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Summary

Winner and loser effects, in which the probability of future success depends on individual’s
interaction history, help shape the structure of social hierarchies in animal groups. While
reports have documented that both magnitude and symmetry of these effects vary widely
across different systems, questions remain whether these effects serve to reduce the associated
costs during hierarchy formation. In a series of models, cost–benefit properties of an emerging
hierarchy were assessed in relation to variation in winner and loser effects. Coupling high
winner effects with low loser effects resulted in an overall increase in aggressiveness in
the group, increasing the costs of hierarchy formation for the participants and disrupting
its maintenance. In contrast, low winner and high loser effects resulted in an efficient cost
reduction while also encouraging stability in social status.

Keywords: winner–loser effects, dominance hierarchy, cost-benefit analysis, social rank, ag-
gression.

Introduction

Winner and loser effects describe situations where the outcome of prior in-
teractions affects future success. Central to the development of dominance
relationships among individuals, such effects usually do not alter an indi-
vidual’s actual physical fighting ability, but rather affect its assessment of
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probabilities for future outcomes or its aggressive motivation. Moreover, ex-
periences associated with each additional interaction appear to be cumulative
(Hsu & Wolf, 2001). These changes in aggressive motivation, such as will-
ingness to engage opponents or timing of the decision to retreat, are based on
the receiver’s perception of either emitted winner/loser signals, or of its own
fighting prowess through self-assessment (Rutte et al., 2006). In either case,
winner and loser effects manifest themselves as changes in future success;
a winner becomes more likely to win again, while the reverse is true for the
loser. With an individual’s fighting behavior (e.g., approach and display in
the early stages of an encounter) contingent on its own past history, the need
for iterated interactions between both familiar and unfamiliar individuals is
reduced (Hsu & Wolf, 1999).

Empirical evidence for the importance of winner and loser effects in the
establishment of complex dominance relationships derives from a wide range
of taxa (e.g., Hack, 1997; Schuett, 1997; Whitehouse, 1997; Beaugrand &
Goulet, 2000; Huber et al., 2004; Hsu et al., 2006). Moreover, such effects
have been the focus of theoretical models and simulations (Bonabeau et al.,
1996; Mesterton-Gibbons, 1999; Hemelrijk, 2000, 2002; Beacham, 2003;
Dugatkin & Earley, 2003; Hock & Huber, 2006, 2007). While the presence
of winner and loser effects is widespread, the mechanisms that underlie them
are still not adequately understood. Though a significant portion of published
studies has focused on dyadic encounters, an increasing body of work is con-
sidering the importance of winner and loser effects in the emergence and
maintenance of dominance hierarchies in larger group scenarios (e.g., Chase
& Rohwer, 1987; Hemelrijk, 2000; Dugatkin & Earley, 2003; Dugatkin &
Druen, 2004). In general, the relative magnitude of loser effects often ex-
ceeds that of winner effects and is frequently longer-lasting (Francis, 1988;
Chase et al., 1994; Schuett, 1997; Bergman et al., 2003). Moreover, loser
effects by themselves are often sufficient for maintaining stable hierarchi-
cal relationships and social structure (Dugatkin, 1997; Hock & Huber, 2006,
2007). Current evidence suggests that proximate causes for winner and loser
effects reside in behavioral-neuroendocrine feedback loops of aggression
(Huber & Delago, 1998; Huber, 2005; Oyegbile & Marler, 2005).

