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ABSTRACT
Niche variation among sexes and life stages wahpopulation has been documented in
many species, yet few studies have investigatdtenrariation within demographic
groups or across ecological contexts. We examime@xtent to which pregnant
California sea lionsZalophus californianusat each of three breeding colonies target
alternative prey resources and habitats. The #tokmies are distributed across distinct
regions of the Gulf of California, Mexico and haligergent population dynamics. We
compared the nature of niche variation among cekand investigated the fithess
consequences of different foraging strategies wigisich colony. We analyzed t#éC
ando™N values from fur collected from 206 suckling pupsharacterize relative
maternal foraging locations’fC) and trophic levels)t°N) during the metabolically
demanding late stages of gestation and lactatianattcur simultaneously in California
sea lions. Thé™*C ands™N values were regressed against pup body conditifex
values to compare the relative individual-leveldiss benefits of different maternal
foraging strategies. We found that the nature ameine of niche variation differed among
colonies. Niche variation was most pronounced etwo largest colonies that appear to
experience the highest levels of intraspecific cetiipn and the variation was consistent
with habitat features. One colony (Granito) displhywo distinct foraging groups with
indistinguishable median pup body condition valwésereas the second (San Jorge)
exhibited continuous niche variation and pup boalydition varied in relation to
maternal foraging location and trophic level, sugjogy disparities among alternative
foraging strategies. For the smallest colony (Lsbstés), females occupy similar niches

with a few outliers. Body condition values of pwgighis colony were most variable, but



did not vary with maternal foraging strategy. Oesults provide evidence for
intrapopulation niche variation among demographycamilar individuals during a
period of high metabolic stress and reproductivedrtanceThis work suggests possible
fitness benefits conferred by alternative foragirgtegies, and calls into question the
common assumption that members of a populatioe@gically equivalent. Future
research aimed at understanding animal foragiagesfies should consider the nature

and extent of niche variation in the context ofdloecological conditions.
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I ntroduction

Individuals are the foundation of ecological sysseand their behaviors influence
population dynamics, community structure, ecosydtamtioning, and evolutionary
processes (Lomnicki 1988; Bolnigt al.2003). However, consideration of individual-
level dynamics is relatively uncommon among botpupation models and management
efforts that operate with the assumption that membga population are ecologically
equivalent (Kendall & Fox 2002; Bolniakt al.2003; Chase & Leibold 2003; Dunne
2006). There is growing evidence that persistetetimdividual behavioral differences
are ubiquitous in generalist populations, fosteangntensified interest in understanding
the nature and extent of intrapopulation nicheatamn within and across ecological
contexts (Van Valen 1965; Chilvers & Corkeron 20Btinick et al.2003; Bolnicket al.
2007; Tinker, Bentall & Estes 2008; Chilvers & Wilkon 2009; Vander Zandex al.
2010; Lowtheret al.2011).

Divergent foraging behaviors within a populationynii@ important in the context
of wildlife management because such patterns inmp&r-individual differences in direct
and indirect ecological interactions (Holbrook &&att 1992; Chilvers & Corkeron
2001; Sih, Bell & Johnson 2004; Quevedo, Svanbadkkiv 2009; Votieret al.2010;
Bolnick et al.2011). Individuals targeting alternative resouraesexposed to different
selective pressures and risks (e.g., predatiohr@mbgenic impacts), and may respond
differently to management actions (Bolniekal. 2003). Moreover, fithess consequences
associated with an individual’s activities may attee likelihood of their survival and
reproduction, directly affecting overall populatiemal rates (Vindenes, Engen & Saether

2008).



The ecological drivers of fine scale intrapopulatioche partitioning are poorly
understood. Controlled experiments and computeulsitions indicate that when
competition among conspecifics increases, duedyp gasource reduction, an increase in
predator population size, or other environmentetidies, individuals will target new
foraging patches or add alternative prey to thieit @Holbrook & Schmitt 1992;
Svanbéck & Bolnick 2007; Araujo, Bolnick & LaymafP1). Individuals may target
different alternative resources or the same altemmaesources in differing proportions,
depending upon their preference rankings, optinumnatriteria, and/or abilities (Araujo,
Bolnick & Layman 2011). For example, Tinker et(@008) report distinct behaviorally-
based consistent variation in foraging that is eissed with improved foraging
efficiency for individually preferred prey in a tiglensity subpopulation of California
sea ottersEnhydra lutris nereisLinnaeus 1758) within a food-poor environment
contrast, individual sea otters in a low-densitgmpulation within a food-rich
environment exhibit similar diets comprised prirhadf preferred sea urchin prey
(Strongylocentrotus purpuratuStimpson 1857, anfl. franciscanuysA. Agassiz 1863).

Within a population, niche variation may be disereontinuous, or a
combination of the two (Bolnickt al.2003; Araujoet al.2010). In cases of discrete
variation, individuals can be classified into grewpth different ecologies (e.g., groups
that use different habitats and/or target diffegmety). This is typically a consequence of
phenotypic differences due to life stage (i.e.pgehetic shifts, Werner & Gilliam 1984),
sex (i.e., sexual dimorphism, Shine 1989), or molqiy (i.e., resource use
polymorphism, Skulason & Smith 1995; Bolniekal.2003). In other cases, individuals

may occupy unique, but overlapping, portions obpylation’s ecological niche, which
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results in continuous niche variation at the poporelevel (Este®t al.2003; Araujoet
al. 2010). Continuous niche variation involves varydegrees of individual
specialization whereby variation in foraging beloavs greater among individuals than
within an individual (Bolnicket al.2003).

Few studies have characterized niche variation gndemographically similar
individuals (i.e., same sex and life stage). Thasdyses have primarily focused on
pinnipeds and identified persistent inter-indivitdéferences in foraging behavior
(Weise, Harvey & Costa 2010; Lowther & Goldsworft§11). Within demographic
group niche variation can be particularly importamtong pregnant and nursing female
pinnipeds as their foraging success during gestaiml lactation has major implications
for future population status via its effects on p@st-natal and weaning fitness (Beauplet
et al. 2005).

To further our understanding of the nature andréxdéintrapoulation niche
variation among demographically similar individualsd the importance of ecological
context as a driver of this phenomenon, we conduateanalysis of foraging strategies
of pregnant California sea lion&glophus californianusat three breeding colonies in
different regions of the Gulf of California, Mexi¢big. 1 and Table 1). The three
colonies differ in population dynamics, habitattéeas, and prey composition.

