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CHAPTERI. REVIEW OF LITERATURE

Thereview of literature in this thesis discusses various theories which question
and study aggressive motivation within various laboratory animal species, primarily
fish species. Thisreview first provides background knowledge and a categorization
of aggressive maneuvers that can generally be associated with Siamese fighting fish,
Betta splendens and focuses on the theory of honest aggression and the implications
of manipulating aggressive motivation with the use of social isolation. A discussion
of popular hypotheses explaining the variation of aggression level as aresult of social
isolation isaso included. Finaly, abrief overview of several social reinforcement
methods that have been proposed and used to quantify and measure an animal’s

aggression level is presented.

1.1  Background information on Siamese fighting fish, Betta splendens

Siamese fighting fish, Betta splendens originated in Siam, which is currently
known as Thailand. These impressive fish are in the anabantoid family and have what
is caled alabyrinth, which serves as an accessory-breathing organ. The origin of the
scientific name, Anabantidae, derives from the Greek verb, anabaino, meaning "to
ascend" or "to go up", referring to the habit of such fishes as they swim to the surface
to respire. Thisrespiratory modification consists of apair of irregular passages
leading from the mouth cavity up behind eye, over the gill on either side, and
apparently eventually to the swim bladder. Siamese fighting fish will rise to the
surface to take gulps of air. The air bubbles pass through the labyrinth and provide

supplemental oxygen to blood flowing through the vessels lining the membranes of



the labyrinth and gills. The labyrinth organ enables Siamese fighting fish to livein
warm, oxygen-depleted water habitats, such as rice paddies and ditches, under
conditions that would considered to be lethal to most other fish (White, 1975).

Siamese fighting fistare bubble nest builders and nest guarders. The males
build bubble nests at the surface of the water. These can be very large structures
incorporated within pieces of vegetation. Males aso take full responsibility for the
eggs and fry. The male will display and chase the female to a spot below the nest. He
eventually wraps himself around her in an embrace and she releases her eggs, which
he will take up in his mouth and transfer to the nest in a bubble (Jaroenstasinee and
Jaroenstasinee, 2000). Siamese fighting fish have been domesticated for many years,
but there has been a very selective breeding process over the last decade. This was the
result of breeding with the Plakat Thai, the true fighting fish of Thailand. This
breeding process yielded Siamese fighting fish that have more solid colors, bigger
longer flowing fins, and more exotic forms and variations (White, 1975).

The keen eyes of Siamese fighting fish can see color and are situated on their
axis such that they can rotate outwards and provide excellent peripheral vision to the
individual. The ability to see color and peripherally gives Siamese fighting fish a
good advantage over other fish of relatively the same size in that they can avoid
predation better. The ability to see color aso affects the Siamese fighting fish habitat
selection process (White, 1975). From the researcher’ s point of view, the visud
capability and reliance of visual socia cues of fighting fish, serve as agreat
advantage for studying the physiology and behavior patterns of this species within

|aboratory settings.



1.2 Aggressive Behavior and Fighting Ability

The agonistic behavior of the Siamese fighting fish has long been a popular
subject for ethologists. Siamese fighting fish do not fight to the death, as many
people believe. If the fish have enough space the loser can withdraw. But the
interactions are sometimes fierce where wounds are inflicted and the fins are
sometimes torn. On occasion it may take severa weeks for the fins to grow back and
wounds to heal fully (Kuhn, 1970).

Siamese fighting fish are particularly well suited for investigations of
aggressive behavior for several reasons. They engage in sequences of displays and
attacks, which can easily be detected, and various components of the agonistic
sequence are modifiable through learning. The detailed description of aggressive
behavior and fighting ability found in Siamese fighting within this section was
summarized and referenced from Simpson (1968).

An approach by one male to another that has just been placed initstank is
usually rapid and direct, especialy over the last few fish-lengths. During the
approach, the fish’s vertical fins are fully erect, except for the first few rays of the
dorsal fins, which are sometimes laid back alittle. The back may be humped slightly,
the gill covers may be erect and the pelvic fins laid back for the whole approach or
only over the last few inches of the approach. After an approach, amale may swim
rapidly away in aslightly ‘zig- zag’, which can be referred to as thrashing, asif to

show both sides of his profile to the fish immediately behind him.



When displaying fish are close to their partners and they turn to face, they
withdraw their pelvic fins ssmultaneoudly, if the gill covers are not aready lowered as
the fish turnsto face only when it is about to bite its partner. The broadside
orientation is distinguished from facing by the position of the pelvic fin nearest to the
partner. The other fin may be erect or it may lieaong the belly. Transitions
between the broadside and facing orientations seldom take longer than a quarter of a
second.

In the threat display of males, the body and especially the head darken until
the body becomes intense in color. Fish that have been frightened go paler in tone,
sometimes to adull straw color, and they show black longitudina stripes. The top
stripe runs through the eye, and the lower one starts on the cheek. Both extend to the
base of thetail. These stripes are sometimes visible even in fairly dark-toned fish. In
atank with fish that hold territories, single males without territories often have dark
fins and a uniformly pale body. Pale-toned fish sometimes show a black spot at the
base of the tail, and such spots are prominent in young and in wild fish.

Gill cover erection is a sudden increase in the distance between the distal edge
of the operculum and the body. The end of agill raising bout is marked by a sudden
decrease in this distance, even if the opercula are not completely closed. In practice
such changes are clear- cut, athough different individuals have different degrees of
opening for what are here recognized as’ open’ and ‘closed’ positions. When the gill
covers are erected the brachiostegal membranes are more than four lengths from its
partner, these changes in orientation are not necessarily accompanied by the changes

in the pelvic fin positions, and are not so easily distinguished. Fish that make a series



of short visits to a partner, or display-€eliciting situation, seldom face and turn
broadside more than once per visit. Fin spreading also occurs simultaneously with
gill cover erection. Thedorsal finisthe last fin to be erected fully, probably because
it hasto be lifted the furthest against gravity.

Bites and nips are given by facing fish, and bites are likely to occur once a
fish startsto lower its gill coversasit turnsto face. A biteisasharp opening and
closing of the fish’s mouth, and it has been distinguished from a biting attempt where
the mouth is held open for at least half of a second, and where the open mouth is not
necessarily directed at the partner. Biting attempts, perhaps better termed biting
threats, are likely early in display, especially when the fish is facing the front end of
its partner.

Mouth fighting occurs sometimes after the fish have begun to bite each other,
when one takes hold of the other’s upper or lower lip. They may spend aslong asa
few minutes pulling and tugging, often lying on the substrate, which may cause some
risk of drowning. Tail beating has aso been recognized by the suddenness and speed
of acupped tail moved in the direction of the partner. Tail beating has also been

described in various cichlid fish.

1.3  Honest Aggression: A Zahavian theory

Conflict of interest occurs in many contextsin the lives of animals. A conflict
of interest is asituation that arises when individuals act according to incompatible
godls, interests or attitudes. It is because of these incompatibilities, individualsin

conflict behave in ways that differ from their non-conflict driven behavior. For



many animals, conflict of interest, while unavoidable, may compromise the benefits
of group living or relationships with neighbors, especially when it escalates into
aggression. Conflict management includes both the behavioral mechanisms that
prevent aggressive escalation of conflicts and those that mitigate or repair the damage
caused by such escalation (Aureli et a., 2002).

For example, consider two equally matched opponents that both seek the same
resource. They differ in the value that they place on this commodity. Should they
end up fighting, it islikely that the animal that val ues the resource the most will fight
harder and/ or longer and will eventually win. It might be optimal for each party to
signal their perceived value of the resource at the outset. This signal would lead to
the same outcome as if they had the fight but without all the risks and costs.
However, this peaceful strategy could be easily invaded by a cheat that always
signaled avery high value. One version of this strategy has been examined by
Enquist (Enquist et al., 1985). In his model, information about valuation is provided
by the sender through its choice of aternative actions. These could be pure displays
or they could be a mixture of display and tactical actions, such as biting. Relevant
sender costs could be necessary, incidental, or amixture of both. Using this strategy
for agonistic contests, honest signaling is likely only if costs and effectiveness are
positively correlated. This strategy thus supports Zahavi’ s handicap notion (Zahavi,
1975).

Zahavi argued that receivers ought not respond to signals unless they were
honest. If areceiver does not respond to asignal, then there is no selection on

senders to provide one. Receivers should thus have the upper hand in any arms race.



