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Abstract. During contests in Western Gulls, Larus occidentalis, we examined patterns 
of aggression in relation to sex, age class, and territorial status. Data were collected on 
agonistic contests during parts of three reproductive seasons on Southeast Farallon Island. 
This colony has dense nesting territories and appears to be near saturation, making breeding 
space a limiting and valuable resource. Established, territory-holding male gulls were able 
to defeat nearly all opponents. The exceptions were a few unestablished adult males early 
in the reproductive period that appeared to be equal, or superior to, established males in 
fighting ability and persistence. Established females were able to defend their territories 
against territory-holding neighbors, immature gulls, and adult female intruders, but often 
were forced to retreat by unestablished male intruders. Both immature and unestablished 
adult intruders more readily challenged an established female than an established male. 

The value of breeding territories, the primary contested resource, appeared to increase 
throughout the reproductive period as established birds became increasingly inclined to 
escalate encounters after eggs were laid, and even more inclined to escalate after chicks 
appeared. In contrast, unestablished adults became less common and, when present, less 
inclined to escalate as the season progressed. 
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INTRODUCTION 

Dating back to Darwin (1872) conflicts between 
conspecifics have been the subject of consider- 
able study (Tinbergen 195 1, Lorenz 1966, May- 
nard Smith and Price 1973, Huntingford and 
Turner 1987). A key question has been why an- 
imals do not fight in every contest situation, 
“Considering the fact that sexual contests take 
such an enormous amount of the time of so many 
species, it is certainly astonishing that real fight- 
ing, in the sense of a physical struggle, is so sel- 
dom observed” (Tinbergen 195 1). 

Various explanations have been presented for 
the scarcity of physical combat, including ben- 
efits to the social group (Lorenz 1966). The best 
explanation appears to be, however, that the costs 
of physical combat (risk of injury, excessive en- 
ergetic expenditure), rarely outweigh the benefits 
to individual contestants (Maynard Smith and 
Price 1973, Maynard Smith and Parker 1976). 
Given this situation, animals should develop 
conventions through which conflicts can be re- 

’ Received 24 August 1993. Accepted 17 March 1994. 

solved (Parker 1974, Parker and Rubenstein 
198 1, Huntingford and Turner 1987). 

Conventions for resolving conflicts could be 
based on differences between individuals in age, 
size, sex, or physical condition. Conventions 
could also be based on the value of the contested 
resource, e.g., food, mate(s), breeding space to 
the contestants. Given differences, or asymme- 
tries (Maynard Smith and Parker 1976) among 
individuals and the value of resources to these 
individuals, it should be possible to predict the 
outcome of contests between conspecifics. 

We analyzed territory-based aggressive behav- 
ior in the Western Gull (Larus occidentalis). Data 
were collected during unmanipulated interac- 
tions between seven classes of contestants (see 
Table 1) during one entire reproductive season 
and parts of two others. In this species potential 
asymmetries during the reproductive period 
which may affect the outcome of contests are 
based on size, age, sex, and territorial status. Em- 
ploying simple rules concerning asymmetries 
among the seven types of contestants should al- 
low us to predict the outcomes of contests be- 
tween gulls. For example, in asymmetric contests 
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where one individual is older, larger, and has 
more to lose (e.g., established male vs. immature 
male), that individual will be the winner. How- 
ever, the winner is not easily predicted for sym- 
metric contests (e.g., established male vs. estab- 
lished male) or for contests where there are 
conflicting asymmetries (e.g., paired and estab- 
lished female with a territory to lose vs. a larger 
unestablished male with a mate). 

The tactics employed in aggressive encounters 
may change over the course of the breeding sea- 
son as a result of changes in the perceived value 
of the resources to the contestants. For example, 
the value of the territory should increase for the 
territory owner because of increased probability 
that the breeding attempt will be successful as 
eggs are laid and chicks hatch and are fed and 
guarded. Territories are also valuable because 
vacancies become more rare as the season pro- 
gresses. A pair that is displaced early in the re- 
productive period could conceivably obtain an- 
other breeding territory. As the season progresses, 
however, it becomes difficult to re-establish and 
produce a new clutch due to time constraints 
(Mobley 1993). In contrast, breeding space is most 
valuable to unestablished birds early in the sea- 
son when completion of a breeding attempt is 
still possible. After the peak of chick hatching, 
available breeding space is of little value for un- 
established birds during that season. 

STUDY ORGANISM AND METHODS 

Western Gulls are territorial, have several dis- 
tinguishable age classes, and are sexually dimor- 
phic (Pierotti 198 1, Hand 1986). The population 
on Southeast Farallon Island (37”24’N, 123”OO’W) 
is the largest breeding colony ofthis species. Dur- 
ing this study, nesting space was a limiting re- 
source and there was severe competition for 
breeding space (10,000-l 3,000 breeding pairs 
within an area of 44 ha [Pierotti 198 11). Mean 
territory size was only 10.2 m2 (n = 33, range = 
4.3-20.2 m2), and there were many unestablished 
adult gulls and immature birds (Pierotti 1981). 
Since these unestablished birds were continually 
seeking either nesting or roosting space, it was 
possible to observe frequent interactions be- 
tween established and unestablished birds, who 
could be considered as “owners” and “intruders” 
(compare, Parker and Rubenstein 198 1). 