It is logistically and financially challenging tdserve pregnant sea lions while
they are foraging at sea. It is also difficult tdlect samples directly from these animals
given their size, temperament, and the imperatvevbid handling and/or stressing these
animals during an important reproductive periodwideer, stable isotope analysis of fur

from suckling pups provides a unigue opportunitas$sess maternal foraging ecology.
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Stable isotope ratios of carboii@/*°C, reported ag'°C) and nitrogen’®N/**N, reported
asdo™N) from animal tissues are commonly used to procinfrse retrospective
information about animal movement and foraging egpl(Ben-David & Flaherty 2012),
including those of pinnipeds (Kurle & Worthy 20Kyrle & Worthy 2002; Kurle &
Gudmundson 2007; Newsome, Clementz & Koch 2010e0at.2012).

Our approach was three-fold: 1) we used a five-gataiset of pup morphological
measurements to develop nested hypotheses abquitdrgial for niche variation at
each colony, 2) we used stable isotope analydisr@ollected from suckling pups to
determine the nature and extent of niche variaiozach colony and to make
comparisons among colonies, and 3) we comparebldathe condition of pups belonging
to mothers with different foraging strategies teess the individual-level fithness
consequences of intrapopulation niche variation.

A schematic of oua priori hypotheses of the relationships between ecological
context, intracolony niche variation, and pup ctindiis provided in Fig. 2. In particular,
we hypothesized that niche variation would be npoghounced at colonies with the least
variation in pup body condition as this phenomeisdoelieved to help stabilize foraging
success at the colony level. We hypothesized tigagxtent of niche variation at each
colony would correspond to the colony’s populatamundance and its proximity to other
sea lion breeding colonies, and that the natureabie variation would depend on local
prey and habitat features. Finally, we hypothestbatl pup body condition would be
comparable among mothers with alternative foragingtegies because niche variation
presumably reduces conspecific competition andnisakindividual foraging success at

the colony level when resources are limited.
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Materials and methods

SPECIES AND STUDY SYSTEM

California sea lions are widely distributed fromri¢auver Island, Canada, along the
west coast of the United States and Pacific cdaBaa California, Mexico, and
throughout the Gulf of California, Mexico (Reewesal.2002). In the Gulf of California
(hereatfter, “Gulf”), California sea lions are dibtited among 13 breeding colonies and
they are the only resident, breeding pinniped (®rteAurioles & Gerber 2006) (Fig. 1).
In 2004, the population size was estimated to oelbetween 24,062 and 31,159
animals, reflecting a 20% decline from the precgdlacade, which garnered
conservation interest in the Gulf of California #ea management stock (Szteren,
Aurioles & Gerber 2006).

Sea lion feeding habits in the Gulf exhibit a o#gil structure with dietary
differences observed among colonies (Garcia-RoéeziguAurioles-Gamboa 2004;
Porras-Peterst al.2008). As generalist predators, sea lion populatigpically consume
a range of species and their diets reflect rescavadability (Mellink & Romero-
Saavedra 2005). Previous research indicates thaioses in the Gulf with overlapping
ranges may use different foraging areas (GarciaiBoez & Aurioles-Gamboa 2004;
Porras-Peterst al.2008), and recent work has identified dietaryedi#hces among life
stages and between adult males and females (Ejaf¥arplanckeret al.2012).

We focus on three sea lion colonies in the Gulh $arge, Granito, and Los
Islotes (Fig. 1). These colonies represent diffeseibpopulations within the Gulf of
California management stock, which exhibit diffdrpopulation sizes and rates of

population growth (Table 1) (Waet al.2010). They are genetically distinct from one
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another although there is some movement of indalglyrimarily males, among
colonies (Warckt al.2010).

Colonies are distributed among two biogeographiadBtinct regions from north
(San Jorge and Granito) to south (Los Islotes) witlderately unique faunal
assemblages associated with the physical structdiessch region (Walker 1960). A
broad shallow, sandy shelf with sill depths of AWl m categorizes the northern Gulf,
whereas rocky shores and deep basins separateshisydrse ridges (sill depth below
1500 m) prevail in the south (Walker 1960). In &iddi, there are greater annual
fluctuations in sea surface temperature and tataes in the north that are thought to be
responsible for lower prey diversity in this regidialker 1960). Despite lower relative
diversity, however, there is a high abundance tge fish in the northern region that
researchers credit with supporting 82% of the @tlTalifornia sea lion population
(approximately 19,000 individuals) (Aurioles-Gami@®aavala-Gonzalez 1994).

San Jorge, our northernmost colony, representga,ldensely-populated sea lion
colony in the Gulf and its population was incregsshightly during the period of this
study (Mellink & Romero-Saavedra 2005; Szteren,idas & Gerber 2006) (Table 1).
The colony is relatively isolated from other semlbreeding colonies (Fig. 1), although
past research grouped it into a subpopulation tmithothers (Rocas Consag and Los

Lobos) based on geographic distances among thedllBos breeding colonies in the

Gulf (GonzalezSuarezet al.2006; Warcet al.2010). At the subpopulation level,

population dynamics are synchronized among colobmgseach has a unique growth rate

(Wardet al.2010).



Prey diversity of San Jorge sea lions includes@pprately 40 species (Mellink
& Romero-Saavedra 2005). The most important preypamarily benthic species and
include midshipmanRorichthysspecies, Girard 1854), Panama grirdrbadasys
panamensisSteindachner 1875), and Panama brief sduodiguncula panamensjs
Berry 1911), species not targeted by local artisBsizeries (Mellink & Romero-
Saavedra 2005).

Granito also supported a relatively large seaiopulation at the time of our
study, but it declined through the mid-2000s andl leas than a quarter of the total
abundance of San Jorge (Szteren, Aurioles & G&b@8) (Table 1). Granito is part of a
subpopulation that includes two other nearby bregdolonies (Los Cantiles and Los
Machos). Additionally, another sea lion subpopolatihat includes five breeding

colonies (El Partido, Rasito, San Esteban, SanoRddrtir, and San Pedro Nolasco)

occurs in the region (Gonzal&uarezet al.2006; Wardet al.2010) (Fig. 1).

Important prey at Granito are primarily pelagidtfend include Pacific cutlass
(Trichiurus lepturusLinnaeus 1758), lanternfisBiaphusspecies), northern anchovy
(Engraulis mordaxGirard 1854), shoulderspdaféelorinchus scaphopsi&ilbert 1890),
and Pacific whitingNerruccius productysAyres 1855) (Garcia-Rodriguez & Aurioles-
Gamboa 2004). Local commercial fisheries targetheon anchovy and Pacific sardine
(Sardinops caeruleussirard 1854) (also known as South American pildhand
interact with sea lions directly and indirectlyaghgh trophic interactions (Garcia-

Rodriguez & Aurioles-Gamboa 2004).



Los Islotes, the southernmost sea lion breedingngoin our study, is relatively
isolated - geographically and genetically - comgddacemany of the other breeding

colonies in the Gulf (Fig. 1). However, it is cathsied part of a subpopulation that

includes one other breeding colony (Farallon del§aacio) (GonzaleSuarezet al.

