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Abstract

The behavior of territorial males in a polygynous
mating species may be influenced by a variety of
factors related to site-specific conditions. In this
paper, the behavioral dynamics of territorial male
California sea lions (Zalophus californianus) are
characterized throughout the breeding season and
across rookery sites at Los Islotes Island in the
Gulf of California, Mexico. Observations focused
on three spatially distinct rookeries at Los Islotes
that varied in the number and density of territorial
males, the number of females, and the number of
subadult males. Rates of male and female aggres-
sion were similar among sites and across the season.
However, differences in female/territory defense and
self-maintenance behaviors were exhibited by terri-
torial males among sites and throughout the breed-
ing season. Multiple regression analysis revealed
a relationship between self-maintenance behavior
and the number of females and males present. The
time territorial males spent moving and in territo-
rial maintenance was associated with the density
of females within a territory. Males also exhibited
higher levels of movement when more males were
present. Finally, male California sea lions showed
lower movement rates but higher amounts of time
spent in territorial defense as the breeding season
progressed. By comparing behaviors of territorial
male California sea lions under different social
compositions, this study illustrates the costs, ben-
efits, and mechanisms of male territoriality.
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Introduction

California sea lions (Zalophus californianus) are
an ideal species for examining breeding behavior
because they are polygynous (Riedman, 1990), sex-
ually dimorphic, and occur at high densities during

the breeding season (Berta & Sumich, 1999). Male
sea lions establish semi-terrestrial territories that
are relatively easy to observe for natural behavior
studies. By establishing territories along coastlines
important to females with pups, territorial males con-
trol access to females and likely obtain more mating
opportunities than non-territorial males (Boness,
1991). During the breeding season, California sea
lions in the Gulf of California, Mexico, are known
to undergo heat-related thermal stress at rookeries,
which may be alleviated by close proximity to the
ocean or other properties specific to breeding sites
(Riedman, 1990). The breeding season occurs over
a few months, typically from late May to mid-July
(Odell, 1975; Garcia-Aguilar & Aurioles-Gamboa,
2003). Non-territorial males are often found in
bachelor groups, which typically use sites that are
near but spatially separated from adult territorial
males, adult females, and young sea lions (Issa-
Cabrera, 20006).

In this study, we examined whether territo-
rial male California sea lions exhibit behavioral
variation between breeding sites and over the
breeding season. We predicted that territorial
male California sea lions engage in more terri-
torial defense and less self-maintenance behav-
iors at sites with higher sea lion densities. We
also predicted that agonistic interactions should
occur more frequently as the breeding season pro-
gressed. We tested these ideas by (1) determining
social composition and density at three California
sea lion breeding sites at Los Islotes in the Gulf
of California, Mexico, (2) evaluating behaviors
of territorial male California sea lions across sites
during the same season, (3) examining behavioral
differences at each site within a breeding season,
and (4) assessing site-specific population features
that may have contributed to any observed differ-
ences. Determining the extent to which territorial
male behavior is influenced by population char-
acteristics in a polygynous system will ultimately
help explain the costs, benefits, and mechanisms
of territoriality.
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Materials and Methods

Study Site

During the summer of 2003, field research was
conducted at Los Islotes Island (24° 58' N, 110°
23' W) in the Gulf of California (GoC) as part of
a large-scale project on population demograph-
ics of California sea lions (Gerber, 2006). The
Los Islotes population is increasing in abundance
(Szteren et al., 2006). Males are found at three
spatially discrete sites (A, B, & C) defined by
physical boundaries, such as large rock outcrops,
that create a natural barrier between sea lions
and prevent researchers from observing sea lions
beyond the barrier (Figure 1). Sites A and B were
used by all age classes and adult territorial males.
Physically, Site A (802 m?) was the largest of the
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Figure 1. Large boulders, especially those forming the edge
of a cove as depicted here, were used to define the edges
of each study site on Los Islotes in the Gulf of California,

Mexico.

three breeding sites, and Site B (122 m?) was the
smallest (Issa-Cabrera, 2006). Site A included a
large and open platform-like area, whereas the
platform-like area at Site B was narrow and sur-
rounded by rocky edges. Site C (254 m?) was the
most exposed to the wind and sea. It was histori-
cally used by non-territorial adult and subadult
males in a bachelor group but recently became
occupied by several territorial males, adult
females (i.e., > 5 y of age), and young sea lions
(i.e., juveniles: 1 to 4 y of age; pups: 0 to 1 y of
age) (Issa-Cabrera, 2006). These three sites were
selected to allow within-island comparisons based
on the unique attributes of each (Table 1).