At least four age classes can be recognized in 
the Western Gull (Dwight 1925). The degree of 

with the mean (*SD) weight of females (879 f 
78 g) being only 77% that of males (1,136 + 47 
g [Pierotti 198 11). Gull chicks in this population 
generally reach adult weight before fledging and 
show a bimodal distribution of weights (Coulter 
1977; Pierotti and Annett, unpubl. data); there- 
fore, size differences between the sexes appear 
consistent across all age groups. 

Observations were conducted from a blind, 
generally from 06:00-21:00 hr each day. Data 
were collected during the entire breeding season 
(April-June) of 1974, with supplemental obser- 
vations conducted during the breeding seasons 
of 1973 and 1975. Both individuals of 24 pairs 
of Western Gulls were identifiable from either 
color-bands (14 birds) or distinctive markings 
(tom webs on feet, scratches on bills, soiled 
plumage, etc.). Within each pair, sex was easily 
identifiable by differences in size and behavior, 
e.g., the role taken in courtship feeding and cop- 
ulation. We recorded all observed aggressive in- 
teractions that involved members of these 24 
pairs during 45 days of observation in 1974 and 
five days in 1975. Contestants were categorized 
according to age, sex, and reproductive status 
(Table 1). We recorded identity of the contes- 
tants, initial behavior of each contestant, and 
subsequent behaviors. Initial behavior was de- 
fined as the first act performed by an individual 
during an interaction, whereas subsequent be- 
havior was defined as the act that followed the 
response of the opponent. A subset of these in- 
teractions was timed using a stopwatch to allow 
us to compare the duration of interactions be- 
tween different classes of contestants. 

Aggressive behavior was scaled for intensity 
by placing specific behavioral acts into one of 
three categories. Acts considered to be of high 
intensity were fights (involving considerable 
physical contact), striking or grabbing other in- 
dividuals, and prolonged aerial pursuits. Each of 
these activities involved considerable risk of in- 
jury and expenditure of energy. Acts of moderate 
intensity included grass-pulling, short pursuits 
on the ground with upraised wings, and leaping 
at or jabbing at an opponent across a territorial 
boundary. These acts involved considerable ex- 
ertion, but a low risk of injury. Low intensity 
interactions were simply ritualized displays, in- 
volving little exertion and no risk of injury, such 
as choking, aggressive upright postures, and long 
calls (see Tinbergen 1960 and Hand 1986 for 

sexual dimorphism is known in this population, description of the displays). 
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TABLE 1. Categories of contestants involved in aggressive interactions among Western Gulls and criteria for 
inclusion in specific categories. 

criteria Abbreviation 

Established Male 
Established Female 
Unestablished Adult 

Holder of a breeding territory 
Mate of an EM 
Bird in adult plumage appeared to be seeking either nesting 

space or a mate, a few sexed by size 

EM 
EF 
UM or UF 

Immature 
Pirate 

Bird in plumage other than adult, most sexed by size 
EM which attempted to steal food or injure chicks 

IM or IF 
P 

The reproductive period was divided into pre- 
laying, incubation, and chick (post-hatching to 
fledging stage [Pierotti 198 11). Aggressive inter- 
actions during these periods were analyzed sep- 
arately in order to examine changes in patterns 
of aggression which were related to possible 
changes in resource value over time. All statis- 
tical analyses were conducted on the original 
count data, even if the data are reported as per- 
centages in the tables. 

RESULTS 

COSTS OF AGGRESSIVE INTERACTIONS 

We observed several injuries during aggressive 
interactions that indicate potential costs to the 
contestants. Nearly all male birds attempting to 
steal food from neighbors (“pirates” in Table 1) 
sustained injuries from fights, including prima- 
ries torn loose and severe cuts; one bird lost an 
eye, and another sustained a broken mandible, 
which presumably led to his demise (he did not 
return in subsequent years). After losing a fight 
to a pirate from an adjacent territory, one male 
deserted his mate and territory (his three chicks 
subsequently perished). This was an unusual case 
since only this one male abandoned his territory 
after losing a fight. Many chicks also sustained 
injuries during piracies. Eleven of 24 pairs had 
chicks injured during encounters with pirates in 
1973 (see Pierotti 1982 for details). 

Although few serious injuries occurred during 
moderate and low intensity displays, on seven 
occasions birds involved in vigorous bouts of 
grass-pulling were observed to pull plant mate- 
rial out of the ground and fall over backwards. 
Similarly, birds involved in terrestrial pursuits 
sometimes tripped and fell. Five birds sustained 
either dislodged, bent, or broken primaries from 
these falls, and two birds appeared to injure their 
feet after tripping (one limped for several days, 
the other had a cut on its middle toe). 

