fatality; all othe‘r subordinates survived. Thus, of 12 sub-
ordinates in each turbidity level, one was killed at high turbidity,
two were killed at mﬁderate turbidity, and 11 were killed at low

turbidity.

TABLE VII

NUMBERS OF SUBORDINATES KILLED
IN TURBIDITY TESTS

Turbidity Level
Low Moderate High

Group A 3 0 1
Group B 2 2 0
Group C 3 0 0
Group D 3 0 0
Total 11 72 1
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Some qualitative observations were made of the behavior of groups
in this series of experiments despite the limited visibility in the
moderate and high turbidity tests. In the low turbidity groups the
subordinates were typically Dark Banded and their movement was
completelyirestricted throughout the test period. Mortalities occurred
in the same manner as described previously.

Beha&ior at moderate turbidity was difficult to observe but it
appeared that aggressive activity by the dominant served to keep sub-
ordinates at the Restriéted or Completely Restriéted level of movement
in most cases. When observafions could be made, color patterns of
subordinates seemed to be Moderately or Dark Banded.

The subordinates in the high turbidity tests were occasionally
observed to be motionless near the surface, apparently driveh there by
the dominant. While observations were seldom possible, it is noteworthy
that even at this level of turbidity aggressive behavior was of such a
nature that subordinate movemenf was at least at times Restricted or
Completely Restricted.

"It seems evident from the numbers of subordinate deaths that
occurred in the different turbidities that the effects of aggressive
behavior were diminished at higher turbidities. Qualitative observations
support this conclusion although it appeared that aggressive behaviors
in the greatestrturbidity weré still important social determinants.
Mqre intensive and sophisticated investigation of the relationship
between agonistic behaviors and turbidity is most desirable. If visual
stimuli éf high turbidities were as limited as they seemed, then some
other sensory system(s) must have functioned as primary mechanisms for

the orientation of agonistic behaviors. The role of these mechanisms
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should be most revealing and could give valuable insight into the
possible mechanism and function of agonistic behavior in turbid
environments. It should also be pointed out that agonistic behaviors
may be important in a number of ecological situations and that

turbidity may influence this relationship.



CHAPTER XII
SOCIAL STRUCTURE

Longear in this study formed a variety of sociél structures. In
the majority of groups, the society formed could not be assigned with
confidence to any of the accepted classifications. Most were of an
intermediate nature, with elements of territoriality, hierarchy, and
monardhisfic dominance present. Hence, no quantification of the
occurrence of the various social types was possible. Greenberg (1947)‘
noted similar intergradation of social types in green sunfish.

Social orders may be ranked according to. degree of restriction
and severit& of the éonsequences for subordinates. Monarchistic
déﬁinancé isuthe ﬁost rigorous“type° Social hierarchy includes a
range of cqnditions from iﬁstances in which the highest ranked fish
engages in the‘Qast méjority ofzencounters and bouts between subordi-
nétes.are few to types in which all group members interact rather
freelyvaﬁd tﬁe fofal number of agonisfic bouts is small. For the
purposes of tﬁigvdiscussion, monarchistic dohinance and those
hierarqhies ih which subordinates are greatly repressed by the
dbmingnt are copsiderea to have more rigorous consequences for sub-
ordiﬁateé thaﬁbthose hie?archies in which the dominant's influence was
of legsér magﬁitude;

| If was observed‘that the type of‘social structure formed by

longear seemed to be influenced_by the amount of space present, the
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size of group members, and the time that the group had been in existence.
For a given fish size, gfoups in lower spatial levels typically had
more restrictive social types at a given time than did fish in

greater spacecv‘Similarly, in a given space and at the same date from
test inception, larger size fish had more restrictive social groups
than did:small fish. The effect of time was a gradual decrease in the
severity of the social structure. For example, with time a monarchistic
dominance paﬁtern might change»to a drive right hierarchy. Social
groupings appear to reflect; at least to some degree, the spatial
regime uﬁder which fish are held, the average size of the individuals
comprising the group, and the length of time the group has existed.

