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Individual recognition, dominance hierarchies
and winner and loser effects

Lee Alan Dugatkin'® and Ryan L. Earley?

'Department of Biology, University of Louisville, Louisville, KY 40208, USA
2Department of Biology, Georgia State University and Center for Behavioral Neuroscience, 402 Kell Hall,

33 Gilmer Street SE, Unit 8, Atlanta, GA 303038, USA

Winner and loser effects are defined as an increased probability of winning an aggressive interaction at
time 7, based on victories at time 7 — 1, T — 2, etc., and an increased probability of losing at time 7,
based on losses at time 7 — 1, T — 2, etc., respectively. Prior theoretical work on dominance hierarchy
formation has demonstrated that when players are not capable of individual recognition, loser effects
always produce a clear top-ranked (alpha) individual, but all other ranks in a group remain unclear;
whereas winner effects always produce strict linear hierarchies in which the rank of each individual is
clear. Paradoxically, however, when individual recognition—a phenomenon long thought to stabilize hier-
archies—is possible, winner and loser effects have no impact on the probability of forming strict linear hier-

archies.
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1. INTRODUCTION

Models of aggression and dominance hierarchy formation
often partition the effects that influence animal fighting
behaviour into two compartments: intrinsic and extrinsic
factors (Landau 1951a,b). Intrinsic factors refer to traits,
such as size, that correlate with an animal’s fighting ability
in terms of physical prowess (i.e. its resource holding
power (RHP) (Parker 1974)). Extrinsic factors generally
refer to what have come to be known as winner, loser and
bystander effects (Landau 1951a,b; McGregor et al. 1999;
Mesterton-Gibbons 1999; McGregor & Peake 2000; see
Chase ez al. (1994) for a review of empirical work on win-
ner and loser effects). Precisely how winner and loser
effects impact fighting behaviour is not yet completely
understood, but neuroendocrinological changes after vic-
tory or defeat are the probable proximate mechanisms
(Allee er al. 1955; Rose er al. 1975; Hannes er al. 1984;
Knapp & Moore 1996; Yeh er al. 1997; Oliveira er al.
2001; Summers et al. 2003; Yang & Wilczynski 2003).

Extrinsic factors have been the subject of less attention
than intrinsic factors with regard to their influence on the
outcome of dominance interactions. Moreover, empirical
work has focused on the impact of winner and loser effects
on pairwise interactions, rather than on dominance hier-
archies (but see Chase ez al. 2003). In a pair of influential
papers, Landau (1951a,b) examined how extrinsic and
intrinsic factors might explain the presence of the linear
hierarchies that he believed were so common in nature,
and found that except under extreme conditions, intrinsic
factors alone could not produce the linear hierarchies that
he felt were representative of nature. However, once
extrinsic factors, such as winner and loser effects, were
added to the model, hierarchies were much more similar
to those found in nature.
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Despite the importance and impact of Landau’s
(1951a,b) papers on research in the area of dominance
hierarchies, several critical questions surrounding winner
and loser effects, and how they interact, remain unansw-
ered more than 50 years later. In particular, Landau
(1951a,b) did not examine winner and loser effects inde-
pendently, but considered only their impact on hierarchy
formation when both were present. Furthermore, animals
did not assess each other’s fighting ability (RHP) in Lan-
dau’s work.

In a prior model, the lead author found that when win-
ner effects alone were examined, a strict linear hierarchy
emerged in which all individuals held an unambiguous
rank (Dugatkin 1997). When examining loser effects in
the absence of winner effects, a clear alpha individual
always emerged, but the rank of others in the group was
unclear. In those models, individuals could not recognize
one another. After winning or losing a fight, they raised
or lowered their estimate of their fighting ability with
respect to all other group members, not specifically with
respect to the individual with which they had just inter-
acted. Here, we describe the results of a computer simul-
ation in which individuals in a group can recognize group
mates and use information from prior aggressive interac-
tions (wins and losses) to temper their future interactions
with specific individuals, and examine how this affects the
structure of dominance hierarchies (see Johnston (2003),
Paintner & Kramer (2003), Petrulis & Eichenbaum
(2003), Pfalzer & Kusch (2003) and Gherardi &
Tiedemann (2004) for some recent studies on individual
recognition across a wide array of taxa).

