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Abstract 

Aggressive scores obtained in a mirror test  1h before  an encounter were found to be a 

good predictor of  victory in male Xiphophorus dyads showing less than 5% size 

differences. Out of 36 dyad members showing higher  aggressive scores at pre-test, 28  

obtained victory in  the subsequent encounter.  It was found that  future winners were 

more aggressive than future losers to their own image in mirror tests before their 

encounter. Initial individual aggressive levels in mirror tests were also found to be  a 

function of the rank the individuals occupied in their home hierarchies.  The higher the 

rank, the higher was the individual aggressive level as measured by mirror pre-tests, as 

well as by post-tests. This relationship applied to future winners, as well as to future 

losers.  The level of aggression reached during agonistic encounter was not a function of 

the social ranks the opponents occupied in their home hierarchies. Males in dyads 

composed of two omegas fought as fiercely as males in dyads of two alphas or two 

betas. No significant relationship was noted between the initial individual aggressive 

scores at mirror pre-test and  the levels of aggression reached during encounters.  We 

found in winners  the existence of a significant correlation between the aggressive level 

they reached during agonistic encounter and a subsequent increase in aggressive levels 

at mirror tests 1h and 24h after victory.  The more intense the agonistic encounter, the 

more important  the subsequent increase in aggressive level in winners; an increase 

which was still detectable 24h after victory.  However, prior alpha winners were 

apparently not as sensitive as prior betas and prior omegas to the aggressive level 

reached during the encounter  since their mirror scores obtained after victory did not 

change when compared to their baseline at pre-test.  After defeat, losers  did not show 

any significant change in  aggressive scores in mirror tests. Moreover, it was found that 

encounters in which a 1h resident met an intruder were in general less aggressive than 

encounters between  two intruders.  Experiential effects are discussed as instances of 

learning and generalisation.   
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Introduction 

In many species of animals including fish, victory in a first agonistic 

encounter facilitates victory in a subsequent one, while prior defeat would have 

the contrary effect (Frey & Miller, 1972; Zayan, 1975a; Francis, 1983; Beaugrand & 

Zayan, 1985; Beacham & Newman, 1987; Beacham, 1988; Beaugrand, Payette & 

Goulet, 1996; Hsu & Wolf, 1998). 

But what is  the nature of victory or defeat experience? Is it simply a 

categorical state as e.g.,   being “prior-dominant” or “prior-subordinate” as it has 

usually  been treated in the ethological literature,  or is it a  continuous property 

which comes with various values or quantities, and eventually measurable?   

Winning and losing experiences most likely come in various types and possibly 

degrees. In different contests, a winning individual would receive a given 

amount of dominance experience, while another one would receive a different 

amount. The same condition would prevail for a losing experience, which could 

vary according to defeated individuals from different encounters. Early 

indications for the existence of a continuum in an agonistic experience rather 

than of qualitative states came from Ginsburg & Allee (1942) and from Ratner 

(1961). Ginsburg & Allee (1942) have shown that there was a very good 

correlation between the initial rank of a hen in a small group and its propensity 

to win in a staged contest against a standard opponent. As for Ratner (1961), he 

found a direct relationship between the number of pecks received by a hen from 

a despot in a standard contest and its descent in the hierarchy once returned to 

its social group; the more it had been mistreated by the despot, the more it 

descended to a low rank. 

 More recently, Beaugrand & Goulet (2000)  reported  that Xiphophorus 

dyads composed of a prior-winner and a prior loser  obtained through “rigged” 

contests  were  much more aggressive in subsequent encounters  than  pairs in 

which  the dominant and subordinate could spontaneously self-select.  Pairs to 

which prior experience had been imposed  through their meeting with a much 
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larger or smaller opponent recuperated more rapidly from handling, initiated 

contact earlier, took more time to assess each other and fought for a longer 

period of time than pairs in which  the winner and loser self-selected as a 

spontaneous outcome of the encounter between well matched opponents. Prior-

winners and prior-losers of the rigged condition more frequently relied on 

aggressive behaviour during contest than that of the self-selected condition. As a 

consequence, prior-winners and prior-losers of rigged pairs won equally the 

subsequent contest. On the contrary, prior-winners of  the self-selected condition 

defeated their prior-loser opponent in a majority of cases. Beaugrand & Goulet 

(2000)  tentatively explained their results  by the following principle: winning or 

losing against a well matched opponent would provide more experience than 

winning over a much weaker opponent, or losing to a much stronger one. Their 

research reinforces the hypothesis that prior-experiences of victory or defeat are 

not qualitative states but come in various degrees and can be conceived as 

continuous variables.  