Data Collection
Data were collected during four field expeditions,
which took place 5-10 June, 6-11 July, 17-21 July,
and 29 July-3 August 2003 (hereafter identified
as trips one to four, or T1 to T4, respectively).
Trip dates were selected to include information
throughout an entire breeding season (Odell,
1975; Garcia-Aguilar & Aurioles-Gamboa, 2003).
During each trip, equal time was spent collecting
data at each of the three breeding sites. Sea lion
behavior was observed at each site during 4 d on
T1, 2 d on T2 and T3, and 3 d on T4. Using a
rangefinder and compass, the distance to near-
est territorial male (m), territory size (m?), and
the number of females within each territory were
recorded for each territorial male. Territorial
boundaries were determined through mapping
the location of male movements and interactions
between territorial males. All data were collected
during daylight hours.

Scan- and focal-animal sampling techniques
were used to obtain behavioral data on territorial

Table 1. Average density and standard error of territorial adult male (M), adult female (F), and subadult male (SA) California
sea lions (Z. californianus) located at three distinct sites during four field trips in the summer of 2003 to Los Islotes Island,

Gulf of California, Mexico

Male Subadult Female
Trip Site  Average SE Density Average SE Density Average SE Density
1 A 3.1 04 0.00 2.6 0.7 0.003 16.9 2.5 0.02
2 A 6.5 0.3 0.01 0.9 0.4 0.001 455 1.1 0.06
3 A 6.7 0.1 0.01 0.3 0.1 0.000 49.1 3.7 0.06
4 A 6.6 0.6 0.01 0.6 0.1 0.001 52.0 39 0.06
1 B 3.8 0.5 0.03 7.3 1.7 0.060 26.6 2.8 0.22
2 B 55 0.5 0.05 0.9 0.2 0.007 24.8 22 0.20
3 B 7.0 0.3 0.06 0.3 0.2 0.002 20.1 1.6 0.17
4 B 5.7 0.3 0.05 0.5 0.2 0.004 233 1.8 0.19
1 C 6.5 0.4 0.03 13.2 1.7 0.052 9.3 1.7 0.04
2 C 79 3.1 0.03 7.0 33 0.028 22.7 3.1 0.09
3 C 6.9 0.0 0.03 7.3 1.4 0.029 28.5 3.1 0.11
4 C 75 0.3 0.03 4.4 2.1 0.017 327 4.1 0.13
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males during each of the four trips. Random focal-
animal sampling without replacement was used to
provide the proportion of time individuals spent
in different activities; whereas scan-sampling pro-
vided a comprehensive approach to evaluate dif-
ferent activities of males among and across sites
(Altmann, 1974). Potential effects of the presence
of observers on site on sea lion behavior were
reduced by conducting all scans and focal-animal
observations from high points overlooking each
site. Scan-sampling was conducted at multiple
times each day, with at least a 30-min interval
between samples (mean = 4.29 scans/d, range = 1
to 13, n =222) and treated as a repeated measure.
During scan-sampling, we recorded the number of
males, females, and subadult males engaged in 11
distinct behaviors (Table 2). For behavioral analy-
ses, we focused only on male behavior and cate-
gorized behaviors into four groups (Table 2). Scan
samples also provided information on the number
of sea lions of different sex and age classes pres-
ent at the sites.

Focal observations of animal behavior were
conducted for 30 min on different, randomly
chosen territorial males during each observation
day. Sketches were made of individual territorial
males to identify males and avoid re-sampling
animals. Each focal sample was therefore treated
as independent for analysis. During focal-animal
observations, the duration of the territorial male’s
behavior in each of the 11 behaviors was recorded,
with one exception: scratching self. Grooming,
and playing were combined into an “other” cat-
egory prior to collapsing the data into the four
behavioral groups for analysis. Behavioral catego-
ries were collapsed based on biological relevance
(Table 2). For example, peace keep and herd are
behaviors that indicate direct interactions between
males and females. Although patrol may at first be
thought of as a form of conspecific interaction, it
was combined with female maintenance behaviors

into a female/territory defense for two reasons:
(1) herd and patrol behaviors are often difficult
to distinguish from one another and (2) males do
not directly interact with conspecific males while
patrolling. Instead, when males directly interact
with another male during patrol behaviors, the
behavior is typically then classified as aggression
or fight. Collapsing behaviors into four categories
was also necessary because some behaviors had
too low a frequency of occurrence to be evaluated
independently.