Given this control, the optimal strategy for a receiver would be to respond only to
those signals that carry some guarantee of honesty. One way to do thisisto require
that signals impose a cost such that the sender could not afford to produce the signal,
or would produce it in an ineffective manner, where the provided information is
untrue. According to Zahavi’ s theory, costly signals are referred to as handicaps.
Sender costs are necessary for honest signaling, and if these costs have the right
relationship to benefits to make cheating uneconomical, honest signaling is the
evolutionarily stable strategy (Bradbury and Vehrencamp, 1998). Thiswas
formalized by Grafen, who argued that a stable communication system would evolve
only if cheating on the convention, displaying at an intensity typical of a stronger
individual, increased the handicap associated with that particular display. If an
escalation cost did not exist, a cheater could gain an advantage over honest
competitors, and either a predisposition to ignoring the ‘ cheatable’ signal would arise,
or the ‘cheater’ strategy would invade the population. Since stable ritualized
communication systems do exist, cheating must be costly, and honesty must pay
(Grafen, 1990). In 1987, Popp focused on precisely this question using aggressive
interactions between goldfinches at bird feeders during the winter. The results show a
clear correlation between the risks of subsequent attack and the effectiveness of
different displays. In addition, as the value of the resource increased, either because
of decreased food or increased needs due to low temperatures, birds were more likely

to adopt the riskier displays (Bradbury and Vehrencamp, 1998).



14  Socid isolation and effects on honest aggression

Studies of socio-sensory deprivation and isolation effects have attracted
students of animal behavior for more than one century. Inthisreview of literature,
isolation refers to the physical and visua separation of an individual from
conspecifics. Generally, auditory and olfactory cues are also precluded, although itis
possible that chemical or even auditory cues could have been present within some
studies. In much of the literature on the effects of isolation, the concept of aggression
isdiversely defined. Most studies refer to the word in a broad sense and no
distinction is made between attacks and displays. Different patterns of aggressive
behavior may have different causes, which may serve avariety of functions or may be
expressed in different contexts (Archer, 1988). In rodents, offensive and defensive
forms of attack differ not just in motivation but also topography. Various species
have been studied, including naturally territorial fish, and those, which are found in
socia groups for at least part of their lives. The experimental paradigms used to test
fish after isolation periods have aso been diverse, ranging from direct encounters, to
mirror tests or the presentation of models, to a conspecific confined in a glass tube.
Likewise, different aspects of aggressive behavior have been considered, but overt
attacks (e.g. biting) and aggressive displays (e.g. circling, gill cover erection, lateral
and frontal displays, fin spread) have been most commonly measured, and frequency
and duration of these aggressive acts, as well as latency to approach and/or to attack a
potential rival have been quantified (Gomez-Laplaza and Morgan, 1994).

Fish show adiversity of aggressive acts, whose motor patterns are rather

stereotyped and simple to describe and measure. Nevertheless, little is known about



the effects of isolation on these patterns. Much of the research on prior social
experience and agonistic response has been done with Siamese fighting fish. The
presence of considerable individual differencesin aggressive behavior of mae
Siamese fighting fish has led to many investigators to speculate that this variability
may be the result of wide differencesin prior social experience, which can lead to
varying levels of aggressive motivation (Cain et al., 1980). In 1974, Hinkel and
Maier studied the recovery of aggressive responsesin fish that had been habituated to
their own images. The amount of aggressive display was greatest for animals that
had not been presented with the mirror for four days and progressively less for
animals deprived of the mirror for shorter periods (Hinkel and Maier, 1974). The
results of other experiments have also suggested that fighting fish display response
frequency not only increases with isolation but also with age and with highly
responsive fish with which they are tested. (Miley and Burack, 1977). In aparticular
experiment, Miley and Burack (1977) found that visually experienced Siamese
fighting fish showed longer latencies to conspecifics than did isolated Siamese
fighting fish. Peeke and Dark (1990) also found that isolated male threespine
sticklebacks, Gaster osteus acul eatus, were more aggressive than male threespine
sticklebacks that had male neighbors. Several experiments conducted by Halperin
and Dunham (1993) demonstrated that an ‘isolation effect’ was found in individually
housed Siamese fighting fish. It was experimentally proven that socially and visually-
isolated Siamese fighting fish became more aggressive than fish that were not socially
and visually-isolated. Koyama (1993) also reported asimilar isolation effect in

several experiments conducted with lab mice that were individually housed in



comparison with those that were group reared. Individually housed mice devel oped
aggression levels that were significantly higher than that of group-housed mice. It
was observed that isolated mice did not have a chance to learn how to use cut-off
behaviors, social behaviors such as genital sniffing that need to be learned within a
social environment, whereas group housed mice had learned how they could
effectively function to avoid unnecessary escalation of interactions with another
animal. These results appear to be in conflict with those generally found in male
cichlid fishesisolated for similar periods of time. For example, in male
Haplochromis burtoni the number of attacks increased only after they had been
isolated for between 2 and 7 hours. After 3- 12 daysin isolation, however, the rate of

attacks decreased when first presented with asocia partner (Ferno, 1978).

1.4.1 Hypotheses on the effects of social isolation

Why is the effect of isolation on aggression important to study? To explain
the diverse effects occurring as aresult of socia isolation, anumber of different
explanations have been postulated. The investigations undertaken have often had
different objectives, and essentially similar post-isolation behavior patterns have been
interpreted in different ways. Attempts to explain post-isolation aggressive behavior
generaly assume that aggression isincreased by such treatment (Gomez-Laplaza and
Morgan, 1994).

One of the earliest hypotheses that have been forward to explain the increase
in aggression following isolation is that of Lorenz (1966) who suggested that

depriving an animal of the opportunity to attack results in the build-up of aggressive
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motivation. It has aso been suggested that many results concerning increased
aggression after isolation can be explained in terms of recovery from pre-isolation
habituation. Thisis sometimes referred to as the dis-habituation hypothesis, which
suggests an individual habituates to the continuous or repeated presence of
conspecifics with a corresponding waning of the aggressive response and recovers
after an isolation period, consequently increasing the aggressive response. It has been
shown by Klein et al. (1976) that in adult male fighting fish, a6 hour habituation
period of threat behavior components, during which pairs of fish had visual contact,
produced significantly fewer attack behaviors during subsequent encounters, than in
those pairs kept visually-isolated during the same period of time. This habituation
mechanism may account for some of the diverse outcomes of isolation effects on
aggression, but more specific tests of hypothesis are necessary (Klein et a., 1976).
An aternative explanation for the high aggression shown in live encounters
by previously isolated fish of some species, suggests an experience- leveling effect of
isolation (Franck et al., 1985). This hypothesis states that the previous agonistic
experiences of socially living animals are reduced by isolation, through a process of
forgetting prior experiences, leading to an increased frequency of aggressive actions
in subsequent encounters. Although, the socia isolation of swordtails (Xiphophorous
helleri) for 4 weeks resulted in decreased attack readiness. It was concluded that
external stimuli from conspecifics are essential for maintaining the level of
aggression readiness characteristic of socially living males. Franck and Ribowski
(1987) aso found that prior experience of dominance or subordination, winning or

losing, can affect later aggressive encounters. Prior losing experience often decreases
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the likelihood of an individual winning a subsequent contest (Baenninger, 1970). The
effect of awinning experience seems to vary among studies. Some studies detected
an increase while others observed no significant difference in the probability of
winning a subsequent contest after awinning experience. But the general result of
these studies is that when previous fighting experience significantly affects an
individual’s probability of winning its next contest, it also affects the individual’s
likelihood of initiating the contest. In arecent study of cyprinodontid fish, Rivulus
mar mor atus conducted by Hsu and Wolf (1999), individuals were given different
combinations of two fighting experiences to investigate how arecent experience
(given 24 hours prior to the contest) and a penultimate experience (given 48 hours
prior to the contest) were integrated to influence the outcome of a subsequent contest.
The study showed that winning and losing experiences had opposite but equal effects
on the fighting outcomes of subsequent contests and both winning and losing effects
lasted for at least 48 hours (Hsu and Wolf, 2001).

Anincrease in aggressive responsiveness of isolates has also been attributed
to an increased sensitivity to environmental stimuli resulting from stimulus
deprivation. The major proponent of the hyper-reactivity hypothesisin fish was
Davis (1975), who suggested that alowering of the threshold for stimuli in general
was a consequence of the low level of external stimulation inisolates. Davis (1975)
found that social isolation of afew days caused an increased reactivity to diverse
stimuli in the paradise fish, Macropodus opercularis, and proposed that isolation
affects readiness for social display by having general effects on behavior. The

increased intensity of display behavior in isolates is regarded as an expression of
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genera reactivity and not necessarily a direct effect of isolation on aggressive
motivation itself.