The present research is concerned with the immediate determinants of  

experiential effects left by recent victory and defeat.  Which individual  prior states, 

and which events occurring during a given encounter determine the amount of 

experience one individual will register ? More particularly we examined the agonistic 

intensity of the encounter in which a victory or a defeat was experienced. As 

suggested by Beaugrand & Goulet (2000), it is possible that the higher the agonistic 

investment made during an encounter, the more important the experience recorded by 

the individual whatever the dominance outcome.  At  the level of prior individual 

states which might influence the amount  of experience received, we examined the 

hierarchical status recently occupied by individuals;  prior status might influence not 

only the intensity of agonistic encounters but also the way animals react to victory or 

to defeat.  For instance, prior dominants may react more negatively to defeat than 

prior subordinates, which have nothing to lose anyway. 
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There is some evidence that prior status affects the fighting behaviour of male 

swordtails. Wilhelmi (1975) and Rohrs (1977) showed that rank order fights between 

omega males tend to be longer and more intensive, with significantly more circling 

and mouth-to-mouth fighting, than fights between alpha males coming from already 

stable hierarchies. Franck & Ribowski (1986)  also found that high ranking males 

raised in heterosexual groups from birth behaved much less aggressively than low 

ranking males raised in a similar environment. The biting rates in mirror tests 

decreased systematically with increases in  dominance position.  Franck & Ribowski 

(1987)  confirmed this by taking the two highest ranking males and the two lowest 

ranking males of already established hierarchies (6-14 mature males with females) and 

subsequently  subjecting them to a mirror test for 15 min.  They found that  the biting 

rates of the low ranking males were 5-fold higher than those of the high ranking 

males.   These results led them to conclude that aggressive scores to mirror tests were 

much higher in low ranking than in high ranking males. Such a result seems contrary 

to what is observed when Xiphophorus males are studied interacting in their own home 

hierarchies: high ranking males show much more aggressive behaviour than low 

ranking ones (Beaugrand, Caron & Comeau, 1984).  

Franck & Ribowski (1987) also investigated whether escalated fighting activities 

and the associated experience of winning or losing a fight could change an animal’s  

aggressiveness and its chance of winning a subsequent aggressive encounter.  They 

first  subjected swordtail fish males to a mirror pre-test. Then,  72h later 9 escalated 

fights of 10 min duration over a period of 3 days were imposed on the fish. In none of 

the encounters did the subjects have the final experience of winning or losing the 

fight.   They found that biting rate significantly increased from mirror pre-test to the 

post-test more in experimental  than in control fish who had only been pre- and post-

tested but had not received the experience of fighting. Paradoxically, in their study, 

less aggressive controls were found to significantly  defeat  more aggressive 

experimental fish,  leading these authors to conclude that probably escalated fighting 
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activities did not improve the chance of winning subsequent fights and could even 

reduce this ability. 

Franck & Ribowski (1987) also investigated the effect of victory or defeat 

upon measures to mirror tests passed approximately  1.5h  before an agonistic 

encounter, and  immediately after that encounter, and 24h later.  They found  

that the biting rates of prior winners immediately increased after the first fight 

and those of losers drastically decreased.  The biting rates of winners and losers 

were much nearer to the pre-experimental level 24h after the fight,  but a 

significant difference was still present.   

Though Franck & Ribowski (1987)  report  divergent effects  upon 

subsequent aggressive levels due to prior experience of  victory or defeat, they 

did not look  specifically for a possible  relationship between the intensity of 

agonistic exchanges in the preceding fight  and the subsequent aggressive level.  

Moreover,  the apparently incoherent results  they reported concerning  

increased aggressive levels diminishing chances of subsequent victory  requires 

clarification.  It is possible that there exists an interaction between the initial 

hierarchical status of opponents, the level of aggression which they attain during 

encounter, and the subsequent importance of winner and loser effects, aspects 

which the present research will investigate. 
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Methods 
Subjects and material 

 We had at our constant disposal in the laboratory about 1,000 adult males of 

the species Xiphophorus helleri bought at least one month earlier from the same 

breeding farm (5D Tropical Inc., Plant City, Florida, USA). These males were 

distributed in 9 batches of 100-150 individuals into large 165 litre tanks measuring 

90x50x40 cm each.  The fish were fed twice a day and  kept under a 12:12 light-

dark cycle initiated at 0900h.   