2006; Gonzalez-Suéarez al.2009; Warcet al.2010). Los Islotes is one of the smallest
sea lions colonies in the Gulf and its populati@swgrowing substantially during the
time of our study (Table 1) (Garcia-Rodriguez & ibles-Gamboa 2004; Szteren,
Aurioles & Gerber 2006). The colony is situatediregion with high species and habitat
diversity, and important prey species include eadbacific flagfin Aulopus bajacali
Parin and Kotlyar 1984), bigeye baBsqnotogrammus eo$ilbert 1890), threadfin bass
(Pronotogrammus multifasciatuGjll 1863), and splittail bassiemanthiaspecies)
(Garcia-Rodriguez & Aurioles-Gamboa 2004; Sztefemioles & Gerber 2006).

Female sea lions give birth, typically to a singlg, between the end of May and
middle of July (i.e., the breeding season) witreakpin middle to late June (Garcia-
Aguilar & Aurioles-Gamboa 2003). Mothers nurse thip for 6-12 months, and fifteen
to thirty days after parturition, females come iatrus and mate again (Mekhal.

2000; Garcia-Aguilar & Aurioles-Gamboa 2003). Hoe hext year mothers endure high
energetic expenditures as they both nurture a dpieg pupin uteroand nurse their pup
from the previous breeding season (Gittleman & Theom 1988; Garcia-Aguilar &
Aurioles-Gamboa 2003; Garcia-Rodriguez & Auriolesmyt®oa 2004). Given their
parental role, females are limited to foraging abitats in proximity to the breeding

colony. Movement between distant colonies is rapblyerved among female sea lions



and genetic analyses suggest that they are rdiaptadopatric (Maldonadet al. 1995;

Gonzélez-Suareet al.2009).

BODY CONDITION MEASUREMENTS

We conducted fieldwork for five consecutive sumiezeding seasons between 2004
and 2008 when pups were approximately one to twothsoold (Table 2) (Mellink &
Romero-Saavedra 2005; Frerethal.2011). We captured between 600-700 total pups
from each colony, weighed them to the nearest §.5skng a 50 kg capacity Pesola
spring scale and measured their total body lengghtlaoracic girth to the nearest cm.
Relationships between energy reserves, body congdgrowth and health maintenance
are well established, so we used a standard baaitcan index (BCI) for pinnipeds that
served as an indicator of individual fithess (Fleatal.2011). Specifically, we
calculated pup condition as BCI = m/V, where m sss@n g) and V = volume (in ¢
where V = 0.0265*L*GT given measurements of L = length (in cm) and Gficracic
girth (in cm).

We assumed that BCI values would reflect early-pasal condition, including
pre-natal growth and condition at birth given tlapturing dates, and higher values of
BCI would represent better body condition (Freetll.2011). Body size and condition
are often important determinants of survival innged species, but the strength of the
relationships between survival and different msto€body condition can vary among
species, subpopulations, and sexes (Calambokieldtry 1985; Baker & Fowler 1992;
Craig & Ragen 1999; McMahon, Burton & Bester 20Baker 2008). Previous work on

grey sealsHalichoerus grypusFabricius 1791) demonstrates that the odds ef\alr
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the first year are increased by a factor of 1.2 € 0.226) with a one standard
deviation increase in pup condition at weanindy@lgh pup condition in the grey seal
study was calculated as mass/length and mean Valuegles and females were 0.41
kg/cm and 0.39 kg/cm, respectively (Ailsa, Berni&k&hard 2001). We assume that
differences in body condition index values of otemdard deviation or greater are
biologically meaningful.

In 2006, we captured, weighed, measured, markebredeased pups, recapturing
them approximately one month later to estimate-patdl growth rates. We gave unique,
identifiable haircuts to pups captured in late Jina were less than a month old and
marked pups captured in July with unique plastiedtock tags (Dalton I.D. Systems,
U.K., Long-Term Jumbo Tags) on each front flipderefichet al.2011). We calculated
daily average growth rates (G, in kg/day) as G ={mm,)/T, where ma= weight at
recapture (in kg), = weight at initial capture (in kg), and T= numloéidays between
initial capture and recapture (Frenehal.2011). An estimate of colony-level growth rate
was obtained as the average of the pup-level groatds, where the averages were
computed separately for males and females at edchyc(Frenchet al.2011).

For our analyses of pup BCI values, we correcteth @ap’s weight to account
for time of sampling relative to the mid-point afrdield season using the following
equation: Worrected= Woriginai- 1000(d*G), where WrectedS the weight (i.e., mass) (in g)
used in the calculation of BCI values Mhal is the pup’s original measured weight (in
kg), and d is the number of days between the sagplte and the mid-point of our field
season, which is positive for sampling dates list¢éine season and negative for sampling

dates earlier in the season. The following growtles (G) from 2006 were applied to all
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years: males (San Jorge = 0.09 kg/d, Granito = Kgld, Los Islotes = 0.18 kg/d) and
females (San Jorge = 0.09 kg/d, Granito = 0.08,Kgsd Islotes = 0.12 kg/d)
(Hernandez-Camacho, unpublished data). Pup BCesdass than 1.15 g/é@nd

greater than 4.00 g/cwere considered outliers in the context of thislgtand were
excluded from our analyses. All field protocols ev@pproved by the Animal Care and
Use Committee at Arizona State University, andAheerican Society of Mammalogists’

guidelines were followed at all times (Gannon &&3R007; Sikes & Gannon 2011) .

STABLE ISOTOPE ANALYSIS
We used the stable carbon and nitrogen isotopesdiom sea lion pup fur to make
inferences about the diets and foraging locatidrsga lion mothers in this study
(Aurioles-Gamboat al.2009). Stable nitrogen isotope valugsSN) indicate a
consumer’s trophic position @8N values increase predictably with increasing tioph
level (Porras-Peterst al.2008; Newsome, Clementz & Koch 2010). Stable aarbo
isotope valuesst°C) reflect sources of primary production, which eany
geographically, thus making it possible to trackvals as they forage in isotopically
distinct foraging regions (Newsome, Clementz & K&€EH0). Patterns in the*C
values in marine systems include high€C values in nearshore and benthic areas
relative to offshore and pelagic areas, respegtiftdbbson, Piatt & Pitocchelli 1994;
Porras-Peterst al.2008).

The stable isotope values of metabolically inexgues such as hair represent an
average of an individual’s foraging behavior oves period of tissue formation (Kurle

2009). The advantage of analyzing the stable igot@tues from fur is that they provide
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long-term averages of the prey ingested by thegtoedGiven sea lions’ delayed
embryonic implantation and the timing of hair deyghent that occurs during the later
months of gestation in mammals (Atkinson 1997; R#eti& Zabka 2008; Saladin
2010), we assumed that the stable isotope valules obllected from suckling pups
represented their mother’s diet during the latetevito early summer (i.e., the gestation
period) previous to the time of tissue collectidhe stable isotope values from pup fur,
while indicative of the mothers’ diets, are not exeplicates of maternal isotope values
because pup fur would reflect an elevated trophrellrelative to the mother as pups are
consuming maternal tissue throughout gestationi¢hes, Koch & Le Boeuf 2006;
Habranet al.2010; Lowther & Goldsworthy 2011).