Two hypotheses have been proposed to explain the decreased aggression in
fish that sometimes followsisolation. Thefirst of these suggests that the repeated
presentation of specific external stimuli from models or live conspecifics is necessary
to maintain ahigh level of aggression in adult males of some fish species. Without
such stimulation, alow rate of attacks follows a period of isolation. Eventually, the
reversal of the reduced aggression is shown by Siamese fighting fish after prolonged
visual isolation, by daily visual exposure to opponents (Meliskaet al., 1980). An
interesting explanation proposed by Meliska et al. (1980) for achieving such results
can be attributed to the fact that in this particular experiment paired fish shared
common water, which could have affected responses to visual isolation. Some fish
release behaviorally potent pheromones, which can implicate socia interactionsin
somefish. Similarly, Todd (1971) found reduced aggression in catfish exposed to
water resided in by conspecifics that were non-combative. These studies suggest that
pheromones released by neighboring conspecifics may modul ate the effects of visual
isolation and/or visual exposure by modifying thresholds for agonistic behaviors. The
second hypothesisis that of Halperin and Dunham (1993), who suggested a ‘ dua
process hypothesis', to account for the decrease in aggressiveness some times
observed following isolation. According to this hypothesis, two dynamic processes
occur simultaneously during social isolation in fish; aninitial process that decreases
theisolated animal’ s readiness to respond to socia stimuli and another stable process

which progressively increases the motivation to perform social behavior, resulting in
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high rates of aggressive display. The former processis assumed to be rapidly

reversible and disappears soon after social stimuli reappear.

1.4.2 Implications on the effects of social isolation

The potentia for isolation to increase or even decrease aggressivenessin
animals has important consequences. An animal’s ability to assess an opponent’s
fighting ability, either through direct combat or displays correlated with fighting
ability, allows the individual to avoid engagement in costly fights with opponents that
it isunlikely to beat. To assess the fighting ability of opponents, animals often use
signals produced during contests (Wagner, 1989). By atering the relationship
between asigna and fighting ability, signalers can potentially exploit the behavioral
rules of receivers through the production of misleading signals; for example, through
the production of signals that receivers interpret as conveying afighting ability
greater than the signaler actually possess (Wagner, 1989). When hyper-aggressive
fish were matched with fish with normal aggression levels, hyper-aggressive fish
aggressively displayed more intensely when in combat. Hyper-aggressive fish that
bluffed while in combat but did not have a high fighting ability to back up the
displays usually lost their fights (Halperin et a., 1998). Similarly, in astudy on
colony formation, individually reared rats suffered from more serious physical
injuries than socially reared rats. During exposure to an aggressor, rats that were
individually housed during the play period took longer to display a submissive

posture and did not emit the expected behavioral responses to reduce the number of
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further attacks. Thisinefficient behavior strategy resulted in more serious injuries

(Luciano and Lore, 1975).

15 Studies on social reinforcement

A recurring problem in the study of aggressive behavior concerns the extent to
which such behavior is under the control of internal factors in the animal. Hogan and
Roper (1978) have suggested that the controversy surrounding thisissueis similar to
the controversy surrounding the issue of whether some behavior isinnate or learned,
and that little can be gained by insistently categorizing motivational systemsin terms
of their susceptibility from internal to external factors. The manipulations that are
effective in changing the probability that a particular behavior will occur in a standard
situation vary depending on the motivational system to which the behavior belongs.
The passage of time with no opportunity to engage in a particular behavior leads to
stable, predictable changes in the eating and drinking behavior of rats and many other
animals, while deprivation of aggressive behavior has mixed and variable effects.

The purpose of the experiments reported in several papers was to explore the
effectiveness of adifferent manipulation in the changing the level of aggressive
motivation with the use of socia reinforcement or ‘priming’. Priming of
aggressiveness is a well-documented phenomenon in fish. Siamese fighting fish
willingly display to various types of mirrors and models (Kuhn, 1970). Severa
authors have noted that the effect of visual isolation is to increase the number of
displaysto amirror image. According to Thompson (1966), if amale Siamese

fighting fish that has been exposed to the visual image of another male along one wall
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of an aquarium is observed for some time following exposure, one will see the subject
return to repeatedly to the area where the intruding male fish was encountered. Asthe
subject periodically swims along the aguarium where the intruder was presented, the
fish may display aggressively. Such observations suggested that presentation of this
releasing stimulus might act as areinforcing consequence for an operant response. It
seems that the display behavior, the behavior occurring in the absence of the
appropriate unconditioned releasing stimulus, might come under the control of other
stimuli which had been associated with the behavior. Thisreleaser can act asa
positive reinforcer for an operant response since its contingent presentation increases
the frequency with which the operant occurs. A releaser has the same functional
properties as other stimuli, which are capable of acting as unconditioned stimuli in a
classical conditioning paradigm ad functioning as reinforcers for operants, such as
food.

According to Baenninger (1970), a variable that may affect the response rate
in the visual reinforcement situation is the prior socia experience of asubject. Toa
fish that has experienced being dominant in a paired encounter, the presentation of a
mirror is more reinforcing than it isto afish that has experienced being subordinate.
It is possible that some difference in aggressiveness between male fish enables some
to have experience as dominant members of pairs while others, lacking such
aggressiveness, are relegated to subordinate roles. In 1966, Baenninger found that
aggressive displaying by dominant male fish was suppressed |ess by catecholamines
than was displaying by subordinate males. This difference suggests that a difference

exists between dominant and subordinate fish in pharmacological tolerance. Studies
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conducted by Cain et a. (1980) showed that fish that eventually became dominant
displayed more often than their subordinate opponents before dominance was
established, although both eventually dominant and subordinate fish attacked at
similar rates until submission occurred. Although submissive and non-aggressive
behaviors of the opponent appear to inhibit attacks, they do not have the same effect
on displays. Dominant fish did not show a significant decrease in displays once their
opponent submitted, nor did fish display differentially to aggressive and non-
aggressive opponents.

The results of other experiments have suggested that Siamese fighting fish
display response frequency increases not only with isolation but also with age and
responsiveness of the fish with which they are tested. For example, Hogan and Bols
(1980) found that in fighting fish, swimming speed in arunway for aview of a
conspecific was shown to be positively correlated with vigor of aggressive display,
where reduced runway times reflect increased aggressive motivation. Priming also
increased the choice of conspecific over food, but only in the presence of particular
external stimuli. These results were interpreted to mean that the level of aggressive
motivation is determined by a complex interaction of internal and external factors.
Theinternal state can vary as aresult of unspecified factors and aresult of priming.
The results also suggest a basic similarity among motivational systems, such as
aggression, hunger, and thirst, in the relation between level of motivation and
instrumental behavior; increasing level of motivation leads to better performancein
terms of both choice and speed. These results confirmed what Hogan (1974) found.

Fish that lived in a T-maze and were tested within their home environment swam
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much faster for food than for amirror image, while fish tested in an unfamiliar
environment swam the same speed for both reinforcers. However, Bronstein (1981)
debates the previous findings by Hogan and Bols (1980) by stating that male fighting
fish chosen for having the potential to show moderate or high levels of aggression
will turn toward another aggressive fish located nearby. The mechanism of choice
appears to be the subject’ s lunging at the opponent, rather than its learning either
where the opponent or which of its movements will be followed by social contact.
Also, conspecifics located within a maze become increasingly attractive when the
animals located there are positioned so that subjects can probably see those animals
prior to entering the maze themselves.

In 1992, Halperin et a. conducted an experiment that compared responses of
fish after three weeks during which controls displayed to a conspecific for two
minutes every other day, while isolates saw a complex visua stimulus, which did not
eicit adisplay. Again, isolates had depressed display readiness, but higher display
rates once they were primed with visual stimuli. These results support the dual
process hypothesis, proposed a year later that social isolation has two effects on
aggressive display in Siamese fighting fish; causing decreasing readiness to display,
but leading to greater display rates once fish are primed. Priming of aggressive
behavior is aso clearly demonstrated in the golden hamster (Potegal and ten Brink,
1984).

All of the topics that were previously presented in this review of literature
provide a foundation of information in which we sought to build upon within our

research study.

18



CHAPTER Il THE EFFECT OF SOCIAL ISOLATION ON AGGRESSIVE
BEHAVIOR IN SIAMESE FIGHTING FISH, BETTA SPLENDENS

2.1 Abstract

The objective of this study was to investigate whether social isolation altered
the aggressiveness of Siamese fighting fish compared to fish that had not been
visually-isolated. One hundred twenty-eight male Siamese fighting fish were
balanced into a visually-social group and a visually-isolated group. Visually-social
fish could aggressively interact with amirror image for 2 min, three times aweek, but
visually-isolated fish saw only the back of amirror, which did not rel ease aggressive
display for aperiod of 7 to 10 weeks. After isolation, aggression levels were tested
using a sequence of mirrors and models. Socia isolation did not have an effect on
duration and frequency of aggression and on the duration of aggressive behaviors
displayed within each behavioral category (ANOVA; duration of behaviors, P>
0.05), (ANOVA; frequency of behaviors, P> 0.05), (ANOVA; duration of behaviors

within behavioral category, P > 0.05).