AGGRESSION BY ESTABLISHED 
TERRITORIAL MALES 

The responses of established male gulls (hence- 
forth referred to as EMS) varied over the breeding 
season (Tables 2, 3, and 5). Overall, the distri- 
butions of responses to neighbors (EM and EF 
combined) and intruders (IM, IF, UM and UF 
combined, see Table 1 for definitions) were sig- 
nificantly different during each stage of repro- 
duction (P -c 0.05 by x2 contingency test; df = 
2). In general, EMS escalated (employed aggres- 
sion of high and moderate intensity) more often 
against intruders and employed low intensity dis- 
plays predominantly against neighbors. 

During the pre-laying period EMS showed no 
difference in the pattern of initial responses to 
neighboring males (EMS) and females (EFs; Ta- 
ble 2). However, EMS showed a significantly dif- 
ferent pattern of subsequent response in appar- 
ently symmetrical contests with other EMS 
compared with the contests with EFs. Subse- 
quent responses were more likely to be mutual 
retreat or escalation in the symmetrical contests 
compared with repeated threat displays of low 
intensity in asymmetrical contests (Table 2). 

In contests with intruders, EMS showed sig- 
nificantly different patterns in response to im- 
mature birds (IMs and IFS) than to unestablished 
adult males (UMs; Table 2; P -c 0.05 by x2 con- 
tingency test). Contests with IMs and IFS (asym- 
metric with regard to age) were usually termi- 
nated quickly with a threat display of moderate 
or low intensity. In contrast, contests with UMs 
were predominantly escalated, particularly if the 
UM responded with a threat, thereby necessi- 
tating a subsequent response (Table 2). 

The same basic pattern persisted during the 
incubation period (Table 3). The rate declined 
from 0.49 to 0.31 interactions EM-’ hr-I. As 
during pre-laying, EMS interacted primarily in 
contests with UMs (symmetrical in sex, age, and 



AGGRESSION PATTERNS IN GULLS 593 

TABLE 2. Behavioral responses of established, territory-holding male Western Gulls in contest situations 
during the pre-laying period (total number of hours observed = 25 for each of 24 males). 

Initial behavior Subsequent behavior 
Aggession intensity Aggression intensity 

opponent % % 
Hgh 

% % % Non- % % % 
(n = # contests observed) Wary Retreat Moderate Low aggressive Retreat Moderate Low P 

Other EM (n = 122) 0 10.7 4.1 33.6 51.6 23.0 27.0 6.6 17.2 26.2 *** 
EF (n = 34) 
IM or IF (n = 27) : : 

2.9 26.5 70.6 38.3 17.6 2.9 8.8 32.4 ns 
7.4 51.9 40.7 92.6 0 3.7 3.7 0 ns 

UM (n = 96) 30.2 44.8 25.0 73.9 2.1 14.6 9.4 0 *** 
UF (n = 12) 16.7 58.3 25.0 100.0 - - - - ns 

Chi- 
or imzi uare goodness of fit test (conducted on ori$nal count data) comparing distributions of initial and subsequent behaviors: ns = not significant 

clent sample size for statistical analysis; * * = P less than 0.001. 

size). These contests can be considered either as 
asymmetric in resource value, or as settled by an 
“owner-wins” convention (Maynard Smith 1976) 
with the EM driving offhis opponent. A few UMs 
that were paired (accompanied by a female) and 
seeking breeding space were very aggressive, 
however, and became involved in extended in- 
tense contests with EMS. 

On two occasions UMs were able to establish 
at least a temporary territory on the observation 
area. In both cases, the UM landed and chal- 
lenged resident birds. In the first case, the UM 
(#37) first appeared in late April 1973. After sev- 
eral encounters, he defeated an EM in combat. 
The original territory held by the defeated resi- 
dent was split between the two males. After his 
victory, male #37 was joined by a female, and 
they remained paired on the territory for the re- 
mainder of the study. 

Another UM was observed to attempt to es- 
tablish on a territory in early May of 1975 (Table 
4). In this instance, the UM (#29) tried to take 
over an area which included portions of the ter- 
ritories (containing nests and eggs) of three pairs. 
Unestablished male #29 was involved in re- 

peated escalated combat against the EMS resi- 
dent on these territories, particularly against EM 
#2 1, whose territory contained most of the con- 
tested area. Unestablished male #29 defeated EM 
#2 1 on at least three occasions, causing EM #2 1 
to retreat to the area near his nest from which 
he could not be dislodged. As with UM #37, UM 
#29 only succeeded in displacing resident males 
from a portion of their territories. No resident 
pair was ever forced to abandon its nesting area. 