2. THE MODEL

A group of N animals within which randomly chosen
pairs of individuals were pitted against one another in
potentially aggressive contests was simulated, using an
Apple Macintosh-based program written in TRUE BAsIC.
Discrete time intervals, T=1, 2, ...T .. Were simulated,
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and at each interval N/2 interactions occurred (i.e. all
group members were involved in contests). At the start
of a simulation, each animal was assigned a score, which
denoted the individual’s assessment of its own fighting
ability. This score was analogous to a player’s estimate of
its own RHP and is denoted as RHP ,yer s serr, 7 (T s a
counter that is initialized at 1 and increases by a single unit
after each pairwise encounter). Individuals were aware of
their own initial RHP value (RHP,,;) and the initial RHP
score of all other group members as well (RHP,,,..), but
not the RHP of other group members as they changed as
a result of winner or loser effects. In other words, player
1 always assumed that player ;s RHP was whatever player
7’s initial RHP might have been.

In each contest, an animal could choose to either ‘be
aggressive’ or ‘retreat’. Players used a simple rule to deter-
mine which option to employ. Individual 7 assessed its own
RHP and that of its opponent—individual j—and chose to
be aggressive if RHP jjayer i, seif versus j, 7/ RHPomer Was greater
than or equal to the aggression threshold, labelled F.
RHP,jayer ;, seif versus j, 7 denotes player #’s estimate of its own
RHP when matched against player j at time 7" (Mesterton-
Gibbons & Dugatkin 1995). If F=0, animals always
fought, regardless of who their opponent was; whereas if
F=0.5, they fought another individual whose RHP they
assessed to be up to twice as great as their own, and so
on. Thus, three outcomes were possible when player : met
player j: (i) both player 7 and j met the aggression threshold
and both decided to be aggressive (fights); (ii) player : met
the aggression threshold, whereas player ; did not
(1 attacked, j retreated), or vice versa (j attacked, ¢
retreated); and (iii) neither player 7 nor player j met the
aggression threshold, and hence neither opted to be
aggressive. If both players opted to be aggressive, the
probability that player 7 would defeat player j was given as

RHP jayer i, seif versus j, 7/ (RHPplayer ivselfversusj, 7 T REPplayer s, self versus 7, )5

where RHP u0e; ;, seif versus 7, 7 €quals player j’s estimate of
its own RHP when matched against player 7 at time 7.

For all simulations, T,,,, was set to 1000, group size
was set at either N =4 or 8, and the initial RHP, value
for each group member was set at 10 (i.e. all group mem-
bers started out with the same RHP value). Because the
initial RHP values of others in the group were known, all
animals assumed RHP, .., to be 10 throughout the simul-
ation. An animal was considered dominant to another if
it defeated that individual in more than 50% of the
encounters between the pair. In the model, an individual’s
assessment of its own RHP changed through time as a
result of: (i) whether it won or lost a fight; and/or (ii)
whether it retreated from an opponent, or whether its
opponent retreated. In other words, winner and loser
effects were a result of either (i) actually winning or losing
a fight and (i) simply retreating or having someone retreat
from an attack. When player  won a fight against j, or had
j retreat from its aggressive approach—i.e. when winner
effects were in play—player 7 increased its own RHP with
respect to player j by a factor of W, and so

RHPplayer i, self versus j, T = (1 + W) RHPplayer i, self versus j, 7 — 1*
(2.2)
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That is, when player ¢ defeated player j, it increased its
estimate of its own RHP against j, but did not increase its
estimate of its RHP with respect to any other group mem-
bers, reflecting the notion of individual recognition. Con-
versely, when player 7 lost a fight or retreated from an
aggressive act by an opponent (j), its estimate of its own
RHP with respect to j was lowered by a factor L and

RHPplayer i, self versus j, T = (1 - L) RHPplayer i, self versus j, 77— 1*
2.3)

Winner effects and loser effects are independent of one
another in the sense that individuals in a given run of a
simulation may be affected by winner effects alone, loser
effects alone, both winner and loser effects, or neither. We
assume that winning a fight and having one’s opponent
retreat before a fight have the same effect on W, and that
losing a fight or retreating have the same effect on L.
Indeed, numerous computer simulations undertaken show
that relaxing this assumption does not qualitatively change
the results presented below.