We collected fur samples from a subset of pupsét eolony over several years
(Table 3). We cleaned each fur sample three tim#spetroleum ether (PE) to remove
lipids, rinsed them with water, then dried thenaidrying oven for 24 to 48 hours at 80
°C. We cut the fur into very small pieces with ghseissors, homogenized the samples,
and loaded ~0.7 mg of each into a tin capsule &hlstisotope analysis in a magnetic
sector gas source mass spectrometer (Thermo OaltgABvantage) coupled to an
elemental analyzer at the W.M. Keck Foundation lratoy at Arizona State University
in Tempe, Arizona. Ten percent of the samples feach colony were analyzed in
triplicate to measure within-sample variation. Etendard deviation (SD) ¢t°C for our
triplicate samples was 0.09%. and the SB'AN for our triplicate samples was 0.07%o.
We calculated the precision of our data as the &hes**C andé**N values from a set

of standards and they were 0.12%. and 0.21%o., reispbct
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STATISTICAL ANALYSES
To assess our hypotheses regarding niche variatieach colony, we compared median
pup BCI values from the five-year morphologicalagst among colonies, years, and
years within each colony using a series of Krudkallis tests and Mann-Whitnay
post-hoc tests (Dytham 2011) (Fig. 3). We used pamaimetric tests because the data
exhibited non-transformable deviations from nortyaVe compared colony BCI value
variances and year BCI value variances within eattny using Brown-Forsyth tests
(Brown & Forsythe 1974). We hypothesized that tiveas a negative relationship
between variation in pup BCI values and the exéémiche variation at each colony.
Therefore, if a colony exhibited little variatiom pup BCI values, we expected some
level of niche variation.

To compare the extent of niche variation amongrek, we tested for
homogeneity of the variances using pair-wise Brdwnsyth tests for th&C values
and Bartlett's testior thed™ N values (Brown & Forsythe 1974; Zar 2010). Theunabf
niche variation at each colony was identified usiggots of the stable isotope values of
the pup fur (Fig. 4). Additionally, we quantified\ariance between thé°C anddé™N
values within each colony using the Pearson precharhent correlation analysis when
assumptions for the parametric test were met (DytB@11). Otherwise, the Spearman
rank-order correlation test was implemented (Dytl2@l).

We used a hierarchical cluster analysis to idemti§yinct foraging groups within
a colony. In our hierarchical cluster analysis np®were classified based on their
dissimilarities as measured by the Bray-Curtis ¥p@&d clusters were connected to one

another or points were connected to existing ctasising the UPGMA average linkage
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method that establishes the distance between watecs as the distance between cluster
centroids. The R vegan package was used to cotftibierarchical cluster analysis.
Where groups were delineated and the assumptiosengple size requirements for
parametric tests were violated, we used a Mann4Wlt test to compare median’C
andd™N values between groups, and group variances fir isatope were compared
using a Bartlett’s test (Zar 2010; Dytham 2011).

We determined whether there are fithess consegsesseciated with alternative
maternal foraging strategies by regressing thelpugl-BCl values at each colony on
their corresponding covariate-centedetC ands™N values. Additionally, a one-way
ANOVA was used to compare mean BCI values amongqdidoraging groups within a
colony when such groups were identified (Dytham1)OAll statistical analyses were
conducted in R (version 2.15.2). Statistical sigaifice was inferred at a p-value of 0.05

or less.

Results

BODY CONDITION COMPARISONS

Median BCI values were significantly different betewn colonies (San Jorge = 2.046
g/cnt, Granito = 2.020 g/cfhand Los Islotes = 2.105 g/énand varied annually (Fig.
3). Over the five-year study period, Granito pupiileited the lowest median BCI value
and Los Islotes pups exhibited the highest. Graadgo contained the smallest BCI
values variance (0.134), while Los Islotes contaithee greatest (0.177), and the
differences were statistically significant. Thesé¢t@rns were mirrored among the pups

from which we sampled fur for our stable isotopalgsis (Table 4).
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STABLE ISOTOPE VALUES AND BODY CONDITION RELATIONSHPS

The nitrogen isotope valué'tN) variances were homogeneous among colonies, abere
the 4*°C variances were only homogeneous between San dodgéranito (Table 4).

The variance of thé"*C values was significantly lower at Los Islotesggesting greater
spatial niche variation at San Jorge and Granladive to Los Islotes (Table 4). At San
Jorge and Los Isotes, thi€C andd™N values demonstrated significant positive
covariation, a pattern not observed at Granito{Hg, b, c). Granito was the only colony
in which distinct groups were identified. There wéwo, which differed significantly in
mediand*C values and™N variances, but mediait°N values and"*C variances were
indistinguishable between the groups (Fig. 4b, 5)g.

Variation in BCI values among fur-sampled pups fr@nanito was tightly
constrained at the lower end of the BCI values eangur study (Table 4 and Figs. 6b1,
2). Conversely, variation in BCI values was gretaé@song the fur-sampled pups at Los
Islotes and most values were in the upper end oBQU values range (Table 4 and Figs.
6cl, 2). The median and variance of BCI values gnionsampled pups at San Jorge
were intermediate among the three colonies.

There were no significant relationships betweehlstsotope values and pup
BClI values at Granito or Los Islotes (Figs. 6bAgditionally, median pup BCI values
and variances did not differ significantly betweka two groups at Granito. In contrast,
at San Jorge there was a significant negativeioakttip between thé">C values from
the pup fur and pup BCI values, and a significant,small, positive relationship

between thé™N values from the pup fur and pup BCI values (Féggl, 2).
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Discussion

Our work shows that niche variation is a dynamiecsgs characteristic that can exist
among demographically similar individuals and oaturing important reproductive
periods. Our intent was not to explicitly charazteithe degree of individual
specialization or describe the foraging behavidisdividual females at each of our
study colonies, but to highlight the complexitidaspecies’ ecological niche and the
potential need for greater consideration of thessnoes. Below, we provide a discussion
of the relationships between ecological contexd,rthture and extent of intracolony niche
variation, and the fithess consequences of altemataternal foraging strategies at each
of our study colonies. For sea lion mothers in@udf, niche variation occurs spatially
and takes different forms at three colonies, réifilgdocal ecological context. Local
ecological conditions vary with respect to the sizéhe sea lion colony, proximity of
other breeding colonies, availability of prey res@s, and habitat heterogeneity. At two
of our colonies (Granito and Los Islotes), nichdateon corresponds to a leveling out of
pup body condition at the colony level, wheredsatls to fitness disparities at the other

(San Jorge).

