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Winning and losing: causes for variability in
outcome of fights in male Magellanic
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Game theory models predict that fighting ability should be more important in contest outcome when the payoffs of winning
are high for both contestants, and ownership should be more important when payoffs are low. Male Magellanic penguins
(Spheniscus magellanicus) provide an opportunity to test these predictions in a natural setting because payoffs of winning are
higher for penguins fighting before egg laying and lower for penguins fighting after egg laying, allowing the prediction of
differences in who should win and lose. We watched an area of approximately 2000 Magellanic penguin nests from 1992 to
1996 at Punta Tombo breeding colony, Argentina; we quantified fighting behavior, banded contestants, measured their body
size (here used as an index of fighting ability), determined ownership status when possible, and monitored their reproductive
success. We determined that male Magellanic penguins fought for nests and mates. As theory predicts, before egg laying, body
size difference was more important than ownership as a predictor of contest outcome and fight duration. After egg laying,
owners won fights, and size did not predict who won or how long they fought. Our comparisons of nest ownership, nest quality,
and chicks fledged by winners and losers suggested that our predictions on the change in benefits of winning before and after
egg laying were correct. We conclude that game theory models are useful in predicting who won or lost fights in male Magellanic
penguins and that ultimate benefits of winning fights are related to fitness. Key words: aggression, fight outcome, fighting, game
theory, penguins, Spheniscus magellanicus. [Behav Ecol 13:462–466 (2002)]

Game theory models suggest that respect of a conventional
rule like ‘‘owners win’’ could be an evolutionarily stable

strategy (ESS) in dispute resolution when the benefits of win-
ning a fight are low relative to fighting costs (Maynard Smith
and Parker, 1976). When payoffs of winning fights are high
for at least for one of the contestants, a conventional rule is
unlikely to be an ESS because individuals that break the rule
would benefit, and models predict that in those cases disputes
should be determined by asymmetries in fighting ability (also
known as resource-holding potential) or asymmetries in the
value of the disputed resources between contestants (Enquist
and Leimar, 1983; Leimar and Enquist, 1984; Maynard Smith
and Parker, 1976; Parker, 1974). When asymmetries in fight-
ing ability or resource value are used to settle contests, indi-
viduals should evaluate these asymmetries during the fight
and use this information to determine whether to retreat and
avoid further injury or to continue fighting. As a conse-
quence, when differences in fighting ability between contes-
tants are smaller, the probability of victory for the animal with
the greater fighting ability should decrease, and fight duration
should increase (Enquist and Leimar, 1983; Parker, 1974).

Although many aspects of game theory predictions have
been tested, predictions relating the importance of payoffs of
fighting on the type of asymmetry used to settle contests have
generally been only indirectly supported and very seldom test-
ed. For example, many studies showed that contestants with
greater fighting ability win fights in a variety of species where
the payoffs of winning are assumed or proven to be high (e.g.,
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arthropods: Foster, 1996; fish: Lindström, 1992; Schuett, 1997;
amphibians: Davies and Halliday, 1978; Robertson, 1986; rep-
tiles: Molina-Borja et al., 1998; Olsson, 1994; birds: Björklund,
1989; Petrie, 1984; mammals: Clutton-Brock et al., 1979; Haley
et al., 1994). Conversely, other studies performed with several
bird species where payoffs to the winner are presumably high
showed that asymmetries in resource value are important in
determining the outcome of fights (e.g., Davies, 1981; Elf-
ström, 1997; Krebs, 1982). Finally, ownership appears to be
important in fight outcome in species where payoffs of fight-
ing are low due to high fighting costs (e.g., birds: Nelson,
1984) or because of the low value of the acquired territory
(e.g., arthropods: Davies, 1978).

The few studies that explicitly tested the game theory pre-
dictions in relation to the importance of fighting payoffs on
the type of asymmetry used to settle fights were performed
comparing two populations of the same species, with differing
costs and benefits associated with fight behavior. Englund and
Otto (1991) found ownership more important in a sparse
population of Agrypnia pagetana (Trichoptera) larvae that
fought for cases within which to live, while weight asymmetry
was more important in a high-density population where cases
were a more valuable resource. Hammerstein and Riechert
(1988) compared fighting behavior of two ecotypes of desert
spiders Agelenopsis aperta. The proportion of strategies used
by A. aperta could be well predicted by game theory models
in a desert grassland habitat. However, in a desert riparian
ecotype where payoffs of winning were lower, ownership was
not as important in contest settlement as predicted. The au-
thors attributed this discrepancy to gene flow between the two
ecotypes, which prevented the riparian ecotype from reaching
an ESS that was locally adapted.