It appears that the form of social groups from drive dominance, drive
right hierarchy, to moharchistic dominance was an expression of a
complex of interacting factors including space, fish size, and time,
which described points of a continuum. Evidence to support. this
contention is available from the changing space tests. In these; type
of social éonditionFQaried as space was changed; decreased épace
resulted ih more restrictive social types, while increased space was
followed by less severe social conditions. Type of society might
chénge from monarchistic dominance to drive right hierarchy after an
increase in space and then be reversed when space was lessened once
more. While distinction between these types of social organization
may be valuable in some cases, it should be made only with appropriate
regardbfor their relative natures and only with detailed description

of experimental conditions.



CHAPTER XIII
DISCUSSION

Three primary responses were measured in this study. Color
pattern expression, extent of subordinate movement, and numbers of
definitive agonistic bouts were recorded and utilized in assessing the
effects of amount of available space, fish size, and time on social
conditions.

The numbers of agonistic bouts observed are difficult to interpret.
Variation in fhe values recorded for equal size fish in the same
spatial regime was extreme. It appeared that the number of bouts
engaged in by a group of longear was subject to at least two major
influences only partially associated with spatial level, time, and
fish size. The source of contribution to the total number of bouts
recorded for a group was frequently the total of bouts won by the
highest ranked individual while interactions between the 2, 3, and 4
ranked fish were almost non-existent. This situation was typical of
groups in which movement was confined to the Completely Restricted
level, and was more common at lower levels of space and with larger
size fish. When fish size was reduced or space increased, the number
of encounters engaged in by the highest ranked fish often declined;
but this was masked in the group total by a corresponding increase in
bouts between subordinates. Thus the alternative sources of bout

totals served to buffer changes in group tetals recorded. Due to this
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effect, total definitive agonistic bouts appeared to be less useful than
color péttern frequencies 6r extent of suﬁordinate movement in assessing
response to experimental manipulation. Recording of distinct patterns
of agbnistic behaviors might be more fruitful in this regard.

Comparison of extent of movement aﬁd‘color pattern frequency shows
that at lower spatial levels the number of subordinate colér patterns
increased and .the extent of subordinate movement was reduced. Iﬁ
larger space fewer subordinate patterns were displayed and extent of
movement increased. In the changing space tests, éreater available
space resulted in a reduction.invnumbers of subbrdinate color patterns
and more subordinate movement while lessening the spétial»level was
followed by more frequent display of subordinate color patterns and
reduced subordinate moverﬁent° Thus, it appears that a causative
relationship existed between spatial level and extent of subordinate
movement and color pattern display.

The relationships between fish ;ize and color pattern expression
and extent of subordinate movement were relatively clear;cuto Smaller
fish typically showed fewer of the subordinéfe color patterns and
greater subordinate movement than did larger fish at a similar level
of space and time. Size of fish employed in a test bore a direct
relationship with the frequency of display of subbrdinate.color patterns
and the extent of subordinate movement.

Time related change in frequenby of display of color patterns and
extent of subordinate movement was recorded. In general, as time from
group inception increased, fewer of the subordinate color patterns were
recorded and gfeater extent of subordinate movement occurred. Time then

served to lessen the severity of the results of aggressive behaviors.
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In the foregoing paragraphs, three factors found to affect the
responses measured were discussed and the direction of the response
changes resulting from their manipulation indicated. If decrease in
the number of subordinate color patterns displayed and greater freedom
of subordinate movement may be considered to have been indicative of
reduced social stress, it is possible to construct a simple model
describing these relationships. Since so few replicate groups were
employed in thése experiments, the following model should be regarded
as tentative. |

Social stress is a positive function of fish size and a negative
function of available space and the length of time from group formation.
The properties of the model would indicate that stress would be greater
with larger fish, smaller space, or earlier in a group's existence.
Reduced stress would be predicted if smaller fish were used, space
were increased or assessment were made later in a group's history. It
should be noted that additional variables, untested in tﬁis study, such
as pretest treatment, and sex, number, and relative size of group
members may apply and the model expanded to include them.