 The engagement of pairs, as well as their existence in small hierarchies 

composed of three individuals necessitated throughout the experiment the use of 

40 identical glass aquariums measuring 30x30x15 cm and containing 13.5 litres of 

water each. The bottom of each aquarium was covered with 2 cm of gravel and 

assorted objects (shells, pieces of plastic, coloured rocks) which were spread out 

unevenly over the gravel in order to encourage the eventual recognition of the 

fish's milieu.  The mirror tests lasted 5 min and were carried out in a smaller 

aquarium (15x15x30cm) divided in its middle  by an opaque plastic separator 

which could be raised by the researcher at will. A 14x14cm glass mirror was 

placed inside the aquarium at the extremity of one of thus defined sections of the 

aquarium while the fish to be tested was confined to the alternate section of the 

aquarium behind the opaque separator. When the separator was raised, the fish 

could see its own image reflected by the mirror, approach it,  and display to it.  
 
Size measurements 

 We took three measurements of each fish (to a precision of 0.5 mm): (1) 

Body length - the distance between the tip of the snout and the tip of the caudal 

fin; (2) Sword length  - the distance between the tip of the caudal fin and the 

outside of the sword; and (3) Flank height - the greatest distance between the 

root of the dorsal fin and the root of the gonopodium. These measurements were 
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submissive posture).  However, such a view is difficult to conciliate with the fact 

that animals will perform an operant response to obtain the opportunity to 

menace or attack an opponent.  The other view is thus appetitive, i.e., positively 

reinforcing (Hinde, 1970; Rasa, 1976): the performance of aggressive behaviour in 

itself would procure some pleasure to the attacker. The problem with the 

reinforcing quality of attacks is that during a fight, both the future winner and 

future losers attack equally, keeping up in steps in terms of reinforcements until 

one of them capitulates. Decision must then play a crucial role into the nature of 

the reinforcing properties of the situation. 

Our view is simply this: satisfaction would come primarily from the 

initiation of aggressive acts which are successful in inducing the rival to flee or at 

least to have it signal appeasement; dissatisfaction would come essentially from 

having to flee or to appease the attacker.  Thus, the winner or to be dominant 

individual would be positively reinforced during the whole encounter by its own 

aggressive behaviour,  but victory would bring much more satisfaction to the 

winner from the moment the loser  would signal its capitulation. Each 

subsequent attack would be greatly reinforced by the winner seeing the loser 

fleeing or submitting.  As for the loser, it would also be partly satisfied 

(positively reinforced) during encounter by the initiation of aggressive acts from 

its part. However, upon its taking the decision to capitulate,  dissatisfaction 

would originate from diverse sources:  the cessation of being able to initiate any 

aggressive behaviour (the cessation of  positive reinforcement creates 

punishment),  the punishment of being dominated and having to adopt 

submissive posture or to flee, as well as the punishment coming from physical 

pain (blows and bites)  and repeated harassment from the dominant.  Thus the 

winner learns that it is authorized to attack or not to be afraid of that specific 

rival, whilst the loser learns to avoid or to be afraid of that  specific opponent.  

Such a reinforced acquisition is the basis of social discrimination and recognition. 
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Subsequent effects of  prior victory  and of  prior defeat can be explained 

by another process called generalisation to a new or “testing” situation.  Principles 

of generalisation are rather simple: the more the testing situation  bears 

resemblance with the learning one, the more there ought to be generalisation 

from the part of the learner. The more the learning is recent, i.e., fresh to 

memory, the more it will generalise easily (otherwise memory decays and 

experience is forgotten). The more learning has been repeated consistently (i.e., 

with the same ending result), the more experience was consolidated and  the 

more it should generalise integrally to a similar but new situation.  Thus when 

the prior winner and prior losers are subsequently introduced into the test 

situation where they encounter a new opponent, the generalize to the new 

situation: the prior winner behaves as a prior winner, and the prior loser as a 

prior loser unless the new situation (opponent, milieu)  bears no resemblance 

with that in which learning was established.  

The present results support the hypothesis that the more intense an 

encounter was, the more experience it left upon the winner protagonist, and the 

more effect it had subsequently as measures by scores reached at the mirror post-

tests. In the case of winners, this effect was still measurable by mirror tests 24h 

after cessation of the encounter.   

The present evidence in favour of victory only, and not defeat, thus  

contradicts authors who have suggested that only defeat  experience or  prior 

subordination influenced individual propensity to obtain subsequent victory 

(Frey & Miller, 1972; Rowell, 1974; Francis, 1983). 

It also contradicts “hard” explanations based on  neuroendocrinal data, 

especially the one  stating that defeat increases corticosteroid levels in  

Xiphophorus  (Hannes et al., 1984), the Green anole (Greenberg, 1983), the pig 

(Bouissou, 1983), and the domestic mouse (Leshner, 1980, 1983).  Hannes et al. 