The parameter space explored was as follows: F varied
from O to 1 (in steps of 0.25), W and L both ranged from
0 to 0.5, in increments of 0.1, and group size (IN) was
set at either 4 or 8. Hence, 300 unique combinations of
parameters (5% 6 X5 % 2) were simulated, and each of
these combinations was run 500 different times, for a total
of 150 000 simulation runs. Results from the simulations
indicate that varying F and/or N had little qualitative effect
on the outcome. In addition, varying W and L anywhere
in the 0.25 to 1 range did not qualitatively affect results,
and so here we report the case where group size was set
at 4, and F=0.75.

3. RESULTS AND DISCUSSION

The simulation output files were programmed to deter-
mine whether a linear hierarchy (alpha individual > beta
> gamma > delta) existed in each group after 1000 inter-
actions. In addition, the model was modified to consider
the case of winner and loser effects, but no individual rec-
ognition: in these simulations individuals increased
(winner effect) or decreased (loser effect) their assessment
of their own RHP relative to everyone in their group (as
in Dugatkin 1997). Results are shown in figure 1 and table
1. When individual recognition was in play, winner and
loser effects produced hierarchies that were very similar to
hierarchies formed when neither effect was in operation.
These results are strikingly different from prior models of
winner and loser effects in which no individual recognition
was built into the simulations (Dugatkin 1997). In these
models, all hierarchies were linear when W was in effect,
and no hierarchies were linear when L was in play
(figure 1).

From an evolutionary perspective, the results presented
here are somewhat paradoxical. Individual recognition is
thought to have evolved to allow for the detection of
cheaters—individuals who bluff when involved in potential
aggressive interactions—and to stabilize dominance hier-
archies (Barnard & Burk 1979; Pagel & Dawkins 1997).
Thus, the lack of individual recognition might be regarded
as the primitive state in groups that may nonetheless have
dominance hierarchies and individuals that respond to
winner and loser effects. Once introduced into such a
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Table 1. The win—loss matrices. (a¢) Winner effect=0.3, no 2 1.0+ 0t 0} 1 |
individual recognition. A clear linear hierarchy exists (D-> A- % 0.9 4
> C->B) and all interactions are ‘fights’. (&) Loser 5
effect = 0.3, no individual recognition. A clear alpha individual :—ij 0.8
(D) exists, but other ranks are indeterminate. All interactions s 0.7+
are ‘attack/retreats’. (¢) Winner effect = 0.3, individual recog- = 0.6 -
nition. No linear hierarchy exists and all interactions are g 0.5 -
‘fights’. (d) Loser effect = 0.3, individual recognition. No linear 5
hierarchy exists and all interactions are ‘attack/retreats’. L’i 0.4 5 ___g‘_'_‘_-_-_-_-.—_ ----- o _-_-_—;_-_-;_'_'_'_'_‘2_’_’_’_’_’_’.’.’::::—8 —————————— s o)
2 0.3+
A B c D Z 02-
2 0.1
1(;1 : — 160 175 2 ) = ' ¥ ? ¢
B 5 o 3 0 0 0.1 '0.2 0.3 0.4 0.5
C 2 168 o 1 winner or loser effect
D 157 168 162 T Figure 1. The probability of a linear hierarchy forming as a
function of winner or loser effects. Squares: winner effect, no
& individual recognition; diamonds: loser effect, no individual
A - 0 0 0 recognition; circles: winner effect, individual recognition; and
B 0 - 1 0 triangles: loser effect, individual recognition. At X=0,
C 0 0 — 0 neither winner or loser effects are in play. When no winner
D 162 163 170 - or loser effects are in play, the probability of a strict linear
hierarchy is approximately 0.3—very similar to the
© probability obtained for the case of both ‘winner effect, no
A — 180 138 1 individual recognition’ and ‘loser effect, no individual
B 1 — 162 182 recognition’. A pair of individuals had to interact at least 10
Cc 2 2 — 11 times for their rank in relation to each other to be
D 156 1 164 — established; otherwise the relative rank of these individuals
was ambiguous, and a linear hierarchy was not possible.
(@)
A 172 0 162
lé 171 _0 160 16(6) formation of linear hierarchies. Given the ubiquity of
D 169 _0 o dominance hierarchies in nature, the growing evidence

population, however, individual recognition negates the
impact that winner and loser effects have on the prob-
ability of strict hierarchies forming.