Territories of most males extended into the
water. Because the water is typically shallow and
clear around the breeding sites, the male’s behav-
ior was observable in the water and on land for
both focal and scan samples. The observation was
terminated if a male moved out of sight or swam
into deep waters.

Numbers of aggressive interactions by adult
male and adult female sea lions were also col-
lected independently of focal and scan data. For
logistical reasons, we only collected this informa-
tion on males during T1, but included females on
T2 to T4. For adult males, we recorded all occur-
rences of aggressive events with another adult
male or with subadult males. All occurrences
of aggression by adult females were limited to
those involving other adult females. Data were
converted to rate (number of events/minute) of
aggressive events for analysis.

Data Analysis

Analysis of variance (ANOVA) was used to assess
potential differences in the distance to the nearest
territorial male, territory size, and number of females
within male territories among the three sites, among
the four trips, and to examine potential interactions
from sites and trips. The date of the measurements
was used to avoid pseudo-replication. Tukey’s
post hoc comparison was applied when ANOVA
revealed a significant difference.

Table 2. Behavior types, definitions, and categories for analysis of focal- and scan-sample data

Category Behavior Definition
Conspecific interaction Fight Physical contact with other male
Mock aggression Vocalizing and lunging at nonterritorial males
Aggression Nonphysical fighting with territorial males
Female/territory defense Patrol Delimiting territories
Peace keep Conciliatory behavior to reduce female aggression
Herd Active prevention of female departure
Self-maintenance Rest Lie down
Scratch self Scratch self with flippers or against substrate
Sit upright Front flippers hold up upper body; lower body on ground
Move Swim Locomotion in water

Terrestrial movement

Walk or run on land or in surf
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Most California sea lions lack scars or mark-
ings, and although we were able to identify and
track individual males during observations within
trips, we could not accurately identify individual
males between trips. Territory turnover occurs
throughout the breeding season (Riedman, 1990),
so we were unlikely to observe the same territo-
rial males during different trips. Thus, territorial
males detected during each trip were treated as
new individuals.

All data collected from focal- and scan-animal
sampling were converted to proportions and arc-
sine transformed prior to analysis to meet assump-
tions of normality (Sokal & Rohlf, 1981). Data
from scan-sample observations were compared
among sites using ANCOVA with trip and date as
covariates (Childress & Lung, 2003; Boness et al.,
2006). For focal samples, we used an ANCOVA
with trip as a covariate (Boness et al., 2006).
Bonferonni adjustments for multiple comparisons
were applied. A p-value for focal and scan samples
at < 0.01 (four independent tests) was established
as significant.

Site, trip, number of females, and number of
males were used as independent variables in a mul-
tiple regression to model the cumulative effects
on variation in the proportion of territorial males
engaged in (1) self-maintenance and (2) territorial
defense behaviors during scans. Correlation coef-
ficients were used to test for problems with multi-
variate collinearity. A stepwise general linearized
model (GLM) was used to select the best model.
Rates of aggressive interactions for females and
males were compared between sites with Kruskal-
Wallis tests. All values are presented as mean + SE
unless otherwise stated. Statistical analyses were
conducted in R2, Version 2.1 (R Development
Team, Vienna, Austria, 2005).

Results

Site-Specific Variables

Differences in population characteristics between
sites and trips were identified. The number of
territorial males and pups increased after T1 at
each site, while the number of subadult males
decreased (Table 1). The number of adult females
and subadults varied among sites (Table 1), with
the greatest number of subadults consistently at
Site C and the greatest number of adult females
typically at Site A. Tukey’s post hoc comparisons
revealed site differences in the number of adult
females between Sites A and B (p = 0.029). Also, a
difference in number of adult females per territory
across sites (F, ., =2.01, p =0.033) and by inter-
action of sites and trips (F, s =4.92, p = 0.0009)
was detected. The number of adult females per
territory increased at Sites A and C across trips

while it declined at Site B (Table 1). Density was
consistently lowest for territorial adult males and
adult females at Site A and highest for subadult
males at Site C (Table 1).