In vertebrates, explicit tests of game theory models relating
payoffs to who wins fights are still lacking, even though theory
is well advanced and has largely been used to explain why
owners may win fights over intruders. In this study we tested
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game theory qualitative predictions for the outcome of indi-
vidual fights using a single population of breeding male Ma-
gellanic penguins (Spheniscus magellanicus), where the ben-
efits of winning are expected to change during the breeding
season, and hence the type of asymmetry used to settle fights
is predicted to change correspondingly. Magellanic penguins
fight during most of the breeding season over well-covered
nests, which they use for several seasons and which enhances
their reproductive success by protecting adults from heat and
eggs and chicks from predators (Stokes, 1994; Stokes and
Boersma, 1998). The breeding cycle of Magellanic penguins
is highly synchronized, and penguins that acquire a nest after
egg laying is completed are not able to breed successfully in
the disputed nest until the next breeding season (Boersma et
al., 1990). We therefore expected the benefits of winning to
be highest before egg laying, when having a nest is of imme-
diate importance for reproduction for both contestants, and
lower after egg laying when both contestants are not breeding
and nests will only be used for the next breeding season.

Our specific goals were to (1) confirm Stokes’ (1994) find-
ing that male Magellanic penguins fight for nests and addi-
tionally determine whether they also fight for mates; (2) de-
termine if fighting ability is more important than ownership
before egg laying and less important after egg laying, as pre-
dicted by game theory models; (3) determine if there is a
corresponding change in the influence of fighting ability on
fight duration: before egg laying, fight duration should be
correlated to disparity in fighting ability, but after egg laying
we should not find this relationship; and (4) evaluate whether
our prediction that the benefits of fighting are lower after egg
laying than before egg laying was correct.

METHODS

Study area

We studied Magellanic penguin fights at Punta Tombo, Ar-
gentina (44�02� S, 65�11� W) from February 1992 to January
1996. The study area was mainly devoid of vegetation, had a
density of 20–30 nests/100 m2 (Stokes and Boersma, 2000),
and included approximately 2000 nests that were mainly bur-
rows dug in the soil (Renison, 2000).

General procedures

We watched the study area looking for fights for more than
500 h, primarily in the early morning and late afternoon,
when the penguins were most active. Fight duration was timed
with a chronometer. A fight was considered to start when birds
pecked and/or flipper hit each other; it was considered to
end when contestants lost contact and one of the contestants
left the area or more than 5 min elapsed without further con-
tact. We arbitrarily considered a fight when both contestants
pecked or flipper hit each other for 20 s or more.

After a fight, we marked the contested nest, captured both
contestants, and banded them with stainless-steel flipper
bands. We measured their bill length and depth and flipper
and foot length (see Boersma, 1974). Fighters were later
sexed by body measurements, patterns of pairing and arrival
to the colony, and visual examination of their cloacas (Boers-
ma and Davies, 1987; Scolaro et al., 1983). We later discarded
fights with male–female or female–female contestants because
we suspected payoffs of fighting for females were lower. We
also discarded fights that occurred in nests with eggs or chicks
because one of the contestants was usually the parent and
resource value asymmetries existed between fighters, and be-
cause this class of fights was too few to study separately.

We localized nests where contestants bred by systematically

visiting all nests in the study area once in early October, when
most birds were in the colony, and 2–3 times in late October
and early November, when breeding males were incubating.
Additionally, we searched for contestants less systematically by
walking around the area for at least 20 min every 2–8 days
during most of the season. Although we may have missed a
few birds that lost their eggs early, it is unlikely that we missed
birds that fledged chicks.

We marked and checked nests occupied with contestants
every 4–15 days during the breeding season. Their chicks were
individually marked and considered to have fledged if they
were alive after 8 January and their mass was at least 1.8 kg
(Boersma et al., 1990). A male was considered the parent of
the eggs or chicks in the nest when it was the only male pre-
sent at the nest 6 days before the eggs were laid or if the male
and female were seen consistently at the nest when checked
after egg laying. Because extrapair copulations in Magellanic
penguins are rare (Hood, 1996), males without an active nest
were assumed to have produced no chicks during that season.

We classified fights as occurring before egg laying when
they occurred before 20 October, by which date most male
penguins were out at sea and females were left to take the
first incubation shift (Yorio and Boersma, 1994). Fights after
20 October were classified as after-egg-laying fights.