The tradeoff between costs and benefits of fighting lies at the very heart of
game theoretical analyses (Maynard Smith & Parker, 1976; Maynard Smith,
1982). It, thus, follows that if winner and loser effects are adaptive, they will
contribute to maximization of this ratio. In social context, hierarchies act as
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an effective mechanism to translate social status into differential access to re-
sources (Clutton-Brock et al., 1979; Enquist et al., 1985; Enquist & Leimar,
1987; Thorpe et al., 1995; Pagel & Dawkins, 1997; Neat et al., 1998; Cant
et al., 2006) and, therefore, both dominant and subordinate individuals will
aim to maximize their respective benefit/cost ratios. It is possible to partition
the costs of fighting into several categories, such as all costs associated with
energy demands of fighting, the risks of injury, and the increased exposure
to predation. The benefits of fighting generally focus on resource acquisi-
tion, but as many animals fight even in the absence of any obvious resources,
such as food or mates, an increased winning probability may represent the
resource in and of itself. Consistent with laboratory studies of animal aggres-
sion (e.g., Jackson, 1991; Chase et al., 1994; Hsu et al., 2006), winning may
effectively serve to prime the agent towards acquisition of resources in the
future.

Decapod crustaceans present the researchers with a model system in
which animals fight for position even in the absence of resources both in
the laboratory (Issa et al., 1999; Goessman et al., 2000; Huber et al., 2004)
and under field conditions (Davis & Huber, 2007). In addition to frequent
agonistic interactions, various aspects of winner and loser effects have been
documented in Decapoda, from experimental manipulation of loser effects
(Huber & Kravitz, 1995) to their temporal dynamics (Bergman et al., 2003).
Decapod crustaceans, thus, present an ideal system for developing theoreti-
cal models in order to explore such phenomena.

Our previous work on the relationships between the relative magnitude
of winner–loser effects and the formation and maintenance of hierarchical
structures (Hock & Huber, 2006, 2007) has demonstrated that the magnitude
of winner–loser effects was important for rapid divergence and hierarchical
structuring of ordered ranks, while relatively large loser effects were essen-
tial for its long-term stability. In the present study, through a series of spa-
tially explicit agent-based models with strong links to empirical studies, we
aim to further explore relationships between winner–loser effects and domi-
nance hierarchies by considering these effects within the context of fighting
costs as well as benefits for individuals involved in hierarchy formation. By
exploring models which independently vary winner and loser effects, this
study aims to shed new light on the general utility of these effects in animal
conflicts.
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Methods

The models were developed using a modeling framework (Hock & Huber,
2006) integrated into the JavaGrinders library available on the Internet at
http://caspar.bgsu.edu/∼software/Java/ and the Java programming language
(Java 1.6.0 API).

Non-behavioral parameters

The general parameters were developed so as to closely resemble empirical
experiments on decapod hierarchies (Goessmann et al., 2000). The arena,
270 × 180 pixels in size (an equivalent of 0.6 × 0.4 m of actual space), was
implemented as a ‘wrap-around’ world (where animals exiting one side bor-
der would reenter the area from the opposite side), thus allowing for spatial
movement patterns unaffected by obstacles. Four individuals were spatially
represented in the arena as a single central pixel. A circle surrounding the
central pixel, with a diameter of 27 pixels (an equivalent of 6 cm and twice
the carapace length of individuals used in Goessmann et al. (2000), i.e., in
line with the experimental thresholds using the critical ‘one body length’),
was used as a critical distance (DIST) that determined whether two individ-
uals were close enough to interact. At the start of each trial individuals were
randomly placed in the arena. Movements for each individual were selected
at random from a distribution of 9765 moves that had been recorded in 4-s
intervals in freely moving crayfish (Panksepp & Huber, 2004). Each iteration
of the model, thus, represented a 4-s timeframe. Each trial was run for 2700
iterations, or an equivalent of 3 h. No additional rules that would precondi-
tion spatial structure or aggregation were implemented in the model.