Keywords: Aggression; Aggressive display; Isolation; Siamese fighting fish

19



2.2 Introduction

The aim of most studies dealing with the effects of isolation on aggressive
behavior in fish isto determine the conditions that promote or reduce its behavior, so
asto increase our understanding of how social interactions are regulated. In this
sense, isolation has proven to modify aggressive behavior, having quantifiable effects
on aggression level in many fish species (Gomez-Laplaza and Morgan, 1994). Fish
show adiversity of aggressive acts and motor patterns, which are rather stereotyped
and simple to describe and measure. Nevertheless, little is known about the effects of
isolation on these patterns. Much of the research on prior socia experience and
agonistic response has been done with Siamese fighting fish. The presence of
considerable individual differencesin aggressive behavior of male Siamese fighting
fish has led to many investigators to speculate that this variability may be the result of
wide differences in prior social experience, which can lead to varying levels of
aggressive motivation (Cain et a., 1980).

Ethologists have long been interested in the effects of social deprivation on
aggression. The emotion-charged reaction to Lorenz’ s statement (Lorenz, 1966) that
“Intraspecific aggression isin man just as much as a spontaneous instinctive drive as
in most higher vertebrates’, has made the question of whether aggressive tendency
builds up during social isolation, an issue of political contention as much as a matter
for scientific enquiry. However, literature on various animals report many effects of
socia isolation on aggression, including depression, elevation, and mixed effects.

In 1992, Halperin et a. conducted an experiment that compared responses of

fish after three weeks during which controls displayed to a conspecific for two
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minutes every two days, while isolated fish saw a complex visual stimulus which did
not elicit adisplay. Isolated fish had depressed display readiness, but higher display
rates once they were primed. Halperin and Dunham (1993) demonstrated that an
‘isolation effect” was found in individually housed Siamese fighting fish that were
visually-isolated. It was demonstrated that visually-isolated fighting fish became
more aggressive than fish that were not visually-isol ated.

The focus of this current research was to investigate whether social isolation
atered or perhaps even increased the aggressiveness of visually-isolated Siamese
fighting fish compared to that of visually-social fighting fish asit was determined in
the previous study (Halperin and Dunham, 1993). It was necessary to check whether
social isolation had increased aggressivenessin our study. Theory suggests that
social isolation can possibly increase fear during isolation as well (Halperin and
Dunham, 1993).

We hypothesized that social isolation would affect the aggressiveness of
Siamese fighting fish due to the lack of aggression releasing stimuli that are present in
the socia environment in which they live. Asaresult of this, aggression levels
observed in visually-isolated fish will be atered when compared to that of fish that

were visually-social.
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2.3 Animals, Materials, and Methods

2.3.1 Sudy Location and Animals

This experiment took place during Spring and Summer 2003. Approximately
128 male Siamese fighting fish were obtained from aloca commercial supplier. The
128 fish were chosen on the basis of four distinct colors (32 blue fish, 32 red fish, 32
iridescent- turquoise fish, 32 brightly- colored) with the intention of being able to
easily identify each individual when they were grouped together. Each fish was
individually housed in a25cm x 12.7cm x 12.7cm plexiglas tank in room B of Lab
0148 in the Animal & Avian Sciences Building. The temperature was maintained
between 21-23° C and the lighting cycle was maintained on a 12:12 h light and dark
cycle. The 128 fish were divided into four separate experimental groups of 32, which
were housed and tested at different time periods within the study (See Appendix-

Table 4.1). Thefish were fed TetraMin Betta Bites daily.

2.3.2 Group Balancing

After arrival, each fish was exposed to amirror for 2 min. Each individua’s
aggressive display to its mirror image was timed and recorded. The latency to display
was used to balance the fish into two experimental groups: (control group- visually-
social and experimental group- visually-isolated). Latency was defined as the time
interval between the placement of the mirror in front of the individual until the
individual had performed an accumulated duration of gill display, a behavior highly
associated with aggression, for approximately 5 s. The purpose of this method was to

ensure that both fast-responding and slow-responding fish, as aresult of seeing their

22



mirror image, would be equally distributed in the visually-social and visually-isolated

group.

2.3.3 Experimental Treatment (Differential 1solation)

For aperiod of 7-10 weeks, fish were differentialy socially isolated for either
7 or 10 weeksin room B of Lab 0148. Opague paper dividers were placed between
each tank to prevent individuals from seeing one another. During the 7-10 week
period of socia isolation, avisual stimulus, amirror, was shown to the ‘visually-
socia’ group. The 12.7cm x 25cm mirror was placed at one side of the tank for a 2-
min period. Individualsin the visualy-socia group typically displayed to their
mirror image for the 2-min period. Simultaneously, individuals in the visually-
isolated group were exposed to the ‘back of amirror’ for the same length of time.
Showing the back of amirror did not provide individuals in the visually-isolated
group with an opportunity to see their mirror image and therefore were not given the
same opportunity to display to their mirror image as the visually-socia group. Visua
stimulation was shown 3 times aweek. The times at which visual stimulation was
shown to both the visually-socia and visually-isolated group varied on each day so
the fish would not become conditioned to expect stimulation at a particular time of
day. The purpose of this phase of the experiment was to ensure that individualsin the
visually-isolated group would become hyper-aggressive as aresult of being exposed
to the back of amirror and not being given the opportunity to aggressively display to
their mirror image for an extended period of time. Neutral stimuli were also
presented to the both groups during the last 2 weeks of isolation. Neutral stimuli

consisted of various objects such as pen caps, mesh backing, black paper, which did
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not resemble afish stimulus in any shape or form. This was done to prevent fish from
associating the researcher with only aggression releasing social stimuli. This
isolation effect on aggressive behavior was documented in an experiment conducted

by Halperin and Dunham (1993).

234 Aggression Test

At the end of the 7-10 week period of differential isolation, the aggression
levelsfor al of the fish were tested. Aggression tests consisted of showing a specific
sequence of stationary neutral stimuli, fish models, and mirrors over a 2- day period.
It has been noted in previous experiments that socia isolation has two effects on
aggressive display in Siamese fighting fish; decreased readiness to display and greater
display rates once fish were primed. Priming consists of showing potentially
aggression-releasing stimuli. Day 1 served asapriming day. Each stimulus used for
priming purposes was shown to each fish for 5 min, while on Day 2 the stimuli served

to measure aggression levels and were shown for 2 min (Table 2.1).
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Table 2.1. Order arrangement and timing schedule of priming stimuli.

Order Stimulus Duration (min)
(Fixed or Random)
1. Fixed crumpled —beige paper 5
2a/b. Random green plant model 5
and
red (broadside) fish 5
model
or
3a/lb. Random red plant model 5
and
green (broadside) fish model 5
4. Fixed mirror 5

Priming on Day 1 aso served the purpose of familiarizing fish to testing
Situations so that aggression levels could be more accurately measured. Priming
stimuli were shown in an ascending order based upon the ability of the stimulusto
evoke an aggressive response from each fish. For example, the fish were not
expected to display to the crumpled beige paper because it was a neutral stimulus and

was not intended to release aggression. However, it was expected for all of thefishto

display to their mirror images because it simulated an encounter with alive

conspecific. There was a 10-min break between the presentation of each priming

stimulus because it is still undocumented how long it takes for priming to occur.
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On Day 2, asimilar set of stimuli was used to conduct aggression tests and

measure aggression levels for each fish (Table 2.2).

Table 2.2. Stimulus sequence and timing for aggression test.

Stimulus Duration (min)
Priming mirror 2
BREAK 2
Test mirror 2
BREAK 6
Small blue (facing) fish model 2
Large blue (facing) fish model 2
Medium white (facing) fish model 2
(with light scale markings)

The first mirror on Day 2 served as a priming mirror and the second mirror was used
as an aggression test stimulus. Again, this was done to ensure that each fish was
primed sufficiently before the aggression tests were conducted. There was only a 2-
min break between the presentation of the first mirror stimulus and the second mirror
stimulus, since it was presumed that priming would have been largely complete asa
result of showing stimuli on Day 1. The 6-min break between the test mirror and
model sequence was chosen only for scheduling purposes and was not expected to
have alarge impact on the efficacy of the test itself. Each fish model (small blue
facing fish model, large blue facing fish model, and medium white facing model) was
shown consecutively in the listed order. The model sequence was prevalent for trying

to determineif an individual fish’s response was hyper- aggressive or hyper-fearful.
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For example, we presumed that all of the fish would display to the small blue facing
fish model because it represents an easily dominated rival that can be actively
threatening. A hyper-aggressive fish should aggressively display to the small blue
facing fish model and the large blue facing fish model aswell. However, if an
individua fish displayed to the small blue facing fish model but did not respond to
the large blue facing fish model, it may have simply habituated to the model or it
might be aggressive but have its aggression masked by fear. To distinguish thiswe
immediately showed fish a medium sized white facing fish model. The white fish
model represented a mild aggression-releasing stimulus because a white color is not
expected to yield an aggressive display from an observing fish but the ‘fish-like’
shape of the model would have some capacity to release adisplay. The size of the
response can therefore be affected by any traces of aggressive motivation induced by
thelarge bluefishmodel. So while we expected a hyper- fearful fish to avoid or not
aggressively display to the large blue fish (facing) model; amodel that was designed
to elicit fear aswell as aggression; if it was hyper-aggressive as well as hyper-fearful,
it should display again to the white (facing) fish model because it would not be
intimidated by the mild stimulus and so could express any aggressiveness that had

been aroused by the large blue model.