Causes of fights

We determined if males fought for the best quality nests by
comparing nest quality codes of nests where fights occurred
with comparison nests. Comparison nests were chosen in the
field as the closest nest with no eggs or chicks, occupied by a
male with no cuts or blood that was not seen fighting during
that season. The nest quality scale ranged from 1 (poorest),
for those nests that consisted of a scrape with no roof cover,
to 5 (best) for those nests that were well covered, which in
the case of our study area were deep burrows with a small
entrance (Stokes and Boersma, 1998).

We determined if males fought for mates by comparing fe-
male presence in nests where fights occurred and comparison
nests of equal quality. Comparison nests were chosen from a
map of all study nests as the closest nest of equal quality but
with no eggs and occupied by a male with no cuts or blood
that was not seen fighting during the season. Most comparison
nests were occupied by birds we saw fighting in a previous
season, but we do not believe that having fought in a previous
season could affect nest attendance of the females in the fol-
lowing season. As female presence can vary with date, we only
selected comparison nests that had been checked on a similar
date (� 4 days) as the fight nest.

Outcome of fights

We tested the predictions of game theory models on fighting
outcome by comparing body size (here used as a measure of
fighting ability or resource-holding potential) and ownership
status of winners and losers before and after egg laying. We
calculated a body size index as the first factor extracted from
a principal component analysis of body measurements (Hood
et al., 1998; Yorio and Boersma, 1994). We did not use body
mass as a measure of size because mass is highly variable, de-
pending largely on how long the bird has been fasting (Fowler
et al., 1994). A bird was classified as the nest owner if it was
the parent of the eggs laid in the nest during the previous
breeding attempt (the previous breeding season for fights be-
fore egg laying, and the same breeding season for fights after
egg laying).

We determined if larger asymmetries between contestants
augmented the probability of the larger penguin being the
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Table 1
Number and percentage of male Magellanic penguin owners and
intruders that won fights before and after egg laying

Owners won Intruders won

Before egg laying 12 (55%) 10 (45%)
After egg laying 15 (88%) 2 (12%)

Figure 1
Body size (� SE) for winners and losers of male Magellanic
penguin fights before and after egg laying.

winner by dividing size differences in six groups and calculat-
ing the proportion of larger contestants that won fights within
each group. We correlated size asymmetry and fight duration
to determine if size asymmetry influenced fight duration.

Benefits of winning

The benefits of winning a fight can be measured as the in-
crease in reproductive success as a result of winning (Grafen,
1987). We quantified how the value of winning changes
through the breeding season by comparing three aspects re-
lated to reproductive success between winners and losers: nest
ownership, nest quality, and number of chicks fledged at the
next breeding opportunity (i.e., for fights after egg laying, we
measured reproduction success in the next year). If fighting
ability and parental quality were tightly linked, this would con-
found results because, in this case, higher reproductive suc-
cess would not necessarily result from winning. We deter-
mined whether fighting ability and parental quality were as-
sociated by comparing breeding success of winners and losers
that both had nests of similar quality, and of winners and los-
ers that both lost the disputed nest.

Statistical treatment

We found no significant differences among seasons in all pa-
rameters measured, so data from different seasons were
pooled for analysis. We used paired statistical comparisons
throughout (paired Sign, Wilcoxon, and t tests), except when
comparing nest quality of contestants (Wilcoxon two-sample
test), because many losers did not have a nest and their re-
spective winners were unpaired. For each analysis, to better
approximate independence of fights, we randomly deleted
both contestants in fights where individuals or nests were re-
peated. Thus, each analysis was performed with only one fight
per individual and nest. Fight duration was log transformed,
and Pearson correlation was used to relate size asymmetries
to fight duration. We did not have complete information for
every fight, so some records were omitted, and sample sizes
varied depending on the test. For example, we were unable
to record fight duration when we arrived at the fight location
after the fight started; we only knew nest ownership status
when we had records of contestants in the previous breeding
attempt, and nest cover codes were only recorded in the last
four seasons. We also did not have reproductive success data
for fights that occurred after egg laying in the last season of
the study.

RESULTS

Causes of fights

Male Magellanic penguins fought at nests with more cover
than comparison nests, both before egg laying (mean con-
tested nests cover code � 4.32 � 0.09, comparison nests �
3.49 � 0.12, Wilcoxon test: n � 78 pairs, z � �5.09, p � .001)
and after egg laying (contested nests � 4.23 � 0.08, compar-
ison nests: 3.35 � 0.13, n � 56 pairs, z � �1.98, p � .05).