Interaction rules

The basic interaction rules were adapted from Hemelrijk (2000). In addition
to spatial position, each individual was also characterized by a variable DOM
representing its aggressive motivation and, as such, its relative probability of
winning in an interaction. Each individual was given a DOM value of 0.5
at the start of each trial, thus leveling the chances to attain any given rank
within the group. The cutoff value for minimum DOM was set at 0.0001.
Whenever two individuals came within a DIST of each other, their encounter
developed into an interaction with associated consequences for their future
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success. Therefore, each individual was viewed as taking every opportunity
towards increasing its own rank. The winner of an interaction was deter-
mined by comparing the DOM values of the two contestants, i and j, as per
equation (1).

pW = DOMi/(DOMi + DOMj) (1)

An individual i won over the individual j if its probability of winning
pW was greater than a randomly selected number from 0 to 1. Once the
outcome of an interaction was determined, the aggressive motivation of each
contestant was updated to reflect it as per equations (2) and (3).

DOMi(T +1)

= DOMi(T ) + (
wi − (DOMi(T )/(DOMi(T ) + DOMj(T )))

)

∗ STEPDOM (2)

DOMj(T +1)

= DOMj(T ) − (
wi − (DOMi(T )/(DOMi(T ) + DOMj(T )))

)

∗ STEPDOM (3)

If contestant i was a winner, wi was set to 1, else it was set to 0. The loser
of an interaction would use an escape behavior instead of its next regular
move by moving between one and three DIST values directly away from the
winner.

From equations (2) and (3) it follows that the subsequent changes in
aggressive motivation were dependent not only on the outcome alone, but
also on the relative difference in aggressive motivation between contestants
and an additional scaling factor STEPDOM. The likelihood of attaining any
given intensity level is associated with the fight duration (Huber et al., 2004),
and intensity levels in turn have differential consequences on future fight-
ing success (Beaugrand & Goulet, 2000; Jennings et al., 2005). In general,
stereotyped, escalated encounters progress through distinct stages of ritual-
ized assessment and combat; increasingly risky fighting behaviors emerge
the longer the fight lasts. In the present models, fight duration was not mod-
eled directly, but rather estimated as a level of aggressive motivation of an
individual with a lower DOM value in a pair. While all interactions were re-
solved instantly in model time and before the next move, the timing of the
decision to retreat was calculated by comparing the DOM values of the two
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contestants, selecting a lower one, and then using it to calculate the likeli-
hood of reaching respective fight intensities for a given fight.

In accordance with the previously published characterization of decapod
fights (Huber & Kravitz, 1995; Huber et al., 2004), four discrete intensity
levels have been implemented in the model. Different values of STEPDOM
were assigned to fights that reached different intensities, where each level (0
to 3) doubled the previous one. A number of empirical crayfish studies were
pooled to obtain probability density functions (logistic curves) describing
the association between fight intensity and duration (Huber & Delago, 1998;
Stocker & Huber, 2001; Schroeder & Huber, 2002). For each encounter of a
given duration the model randomly chose actual fight intensity from among
the relevant proportional distributions.

The magnitude of winner and loser effects gradually wears off with time.
In Decapoda, winner effects have decayed to about 2/3 of the initial magni-
tude after a period of 40 min (Bergman et al., 2003). Equation (4) indicates
how this decay in DOM values was implemented in the model, with N rep-
resenting the total number of 4-s intervals.

DOMdecayed = DOM(t) − (DOM(t) − 0.5)/(3N) (4)

Any changes in DOM value as a result of interactions would eventually
return to the resting value if no further interactions took place, with equal-
sized decay for both winner and loser effects.

Winner and loser effects and cost–benefit analysis

Both winner and loser effects were modeled implicitly as context-dependent
changes in aggressive motivation depending on past interaction outcome.
Their manipulation was performed through the use of STEPDOM, thus mak-
ing it possible to give different values not only to each intensity level, but
also to independently combine different sets of STEPDOM values to sim-
ulate different magnitudes of winner and loser effects. Two different sets
of STEPDOM values were used (High vs. Low) where High set was four
times greater than Low set (Table 1). By independently combining these sets
for winner and loser effects, four different scenarios, each with 50 replicates,
were explored: High winner–Low loser effects (HL), Low winner–High loser
effects (LH), High winner–High loser effects (HH), and Low winner–Low
loser effects (LL). It was, thus, possible to simulate and, therefore, explore
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Table 1. A list of STEPDOM values used for different intensities in the two
sets. The sets of values were independently assigned to either winner or loser

effect.