Aggression tests were videotaped in room A of Lab 0148, which was also
maintained between 21-23° C and the lighting cycle was maintained on a12:12 h
light and dark cycle. Displays such as fin down, gills out and orientations such as
broad close, broad far, face close, face far, avoidance, thrashing, and other were

recorded and documented with the Noldus Observer 4.1 program (refer to glossary of
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terms for definitions). Behaviors that were recognized as displays or orientations were
considered to be mutually exclusive. The Noldus Observer 4.1 program was used to

calculate frequency and duration of both displays and orientations.

24  Statistical Anaysis

Duration and frequency of aggressive response to each stimulus used within
aggression tests were analyzed using analysis of variance (ANOVA). The effects of
the visually-social treatment and visually-isolated treatment on aggressive response to
the repeated presentation of stimuli were analyzed using a mixed model ANOVA
with repeated measures for stimulus (The SAS System for Windows V8). Sources of
variation included the fixed effects for treatment and stimulus. Repeated measure
structuresin SAS were also used to fit a correlation among the ordered repetition of
stimuli. The model residual s indicated homogenous variances and were analyzed
without transformation. Due to the low frequency of behaviors observed during
aggression tests, data for behaviors were averaged and coded into four specific
behaviora categories; high aggression (face close, gills out), high fear/aggression
(facefar, gills out), high fear (avoidance, fin down), high aggression/high fear (gills
out, face far, thrashing, fin down, avoidance) (refer to glossary of terms for
definitions). Categorical durations were then separated into 3 levels, by dividing the
2-min duration for each stimulusinto 3 intervals, and ranked from 0 to 2: (0-40s:
O=low display; 41-80s: 1= medial display; 81-120s: 2= high display). A logistic

analysis of variance (ANOV A) was performed using the generalized mixed model
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macro of SAS, version 8 (GLIMMIX). The error option was set to Poisson to
compensate for the multivariate coded categories being analyzed. Statistical

significance was accepted as P<0.05.

25 Results

In this study, social isolation did not have an effect on aggressive motivation,
which was measured by the duration of behaviors to a series of models and mirrors
following the 7-10 week isolation period (ANOVA, fin down P=0.1936; gills out
P=0.1176; broad close P=0.5981; broad far P=0.0821; face close P=0.6754; face far
P=0.1050; avoidance P=0.6362; thrashing P=0.3371,; other P=0.3284) (Figures 2.1a
and 2.1b). (Standard errors for behaviors; fin down : + 14.03, gills out: + 14.41, broad
close: + 2.27, broad far: +4.65, face close: +13.29, face far: +2.69, avoidance: +
15.76, thrashing: +9.30, other: +1.15). Social isolation was aso shown not to have an
effect on the frequency of behaviors displayed by fish represented in both the
‘visually-social’ and visually-isolated group to deviate from one another during the 7-
10 week isolation period (ANOVA, fin down P=0.5101, gills out P=0.0820; broad
close P=0.9195; broad far P=0.0045; face close P=0.1121; face far P=0.9463;
avoidance P=0.8610; thrashing P=0.8735; other P=0.7499) (Figure 2.2aand 2.2b).
(Standard errors for behaviors; fin down : + 14.03, gillsout: + 13.77, broad close:_+
2.27, broad far: +4.65, face close: +13.29, face far: +2.69, avoidance: + 15.76,

thrashing: +9.30, other: +1.15).
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The categorical datareiterated that in all of the behavioral categorical, with
the exception of high fear, at least 92% of the displays were ranked at level O,
indicating alow level of display for each category. Within the high fear category,
57% of the displays were ranked at level 0. Once again, social isolation did not have
an effect on the duration of behaviors displayed in any behavioral category (ANOVA,
high aggression P=0.2804, high fear/aggression P=0.5011, high fear P=0.5375, high

aggression/high fear P=0.9091) (Figure 2.3aand 2.3b).
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Figure 2.1aand 2.1b . Mean duration of behaviors within the visually-socia and
visually-isolated group to stimuli used in aggression tests. Duration of behaviors
(ANOVA P>0.05) (refer to section 2.5 for standard errors).
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Figure 2.2a and 2.2b. Mean frequency of behaviors within the visually-social and
visually-isolated group to stimuli used in aggression tests. Frequency of behaviors
(ANOVA P>0.05) (refer to section 2.5 for standard errors).
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Figure 2.3aand 2.3b. Mean duration of behaviors within behavioral categories for
visually-social and visually-isolated group to stimuli used within aggression tests.

Durations of behaviors within categories (ANOVA P>0.05).
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26  Discussion

This experiment was designed to investigate whether social isolation altered
the aggressiveness of visually-isolated Siamese fighting fish compared to that of
visually-social fighting fish. We hypothesized that the visua isolation treatment
would affect the aggressive motivation of Siamese fighting fish due to the lack of
aggression releasing stimuli that were present in the social environment in which they
were housed. Asaresult of this, we expected that aggression levels observed in
visually-isolated fish would be atered compared to that of fish that were visually-
socia. Unfortunately due to the lack of atreatment effect, we were not ableto
sufficiently conclude anything from the aggression levels that were measured and
compared. Data showed that there was not a significant difference in the duration and
frequency of display between both the visually-social and visually-isolated groups.

According to Thompson (1966), if amale Siamese fighting fish that has been
exposed to the visual image of another male along one wall of an aguarium is
observed for some time following exposure, one will see the subject return to
repeatedly to the area where the intruding male fish was encountered. As the subject
periodically swims aong the aguarium where the intruder was presented, the fish may
display aggressively. Such observations suggested that presentation of this releasing
stimulus might act as a reinforcing consequence for an operant response. It seems that
the display behavior, the behavior occurring in the absence of the appropriate
unconditioned releasing stimulus, might come under the control of other stimuli
which had been associated with the behavior. Thisreleaser can act as a positive

reinforcer for an operant response since its contingent presentation increases the
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frequency with which the operant occurs. A releaser has the same functional
properties as other stimuli, which are capable of acting as unconditioned stimuli in a
classical conditioning paradigm ad functioning as reinforcers for operants, such as
food. Thistheory was consistent with our observations, however certain stimuli seem
to be more successful for serving as an aggression releaser. The 1% and 2™ mirror
yielded the longest duration response for gills out and face close behaviors, which are
viewed to be highly aggressive, in comparison to each of the fish models. According
to results from an experiment conducted by Bols (1977), it was observed that a
responsive Siamese fighting fish evoked the most vigorous display followed by a
paradise fish and a non-displaying Siamese fighting fish, which were of
approximately equal effectiveness, and finally a marble, which evoked no display
whatsoever and failed to sustain performance. The various stimuli used, in
descending order of their effectiveness as reinforcers, were alive male Siamese
fighting fish, amirror, amoving model and a stationary model. This order
corresponded to the order of ability of the stimuli to evoke display. The same was
apparent within this study. The mirrors were responsible for evoking the highest
duration of aggressive display. The large blue fish model, which was intended to
yield both an aggressive and fearful response, evoked a high level of display, whereas
the small blue and white fish models evoked very little response by both groups of
fish.

Most studies on the habituation of threat displaysin Siamese fighting fish
have defined constant conspecific exposure as continual or prolonged visual exposure

and have used mirrors, models, and the opportunity to view live conspecifics as
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reinforcers (Cain and Baenninger, 1980). Unlike fish in an unrestrained semi-
naturalistic environment, fish in these situations cannot attack, elude, or drive their
opponents away. It has been suggested that the waning of threat display in these
situations may reflect the fact that the experimental fish come to associate the stimuli
of its opponent with alack of consequences for aggression (Goldstein, 1975). This
theory of associative learning may also apply to the behavioral patterns noticed within
our study, but a definite conclusion cannot be defined until similar studies are
conducted.

When behaviors were combined to make up the four behavioral categories
that were analyzed in our study, we found that both the visually-socia and visually-
isolated groups displayed more behaviors that corresponded to the high fear category
to all of the stimuli shown. Thistrend can possibly explain the lack of atreatment
effect present for highly aggressive behaviors. In Hogan and Bols experiment
(1980), it was also suggested that aggression was not the only motivation determining
the reinforcing efficacy of astimulus. Both the paradise fish and the non-displaying
Siamese fighting fish induced a fair amount of escape behavior in the subjects. This
was evident by the high degree of thrashing, immobility, turning back, and in some
cases avoidance. ‘Facefar’ behavior can possibly aso be interpreted as an escape
behavior aswell. Fish with erected gills and also choose to display at a distance from
a stimulus send a message that they are not only aggressive but fearful and wish to
keep some distance from their opponent if they need to flee at any given moment.