(1984) have reported that  after fierce fights for rank order position amongst  

swordtail males there was an increase in concentrations of corticosteroids  in 
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both the blood and the body extracts of winners at times ranging from 1h to 14 

days after the end of the fight if the rivals were kept together. The corticoid levels 

of both winners and losers rose drastically during the fight, returned to control 

level within 6h, then increased moderately from 3 to 14 days thereafter. A first 

problem with a rise of corticoids is that it is a non specific index of stress.  An 

increase in  corticosteroids can be induced by any kind of stressor (Toates, 1995).  

Fights demand energetic action and their consequences can be stressful, so the 

pituitary-adrenal hormones are likely to play a role in agonistic behaviour 

(Huntingford & Turner, 1987). A second problem is that corticosteroids are at the 

same time a cause and a consequence of defeat or submissive behaviour. For 

instance, they are  associated in rats and mice to an increase in subsequent use of  

submissive or defensive behaviour during social interactions (Leshner, 1980, 

1983; Schuurman, 1980), apparently augmenting the punishing effect of defeat 

(Kahn, 1951; Taylor, 1979).  Thirdly, corticosteroids cannot be used to 

discriminate high ranking from low ranking males coming from already 

stabilized hierarchies in Xiphophorus:  the baseline of corticosteroids  in these 

fish of different ranks were found by Hannes (1984) to be indistinguishable. The 

results of the corticoids determinations suggest that low-ranking males are not 

more stressed or aroused than high-ranking males, which is quite incongruent 

with what can be inferred from the observation of their behavioural interactions 

(Beaugrand et al., 1984; Beaugrand & Beaugrand, 1991).  Moreover, Hannes 

(1984)  found that  social deprivation for 4 weeks had the consequence of 

lowering basal levels in  blood androgens and corticoids equally in high- and 

low-ranking males.  Thus, if there is a relationship between corticoids and 

experience then it is rather intricate. 

Defeat is known to decrease androgen levels in the swordtail (Hannes et 

al., 1984), the house mouse (Leshner, 1983), the rat (Schuurman, 1980), and the 

rhesus monkey (Rose et al.,  1972; Bernstein et al., 1983).  A rise in testosterone 

levels either naturally or through injections usually increases aggressiveness in a 
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wide range of species. One possibility is that winning aggressive encounters may 

facilitate testosterone secretion, and hence increase subsequent aggressiveness. In 

humans, Mazur & Lamb (1980) have shown that a competitive achievement 

(either winning a tennis double,  or obtaining a doctorate) was correlated with an 

increase of testosterone levels in men.  Hannes (1986) has also reported  that  

blood and whole-body androgen levels of male swordtails correlated with 

aggression measures in a standard-opponent test.    

Thus, one cannot deny that neuroendocrinal factors are implied. However,  

since  changes in hormonal levels cannot be said to be either the cause nor to be 

caused by  agonistic behaviour, it is tempting to put these hard explanations 

aside for the moment, and to stick to more soft explanations, such as those 

presented above, based  upon learning, discrimination  and generalisation. 
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Fig. 1.  Mean frequency of menaces, attacks, and their total towards their own 

mirror image in future winners and losers.  95% confidence intervals are 

indicated. 
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Fig. 2. Aggressive scores at the four successive mirror tests, two as a pre-test 

before agonistic encounter, and two as a post-test, after agonistic encounter. CI.95 

are indicated.  
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Fig. 3  Correlation between agonistic intensity during encounter and change in 

aggressive levels as measured by the difference between scores obtained in 

mirror tests obtained before (pre-) and after (post-) encounter.  Squares stands for 

winners and circles, for losers.  CI.95 are indicated.  
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Fig. 4.  Regression lines for future winners and losers.  Linear regression of 

agonistic intensity  during encounter and subsequent change in aggressive scores 

to mirror image 1h before and 1h after encounter. Circles are for winners and 

squares for  losers. 
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Fig. 5.  Mean aggressive levels at the mirror tests performed  1h before and 1h 

after agonistic encounter.  Winners and losers  were partitioned into the status 

they occupied in their respective home hierarchies,  to show the relationship 

existing between prior status and aggressive levels at Pre-1 and Post-1.  CI.95 are 

indicated. 

 

 

 

 


	The establishment of triads in home hierarchies
	Before commencing any experimentation, fish were first established as triads  and their hierarchy determined.   Adult males were randomly caught from communal tanks, individually measured, and carefully described.  The fish to form a triad  had to be dis
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