In this second case, the resident EMS contin- 
ued to attack UM #29. In encounters following 
establishment of his temporary territory, when 
UM #29 was engaged in combat with one EM, 
one or more of the other EMS attacked him from 
different directions (including from behind). Un- 
established male #29 was harassed almost con- 
tinuously when he was present and was involved 
in 14 fights during 9.5 hr of observation (Table 
4A). Whenever UM #29 was absent from his 
territory, established birds ofboth sexes harassed 
his mate, frequently forcing her to retreat from 
the area. This harassment continued for 22 days, 
after which pair #29 abandoned the area. 

The behavior of the EFs involved in this series 

TABLE 3. Behavioral responses of EM Western Gulls in contest situations during the incubation period (total 
number of hours observed = 5 1 for each of 24 males). 

Initial behavior Subsequent behavior 
Aggression intensity 

Opponent % % 
H$b 

% % % Non- % 
%Agression intensity 

% % 
(n = # contests observed) Wary Retreat Moderate Low aggressive Retreat High Moderate Low P 

Other EM (n = 121) : E.’ 6.6 40.5 43.8 31.4 34.7 5.0 10.7 18.2 *** 
EF (n = 22) 4.5 31.8 63.6 59.1 9.1 0 9.1 22.7 ns 
IM or IF (n = 41) 
UM (n = 177) 

: : 17.1 51.2 31.7 87.7 0 4.9 4.9 
40.1 58.1 1.7 79.8 1.1 10.7 7.9 

UF (n = 14) 0 0 28.6 21.4 50.0 78.7 0 0 7.1 

Chi-square goodness of fit test (conducted on ori$n= 
or insufficient sample size for statistical analysis; * * 

al count data) comparing distributions of initial and subsequent behaviors: ns = not significant 
P less than 0.001. 
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TABLE 4. Number of aggressive acts observed to oc- 
cur between one pair of unestablished adult intruders 
and three established pairs during three days of inter- 
action (9.5 hours observation). 

High 
Intensity level 

Moderate Low 

A. Aggressive acts by male gulls 
UM #29 18 (14)* 27 40 
Totals for 3 EMS 30 (20) 53 89 

B. Aggressive acts by female gulls 
UF #29 0 (o)* 1 8 
Totals for mates of 

3 EMS 1 (0) 2 12 

*Number of fights observed as a subset of high intensity aggressive 
acts. 

of interactions is of interest. The mate of UM 
#29 only rarely showed any aggression. What 
little aggression she showed was all ritualized and 
of low intensity (Table 4B). Unestablished fe- 
male #29 was never observed to escalate, even 
when her mate was being attacked simultaneous- 
ly by two or three opponents. 

The three EFs involved occasionally directed 
low intensity displays at UM #29, but spent most 
of the observation periods incubating, while their 
mates fought with and threatened UM #29 and 
each other. On those occasions when UM #29 
was absent and an EM was incubating, EFs di- 
rected low intensity threats at UF #29 (Table 4B). 
If UM #29 returned while this was occurring, the 
EF involved invariably ran to her nest and re- 
lieved her mate who, freed from incubation du- 
ties, rushed to challenge UM #29. 

During the chick period the rate of interactions 
involving EMS increased to 0.35 interactions 
EM-’ h-l. Interactions with UMs, however, de- 

clined markedly from O.l6/hr during the pre- 
laying and O.l5/hr during incubation to 0.02 
EM-l hr-I during the chick period (P < 0.001 
by x2 contingency test; df = 2). This resulted 
because fewer UMs appeared during this period. 
Symmetrical contests with other EMS and pirates 
were most common (Table 5). Both initial and 
subsequent responses to these two categories of 
opponents were significantly different (P -C 0.00 1 
by x2 contingency test; df = 3). 

AGGRESSION BY ESTABLISHED 
TERRITORIAL FEMALES (EFs) 

As with EMS, the overall distributions of re- 
sponses to neighbors (EMS and other EFs com- 
bined) and intruders (IM, IF, UM, and UF com- 
bined) were significantly different during each 
stage of reproduction (P < 0.05 pre-laying; P < 
0.001 incubation; and P < 0.001 chick period; 
all by x2 contingency test; df = 2). Most aggres- 
sion directed at neighbors was of low intensity; 
moreover, EFs directed a lower frequency of es- 
calated aggression at intruders than did EMS (P 
< 0.001 by x2 contingency test; df = 2). EFs also 
showed overall lower rates of aggression during 
all stages of reproduction than did EMS (P -c 
0.001 by Mann-Whitney U-test). 

During pre-laying EFs showed no significant 
differences in distributions of initial or subse- 
quent responses to EMS and EFs (Table 6). They 
were more likely to be wary or retreat than EMS 
when faced with all categories of opponents (P 
< 0.00 1 by x2 contingency test; df = 2). The only 
significant difference in response was initial and 
subsequent responses to UMs (Table 6; P -c 0.00 1 
by x2 contingency test). In contrast to EMS, EFs 
retreated rather than escalated. They also tended 
to give threat displays rather than escalate as 

TABLE 5. Behavioral responses of EM Western Gulls in contest situations during the chick-rearing period 
(total number of hours observed = 225 for each of 24 males). 