SAN JORGE

Given the size of the sea lion population at Sagel¢Table 1), we predicted
considerable intracolony competition in nearby matabitats. We found that niche
variation takes on a continuous form at this colffigs. 2b, 4a). This suggests, that to
mitigate competitive interactions among colonydests, pregnant females occupy

different, but overlapping niches (i.e., niches poised of some of the same resources,
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but in different proportions) that range from néare or benthic habitats, indicated by
highers'C values from pup fur, to more offshore or peldwibitats that are indicated by
lower *3C values (Hobson, Piatt & Pitocchelli 1994; PorPagerset al.2008).

The habitats surrounding San Jorge are relativelgogeneous, comprised of
sandy substrate and shallow water depths in attlons. Large areas between the
island and nearby coast to the east are less thamdeep, whereas waters to the west
only reach depths of 45 m (Mellink, Dominguez & kaéo 2001; Mellink & Romero-
Saavedra 2005). The shallowness of San Jorga@wsding marine habitats generate
uncommon ecological characteristics that reseasdiere credited with facilitating the
prolonged breeding season and residency of theBaBacific brown boobySula
leucogaster brewsterzoss 1888population on the island (Mellink 2000) and the
unexpected increase in the local sea lion populatith no changes to pup production
during the 1997-1998 EI Nifio Southern Oscillatioerd (Mellink 2003). We suspect
that the continuous nature of niche variation at $@ge corresponds to available habitat.

Individuals at San Jorge that are foraging closehé shore or in more benthic
habitats are foraging on higher trophic level pitegn individuals foraging further
offshore or in pelagic habitats. This is demonstidiy the positive correlation between
the 6**C ands™N values from pup fur (Fig. 4a). A similar patteriniche partitioning
has been observed among female Australian sea(N&aphoca cinered?éron 1816)
(Lowther & Goldsworthy 2011) and is consistent woffshore foragers targeting pelagic
schooling fish such as sardines that are high tyuatd feed on plankton (Aurioles-

Gamboeet al.2009)
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The linear relationships between #1&C andé™N values and BCl values at San
Jorge indicate that alternative maternal foraginagtsgies confer dissimilar fitness
benefits to suckling pups (Figs. 5al, 2). Motherading on higher trophic level prey
have healthier pups as indicated by their higher\&flies. Additionally, mothers that
forage in more offshore or pelagic habitats havespwith better body condition than
mothers foraging in more nearshore or benthic aR@sources in nearshore or benthic
areas may be of sufficient quality, but may be tadiby high residual levels of
intracolony competition as all sea lions coming goahg from the colony may capture
prey opportunistically in the immediate vicinity tbfe colony.

As proposed by central place foraging theory, lorigeaging trips must be
suitably rewarding for animals to undertake themds & Pearson 1979). Foraging in
offshore or pelagic habitats may provide some $agelfemales opportunities to capture
higher quantities of prey (e.g., schooling fish)t batching these types of prey may
require more experience and/or honing of prey-djpestrategies that limit some
females’ access to these resources. Another pligsibithat fisheries and tourism
activities in nearshore areas around San Jorgdraomthe benefits of foraging close to
the colony. We draw our conclusions regarding tagssically significant relationships
between isotope values and pup BCI values at Sge Jath care and note that these
relationships may be insignificant if we were te@ant for the uncertainty in our isotope

values when conducting our regression.
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GRANITO

In contrast to San Jorge, theC values from pup fur indicate that niche variatiakes a
discrete form at Granito where females adopt ortevofconspicuous foraging strategies
that we hypothesize are: (1) more nearshore ohieand (2) more offshore or pelagic
(Fig. 4b). Females that employ the more nearshentfiiic strategy also appear to target
more trophically diverse prey given that #&N values from their pups are more
variable than those from the pelagic group (Fig. 4b

Like San Jorge, Granito is situated in the nortl@utf, which is generally
comprised of a shallow sandy shelf and is charaetéras species depauperate (Walker
1960). However, there is a 1000 m trench to the weGranito (Fig. 1) that introduces
habitat heterogeneity and opportunities for femsdesrget different foraging habitats
(Walker 1960). This may contribute to the two altge foraging strategies observed.

Given the size of the colony’s sea lion populafieecond in abundance among
our study colonies, Table 1) and its location region with many other sea lion breeding
colonies (Fig. 1), such niche partitioning coulddalyantageous (Tinker, Bentall & Estes
2008). Foraging opportunities for Granito sea liorey be reduced by intraspecific
competition with other sea lions at the colony &l &s sea lions from nearby breeding
colonies (GonzaleBuarezet al.2006; Wardet al.2010).

Consistent with our hypothesis, niche variatioGednito is associated with low
levels of variation in pup body condition (Fig. @dd Figs. 6bl, 2). Pups belonging to
mothers employing either of the two foraging siyate have indistinguishable BCI
values. We conclude that niche partitioning mag@ftely reduce competition at this

colony leading to more equivalent foraging suc@msng pregnant females. This may
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be of biological significance because median pup \B(e is lowest at Granito,
particularly in 2008 when fur samples were colldgf€able 4 and Fig. 3d). Low
average BCI values suggest that food quality ontjtyamay be limited at this colony.
However, this cannot be confirmed without prey ditathermore, the low pup BCI
values may be symptomatic of other ecosystem dyesathat are affecting Granito sea
lions. In the decade preceding our study, Granifiegenced a significant population
decline and exhibited the most variable populatjoowth rate among our study colonies
as indicated by its confidence limit (Table 1).

In general, the northern Gulf, while not as spedigsrse as the southern Gulf, is
very productive and supports large populationsatdgic fish (Aurioles-Gamboa &
Zavala-Gonzalez 1994). Pacific sardine is a keypmment of Granito’s regional
ecosystem (Szteren, Aurioles & Gerber 2006), amdnportance in the sea lions’ diet
has been correlated to their distribution (Garcbahiyuez & Aurioles-Gamboa 2004).
Sharp declines in sardine fishery landings haveaided with decreasing trends in the
sea lion subpopulations in this region (Sztererrjdes & Gerber 2006). During periods
when the concentration of prey such as the saat@éow, the sea lion population is
vulnerable (Garcia-Rodriguez & Aurioles-Gamboa 2G@G0W employing different
foraging strategies may stabilize individual fitaes the colony level. Granito also
experiences the greatest inter-annual fluctuatiopsip BCI values (Fig. 3d), which
might be representative of local fisheries havirgigaificant impact on sea lion foraging

opportunities, although more data are needed.
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LOS ISLOTES
At Los Islotes, the smallest and southernmost ofstudy colonies (Fig. 1 and Table 1),
niche variation is least pronounced, indicatedHgylowest variance in th23C values
from pups as well as a relatively tight clusteraiga majority of the isotope values in the
biplot (Table 4 and Fig. 4c). Females from Lostesoappear to be feeding over a smaller
spatial range than females at the other two cosoriéven the high level of habitat
heterogeneity (i.e., rocky topography and quickodrim ocean depth off the coast), it is
possible to access more pelagic, deep water halnitahorter distances from shore.
Additionally, there is a positive relationship beemdé>>C ands*>N values that suggests
lower trophic level foraging occurs further fronetbolony or in more pelagic habitats
relative to nearshore/benthic foraging, similatite pattern observed at San Jorge.