Territory attributes differed among sites. For
territorial males, there was a significant difference
in distance to nearest neighbor among trips (F, | =
16.45, p <0.001, n = 164) and sites (F, =529, p
= 0.0059, n = 164). Territorial males tended to be
farther apart at Sites A and B (p = 0.066; Table 1),
with significant differences between Sites A and
C (p = 0.006) but not between Sites B and C (p =
0.09; Table 1). Notably, there was no interaction
between sites and trips. Finally, a significant dif-
ference in territory size was revealed across trips
(F2 = 88.26,p <0.001, n=159), among sites (F2 =
= 123.50, p < 0.001, n = 59), and between sites
and trips (F, ,, =70.77, p < 0.001, n = 59).
Behavior
Agonistic behavior by males was observed over
13.6, 17.3, 8.8, and 23.1 h during T1, T2, T3,
and T4, respectively, and agonistic behavior
by females was observed for 9.6, 1.0, and 4.3 h
during T2, T3, and T4, respectively. Although ter-
ritorial attributes differed, the number of aggres-
sive events per minute for territorial males was
comparable among the three sites and four trips.
Similarly, there were no significant differences
for the number of aggressive events per minute
by females located within male territories among
sites.

Territorial males spent the greatest proportion
of time resting, patrolling, and sitting upright.
For individual behaviors recorded during focal
samples, there was a significant difference in the
proportion of time males spent in terrestrial move-
ment among trips (F, , = 11.71, p = 0.0027). This
difference reflected the significantly greater pro-
portion of time males were engaged in movement
during T1 compared to T2 (p = 0.0042), T3 (p =
0.0042), and T4 (p = 0.0154). Yet, based on the
four behavioral groups, there were no significant
behavioral differences among sites or trips.

Of the four behavioral groups used for scan
samples, self-maintenance (F,,, = 16.09, p <
0.001) and female/territory defense (F,,,, = 28.39,
p < 0.001) behaviors were 51gn1flcantly different
across sites, with more territorial males engaged
in both behaviors at Site C. There were also dif-
ferences across trips for the proportion of males
engaged in self-maintenance (F,, , = 1141, p <
0.001) and territorial defense behaviors (F, =
19.24, p < 0.001; Figure 2). Specifically, a greater
proportion of territorial males were engaged in
maintenance behaviors and fewer were engaged
in female/territory defense behaviors during T1.
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Figure 2. Percent of adult territorial male California sea
lions engaged in four behavioral groups (interaction, move-
ment, self-maintenance, and female/territory defense)
during scan samples across the breeding season at three
sites on Los Islotes; trip dates were (1) 5-10 June, (2) 6-11
July, (3) 7-21 July, and (4) 29 July-3 August 2003.

The best multiple regression model for female/
territory defense included site, trip, and the
interaction between site and trip (R*> = 0.201, p
< 0.001). This differed from the best model for
self-maintenance behavior, which included trip,
number of females and males, interaction between
site and trip, and the interaction between number
of females and males (R®> = 0.191, p < 0.001).
Based on these models, female/territory defense
behaviors were positively related to trip and the
number of females present but negatively related
to the interaction between trip and site and the
number of males present; whereas self-mainte-
nance behaviors were negatively correlated to trip
and the number of conspecifics present.

Discussion

According to results from this study, territorial male
California sea lions alter some behavioral strategies
during the breeding season based on social group

composition. Behavioral variation can explain vari-
ance in male reproductive success (Fabiani et al.,
2004). Thus, determining if breeding behaviors
of territorial males vary under different condi-
tions may reveal some of the benefits, costs, and
mechanisms of territoriality. Although in this study
territorial male density varied across sites and
throughout the breeding season, these differences
did not translate into differing rates of agonistic
interactions. In contrast, in grey seals (Halichoerus

rypus), higher numbers of males were directly
correlated with higher rates of aggressive events
(Anderson & Hardwood, 1985; Twiss et al., 1998).
When male grey seals were involved in agonistic
interactions, incidental pup mortality and greater
female harassment occurred (Higgins & Tedman,
1990; Boness et al., 1995; Chilvers et al., 2005).
Furthermore, there is a trade-off between winning
agonistic interactions and the energy demands
of interactions (Modig, 1996). Male sea lions at
Los Islotes may be actively avoiding interactions
when the number of males increases. The observed
increase in male territory size over the breeding
season may alleviate the potential for agonistic
interactions. The multiple regression results indi-
cated males may engage in less self-maintenance
and female/territory defense behaviors when more
males are present. Altering behaviors may be
another strategy to avoid engaging in more aggres-
sive interactions. Mechanisms male sea lions use
to avoid interactions at higher densities are unclear,
and further research on the role of male aggression
under different population compositions would
shed light on these uncertainties.