Initial behavior Subsequent behavior 
Aggression intensity Aggression intensity 

opponent % % 96 96 % %Non- % % % % 
(n = II contests observed) Wary Retreat High Moderate Low aggressive Retreat High Moderate Law P 

Other EM (n = 490) 2.9 16.1 77.1 8.8 47.3 3.3 14.9 25.7 *** 
EF (n = 97) 2.1 12.4 85.6 58.8 19.6 1.0 6.2 14.4 ns 
IM or IF (n = 156) 10.9 27.6 61.5 97.5 1.9 0.6 0 ns 
UM (n = 123) 13.0 48.0 39.0 90.3 2.4 5.1 0 ns 
UF (n = 33) 12.1 24.3 63.6 97.0 0 0 3.0 0 ns 
Pirate (n = 294) 84.0 12.2 3.7 11.1 8.2 3.1 44.9 32.1 *** 

Chi- 
or insu 1. 

uare goodness of fit test (conducted on or$inal count data) comparing distributions of initial and subsequent behaviors: ns = not significant 
ant sample size for statistical analysis; * * = P less than 0.001. 
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TABLE 6. Behavioral responses of EF Western Gulls in contest situations during the pre-laying period (total 
number of hours observed = 25 for each of 24 females). 

opponent 
(n = # contests observed) 

Initial behavior Subsequent behavior 
Aggression intensity Aggression intensity 

% % %Mcd- % %Non- % % %Mcd- % 
WW Retreat crate Low aggressive Retreat High crate Low P 

EM (n = 78) 28.2 11.5 3.8 11.5 44.9 60.3 19.2 1.3 3.8 15.4 ns 
Other EF (n = 43) 30.2 9.3 7.0 11.6 41.9 32.6 16.2 2.3 14.0 34.9 ns 
IMorIF(n= 18) 11.1 0 5.6 44.4 38.9 83.2 5.6 5.6 5.6 0 ns 
UM (n = 41) 17.5 10.0 2.5 15.0 57.5 22.5 45.0 5.0 17.5 10.0 *** 
UF(n = 12) 0 0 25.0 42.0 33.0 83.3 0 16.7 0 0 ns 

Chi- 
or insu %. 

uare goodness of Et test (conducted on original count data) comparing distributions of initial and subsequent behaviors: ns = not signiEcant 
cxnt sample size for statistical analysis; *** = P less than 0.001. 

their initial response to UMs. This is not sur- 
prising, for UMs were larger than EFs so there 
was a high risk of injury to the EFs in escalated 
contests. 

During the incubation period EFs showed a 
low frequency of aggression (0.05 hr-* compared 
with 0.17 hr-r during pre-laying) and, while on 
the territory, spent most of their time incubating 
(Pierotti 198 1). Their overall response patterns 
were virtually identical to those during pre-lay- 
ing except for a tendency to escalate against im- 
mature intruders (Table 7), probably as a re- 
sponse to potential egg predators. 

During the chick period, aggression by EFs 
reached its peak (0.22 hr-I). The pattern of EF 
responses was affected by category of opponent. 
For example, initial EF responses given to EMS 
and EFs were similar but subsequent responses 
were different (Table 8; P < 0.001 by x2 contin- 
gency test). Retreat was the most common sub- 
sequent response in symmetrical contests with 
other EFs. Distributions of initial and subse- 
quent responses to all classes of intruders were 
significantly different (Table 8; P < 0.001 by x2 
contingency test), with EFs escalating initially 

against pirates (who were male and larger) and 
directing threat displays against other intruders. 
In subsequent behavior, EFs increased the fre- 
quency of escalation against all opponents except 
pirates. 

During all three stages of reproduction, EFs 
were involved in significantly fewer fights than 
were EMS (Table 9). Both fights in which EFs 
were involved during incubation were against 
EMS attempting to force copulation. Five of the 
seven fights in which EFs were involved during 
the chick stage were against pirates, and the other 
two were against EMS that had attacked the EFs 
offspring. 

AGGRESSION BY INTRUDERS 

As has been mentioned above, established birds 
responded differently to all three classes of in- 
truders. These differences appeared related to the 
behavior of the intruder and its social category. 
The vast majority of immature males (IMs) and 
females (IFS) were either wary or retreated im- 
mediately (Table 1 OA). Only a few of these birds 
employed displays of low intensity as their initial 

TABLE 7. Behavioral responses of EF Western Gulls in contest situations during the incubation period (total 
number of hours observed = 5 1 for each of 24 females). 