Intensities STEPDOM

Low set High set

0 0.03125 0.125
1 0.0625 0.25
2 0.125 0.5
3 0.25 1

High set was four times the magnitude of the low set.

how differential magnitudes of winner and loser effects and their relative
differences influence the costs and benefits of fights and hierarchy formation
within a group.

Measurements of the social status of individuals were taken in regular in-
tervals of 20 interactions within the group regardless of the identity of the
involved individuals. The probability to win at a particular point in time was
used as a measure of the benefit of fighting. As each individual had an ap-
proximately equal chance to meet any of the other three individuals as its next
opponent, it was calculated by dividing the pooled pW values for that individ-
ual by three. Each individual’s cost of fighting was estimated in two ways:
as an average duration of fights and as a percentage of fights that reached
the highest intensity for the past 20-interaction interval. Changes in these
parameters were classified according to the individual’s final ordinal rank.
The partition of parameters, coupled with the independent manipulation of
winner and loser effects, allowed for a detailed examination of the factors
involved in hierarchy formation and how they are influenced by changes in
aggressive motivation and interaction history.

Rank stability was determined by examining the probability that the dom-
inant (i.e., highest-ranking) or subordinate (i.e., lowest ranking) individuals
of the first 20-interaction interval will either retain, change, or invert their
status in the fifth interval (from 80 to 100 interactions). Since our previous
work has indicated that disproportionally low loser effects exert a disruptive
pressure on hierarchical structure (Hock & Huber, 2006), a replicated good-
ness of fit test (Sokal & Rohlf, 1981) was performed to determine whether
loser effects influence the stability of the hierarchy.
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Results

The social status of an individual was determined by recording its cardinal
rank using the Batchelder–Bershad–Simpson (BBS) method (Jameson et al.,
1999). Except for determining rank stability, where cardinal ranks were de-
termined on an interval basis, cumulative interaction history was used as the
basis for determining cardinal ranks in all other analyses. Individuals that
attained the highest cardinal rank in their respective group (α individuals)
were designated as dominants, while those who had the lowest cardinal rank
(δ individuals) were designated as subordinates. The degree of linearity in
hierarchical group structure was measured by Landau’s statistic h, which
compares the number of transitive triads within a group to those maximally
possible (Appleby, 1983).

A total of 14 316 20-interaction intervals were obtained across the four
model groups, with a range of 520–720 and a median value of 640 interac-
tions per group. The number of interactions did not differ among scenarios.
These results of interaction frequency when fights are obligate are consis-
tent with the observations reported by Issa et al. (1999), where individuals
that took every chance to interact did so at a rate of approx. 250 interac-
tions per hour. However, to facilitate the cross-comparison with our previous
work (Hock & Huber, 2007) we have used only the initial 100 interactions
for subsequent analyses.

The degree of linearity approached 1 (perfectly linear) in all models re-
gardless of the magnitude, or the relative magnitude, of winner and loser ef-
fects (Figure 1). However, linearity was achieved sooner in the models which
had a higher magnitude of loser effects. The linearity results were consistent
with those of Hock & Huber (2006).

The winning probability for an individual was primarily affected by the
magnitude of loser effects, with low values producing less of a difference
in winning probability among dominants and subordinates (Figure 2). In the
HL scenario winning probabilities for both dominants and subordinates re-
mained constant, while the LH scenario produced constant winning proba-
bility only for subordinates. The difference in winning probability between
dominants and subordinates increased steadily in all scenarios except the HL
scenario, while becoming more pronounced with an increase in the relative
importance of loser effects.