In conclusion, there were several trends that were apparent within this study.

However, because our objective was not clearly met it is difficult to come to any
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conclusions on why the trends occurred and if they were related to the lack of a

treatment effect being present.
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CHAPTER Il THE EFFECT OF AGONISTIC ENCOUNTERS ON
AGGRESSIVE RESPONSE IN SOCIALLY ISOLATED SIAMESE
FIGHTING FISH, BETTA SPLENDENS

3.1 Abstract

The objective of this study was to observe aggression during live agonistic
encounters in a naturalistic environment comparing populations of visually-isolated
fish with similar populations of visually-social fish and to determineif the aggression
levels of visually-isolated fish adjusted over a 2-week period. After 7 to 10 weeks of
isolation, fish in both the visually-social and visually-isolated groups were divided
into populations of 4 and placed in population tanks. Aggression was measured in
focal animals during initial agonistic encounters. Each fish was moved back to its
original tank and the aggression levels were re-tested. Social isolation did not have an
overall effect on the duration and frequency of agonistic encounters and on the
duration of behaviors displayed in each behavioral category (ANOV A-duration of
agonistic encounters, P > 0.05), (ANOV A-frequency of agonistic encounters, P >
0.05), (ANOVA, duration of behaviors within behavioral category, P> 0.05).

However, significant trends for particular behaviors were observed.

Keywords: Aggression; Agonistic encounters; Isolation; Siamese fighting fish
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3.2 Introduction

The social environment is acomponent of an animal’s habitat that can have
extensive effects on development. For many animals, interactions with conspecifics
are predictable and stable sources of information. The socia world in which an
animal develops can provide opportunities for learning about food, habitat, mates, and
communication (Wagner, 1989). Within asocial environment, variation in densities
and assortments of peers, mates, and relatives, can change the environmental
landscape dramatically, and with it the costs and benefits of interacting with others
(Whiteet a., 2001).

In 1992, Halperin et a. conducted an experiment that compared responses of
fish after three weeks during which controls displayed to a conspecific for two
minutes every two days, while isolated fish saw a complex visual stimulus which did
not elicit adisplay. Isolated fish had depressed display readiness, but higher display
rates once they were primed. Halperin and Dunham (1993) demonstrated that an
‘isolation effect” was found in individually housed Siamese fighting fish. It was
experimentally proven that visually-isolated fighting fish became more aggressive
than fish that were not visually-isolated.

Halperin et al. (1998) later observed that hyper-aggressive fish, as aresult of
being visually-isolated, aggressively displayed more when in combat. Hyper-
aggressive fish that bluffed, or displayed vigorously, whilein combat did not have a
high fighting ability to back up displays and usually lost their fights. The possibility
that exhaustion due to hyper-aggression may have made the delayed retaliation by

fish that were not visually-isolated particularly successful. Koyama (1993) also
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reported asimilar isolation effect in several experiments conducted with lab mice that
were housed individually in comparison with those that were group reared.
Individually housed mice devel oped aggression levels that were significantly higher
than that of group-housed mice. It was observed that isolated mice did not have a
chance to learn how to use cut-off behaviors, social behaviors such as genital sniffing
that need to be learned within a social environment, whereas group housed mice had
learned how they could effectively function to avoid unnecessary escal ation of
interactions with another animal.

The focus of this research was to investigate if aggression levels of visually-
isolated fish adjusted when they are housed in a naturalistic physical and social
environment, compared to adjustmentsin visually-social fighting fish.

We hypothesized that social encounters would affect the aggressive
motivation of Siamese fighting fish when introduced to a naturalistic social
environment with other Siamese fighting fish. Asaresult of this expected difference
in the expression of aggression in live encounters, aggression levels of visually-
isolated fish may be atered as they remain in a different environment and have along

period of time to interact with other individuals.
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3.3 Animals, Materials, and Methods

Refer to section 2.3

3.3.1 Social Interactions (agonistic encounters)

For phase Il of the study, the fish were transported to rooms 0356 and 0358 of
Animal Wing 3 the day after aggression tests were conducted. Both rooms were
regulated at atemperature range between 24-25.6°C and the lighting cycle was
maintained on a12:12 h light and dark cycle. This phase of the study lasted 2 weeks.
On Day 1 of the 2-week period, agroup of 32 fish were divided by their color identity
and experimental treatment and housed in populations of 4 fish in eight long
548.6cmx50.8cmx15cm population tanks. A population tank of four visually-isolated
fish and a population of tank of four visually-social fish made up one replicate, with a
total of 4 replicates within each group of 32 fish. Each population tank was set up
with artificial aguatic plants, gravel, and shallow water (7.6cm” deep) to resemble a
rice paddy that serves as a naturalistic habitat for Siamese fighting fish
(Jaroenstasinee and Jaroenstasinee, 2000) (Figures 3.1 and 3.2). Thefish were
initially separated by opague dividers and were given the remainder of the day and
early morning of the following day to habituate to their new environment before any

interactions took place.
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Figure 3.1. Grouping of fish in 548.6cm x 50.8cm x 15cm population tanks.
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Figure 3.2 Arrangement of 548.6cm x 50.8cm x 15¢cm population tanks.

3.3.2 Observational Techniques

On the Day 2 of phase Il (after 12pm), the opague dividers in each population
tank were removed simultaneously and each individual was given the opportunity to
interact with one another. Agonistic encounters were focally observed and recorded
in each tank. The fish were observed and recorded for 5-min intervalsin rotation,
each observed twice, for atotal observation period of 40 min for each population
tank. Theintensive observation was repeated twice for each population tank (from O-
40 min and 80- 120 min). Behaviors, which were recorded included approach high,
approach low, chase high, chase low, swim away, mouth fight, tail beat, biting,

display, avoiding, and not interacting (refer to glossary of terms for definitions).



Body pattern such as color and stripes was also recording for each fish during
agonistic encounters and were considered to be mutually exclusive from behaviors.
The duration and frequency of these behaviors within agonistic encounters were

documented and analyzed using the Noldus “Observer 4.1” program.

After each population tank was intensively observed, it was then checked
periodically throughout the day. For the remainder of the 2-week period, each

population tank was periodically checked daily, in the morning and the afternoon.

3.3.3 Aggression Retest

After the 2- week co-habitation in the population tanks, each fish was moved
back to room A of Lab 0148 and placed in its original tank. On the following day,
aggression retests were conducted using the same format for aggression tests.
However, slightly modified fish models were used to prevent fish from habituating to
fish models that were previously used in the aggression test (Table 3.1). Displays
such as fin down, gills out and orientations such as broad close, broad far, face close,
face far, avoidance, thrashing, and other were recorded and documented with the
Noldus Observer 4.1 program (refer to glossary of terms for definitions). Behaviors
that were recognized as displays or orientations were considered to be mutually
exclusive. The Noldus Observer 4.1 program was used to calculate frequency and

duration of both displays and orientations.



Table 3.1. Stimulus sequence and timing for aggression retest.

Stimulus Duration (min)
Priming mirror 2
BREAK 2
Test mirror 2
BREAK 6
Small blue and red (facing) fish model 2
Large blue and red (facing) fish model 2
Medium white (facing) fish model 2
(no scale markings)

34  Statistical Anaysis

The duration and frequency of agonistic encounters in the popul ation tanks
and response to each stimulus used within aggression retests within visually-isolated
and visually-socia groups were analyzed using analysis of variance (ANOVA). The
effects of the visually-isolated treatment and the visually-social treatment on the
response to the repetition of stimuli used in aggression tests and retests were taken
into account by calculating the differences of responses and were analyzed using a
mixed model ANOV A with repeated measures for fish (The SAS System for
Windows V8). Sources of variation included the fixed effects for treatment within
agonistic encounters and treatment and stimulus for aggression retests. Repeated
measure structures in SAS were also used to fit a correlation among the ordered

repetition of stimuli. The model residuals indicated homogenous variances and were
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analyzed without transformation. For further analysis, the duration of behaviors
observed within agonistic encounters were averaged and coded into specific
behavioral categories; high fear (hiding/avoiding, not interacting) and high aggression
(mouth fight, tail beat, bite, display, chase high) (refer to glossary of terms for
definitions). Categorical durations of behaviors were then separated into 3 levels, by
dividing the 10-min duration for each intensive observation period into 3 intervals,
and ranked from 0 to 2: (0-200s: O=low display; 201-400s: 1= medial display; 401-
600s. 2= high display). A logistic analysis of variance (ANOVA) was performed
using the generalized mixed model macro of SAS, version 8 (GLIMMIX). The error
option was set to Poisson to compensate for the multivariate coded categories being

anayzed. Statistical significance was accepted as P<0.05.