We suspect that there is little need for motherspecialize on different resources

given the small size of the sea lion populatioha Islotes and its geographic isolation

from other colonies (Fig. 1) (Gonzal&uarezet al.2006; Wardet al.2010). Sea lion

abundance at Los Islotes is limited by the spaedable on the island. Its small size
(0.046 knf) constrains carrying capacity and keeps the ptipalaelatively small
compared to some of the larger colonies (i.e.,®age = 0.602 ki Granito = 0.249
km?) (Hernandez-Camacho, unpublished data). We belféseeduces intracolony
competition and allows a majority of females taytrthe optimal diet.

The prey base at Los Islotes is diverse with 7& t@ony fishes recorded
among sea lion scats at this colony (Aurioles-Gaardi@l. 2003). Yet, in spite of such

prey richness, five species comprise the prinapatponents of the colony’s diet
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(Aurioles-Gamboaet al. 2003). The five principal species consumed atlElmges

include the eastern Pacific flagfin, bigeye b&®otogrammugos, Gilbert 1890),
threadfin bassRronotogrammus multifasciatuGjll 1863), Hemanthiaspecies, and
other members of the sea bass family, Serranidagdl&s-Gamboat al.2003). If
females are targeting the same preferred preyé tand randomly sampling a smaller
proportion of secondary prey (70 taxa) from whatiailable, th&*C ands™*N values
from their pups, which represent their mother’srage diet over a period of months, are
not likely to be significantly different.

During the winter, subadult males make up the damtistage class at Los Islotes
and they account for 60-80% of the prey consumpiathe colony (Aurioles-Gamba@
al. 2003). Subadult males are thought to tafgdiajacali;thereforethe low level of
niche variation observed among the majority offeunales may be attributed to
constrained foraging opportunities resulting froompetition with subadult males during
the period of study in our animals. Alternativatypthers may be specializing on
different individual species of the five princigakey taxa targeted at the colony level, but
because these taxa are all found at depth, tladitestsotope values may be similar and
indistinguishable among our fur samples (Auriolesy®oaet al.2003; Matthews &
Mazumder 2004; Flaherty & Ben-David 2010).

While most of our study animals appear to sharecatogical niche, there are
several distinct outlying individuals among the Lsistes dataset that may represent
individuals with divergent foraging strategies (iteue specialists). These individuals
must consistently sample distinct foraging resositoehave unique stable isotope values

given that our data represent a several-month geesbeach individual’s diet. The
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diverse prey base in the Los Islotes ecosystemmeakge it feasible for some mothers to
target a separate suite of resources not condisexploited by other colony members.
These alternative strategies may not be uncommthreatolony level, but their limited
occurrence in our dataset may be an artifact osaurple size.

Most of the outliers at Los Islotes have high€€ values, indicating more
nearshore/benthic foraging. These females may beger mothers that are less
experienced, which limits their foraging to famile@reas near the colony. Lower success
rates and higher foraging costs often influencestiection of prey and foraging habitats
among less experienced predators (Betral. 2006). Alternatively, nearshore foragers
may be smaller mothers that are unable to accegsedeoffshore resources because
diving ability is positively correlated with bodyass in air-breathing marine vertebrates
(Halsey, Butler & Blackburn 2006). This pattern laen observed among male
California sea lions off the Pacific coast of theited States (Weise, Harvey & Costa
2010).

In general, median pup BCI value is highest at lstites, which suggests
foraging opportunities are greater here than abther study colonies. This may be due
to the small size of the sea lion colony. Howe®#) values are also most variable at
Los Islotes, suggesting inter-individual differeade maternal foraging success. In a
system in which a majority of mothers generallgétrthe same optimal habitats and

prey, this is representative of mothers’ competifperformance for preferred prey.
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TEMPORAL AND SPATIAL NICHE VARIATION

Trophic level appears to be a species-level chamatt in California sea lions that is
relatively consistent across contexts. DI\ values from the pups ranged from ~20.5%o
to ~22.5%o, a span covering less than one trophi igurle & Worthy 2002). Inter-
seasonal consistency of sea lion trophic leveldegsn documented in the Gulf via stable
isotope analysis by other researchers, although@eaat Granito demonstrate greater
trophic diversity during the non-breeding seasoar{®-Rodriguez & Aurioles-Gamboa
2004, Villegas-Amtmanmet al.2011).

At all of our colonies, intrapopulation niche vaioa occurs primarily via spatial
segregation as indicated by differences indti€ values from the pups. We anticipate
that the spatial niche variation we observed overate winter to early summer of our
study is maintained across years given the relataeility of pup BCI values in our five-
year morphological dataset (Figs. 3b, c, d, e). el®w, the nature of niche variation at
each colony is not necessarily maintained acrassoses within a year (Aurioles-Gamboa
et al.2003). Prior research found greater foraging spieation and individual
variability in sea lion diets in the Gulf duringetbbreeding season. These behavioral
disparities resulted from changes in individuafgtsal distribution and diving behavior
in response to greater intracolony competitionrywarmer periods when the shallow
marine habitats around the colony are less progei€¥iillegas-Amtmanret al.2011).
These patterns are less pronounced at some cobiunieg the colder, non-breeding
season that our data represents (Villegas-Amtnediah 2011).

Animals at San Jorge change their diet betweeroasaseemingly diversifying

their diet in the winter when their preferred preyinavailable (Mellink, Dominguez &
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Luévano 2001; Garcia-Aguilar & Aurioles-Gamboa 200®8hen midshipman, Panama
grunt, and Panama brief squid are absent fromiceadats at San Jorge, weakfish
(Cynosciorspecies), a benthic taxa that inhabits coastakheee areas and is a year-
round resident of the local ecosystem, becomes myrertant it the population’s diet
(Allen & Ross Robertson 1994; Mellink & Romero-Sadra 2005; Chaset al.2010).
When preferred prey are not abundant and diet sityedleclines, pelagic species such as
Pacific anchovetadentengraulis mysticetu§unther 1867) and northern/California
anchovy also become more abundant in sea lionngttainchovy becoming more
important in March (Mellink & Romero-Saavedra 2005)

A similar pattern is observed at Granito. Scat ysialrevealed that in January
prey diversity at the colony level is relativelyghiand species such as Pacific sardine
(Sardinops caeruleus§sirard 1854) are a key component of the colony& diong with
smaller portions of midshipmaR¢richthysspecies, Girard 1854) and chub mackerel
(Scomber japonicagjouttuyn 1782 (Garcia-Aguilar & Aurioles-Gamboa 2003). During
this time of greater population diet diversity, Facutlass {richiurus nitensGarman
1899), which is the dominant species in the falewkliet diversity is low (Garcia-
Aguilar & Aurioles-Gamboa 2003; Garcia-RodrigueA#drioles-Gamboa 2004), is
nearly absent from sea lions’ diets.