Initial behavior Subsequent behavior 

Aggression intensity Aggression intensity 

opponent % % % 96 % %Non- % % % 
(n = # contests observed) WV Retreat High Moderate Low aggressive Retreat Moderate Low P 

EM (n = 21) 
Other EF (n = 18) 
IM or IF (n = 9) 
UM (n = 26) 
UF (n = 8) 

23.8 14.3 9.5= 14.3 48.1 42.9 9.5= 9.5 4.8 19.0 ns 
16.7 5.6 3:3 16.7 61.1 27.8 22.2 0 16.7 33.3 ns 
0 0 

3:8 
22.2 44.5 88.9 0 11.1 0 0 ns 

23.1 15.4 11.5 46.2 19.3 53.8 7.7 15.4 3.8 ** 
0 0 25.0 62.5 12.5 50.0 0 25.0 25.0 0 ns 

Chi-square test between distribution of initial and subsequent responses: ** = P less than 0.01 
s All high intensity aggression directed at EM attempting forced copulations. 
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TABLE 8. Behavioral responses of EF Western Gulls in contest situations during the chick period (total number 
of hours observed = 225 for each of 24 males). 

Initial behavior Subsequent behavior 

%4ggression intensity Aggressmn intensity 

opponent % 46 % Mod- % %Non- % 
(n = # contests observed) WW Retreat High mate Low aggressive Retreat HG 

%Mcd- % 
mate Low P 

EM (n = 247) 25.2 18.7 7.3 7.3 41.6 43.9 24.8 1.1 8.8 21.4 ** 
Other EF (n = 247) 33.2 13.0 6.1 7.3 40.5 23.0 18.6 4.5 5.7 48.2 ns 
IM or IF (n = 129) 11.6 0 2.3 8.5 77.5 69.0 1.6 3.1 10.1 16.2 *** 
UM (n = 53) 20.8 3.8 3.8 16.7 54.7 18.9 26.4 11.3 20.8 22.6 *** 
UF (n = 31) 0 0 9.6 19.4 71.0 9.6 6.5 22.6 35.5 25.8 *** 
Pirate (n = 197) 0 8.1 28.9 38.6 24.3 34.5 19.3 7.6 13.7 24.9 *** 

Chi-s 
or insu 4, 

uare goodness of fit test (conducted on ori$nal count data) corn aring distributions of initial and subsequent behaviors: ns = not significant 
sent sample size for statistical analysis; ’ = P less than 0.01; L = P less than 0.001. 

behavior, and none initially employed acts of 
moderate or high intensity. 

Immatures challenged EFs significantly more 
often than EMS (Table lOA, P < 0.05 by x2 con- 
tingency test). Nearly 90% of IMs and IFS fled 
from EMS either immediately before or after the 
EM directed a display at them. A smaller per- 
centage (82%) fled from EFs (P -c 0.001 by x2 
goodness of fit test). 

Unestablished adults that challenged residents 
were all males (UMs; n = 207). Every unestab- 
lished adult that could be identified as a female 
(UF) retreated when challenged by an established 
bird (n = 44). As initial behavior, UMs directed 
acts of low or moderate intensity at 53% of EMS 
and 54% of EFs (Table 10B). Intruding UMs 
were more inclined to escalate and less inclined 
to retreat when involved in contests with a small- 
er EF (P -c 0.00 1 by x2 goodness of fit test). Most 
fled when challenged during symmetrical con- 
tests with EMS, and only a few escalated. In con- 
trast, over 25% escalated against an EF which 
challenged them, which suggests that the asym- 
metry in size (or sex) was an important factor. 

Although unestablished birds were present on 
the Southeast Farallon colony throughout the re- 
productive period, nearly all of the escalated ag- 

TABLE 9. Number of fights observed in which male 
and female gulls participated. At least 1 male was in- 
volved in each fight. No female-female fights were ob- 
served during the entire study. 

Males 
Females 

stage of repmbxtion 

FT.5laying IWXbatiOll Chick 

19 
0 : 

20 
7 

gression directed at established birds was con- 
fined to the pre-laying period and early stages of 
incubation. Over 85% (78 of 91) of initial acts, 
and over 93% (61 of 65) of subsequent acts of 
high and moderate intensity, were observed prior 
to 1 June. In contrast, only 56% (138 of 245) of 
acts of low intensity by unestablished adults were 
observed prior to this time. 

All 49 1 attempted piracies were essentially es- 
calated contests. In each case, an EM or EF re- 
turned to its territory and attempted to feed its 
chicks. As the parent bird regurgitated food, a 
male bird (sometimes, but not always, from an 
adjacent territory) would dash in and attempt to 
steal the regurgitated food. This always elicited 
instantaneous escalation from one or both of the 
resident birds. The pirate in turn escalated to 
defend itself until it could retreat. Nearly half of 
the males followed in this study acted as pirates 
at least some of the time (Pierotti 1980, 198 1); 
pirates frequently stole food from and fought with 
each other. 

DURATION OF INTERACTIONS 

The shortest interactions that we observed oc- 
curred between established males and immature 
intruders, with most lasting 10 set or less (Table 
11). Interactions between established females and 
immature birds averaged longer (P < 0.01 by 
Mann-Whitney U-test), but the distributions were 
similar in that both were skewed to the right, 
with the female distribution having a longer tail 
(F = 2.76, P < 0.005, run on variances). 