One possible explanation for this paradox centres on the
way in which pairwise interactions translate into broad
changes in aggressive behaviour. When no individual rec-
ognition is possible in the model, winner effects create lin-
ear hierarchies because individuals raise their estimate of
their own RHP in relation to all other group members
after a win, but do not lower this value after a loss, and
hence both players in a potentially aggressive interaction
are likely to be above the aggression threshold. The indi-
vidual with the higher estimation of its own RHP is more
likely to win, leading to strict linear hierarchies. In the
absence of individual recognition, loser effects quickly
produce individuals (aside from the alpha individual) that
refrain from being aggressive because of their low estimate
of their own RHP after a few losses. In this scenario, linear
hierarchies are never produced.

When individual recognition is possible, individuals no
longer raise or lower their general estimate of their RHP,
but rather increase or decrease their estimate of their RHP
in relation to the individual that they have just encoun-
tered. As such, dyadic interactions do not affect the behav-
iour of interactants in the same broad way that they do
when individual recognition is not possible, resulting in
winner and loser effects having no impact on the
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that prior experience affects aggressive interactions, and
the strong evidence for individual recognition in many
social systems, models such as those developed here can
be used to make explicit predictions about hierarchy for-
mation, and can only enhance future field and laboratory
research on aggression.

The results of our simulation support the notion that
individual recognition mechanisms can interfere with the
formation of linear dominance hierarchies (Gervet et al.
1993; Theraulaz et al. 1995; Bonabeau et al. 1996; Hemel-
rijk 2000). For instance, stable but weakly organized hier-
archies emerge in populations composed of animals that
modify their assessment of their own RHP relative to spe-
cific others (Hemelrijk 2000). Hemelrijk (2000) focused
on how individual recognition mechanisms affect variation
in dominance scores, but not hierarchy linearity per se,
making it difficult to draw parallels between her simul-
ation and ours. Using a completely different modelling
technique than that described in this paper, Theraulaz ez
al. (1995) and Bonabeau er al. (1996), however, showed
that when recognition of all others is possible (i.e. small
groups), and when the past dominance history of a pair
has a moderate to considerable impact on future fight out-
comes, stable nonlinear hierarchies (0.25 <4 < 0.75)
become common.

We hope that the predictions generated from our model
provide the impetus for examining empirically both the
specificity of winner and loser effects and their subsequent
impact on hierarchy structure.

We thank Dana Dugatkin for proof-reading this paper.



1540 L. A. Dugatkin and R. L. Earley Recognition and winner and loser effects

REFERENCES

Allee, W. C., Foreman, D., Banks, E. M. & Holabird, C. H.
1955 Effects of an androgen on dominance and subordin-
ance in six common breeds of Gallus gallus. Physiol. Zool.
1949, 89-115.

Barnard, C. & Burk, T. 1979 Dominance hierarchies and the
evolution of individual recognition. ¥. Theor. Biol. 81,
65-73.

Bonabeau, E., Theraulaz, G. & Deneubourg, J.-L.. 1996 Math-
ematical model of self-organizing hierarchies in animal
societies. Bull. Math. Biol. 58, 661-717.

Chase, 1., Bartolomeo, C. & Dugatkin, L. A. 1994 Aggressive
interactions and inter-contest interval: how long do winners
keep winning? Anim. Behav. 48, 393-400.

Chase, I. D., Tovey, C. & Murch, P. 2003 Two’s company,
three’s a crowd: differences in dominance relationships in
isolated versus socially embedded pairs of fish. Behaviour
140, 1193-1217.

Dugatkin, L. A. 1997 Winner effects, loser effects and the
structure of dominance hierarchies. Behav. Ecol. 8, 583-587.

Gervet, J., Blanc, L., Pratte, M. & Tian-Chansky, S. S. 1993
Experimentally induced circular dominance relationships in
a polygynous Polistes (Polistes dominulus Christ) wasp colony.
Experientia 49, 599—-604.

Gherardi, F. & Tiedemann, ]J. 2004 Binary individual
recognition in hermit crabs. Behav. Ecol. Sociobiol. 55,
524-530.

Hannes, R. P., Franck, D. & Liemann, F. 1984 Effects of rank-
order fights on whole-body and blood concentration of
androgen and corticosteriods in the male swordfish
(Xaphophorus hellert). Z. Fur Tierpsychol. 65, 53—65.