The diet of sea lions at Los Islotes also variesageally, although differences
may reflect changes in the demographic structutbetolony more than changes in
females’ diets (Aurioles-Gamba al. 2003). Given the low level of intracolony
competition at Los Islotes, seasonality is not exge to significantly alter the structure

of niche variation among pregnany females. If seakty affects niche variation, it may
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do so by influencing the outlying individuals besauhe productivity of nearshore areas
where they appear to forage are more vulneraldeasonal changes than more offshore

areas, although more data are necessary.

CAVEATS

Our focus on pregnant California sea lions provaegxample of niche variation among
individuals that are experiencing inflated physgaal stress relative to other
demographic groups at our colonies. The motheosiirstudy are in the process of
gestation and most are also nursing a pup fronpis@ous breeding season. To acquire
the resources necessary to maintain a growing étddactate, our focal animals are
perhaps more driven to ensure foraging succesSaAtlorge and Granito, where we
presume females are experiencing higher intrapapuabmpetition, this may drive the
patterns of niche variation we observed. Previeok has documented niche
partitioning among sex- and stage-classes of CGaldcsea lions in other regions
(Elorriaga-Verplanckeet al.2012), however, we do not expect niche variatioin,

exists, to be as pronounced within other demogcagtaups given their lower metabolic
demands relative to pregnant and lactating females.

We focused primarily on the influence of intrasfiecsompetition, and
abundance and diversity of available prey resousoésforaging habitats, on the nature
and extent of niche variation at our colonies. @#wdlogical factors may be responsible
for the patterns we observed and deserve futuearels attention. Differences in
interspecific competition among our study colomesy be important. The presence of

other species with similar ecological niches teimd®duce the degree of individual

26



specialization in some contexts (Araujo, Bolnick.&/man 2011). This may be
important in the more species diverse southern Bhdfre the incidence of other
predators may constrain the niche width of fematdsos Islotes. Additionally, the
presence of other predators such as sharks tigat tea lions as prey may influence the
nature of niche variation at our colonies becabsespatial distribution of predation risk
and individual differences in risk aversion careaffindividuals’ foraging decisions
(Araujo, Bolnick & Layman 2011). Finally, human tlisbance may be contributing to
our results as people can act as sea lion compsefeq. via fisheries) and predators.
Additional data on sea lion-human interactions efilicidate the mechanisms by which

people may affect sea lion foraging decisions en@ulf.

CONCLUSIONS AND BROADER RELEVANCE

Within-population heterogeneity can have ecologaral evolutionary consequences.
Specifically, intrapopulation niche variation campgact ecological processes by altering
the spectrum of direct and indirect interactioret tccur among individuals and with
their surroundings (Minegt al.2005). Persistent inter-individual behavioral eliéinces
can expose some individuals to diet-specific righksluding predators and parasites
(Bolnick et al.2003; Johnsoet al.2009), and can affect the ways in which wildlife
interacts with humans (Yeaket al. 2009; Votieret al.2010; Grahanet al. 2011,
Donaldsoret al.2012). In addition, depending on the heritabidibd temporal
consistency of specializations, inter-individudfeliences may translate to trait evolution

(Bolnick et al.2003).
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With this understanding, it is ill advised to conté operating under the
simplifying assumption that intrapopulation nicleigtion is nonexistent or of no
consequence. In the context of marine manageméereamany conservation measures
are spatial in nature, ignoring inter-individuatfeliences in habitat use may equate to
insufficient protection or wasted management resesirAdditionally, accounting for
intrapopulation heterogeneity can inform risk eaéilons because heterogeneous
populations may be more robust to extinction dugetmographic stochasticity,
environmental change, and other threats (Fox 20@%)example, consistent superior
performance of some individuals can reduce extinatisk as much as increasing the
population size, in some cases (Conner & White 18@adall & Fox 2002). Additional
research is recommended to identify the conditiorder which a more detailed

understanding of a population’s ecology is warrdriteensure management success.
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Table 1. The subpopulation characteristics (location, papoih size, and growth

rate) for each colony in this study.

Colony?
(latitude, longitude)

Nb
(2004 N, % change: peridd

Kd
) (0.1% confidence limits)

San Jorge
(31°01'N, 113°15'W)

3,434
(3,833, 12.3%: 1985 - 2004

1.009

1)  (0.983-1.035)

Granito
(29°34'N, 113°32'W)

1,235
(848, -49.0%: 1991 - 2004

1.025

) (0.934-1.126)

Los Islotes
(24°35'N, 110°23'W)

565
(439, 50.6%: 1993-2004)

1.043
(0.990-1.098)

& (Porras-Peterst al.2008)

b

Population size in 2008 (Hernandez-Camacho, ungiuddi data). A correction

of 50% for pups and 54% for females was applield¥ahg (Szteren, Aurioles

& Gerber 2006).

¢ (Szteren, Aurioles & Gerber 2006).

d

Population growth rate (mean annual rate of in@eabtained from a count-

based population viability analysis (PVA) conductexin 1976-2004 based on

census data (Szteren, Aurioles & Gerber 2006)1 does not guarantee the

population will increase as the confidence limitdicate a chance that each

population could decline and become extinct.
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Table 2. Sampling schedule and number of individual pupspded for morphological

measurements at each colony.

Island

Sampling Date

Male

Female

Total

San Jorge

June 18-20, 22-23, 2004
July 13-15, 2004
June 20-21, 2005
July 20-22, 2005
June 17-19, 2006
July 14-16, 2006
August 11-13, 2006
June 24-26, 2007
July 27-29, 2007
June 21-23, 2008
July 21-23, 2008

363

331

694

Granito

June 30-July 1, 2004
July 24-26, 2004
June 20-21, 2005
July 18, 20-21, 2005
June 16, 20-21, 2006
July 14-16, 2006
August 11-12, 2006
June 24-26, 2007
July 27-28, 2007
July 28-30, 2008

330

287

617

Los Islotes

July 3-5, 2004
July 20-26, 2004
June 23, 25-27, 2005
July 23-27, 2005
June 21-25, 2006
July 11-14, 2006
August 7-10, 2006
June 22-25, 2007
July 26-29, 2007
June 19-22, 2008
July 19-22, 2008

392

291

683
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Table 3. Sampling schedule and number of individual pupspded for fur collection for

stable isotope analysis at each colony.