Before egg laying, female presence was similar in contested
and comparison nests (33% in contested nests and 39% in
comparison nests of similar quality, Sign test: n � 81 pairs, z
� 0.72, p � .47), whereas after egg laying, female presence
was higher in contested nest (57% in contested nests and 23%
in comparison nests, n � 44 pairs, p � .001).

Outcome of fights

Before egg laying, nest owners were no more likely to win than
intruders (Table 1, chi-square test: �2 � 0.18, df � 1, p � .67),
but winners were larger than losers (Figure 1, paired t test: t
� 2.74, df � 110, p � .01). The larger the body size difference
between the contestants, the greater the proportion of larger
males who won fights (rs � .83, n � 6 size difference ranks,
p � .04), and the shorter the duration of the fights (r � �.24,
n � 97 fights, p � .02).

After egg laying, owners won fights more often than intrud-
ers (Table 1, �2 � 9.94, df � 1, p � .002). Body size was similar
between winners and losers (Figure 1, paired t test: t � 0.85,
df � 83, p � .40), and body size was not correlated with the
proportion of bigger males who won fights (rs � .10, n � 6
size difference ranks, p � .83), nor with the duration of fights
(r � �.06, n � 65 fights, p � .61).

Benefits of winning fights

For fights before egg laying, 82% of the winners and 40% of
losers were found breeding during the season of the fight
(Sign test: n � 111 fights, z � 4.16, p � .001). Nest quality of
winners was higher than losers (mean � 4.23 � 0.09 for win-
ners and 3.36 � 0.15 for losers, n � 91 and 44, U � 1032, p
� .0001). Winners fledged more chicks than losers (mean �
0.42 � 0.07 chicks/winner and 0.26 � 0.06 chicks/loser, Wil-
coxon test: n � 111 fights, z � �1.92, p � .05). Winners and
losers that bred in nests of equal quality had similar repro-
ductive success (mean � 0.75 � 0.16 chicks/winner and 0.63
� 0.16 chicks/loser, n � 24 fights, z � �0.66, p � .51). When
both contestants lost the nest, their reproductive success was
also similar (mean � 0.18 � 0.09 chicks/winner and 0.30 �
0.10 chicks/loser, n � 33 fights, z � �0.71, p � .48).

For fights that occurred after egg laying, 61% of the win-
ners and 42% of the losers bred the following season (Sign
test: n � 67 fights, z � 2.52, p � .01). However, nest quality
and reproductive success did not differ between winners and
losers (mean nest quality � 4.24 � 0.12 for winners and 3.75
� 0.22 for losers, n � 41 and 28, U � 446, p � .10; mean
reproductive success � 0.36 � 0.08 chicks/winner and 0.27
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� 0.08 chicks/loser, Wilcoxon test: n � 67 fights, z � �0.64,
p � .52).

DISCUSSION

Our main results indicated that benefits of winning fights for
male Magellanic penguins were higher before egg laying than
after egg laying because reproductive success of winners and
losers were more similar after egg laying than before egg lay-
ing. In agreement with game theory predictions, body size,
and not ownership, was an important predictor of fight out-
come before egg laying, whereas ownership and not size was
important after egg laying.

Before egg laying, more winners than losers were able to
breed, usually at better nest sites, and consequently winners
fledged more chicks than losers. Acquisition of high-cover
nests enhances reproductive success of Magellanic penguins.
For example, individuals using nests of low cover fledge 17%
fewer chicks per year than those in nests of high cover (Stokes
and Boersma, 1998). Victorious contestants could have
fledged more chicks because they were better quality parents,
not because they won good-quality nests. For example, bigger
birds could also be better at rearing chicks and would have
fledged more chicks than losers even in bad nests. However,
when both contestants ultimately acquired similar quality
nests or when both lost the contested nest, reproductive suc-
cess was similar, which suggests that fighting ability and pa-
rental quality are not tightly linked.

Larger contestants were more likely to win in a shorter time,
which supports the prediction that fight duration should be
correlated to size asymmetry (Enquist and Leimar, 1983). Pen-
guins presumably evaluate the fighting ability of their contes-
tants during the fight, which ends when one of the contestants
determines that the other is a better fighter. The loser ter-
minates the fight to avoid further injuries and loss of energy.
Saving energy could be important before egg laying because
male penguins often stay at the colony, fasting for several
weeks (Fowler et al., 1994).