3.5 Reaults

3.5.1 Social Interactions (Agonistic Encounters)

Duration of most behaviors observed within agonistic encounters that took
place in the population tanks were not affected by social isolation. However, there
were particular behaviors that were significantly different with in the visually-social
and visually-isolated group. (ANOVA, approach low P< 0.0001; chase high
P=0.0017; swim away P=0.0251;mouth fight P=0.0202; tail beat P=0.0176) (Figure
3.3). (Standard errorsfor behaviors; approach low: + 0.18, chase high: +0.47, swim

away: +0.52, mouth fight:_+0.81, tail beat: +1.29).
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The frequency of two behaviors in particular were observed within agonistic
encounters were found to be significantly different within both groups (ANOVA,
chase low P=0.0019; mouth fight P=0.0174) (Figure 3.4). (Standard errors for
behaviors; chase low: +0.46, mouth fight: +11.51). Behaviors observed within
agonistic encounters were further analyzed with the generalized mixed model macro.
However social isolation was not found to have an effect on the duration of behaviors
displayed in each behavioral category (ANOVA, high aggression P=0.0660, high fear

P=0.7038) (Figure 3.5).

3.5.2 Aggression Retest

When aggression levels were re-tested and compared to those
measured within the first round of tests, it was not sufficiently proven that social
isolation had a significant effect on aggressive displays (ANOVA, fin downdiff
P=0.2404; gills outdiff P=0.7777; broad closediff P=0.6138;broad fardiff P=0.7664;
face closediff P=0.6743; face fardiff P=0.5060; avoidancediff P=0.5480; thrashingdiff
P=0.4449; otherdiff P=0.7856) (Figure 3.6a and 3.6b) (Standard errors for behaviors,
fin downdiff : + 149.82, gills outdiff: + 147.35, broad closediff: + 22.14, broad
fardiff: +10.23, face closediff: +162.44, face fardiff: +33.01, avoidancediff: + 161.23,
thrashingdiff:_+75.56, otherdiff: +0.74). 1t was also not determined whether social
isolation affected the frequency of behaviors after the agonistic encounters had taken
place compared to those immediately following the 7-10 week isolation period
(ANOVA, gills outdiff P=0.8687; broad closediff P=0.9492; face closediff P=0.9210;
face fardiff P=0.4265; avoidancediff P=0.4247; thrashingdiff P=0.5015; otherdiff P=

0.6876) (Figure 3.7aand 3.7b). (Standard errors for behaviors; fin downdiff : + 0.02,
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gills outdiff:_ + 0.03, broad closediff: + 0.02, broad fardiff: +0.01, face closediff:
+0.05, face fardiff:_ +0.01, avoidancediff: + 0.04, thrashingdiff: +0.02, otherdiff:

+0.01).
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Figure 3.3. Mean duration of behaviors within agonistic encounters in the population
tanks. Approach low, chase high, swim away, mouth fight, and tail beat ANOVA P<
0.05) (refer to section 3.5.1 for standard errors).
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Figure 3.4. Mean frequency of behaviors within agonistic encountersin the
population tanks. Chase low and mouth fight (ANOVA P< 0.05) (refer to section

3.5.1 for standard

errors).

stripes

color

not interacting
hiding/avoiding
display
biting

tail beat
mouth fight

swim away

Aggressive behaviors

chase high
chase low
approach high

approach low

B visually-isolated

Ovisually-social

i

3

0 0.5

1 15 2 25

Mean frequency

50




Figure 3.5. Mean duration of behaviors within behavioral categories observed within
agonistic encounters in the popul ation tanks. Duration of behaviors within behavioral
category, (ANOVA P> 0.05).
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Figure 3.6aand 3.6b. Mean comparison of duration of behaviors (aggression retest
minus aggression test for the visually-social and visually- isolated group). Duration of
behaviors (ANOVA P>0.05) (refer to section 3.5.2 for standard errors).
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Figure 3.7aand 3.7b. Mean comparison of frequency of behaviors (aggression retest
minus aggression test for the visually-social and visually-isolated group). Frequency
of behaviors (ANOVA P>0.05) (refer to section 3.5.2 for standard errors).
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3.6 Discussion

This experiment was designed to determine if aggression levels of visually-
isolated fish adjusted when they were housed in a naturalistic and social environment
compared to any changes in aggressiveness in visually-socia fighting fish. We
hypothesized that agonistic encounters would affect the aggressive motivation of
Siamese fighting fish when introduced to a naturalistic socia environment with other
Siamese fighting fish. Asaresult of this, we predicted that aggression levels
observed in visually-isolated fish would be altered when they were placed in a
different environment and given along period of time to interact with other
individuals. Due to the fact that there was no treatment effect present within the
former part of our study, we concluded that the chances of getting a treatment effect
in the latter portion were slim.  Our data supported this conclusion which showed
that there was a significant difference in the duration of particular aggressive
behaviors displayed by the visually-socia and visually group, athough there was a
low occurrence of agonistic encounters when fish were moved to the population
tanks. However, these highly aggressive behaviors were observed in both groups. For
example, mouth fighting and tail beat behaviors were mostly displayed by the
visually-isolated group and chase high and approach low behaviors were frequently
displayed by the visually-social group. Frequency data reiterated similar findingsin
both groups, mouth fighting was displayed mostly in the visually-isolated group
whereas chase high was displayed mostly in the visually-social group. It seemsasif
the visually-isolated group tended to display behaviors that were often long in

duration and generally consumed high levels of energy in comparison to that of the
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visually-social group. However, this trend was not apparent for many of the other
behaviors that were observed for both groups.

For further analysis, behaviors were combined to make up two behavioral
categories, high aggression and high fear, which were analyzed in our study. We
found that there was no significant difference in the behaviors that were displayed
between the visually-socia and visually-isolated group within the high aggression
(mouth fight, tail beat, bite, display, chase high) and high fear category
(hiding/avoiding, not interacting). The ranking data within each behavioral category
revealed that at least 75% of the observations in both the high fear and high
aggression category were ranked at 0. Thistrend can possibly also explain the lack of
atreatment effect for behaviors displayed during agonistic encounters for both
groups.

Unfortunately due to the lack of atreatment effect for aggression tests, we
were not able to conclude anything from the aggression re-tests that were measured
and compared. Data showed that there was not a significant difference in the duration
and frequency of display between both the visually-socia and visually-isolated
groups. However, one behavioral trend was apparent for the visually-social group. It
was evident that visually-social fish were more prone to aggressively interact with the
1% and 2" mirror after the two week social interaction period. Thistrend is
consistent with the findings within aggression tests (refer to section 2.6). Datafor the

models were very inconsistent and non-conclusive.
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CHAPTER IV IMPLICATIONS

There may be an explanation for why isolation did not have an effect in our
study. One factor pertinent to some experiments dealing with consequences of
isolation is the transfer of individual fish to and fromisolation. Thisis potentially
traumatic and may have short and/or long term effects on the behavior of
experimental subjects. The pattern of aggressive behavior shown by previously
isolated fish may aso be influenced by the effects of transfer and confinement
(Gomez-Laplaza and Morgan, 1994). Fish, like most animals, are sensitiveto a
variety of physical disturbances, such as handling, transfer, and confinement. When
this occurs, physiological changes are produced as a result of these disturbances, and
considerable time is needed to return to normality. In brown trout, Saluma trutta, it
was observed that the recovery after transfer between two aquariatook at least 3-4
daysin terms of total changesin activity, heart rate, and ventilation rates (Laitien and
Voltonen, 1994). On the other hand, there have been other studies that have noted
that responses to outside disturbances were short lived. For example, juvenile coho
salmon, Oncor hynchus kisutch, experienced a great increase in oxygen consumption
following diverse types of handling, but the effect was short term. The metabolic rate
returned to normal within 1 hr after manipulation (Davis and Schreck, 1997).
This effect may have been true for our experimental animalsaswell. Our fish were
transferred to a different room for each of the phases listed within the experiment.
We tried to compensate for this change in environment by allowing a habituation
period for at least 12 hrs before testing for aggression levels. It isvery possible that

the habituation period may have been more beneficial had it been extended for a

56



longer time period. Also, throughout the 7-10 week isolation period, the fish were
handled frequently when their tanks needed to be cleaned, siphoned, or topped up
with water. Several students assisted with these activities instead of having asingle
fish care provider. Soitisalso very possible that these fish were frequently in a
chaotic state due to the fact that there were afew handlers involved with regular tank
maintenance. Theoretically, a period of isolation during which fish experienced
mildly fearful stimuli should induce behaviors correlated with fear (Halperin et d.,
1998). Thus, these disturbances may also explain why fish in both the visually-social
group and the visually-isolated group displayed more behaviors that were correlated

with being fearful rather than aggressive.
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CHAPTERYV SUMMARY AND CONCLUSION

The aim of most studies dealing with the effects of isolation on aggressive
behavior in fish is to determine the conditions that promote or reduce this behavior, in
hope of increasing one' s understanding of socia interaction regulation. Inthis
particular study, we were hoping to investigate if socia isolation would affect the
aggressive motivation of Siamese fighting fish due to the lack of aggression releasing
stimuli that are present in the social environment in which they livein. We also
hypothesized that social encounters with other fish would affect the aggressive
motivation of Siamese fighting fish when introduced to a naturalistic social
environment. Dueto the lack of atreatment effect in this study, we were not able to

provide a definitive answer to add to our understanding.