Average fight duration decreased for both dominants and subordinates in
all scenarios except HL, where the fights rapidly reached a maximum (Fig-
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Figure 1. A measure of linearity (Landau’s statistic h) as a function of the number of
interactions that have occurred in a group. Linearity of the hierarchical structure increases
with subsequent interactions. Models with high magnitude of loser effects exhibit greater
linearity for a given number of interactions and also converge more rapidly toward perfect

linearity (a h value of 1).

ure 3). Once at a maximum, fight duration then remained constant, indicat-
ing that the aggressive motivation of the subordinates remained at high lev-
els with subsequent interactions. In cases where fight duration did decline,
the speed of this decline was linked to the relative importance of loser ef-
fects (LL scenario had longer fights than HH scenario, and HH scenario had
longer fights than LH scenario).

The high level of aggressive motivation across the group in the HL sce-
nario was also evident in the high number of intense fights (Figure 4). A high
frequency of intense fighting was observed for both dominants and subordi-
nates in the HL scenario that continued to rise as hierarchies formed, while
other scenarios featured low rates of interactions at the highest intensity.

The disruptive influence of the less prominent loser effects on the stability
of the hierarchy was examined as the frequency at which the initially dom-
inant or subordinate individuals retained, changed, or completely inverted
their status following the initial establishment of dominance status (Table 2).
The results of replicated goodness of fit analyses suggest that less prominent
loser effects exert a disruptive influence on the maintenance of hierarchical
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Figure 2. Winning probability as a function of the number of interactions that have oc-
curred in a group. Low winner–High loser scenario results in rising winning probability for

dominants and constant winning probability for subordinates.

structure, and, implicitly, on the reliability of initial fighting success as a
predictor of eventual social status. Although all scenarios deviated from ide-
ally conserved hierarchical structure, those with a lower magnitude of loser
effects exhibited a significantly stronger tendency to do so. For a given mag-
nitude of loser effects, the magnitude of winner effects did not significantly
contribute to the stability of the hierarchy. The impact of loser effects was
symmetrical for both dominants and subordinates, where this instability of
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Figure 3. Changes in average duration of fights as a function of the number of interactions
that have occurred in a group. High winner–Low loser scenario results in long fights as the
aggressive level of the group rises, while Low winner–High loser scenario results in the lowest

fight durations overall.

social hierarchy affected the potential of the subordinates to change their po-
sition on the hierarchical ladder and also exerted pressure on the dominants
striving to retain their preeminence.

Discussion

The importance of winner and loser effects for resolving animal conflicts
has been the focus of many experimental studies and theoretical models (for
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Figure 4. A percentage of fights that ended at maximum intensity of 3 as a function of the
number of interactions that have occurred in a group. As the fights progress and the hierarchy
is formed, the percentage of fights that reach the highest maximum intensity is rising only in

High winner–Low loser scenario.

a review, see Hsu et al., 2006). These effects are the result of a series of deci-
sions that an individual makes in agonistic interactions that ultimately affect
its motivation and behavior. As behavioral conventions, they enable the indi-
viduals to maximize their access to resources while also retaining the ability
to secure resources in future (Hsu & Wolf, 1999; Mesterton-Gibbons, 1999;
Van Doorn et al., 2003). The ability to secure future resources through cost
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Table 2. Results for replicated goodness of fit tests (G-statistic) assessed the
impact of loser and winner effects on the stability of hierarchical structure.

Source Initial status Final status df G p

α β/γ ω

Low loser effect
HL α 16 27 7 2 425.818 ***

ω 8 24 18
LL α 21 23 6 2 399.259 ***

ω 8 26 16
×L total 4 825.077 ***
×L pooled α 37 50 13 2 823.839 ***

ω 16 50 34
×L heterogeneity 2 1.238 ns

High loser effect
HH α 30 17 3 2 239.719 ***

ω 1 21 28
LH α 28 17 5 2 325.171 ***

ω 3 28 19
×H total 4 564.890 ***
×H pooled α 58 34 8 2 560.870 ***

ω 4 49 47
×H heterogeneity 2 4.020 ns

Totals
Total 8 1389.967 ***
Pooled α 95 84 21 2 1367.065 ***

ω 20 99 81
Heterogeneity 6 22.902 ***
Heterogeneity within ×H and ×L 4 5.258 ns
Heterogeneity between ×H and ×L 2 17.640 ***