Female sea lions are philopatric to breeding
sites (Maldonado et al., 1995). Thus, as a breed-
ing season proceeds, more females return from
sea to occupy each site during parturition (Garcia-
Aguilar & Aurioles-Gamboa, 2003). Female gre-
gariousness reduces the reproductive costs of inter-
acting with males (Boness et al., 1995; Cassini &
Fernandez-Juricic, 2003; Kiyota & Okamura,
2005), which may further explain why the number
of California sea lion females present within ter-
ritories generally increased over the breeding
season, even though the number of territorial males
remained relatively stable (Table 1). Although in
this study the number of females increased over
the breeding season, there was no difference in the
rate of female agonistic interactions. Similar to
the results of this study, Francis (1987) found that
the number of female California sea lions was not
related to the frequency of aggressive interactions.
However, a relationship between the number of
females and rates of agonistic events was observed
in South American sea lions (Otaria flavescens)
(Cassini & Fernandez-Juricic, 2003) and New
Zealand fur seals (Arctocephalus forsteri) (Carey,
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1992). Agonistic interactions between female
New Zealand fur seals occurred most frequently
in areas with shade and pools of water that were
ideal for thermoregulation (Carey, 1992), while
female South American fur seals (A. australis)
with pups were more aggressive than females
without pups (Harcourt, 1992). Furthermore, the
increase in number of females per territory only
occurred at two of three sites, suggesting ideal
free distribution may occur in California sea lions
(Fretwell & Lucas, 1970). It is unclear if females
at Los Islotes preferred Site B. Female occupancy
of Sites A and C only increased when there was
limited space at Site B or if females engaged in
site-specific philopatry. Since female preferences
ultimately could result in different female quality
patterns across breeding sites at the same island
(Twiss et al., 2000), further studies are needed.

The results provided herein should be inter-
preted with caution in light of a few caveats: If
sites include territorial males with completely
aquatic territories, they were not included in this
study; male behaviors occurring in water may
have been underestimated; and climatic micro-
habitat conditions may vary between years. Based
on observations within this study, there is no evi-
dence suggesting fully aquatic territories occur at
Los Islotes. If they do occur, they would probably
be physically similar between sites. It is unlikely
that exclusion of fully aquatic territorial males
would influence the findings (Francis & Boness,
1991; Twiss et al., 2006). Finally, behavior is
likely to vary based on changes in climatic and
resource availability, or whether the individual
is onshore, in surf, or in deeper waters. These
changes would likely be expressed throughout the
entire island, however, and therefore are unlikely
affecting comparisons across sites.

The results of this study showed that territo-
rial male sea lions altered their behavior between
sites and over the breeding season. More males
may have engaged in movement behaviors during
the first trip because it was early in the breeding
season when males may be less familiar with one
another. Intrusions are less likely to occur once ter-
ritorial males are familiar with neighboring males
(Fisher, 1954; Hyman & Hughes, 2006). Indeed,
these results indicated distance to the nearest terri-
torial neighbor decreased over the breeding season
without influencing the rate of agonistic interac-
tion, and males at Site C, where the most non-
territorial, unfamiliar subadults occurred, engaged
in the most female/territory defense behaviors.
Self-maintenance behaviors declined with increas-
ing numbers of females and males. Similarly, ter-
ritorial male Steller sea lions (Eumetopias juba-
tus) with a greater number of females present,
spend less time resting than other males (Mamaeyv,

1997). However, larger harem size in elephant
seals (Mirounga leonine) did not correlate with
male behaviors other than an increase in agonis-
tic interactions (Modig, 1996). Results of this
study suggest that site-specific conditions, such
as immediate population structure (i.e., number of
females present), had the most influence on territo-
rial male behaviors, while seasonal variables (i.e.,
population density) are less influential. Additional
investigations that examine male sea lion behavior
across broader geographical and time scales should
be pursued to clarify remaining uncertainties.
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