Interactions between established birds (males, 
females, and pirates) were also short. These in- 
teractions lasted longer than interactions with 
immatures primarily because of their escalated 
nature. There were no significant differences in 
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TABLE 10. Behavioral responses of both immature and unestablished adult intruders towards resident birds. 

Oppaent 
(n = # contests observed) 

Initial behavior Subsequent behavior 
Aggression intensity Aggression intensity 

% % % %Mod- % %Non- % % Mod- % 
WW Retreat High ewe Low aggressive Retreat crate Low 

A. Immature non-breeding birds 
Established Male (n = 224)Q’ 81.3 12.1 0 0 6.7 12.1 86.6 0 0.4 0.9 
Established Female (n = 156) 78.2 7.7 0 0 14.1 7.6 82.1 0 5.8 4.5 

B. Unestablished adult birds 
Established Male (n = 439)b~c 41.0 5.2 0.5 10.5 42.8 5.2 86.6 4.8 2.7 0.7 
Established Female (n = 170) 37.1 4.1 4.7 20.6 33.5 4.1 70.0 8.2 10.6 7.1 

a Differences between distribution of initial responses to established males and females signiEcant at 0.05 level by Chi-square test (2 do. 
b Difference between distribution of subsequent responses to established males and females significant at 0.001 level by Chi-square test (1 df for 

innnatures, 3 df for unestablished adults). 
G Difference between distribution of imtial responses to established males and females significant at 0.001 level by Chi-square test (3 df). 

duration of these interactions between EMS and tablished birds. No established birds were ever 
EFs. Coefficients of variation for these interac- permanently displaced from their territories, even 
tions were the lowest of any class (Table 11, F when other birds became successfully established 
= 1.31, ns). on part of their territory. 

The longest interactions between established 
birds and intruders were with UMs (Table 11). 
Distributions for both EMS and EFs were strong- 
ly skewed to the right, because of extended per- 
sistence times for a few intruders. These inter- 
actions had the highest coefficients of variation 
of any class, and there were no significant dif- 
ferences between EMS and EFs (F = 1.3, ns). 
Nearly half of the unestablished intruders fled in 
less than 30 set, but several persisted for several 
minutes. In a few cases unestablished intruders 
persisted for hours or even days (UM #29), or 
became established (UM #37) (these individuals 
were not included in the statistical analysis). 

The way in which gulls switched between roles, 
changed tactics over time, and fought only in 
certain specific contexts lends support to the idea 
that gulls approximate an optimal assessor strat- 
egy in which individuals can modify tactics in 
response to different categories of opponents 
(sensu Parker and Rubenstein 198 1). No previ- 
ous study on an unmanipulated vertebrate has 
demonstrated such plasticity in tactics. 

Durations of interactions between neighbors 
tended to be less skewed in their distributions. 
The longest interactions on average were be- 
tween EMS (Table 11). These generally consisted 
of extended bouts of displays. The next longest 
set of interactions was between EMS and EFs 
(Table 11). Most bouts initiated by EMS with 
EFs were shorter than bouts between EFs (Table 
1 1). 

Most interactions we observed conformed to 
simple rules based on asymmetries in fighting 
ability and resource values. Four classes of in- 
teractions did not: (1) neighbor-neighbor inter- 
actions, (2) forced attempts at copulations, (3) 
piracies, and (4) some contests between UMs and 

TABLE 11. Duration of interactions (in seconds) be- 
tween established male and female Western Gulls and 
different categories of opponents. Interactions lasting 
over 2 min were not included in this analysis (< 10% 
of all interactions). 

opponent 
Established Male Established Female 

R f C.V. + + C.V. 

DISCUSSION 

In general, individual gulls altered their tactics 
both over the course of the reproductive period, 
and in relation to which role (e.g., territory holder 
or intruder) they occupied in a specific interac- 
tion. For example, UM #37 initially fought as 
an intruder, but later became established and 
interacted with his neighbors in a ritualized fash- 
ion typical of patterns of interaction between es- 

Established Male 60.5 + 34.8 
(n = 43) 

Established Female 24.2 -t 32.1 
(n = 26) 

Immature intruder 10.5 * 53.5 
(n = 40) 

Unestablished adult 37.8 k 76.9 
intruder (n = 37) 

Pirate 29.7 k 31.4 
(n = 49) 

28.5 f 33.68 
(n = 22) 

35.2 k 32.07 
(n = 37) 

14.5 + 64.4 
(n = 39) 

36.3 ? 64.5 
(n = 33) 

29.6 k 27.5 
(n = 35) 



598 RAYMOND PIEROTTI AM) CYNTHIA ANNETT 

either EMS or EFs. By examining these interac- 
tions in more detail we can gain insight into other 
factors that might be important. 