Matrices for the individual scenarios were compared to an expected matrix for an ideally
conserved hierarchy {{50, 0, 0}{0, 0, 50}}. The G-statistic was used to measure the degree to
which the observed values deviated from this hypothesis. It is additive and can be partitioned
into separate components for the fit of individual samples, the fit of all samples combined
(i.e., pooled fit), and the differences in fit between samples (i.e., heterogeneity). G-values
can only be obtained for non-zero cells, and a value of +0.5 was, thus, added to every
cell of the matrix. All individual scenarios deviated significantly from an ideally conserved
social hierarchy. Significant heterogeneity between high (×H) and low loser effects (×L)
demonstrated that larger loser effects increased hierarchy stability. Winner effects did not
significantly contribute to the patterns of this deviation.
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reduction is immanently more important for subordinates who may lack them
at present. This may explain why subordinates more strongly abide by social
conventions, as evidenced by the number of studies where loser effects ex-
ceeded winner effects (Chase et al., 1994), to a point that sometimes winner
effects were not detected at all (e.g., Schuett, 1997). Additional mechanisms,
such as ritualized fighting with sequential assessment (Enquist & Leimar,
1983), further minimize fighting costs, particularly if the combatants may
face serious injury.

On a group level, winner and loser effects translate into a dominance
hierarchy, and such social structuring reduces the need to continuously test
the resource acquisition ability of others (Issa et al., 1999; Goessmann et
al., 2000). Thus, while the subordinates minimize their own fighting costs
through the expression of loser effects, the fighting costs of dominants is also
indirectly reduced since they will have to expend less energy for fighting
and enjoy lower risks while retaining their preferential access to current
resources. The relative magnitude of winner and loser effects should, thus,
have a profound effect on the costs and benefits of hierarchical relationships.

In our previous work, winner and loser effects were considered either as
mechanisms through which the hierarchies are formed from initially egali-
tarian groups and maintained over time (Hock & Huber, 2006), or as indirect
consequences of decision-making processes which affect the dynamics of
individual fights (Hock & Huber, 2007). However, the results of the present
study shift the focus from the individual’s ability to achieve and maintain
certain social status to the utility of it doing so. While the general reason-
ing behind the formation of a hierarchy may be to reduce the risks of future
conflicts, this was not the case for all examined scenarios. Specifically, when
loser effects were lower than winner effects, the costs of fighting actually
increased both in terms of longer fight durations, i.e., energy expenditure,
and the intensity of fights, i.e., injury risks. Under such conditions, the ag-
gressive motivation of the subordinates continued to increase despite the fact
that they were losing many interactions. This was a result of the combina-
tion of two effects. Firstly, low loser effects translated into a relatively small
overall decrease in aggressive motivation for the subordinates, even though
those losses were frequent. The subordinates, therefore, remained poised to
interact in longer fights and at higher intensities. Secondly, this tendency to
interact at higher intensities subsequently meant that each win that the sub-
ordinates managed to achieve was likely to strongly propel their aggressive
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motivation into positive, thus overshadowing the effect of even a series of
losses. Such wins were not only played out at a high intensity, therefore hav-
ing inherently larger returns and against opponents whose aggressive moti-
vation was also relatively high, but also emphasized by the greater magni-
tude of winner effects. The winning probability of the subordinates was also
comparatively high and constant and, therefore, under these conditions the
subordinates were more likely to achieve these wins than in other scenar-
ios. But, even without taking this effect into consideration and though the
subordinates were poised to lose fights against the individuals of the highest
rank, they were also interacting with opponents against whom their chances
of winning were better. Thus, it was not necessary for the subordinates to
win against the dominants to achieve these leaps in aggressive motivation,
but rather any win was sufficient to attain such result. The constant winning
probability under HL conditions, coupled with a less pronounced difference
in winning probability between dominants and subordinates, could also ex-
plain the eventual convergence of ranks observed in the authors’ previous
study on the relationships between hierarchical structure and relative magni-
tude of winner–loser effects (Hock & Huber, 2006), where disproportionally
low loser effects caused the difference among ranks to decrease over time,
thus making the gap between individuals of opposite status less explicit.