However, we observed certain behavioral trends that were documented in
previous studies. During aggression tests, the 1% and 2" mirror elicited longer
durations of fin up, gills out, and face close behaviors, which are viewed to be highly
aggressive, than did any of the fish models. In an experiment conducted by Bols
(2977), it was observed that a responsive Siamese fighting fish evoked the most
vigorous display, followed by a paradise fish and a non-displaying Siamese fighting
fish, which were of approximately equal effectiveness, and finally a marble, which
evoked no display whatsoever and failed to sustain performance. This order
corresponded to the order of ability of the stimuli to evoke display. The same was

apparent within this study. The mirrors were responsible for evoking the highest
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duration of aggressive display. The large blue fish model, which was intended to

yield both an aggressive and fearful response, evoked a high level of display as well.

When behaviors were combined into four behavioral categories that were
analyzed in our study, we found that both the visually-socia and visually-isolated
groups displayed more behaviors that corresponded to the high fear category to all of
the stimuli shown. Thistrend can possibly explain the lack of atreatment effect
present for highly aggressive behaviors. In Hogan and Bols' experiment (1980), it
was also suggested that aggression was not the only motivation determining the
reinforcing efficacy of astimulus. Both the paradise fish and the non-displaying
Siamese fighting fish induced a fair amount of escape behavior in the subjects. This
was evidenced by the high degree of thrashing, immobility, turning back, and in some
cases avoidance. Thereisarea possibility that the frequent disturbances that
occurred throughout the isolation period were to blame for this finding of enhanced

fearfulnessin the visually-isolated group.

Datafrom the live agonistic encounters that were staged in the population
tanks indicated significant differences in the duration or frequency of display for
specific behaviors that were prevalent for both the visually-socia and visually-
isolated groups. Significant trends between the groups were apparent after the 2-week
socia interaction period, when the visually-social fish responded more aggressively
to the 1% and 2™ mirrors than they had in their first aggression tests. Thiswas a
higher level of aggression than the visually-isolated fish showed, as they were no

more responsive in their aggression retests than in their original aggression tests.
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Despite the lack of expected results, since the creation of a population of
hyper-aggressive fish was not achieved in our study, we were satisfied with our basic
experimental design. Perhaps, if we had better system for keeping fish in socia
isolation with minimal sensory deprivation and, especially, minimal disturbances that

could increase fearful ness, we would have obtained feasible results.
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APPENDIX

Table4.1. Calendar and Schedule for Phase | and Il of the experiment (Fall 2002-

Spring 2003).
Date Group 1 Group 2 Group 3 Group 4
32 fish 32 fish 32 fish 32 fish
(4reps) (4reps) (4reps) (4 extra
reps)

Dec 30 Isolation
Jan 6 Isolation

13 |solation

20 Isolation

27 Isolation
Feb 3 |solation

10 Isolation

17 |solation

24 |solation |solation
Mar3 | Aggression Isolation

tests
10 _ Socigl Isolation
interactions
17 _ Socigl Isolation
interactions
24 Aggression Isolation
retests

31 |solation

Apr7 Aggression Isolation
tests
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14 Social Isolation
interactions
21 Social Isolation
interactions
28 Aggression Isolation
retests
May 5 Isolation Isolation
12 Isolation Isolation
19 Isolation Isolation
26 Isolation Isolation
Jun 2 Aggression Isolation
tests
9 Social Isolation
interactions
16 Social Isolation
interactions
23 Aggression Isolation
retests
30 Aggression
tests
July 7 Socidl
interactions
14 Social
interactions
21 Aggression
retests
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GLOSSARY OF TERMS

Aggressive response- Any purposive action of an organism toward another organism
or stimulus with the actual or potential result of harming,
limiting, or depriving it.

Agonistic - Refersto any activity performed in the context of an aggressive
interaction. It encompasses the actions of both the instigator and the
victim.

Approach high- Occurs when an individual moves towards another individual with

fully erect fins and expanded gills.

Approach low- Occurs when an individual moves towards another individual with
fully erect fins and no expansion of the gills.

Avoidance/ avoiding- Occurs when an individual does not respond by means of not
approaching or escaping when a stimulusis shown or an
individual displays.

Biting- Involves a sharp opening and closing of an individual’s mouth directed
toward the tail of another individual.

Broad close- Occurs when an individual alignsitself in alatera orientation within
close proximity, in the front portion of the tank adjacent to the stimulus to
the halfway point of the tank, in relation to a stimulus.

Broad far- Occurs when an individual alignsitself in alatera orientation, from the
halfway point of the tank to the back portion of the tank, away from a
stimulus.

Chase low- Occurs when an individual lunges at another individual with fully erect
fins and no expansion of the gills.

Chase high- Occurs when an individual lunges at another individual with fully erect
fins and expanded gills.

Color- Occurs when an individual expresses a dominant status with vivid and
intensified body coloration.

Conspecific - Pertaining to individuals belonging to the same species.
Display- A communicative and visual representation of a behavioral characteristic
within animal species. Displays within agonistic encounters were measured

in response to an individual expanding its gillsto another individual in a
stationary orientation.
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Display readiness- The frequency of occurrences of social displaysthat are
performed during a brief encounter with alive conspecific or
stimulus.

Dominant- An individual exercising authority or influence within asocia
environment.

Face close- Occurs when an individua positions itself in afrontal orientation within
close proximity, in the front portion of the tank adjacent to the stimulus to
the halfway point of the tank, in relation to a stimulus.

Face far- Occurs when an individual positionsitself in afronta orientation, from the
halfway point of the tank to the back portion of the tank, away from a
stimulus.

Fin down- Occurs when an individua does not extend itsfinsin responseto a
stimulus.

Fear- An expression of escape behaviors or threats caused by the perception of
danger.

Gills out- Occurs when an individual extendsits gillsin responseto a
stimulus.

Habituation- A simple form of learning involving arelatively permanent reduction or
elimination of aresponse in the absence of overt reward or punishment.

High aggression- A behavioral category representing a combination of behaviors that
correspond to individuals expressing an increased level of
aggression relative to another group of individuals.

High aggression/ high fear- A behavioral category representing a combination of
behaviors that correspond to individuals expressing an
increased level of aggression and fear relative to another
group of individuals.

High fear- A behavioral category representing a combination of behaviors that

correspond to individuals expressing an increased level of fear relative to
another group of individuals.
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High fear/ aggression- A behavioral category representing a combination of behaviors
that correspond to individuals expressing an increased level of
fear, but also expressing traces of aggression relative to
another group of individuals.

Hyper-aggressive- An exaggerated level of aggressive response or display behavior
to a stimulus or another individual .

Hyper-fearful- An exaggerated level of fearful response or inactivity to a stimulus or
another individua .

Latency- The time between the presentation of a stimulus and the beginning of a
response.

Motivation- A tendency to perform a given behaviora action or a group of
behaviora actions.

Mouth fight- Occurs when 2 individuals take hold of each other’s upper and lower lip
and tug at one another. The idea behind thisis to hold the opponent
under water to see who can last the longest without having to take a
breath of air.

Mutually exclusive- Behaviors, displays, and/ or events that cannot occur
simultaneously.

Not interacting- The absence of any behavioral interchange between 2 or more
individuals.

Other- Any displays and/or orientations that were not easily classified or
distinguishable.

Priming- An increase of aggressive motivation with the presentation of social
releasers such as mirrors, pictures, or models.

Stereotype- Frequent repetition of a particular posture or movement with no obvious
function.

Subordinate- Anindividual seen as being inferior or below another individua in
rank.

Social isolation- To separate an individual from socia or visual contact with others
and/or external stimuli.

Stimulus- An object that can rouse or incite a specific activity within an individual.
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Stripes- Occurs when an individual expresses a subordinate status with dull but visual
stripes on its body.

Swim away- Occurs when an individual retreats from another individual with laid
back fins. Gills may or may not be expanded.

Tail beat- Recognized by quick movements of an individual’ s cupped tail in the
direction of another individual.
Thrashing- Occurs when an individual performs an exaggerated and alternated

surging of the body in response to a stimulus.

Unconditioned stimulus- A stimulus that can evoke a response within an organism
without undergoing any previous learning.

Visual stimulation- The act of showing a stimulus with the intent of arousing a
behavioral response from the individual viewing the stimulus.
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