Body size is an important determinant of fight outcome in
a large variety of animals (see Archer, 1988 for a list; Foster,
1996; Wells, 1988). In birds, consistent with theory, size has
been found to be important in several species where payoffs
of fighting are high. For example, in the moorhen (Gallinula
chloropus), bigger males gain larger territories with more po-
tential nesting sites than smaller males (Petrie, 1984). Like-
wise, larger yellow-rumped cacique (Cacique cela) win more
fights and consort with more females than smaller males dur-
ing the period when eggs are more likely to be fertilized (Rob-
inson, 1985). Our study provides one more example: when
payoffs of winning are high, bigger male Magellanic penguins
win fights.

Winning fights after egg laying does not have an immediate
benefit because penguins cannot breed until the next season.
Mates or good-quality nests gained could be lost before the
next breeding season begins due to mate loss (Fowler, 1993)
or due to burrows collapsing during the winter (Renison et
al., personal observations). Our reproductive success data sup-
ported our assumption that benefits of winning were lower
after egg laying: reproductive success of winners and losers
was more similar after egg laying than before egg laying. As
predicted by game theory in the situation of fights with low
payoffs, we found that winners were mostly nest owners, and
size was unimportant in settling contests. Owners have the
advantage in contests in several bird species where payoffs of
fighting are low, as for example in pigeon guillemots (Cepphus
columba; Nelson, 1984) and red-winged blackbirds (Agelaius
phoeniceus; Beletsky and Orians, 1989).

The importance of ownership per se is difficult to assess

because owners can be better fighters (Petrie, 1984), in better
condition for fighting (Stutt and Willmer, 1998), or resources
can be more valuable to owners (Davies, 1981; Ewald, 1985).
Although our study does not escape these difficulties, we be-
lieve ownership per se may be relatively more important in
male Magellanic penguin fights after egg laying than before
egg laying because we excluded fights where one of the con-
testants had eggs or chicks in their nests, which eliminated
cases with obvious resource value asymmetries. Also, after egg
laying, no clear value asymmetry between contestants existed,
and the index of fighting ability we were able to measure
(size) did not explain fight outcome nor duration. The
change of asymmetry used to settle contest, from size to own-
ership, was evident even when many variables that could in-
fluence fight outcome could not be controlled, as for example
winner–loser effects (Schuett, 1997; Whitehouse, 1997) or in-
formation transfer during fights about competitors to non-
competitors (Freeman, 1987).

Ownership arguably cannot be used as an arbitrary asym-
metry to settle contests in species with long-term territories
because individuals that always lose would not breed. This out-
come creates a large difference in terms of fitness between
winners and losers, a situation that is not evolutionarily stable.
In other words, in species with long-term territories, the as-
sumption in Maynard Smith and Parker’s (1976) model that
each individual has an even chance of winning in future con-
tests is rarely met (Grafen, 1987). However, the temporal pat-
tern of fights in Magellanic penguins is unlikely to create a
caste of consistent losers. Under this scenario, nonbreeding
birds visit the colony after egg laying and occupy empty nets
(Renison et al., personal observations). When owners arrive
at their occupied nests, they fight, and ownership is presum-
ably used as a convention to settle fights. However, if a non-
breeding bird does not obtain a nest, it can use its fighting
ability to acquire a nest when it returns the next breeding
season before egg laying. Maynard Smith and Parker’s (1976)
second assumption, that contestants do not control fighting
costs, is also likely to be met by our study penguins. Once
Magellanic penguins start fighting, they almost never revert
to less costly aggressive behaviors (Renison, 2000).

The reason for fighting after egg laying may be related to
the chances of holding that nest in the following season and
attracting a female. This is confirmed by the significantly high-
er percentage of winners that we found breeding in the fol-
lowing season compared with the losers, even though nest and
mate acquisition was not reflected in the reproductive success
of the following season. Penguins are known to live for more
than two decades, and some individuals remain faithful for
more than 14 years to the same nest site; hence small increas-
es in the probability of getting a nest and mate could have
lifetime influences on fitness (Stokes and Boersma, 1998) that
we could not detect in this study. Possible complementary ex-
planations for fights after egg laying are improving fighting
skills and gaining knowledge of the opponent’s fighting abil-
ity. Because nonbreeding birds cannot invest in their present
offspring, even small advantages in this experience investment
could be profitable in the future of such a long-lived bird.

We conclude that changes in fitness gains due to acquiring
nests before or after egg laying and the associated changes in
the type of asymmetry that is important in the outcome and
duration of Magellanic penguin fights support qualitative pre-
dictions derived from game theory models referring to fight
outcomes.
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gallanes (Spheniscus magellanicus): un enfoque ecológico (PhD the-
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