The HL scenario, therefore, results in highly aggressive individuals at both
ends of the hierarchical ladder. There is very little difference between the
fight dynamics typically experienced by the dominants and subordinates,
with fights being markedly more demanding and risky than those in other
scenarios. Furthermore, winning probabilities of both dominants and subor-
dinates remain constant, where hierarchical structures show little reinforce-
ment from subsequent interactions. Fighting history does little to influence
the potential for future success beyond the initial divergence and, thus, fights
not only become more costly, but also have less significance on the mainte-
nance of social structure. However, such conditions may still prove advanta-
geous for subordinates under certain circumstances, such as in cases where
the subordinates have no alternative but to obtain resources (Grafen, 1987) or
as a tactic to coerce the dominants into avoiding costly fights (Morrell et al.,
2005). If potential benefits outweigh even the most extreme costs incurred
by fighting, disproportionally low loser effects may aid the subordinates in
destabilization of the hierarchical structure and any attempts to usurp domi-
nant status.
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The increase in the relative magnitude of loser effects is an effective mech-
anism to reduce the overall costs of fighting, and is consistent with empirical
studies that found more prominent loser effects (e.g., Francis, 1988; Bakker
et al., 1989; Schuett, 1997; Bergman et al., 2003; but see Hsu & Wolf, 1999).
Fight duration, and to some extent fight intensity, drops as loser effects be-
come more important, and are the lowest in LH scenario. Under such con-
ditions, the individuals that lose fights are rapidly profiled into subordinates,
and at the same time lack the mechanism that would advance them to dom-
inance, e.g., with an occasional win against other low-ranking individuals,
due to the disproportionally low winner effects. In effect, the mechanism
that keeps the subordinates from becoming dominant is the inverse of the
one under HL conditions, as each odd win is more than offset by high-impact
losses. Since the subordinates also experience a marked drop in their aggres-
sive motivation, the fighting costs for the dominants are also indirectly re-
duced whenever they enter a fight against the subordinates. However, while
the subordinates tend to participate in low-return fights, their winning prob-
ability nevertheless remains constant. Therefore, while subordinates reduce
their costs of fighting by adjusting their fight dynamics, they at the same time
retain the same overall probability to win future interactions. Though an im-
mediate return of this mechanism may be minimal, given that the hierarchies
are stable under such conditions, a long-term perspective may offer benefits
to current subordinates who maintain a constant winning probability.

The results of the present study demonstrate that the low winner–high
loser effect scenario resulted in a most favorable cost–benefit ratio of fights
in a group irrespective of the final rank that an individual would achieve in
the hierarchy. While proportional winner–loser effects also reduce the costs
of fighting in groups, they do so more slowly and the costs are generally
higher overall than under conditions featuring disproportionally high loser
effects. However, increasingly different winning probabilities among indi-
viduals of different rank in scenarios with proportional winner–loser effects
could mean that such conditions are beneficial under certain circumstances,
such as cases when the costs of fighting are outweighed by the need to ac-
quire, and distribute, resources at present. In contrast, with disproportionally
low loser effects the subordinates are unable to conserve the resources by
minimizing fighting costs, but could benefit from the potential to disrupt
long-term hierarchical structure if the need for gains ends up overshadow-
ing any costs incurred by fights. Prohibitive costs of such systems would,
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however, prevent this method of resource redistribution in a majority of sit-
uations. It is, thus, not surprising that examples in nature almost exclusively
feature either proportional winner–loser effects or cases where loser effects
are more pronounced.
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