Hemelrijk, C.K. 2000 Towards the integration of social
dominance and spatial structure. Anim. Behav. 59, 1035—
1048.

Johnston, R.E. 2003 Chemical communication in rodents:
from pheromones to individual recognition. ¥. Mamm. 84,
1141-1162.

Knapp, R. & Moore, M. C. 1996 Male morphs in tree lizards,
Urosaurus ornatus, have different delayed hormonal responses
to aggressive encounters. Anim. Behav. 52, 1045-1055.

Landau, H. G. 1951a On dominance relations and the struc-
ture of animal societies. I. Effects of inherent characteristics.
Bull. Math. Biophysics 13, 1-19.

Landau, H. G. 19516 On dominance relations and the struc-
ture of animal societies. II. Some effects of possible social
causes. Bull. Math. Biophysics 13, 245-262.

McGregor, P. K. & Peake, T. 2000 Communication networks:
social environments for receiving and signalling behaviour.
Acta Ethol. 2, 71-81.

Proc. R. Soc. Lond. B (2004)

McGregor, P. K., Otter, K. & Peake, T. 1999 Communication
networks: receiver and signaller perspectives. In Animal sig-
nals: signalling and signal design in animal communication (ed.
Y. Espmark, T. Amundsen & G. Rosenqvist), pp. 405-416.
Trondheim, Norway: Tapir Academic Press.

Mesterton-Gibbons, M. 1999 On the evolution of pure winner
and loser effects: a game-theoretic model. Bull. Math. Biol.
61, 1151-1186.

Mesterton-Gibbons, M. & Dugatkin, L. A. 1995 Towards a
theory of dominance hierarchies: effects of assessment,
group size and variation in fighting ability. Behaw. Ecol. 6,
416-423.

Oliveira, R.F., Lopes, M., Carneiro, L.A. & Canario,
A. V.M. 2001 Watching fights raises fish hormone levels:
cichlid fish wrestling for dominance induce an androgen
surge in male spectators. Nature 409, 475.

Pagel, M. & Dawkins, M. S. 1997 Peck orders and group size
in laying hens: ‘futures contracts’ for non-aggression. Behav.
Proc. 40, 13-25.

Paintner, S. & Kramer, B. 2003 Electrosensory basis for indi-
vidual recognition in a weakly electric, mormyrid fish,
Pollimyrus adspersus (Gunther 1866). Behav. Ecol. Sociobiol.
55, 197-208.

Parker, G. A. 1974 Assessment strategy and the evolution of
fighting behaviour. ¥. Theor. Biol. 47, 223-243.

Petrulis, A. & Eichenbaum, H. 2003 The perirhinal-entorhinal
cortex, but not the hippocampus, is critical for expression of
individual recognition in the context of the Coolidge effect.
Neuroscience 122, 599-607.

Pfalzer, G. & Kusch, J. 2003 Structure and variability of bat
social calls: implications for specificity and individual recog-
nition. J. Zool. 261, 21-33.

Rose, R., Bernstein, I. & Gordon, T. 1975 Consequences of
social conflict on plasma testosterone levels in rhesus monk-
eys. Psychosom. Med. 37, 50-61.

Summers, C. H., Summers, T.R., Moore, M. C., Korzan,
W.]J., Woodley, S.K., Ronan, P.]J., Hoglund, E., Watt,
M. ]. & Greenberg, N. 2003 Temporal patterns of limbic
monoamine and plasma corticosterone response during
social stress. Neuroscience 116, 553-563.

Theraulaz, G., Bonabeau, E. & Deneubourg, J.-L.. 1995 Self-
organization of hierarchies in animal societies: the case of
the primitively eusocial wasp Polistes dominulus Christ. ¥.
Theor. Biol. 174, 313-323.

Yang, E.J. & Wilczynski, W. 2003 Interaction effects of
corticosterone and experience on aggressive behaviour in the
green anole lizard. Horm. Behav. 44, 281-292.

Yeh, S. R., Musolf, B. E. & Edwards, D. H. 1997 Neuronal
adaptations to changes in the social dominance status of
crayfish. ¥. Neurosci. 17, 697-708.



	Individual recognition, dominance hierarchies and winner and loser effects
	INTRODUCTION
	THE MODEL
	RESULTS AND DISCUSSION
	Acknowledgements

	REFERENCES