The model proposed and the data from which it was derived have
important implications for students of aggressive and social behavior
of fishes. Study of these behaviors should be made only with detailed
descriptibn of experimental conditions, particularly of those factors
discussed above. Precise evaluation of experimental results - is possible
only where adequate descriptionvéf #hose variables is available. The
literature on_aggression and social behavior of fishes contains numerous,
and éthéfﬁisevpraisewortﬁy, works ih which‘the lack of the requisite

information en technique renders interpretation of the conclusions
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difficult at best and at the worst, impossible. The integration of
these studies into syntheticvworks of a more general nature and the

application of their results to other animal groups seems fraught with

pitfallso 



CHAPTER XIV
SUMMARY

Seventy-two groups of four longear sunfish in aquaria formed
dominance hierarchies based on agonistic behavior. Hierarchieé were
typically stables few rank revefsals were observed after the first few
dayso. |

Color patterns were found to vary in accordance with rank and
fish could frequently be assigned to pdsitions in the hierarchies on
the basis of the color pattern displayed. Color patterns were presumed
to be indicative of motivational state and those patterns typical of
lower ranked fish werse thought to be associated with greater levels of
social stress than those commonly displayed by higher ranked fishu' The
frequencies of occurrence of the four color patterﬁs recorded were
utilized as indiées of space -~ fish size relationships on motivational
stateo Teéts with less available space had greater numbers of the
moré subordinate patterns and vice versa. Treatmenis with changing
available sbace influenced the expression of color patterns in a rather
direct manner but the influence was modified by other factors so that
results were somewhat confused. The size of fish was effective in
determining the expression of color patterns. At a given spatial level
the frequency of the more subordinate patterns increased with larger
fish size.

The extent of movement of subordinate fish appeared to be largely
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determined by the dominant group member. OSmaller size fish moved
more freely than larger fish at a given spatial level. For any size of
fish, greater available space resulted in greater extent of movement.
In general, in thé changing space tests the extent of movement
increased or decreased in accordance with the change in available space.

Territoriality, as defined in this study, was observed in most
groups. Small fish groups had the fewest territories, medium fish the
most and large fish an intermediate number. Greater available space;
within limits, appeared to be effective in increasing the number of
territories. PFactors thought to influence the formation of second and
third territories in a group weres equality of aggressive abilitys
amount of available space; environmental configﬁration; presence of
subordinatess freedom from attack; restricted movement; and the
presence of more than one territory.

The numbers of agonistic bouts recorded at each observation period
showed some differences to occur in different available space tests.
In static space tests a decrease in numbers of bouts occurred in both
small and medium fish groups later in the tests. Large fish had
increasing numbers 6f bouts throughout the test period. The various
fish sizes had relatively similar numbers of bouts at any given spatial
level. The changing space tests had rather wide variations among
groups of a similar size in the same design. There appeared to ﬁe a
general iﬁcrease in agonistic encounters with decreased spé,ce°
Presumably greater space reduced the extent of the dominant fish's
inhibitory influence on subordinates' interactions.

Deaths due to aggressive interactions occurred only in large size

fish. Death of subordinates were more common with less space and less
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numerous in the larger spaces. Changing space tests had more
mortalities in the small to large to small tests. It seems that the
difference in numbers of aggreséion cauéed mortalities between the
changing space designs was largely due to the initial low space in the
small to large to small tests;

Three factors, age, éex,vand size, were analyzed to determine
their effect on ranking. Age was difficult to investigate due‘to the
small number‘of pair relationships with the requisite sizé and sexual

characteristics and no conclusions were possible with respect to age.
Sex was found to function in ranking; males being.likely to dominate
fema,]..eis,7 although size differences could obscure this relé.‘tionshipc
Size was found to be the most important of the factors studied.
Larger fish typically dominated smaller fish.

The influence of turbidity was shown to be of considerable
importance in lessening the severity of aggressive interactions. The
number of deaths of subordinate fish was greatest at the lowest
'furbidities tested and least in the most turbid conditions. It was
vnoted,7 however, that even at the greatest turbidities aggressive

behavior continued to be an important factor in social behavior.
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