Encounters between established male neigh- 
bors are generally symmetrical with regard to 
size, sex, and value of contested resources, a sit- 
uation which should lead to the most escalated 
and lengthy fights (Parker and Rubenstein 198 l), 
yet EMS rarely engaged in physical combat. May- 
nard Smith and Parker (1976) pointed out that 
territorial individuals may not fight because 
neighbors know each other and have a history 
of interactions which will affect the outcome of 
the interactions under study. Indeed, as in Great 
Tits, Pam major (Krebs 1982), most neighbor- 
neighbor interactions were of low intensity and 
short duration. Gulls established conventions 
over weeks of interactions, and had little to gain 
by fighting their neighbors. As a consequence, 
established territorial birds of both sexes show 
tactics that conform closely to those of so-called 
“doves,” who settle contests through ritualized 
displays (Maynard Smith and Price 1973). 

These results suggest that very simple rules 
derived from game theory may apply to terri- 
torial individuals. Other studies have demon- 
strated that individuals fighting with unfamiliar 
intruders over a territory show frequent escala- 
tion (e.g., Krebs 1982, Austad 1983). In addition, 
neighbors may base their assessments of their 
opponents on information gained from previous 
encounters, and may not fight over resources that 
have already been contested. 

In this light, it is interesting to examine other 
classes of contests which do not conform to pre- 
dictions. While EF-EM interactions were nor- 
mally of low intensity, if the EM attempted to 
either force copulation or steal food from the EF, 
escalated contests often ensued. All escalated 
fights in which females participated resulted from 
one of these two behaviors by EMS (Table 9). 

The behavior of pirates is difficult to interpret 
in terms of game theoretical models. An EM act- 
ing as a pirate breaks the conventions established 
over many weeks of encounters with its neigh- 
bors, since all piracies are functionally escalated 
contests. Encounters with pirates were short in 
duration and pirates invariably retreated, wheth- 
er or not they were successful in stealing food. 
The value ofthe contested resource was low com- 
pared to the potential cost in terms of injury. 
Why pirates should take such risks for little ob- 
vious gain is not easily understood. It is possible 

that this behavior could be interpreted in terms 
of discrete ESS models, as either a “hawk” or 
“bully” tactic (Maynard Smith and Price 1973) 
or such behavior might be considered as either 
spiteful (sensu Wilson 1975, Pierotti 1980) or 
pathological. 

Pirates were EMS that had lost most or all of 
their offspring and frequently attacked the chicks 
of other pairs (Pierotti 1980, 198 1, 1982). Their 
behavior might therefore be viewed as an at- 
tempt to reduce the fitness of conspecifics, even 
at some risk to themselves. Given this, it is not 
surprising that both EMS and EFs readily esca- 
lated against pirates, and that most of the high 
intensity aggression during the chick period was 
directed at pirates. Residents defending the lives 
of their offspring are defending a considerable 
investment, which they could not recoup during 
the current breeding season (Mobley 1993). This 
would create a major asymmetry favoring resi- 
dents. This is especially apparent in the behavior 
of EFs, who were less inclined to escalate to acts 
of high intensity against pirates than were their 
mates. EFs probably had a greater risk of injury 
against an opponent who is larger. In this case, 
however, there is such a large potential cost 
asymmetry that the EF is willing to drive off the 
intruder in spite of the risk. 

Finally, a few contests involving UMs and ei- 
ther EMS or EFs were not resolved according to 
simple rules. Although many UMs fled from res- 
idents, over 50% threatened, and some (5% 
against EF) even escalated against established 
birds (Table 10). The aggressive UMs were prob- 
ably comparable to EMS in size and age, and were 
larger than EFs. By challenging established in- 
dividuals, they were acting in the role of “asses- 
sor” (Parker 1974, Parker and Rubenstein 198 1) 
or “prober-retaliator” (Maynard Smith and Price 
1973). Since over 50% of UMs opened encoun- 
ters by directing an aggressive act of low or mod- 
erate intensity at residents, this can be inter- 
preted as either a test of the resident’s willingness 
to defend, or as a possible mistake in role iden- 
tification (sensu Hammerstein and Parker 1982). 

That these challenges are actually assessments, 
rather than mistakes, is supported by the obser- 
vation that UMs are more likely to escalate 
against an EF and more likely to flee or retreat 
from an EM. This result is expected since males 
are larger than females, and the intruder should 
be able to distinguish between male and female 
opponents. Such cases illustrate how contests 
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evolve when there are contradictory asymme- 
tries (Parker and Rubenstein 1981). The EF 
probably has more to gain from the resource yet 
her risk of injury against a larger opponent forces 
her to retreat. Note, however, that EFs never lose 
their territories in these situations since any per- 
sistent intruders must eventually face her mate, 
who is their equal or superior in nearly all cir- 
cumstances. 

The roles in agonistic behavior taken by West- 
em Gulls appear to conform to various predic- 
tions ofgame theoretical based models, including 
several derived from the simple models pro- 
posed by Maynard Smith and Price (1973). The 
observed flexibility in tactics, however, suggests 
strongly that, although early genetically based 
models provide useful insights (see also Steams 
1992), these tactics are not fixed and genetically 
driven, but are instead ontogenetically and so- 
cially plastic, role driven and adjustable to spe- 
cific circumstances. 
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