Island Sampling Date Male Female Total
July 14-16, 2006
San Jorge August 11-12, 2006 40 43 83

July 27-29, 2007

Granito July 28-30, 2008 26 26 52

June 21-24, 2006
Los Islotes July 11-14, 2006 43 28 71
August 8-9, 2006
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Table4. Thed™*C, 5*°N, and body condition index (BCI) values from famspled pups at
each colony. Bold values denote a significant défifiee from other values in a column.
Mediand™*C values and median BIC values were compared ugingkal-Wallis tests

and Mann-Whitney post-hoc tests. Meait°N values were compared using a one-way
ANOVA and Fisher Least Significant Difference pbsie tests. The variancesdfC
values were compared using Brown-Forsyth tests B@icandd™N variances were

compared using the Bartlett’s test. Statisticgihsicance evaluated at0.5.

Colony dC (%o) 5N (%o) BCI (g/cm) *
Mean Mean Mean
(Sample  |[Median] |c? [Median] |o? [Median] |o?
size) (SE) (SD) (SE) (SD) (SE) (SD)
can Jorge | 152 21.6+* 1.85
(N=53) 9 1151  |0.23 [21.6 0.19 [1.88] 0.062
- (0.052) | (0.48) (0.047)  [(0.44) (0.027)  [(0.25)
oranito | 147 21.8%* 1.76
(N52) [-149]  |0.28 [21.8] 0.19 [1.76] 0.015
- (0.073)  |(0.53) (0.061)  [(0.44) (0.017)  [(0.12)
Los Islotes | 150 21.7 2.43
(No71) [-150]  |0.13 [21.8] 0.17 [2.45] 0.161
(0.043)  |(0.36) (0.049)  [(0.41) (0.049)  [(0.40)
Sites -15.0 21.7 2.02
combined |[-15.0] 0.23 [21.7] 0.19 [1.92] 0.168
(N=206)  |(0.034) |(0.48) (0.030)  [(0.44) (0.029)  [(0.41)

*  Sample excludes outliers (BCI > 3.5 glcm 1.15 g/cri) (San Jorge, N=1; Los
Islotes, N=3)

=+ Sjignificant differences in mead™N values at San Jorge and Granito are statistically
significant, but not biologically significant, meag that the isotopic difference was

not large enough to indicate foraging at differeaphic levels.
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Fig. 1. Map of the Gulf of California, Mexico. Californiaa lion breeding colonies: 1.
Rocas Consag, 2. San Jorge, 3. Los Lobos, 4. Gr&niCantiles, 6. Machos, 7. Partido,
8. Rasito, 9. San Esteban, 10. San Pedro MartiiSad Pedro Nolasco, 12. Los Islotes,
and Farallon de San Ignacio. Circles representcquidptions delineated in Gonzalez-

Suarezt al. (2006). Map taken from Gonzalez-Suae¢al. (2006).

33



Intrapopulation
competition

High Low

(a) Discrete niche variation (b) Continuous niche variation f§ (c) Minimal niche variation

® ® o -
Z & ‘0 £ e ° £ oo..
Z| 0% Z Z | [
o F;; o ¢ ® '_./3 | o ®
L ] ® |
8"3C (%o) 8"°C (%) 8"°C (%o)
Individual foraging
success
Homogeneous Heterogeneous
(d) ie)
= =
(&) [&]
c c
@ [4b]
= =3
o o
o o
L L
Pup body condition Pup body condition

Fig. 2. Conceptual framework of hypothesized relationsbigisveen intrapopulation
competition, the nature of niche variation, andilt@sg fithness consequences. Bold boxes
represent data evaluated in our study. We hypabdghat when intrapopulation

competition is high due to a large population saenpetition with nearby colonies, or a
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decline in prey abundance, the population will xmiche variation. The nature of
niche variation may be discrete (a) or continuda)s The presence of niche variation
enables poorer competitors to achieve greater ifogaguccess as they target alternate
prey types for which there is presumably less cdiige. This reduces disparities in
foraging success among individuals leading to V@sgtion in the distribution of body
condition values of individuals’ offspring (d). tontrast, we hypothesized that when
intrapopulation competition is low, individuals Wihrget the same set of preferred prey
resources or foraging habitats (c). Better comgestior more experienced individuals
will have greater foraging success, leading totgrezariation in the distribution of pup

body condition values at the population level (e).
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Fig. 3. Comparison of median pup body condition index (B&lues at the three study

colonies for the five-year dataset. The graphauthelpup BCl comparisons: (a) among
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colonies (summed across years), (b) among yeamsgsd across colonies), and (c-e)
among years within each colony (i.e., inter-annvaaiation). Under each bar is the
sample description: name or year, sample sizegiiertheses), and identifier for
statistical analysis [in square brackets]. Thetehjptters at the base of each bar indicate
the sample medians that are not significantly d#ifié. The lowercase letters at the base
of each bar indicate sample variances that are genemus. The sample variances are
displayed by the number labels in each bar, angdi@s with error bars portray the
sample means and standard errors. Median valugsiad by the bars were compared
using a Kruskal-Wallis test and Mann-Whitridypost-hoc tests. Variances were
compared for (a, c-e) using Brown-Forsyth testati§ical significance was evaluated at

p<0.5.
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Fig. 4. Biplots of thes**C ands™N values at: (a) San Jorge; (b) Granito; and (& Lo

Islotes. Thes**C ands™N values are positively correlated at San Jorgargee

correlation: r = 0.626, p < 0.01) and at Los Isdai8pearman correlation: r = 0.509, p <
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0.01), but there is no correlation at Granito (3peen correlation: r = -0.011, p = 0.938).
The two boxes in (b) indicate that there are tvadapically distinct foraging groups at
Granito that are significantly different with redarto media@**C ands™N variances.
Group 1 (left): median™®C is -15.1%0 and N variance is 0.10, Group 2 (right): median
513C is -14.1%0 an@™N variance is 0.42. Medians were compared usingarvl
WhitneyU test and variances were compared using a Bastlet§t. Significance was

evaluated at g 0.5.
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Fig. 5. Dendrograms produced by hierarchical cluster amalshowing similarities

between sea lion pups based on th&i€ andds™N values at: (a) San Jorge; (b) Granito;
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and (c) Los Islotes. The two boxes in (b) indidgaetwo distinct foraging groups at

Granito.
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Fig. 6. Relationships between covariate-centefé@ (dC) and™N (dN) values and pup

body condition index (BCI) values at each colonge parameter values for the linear

regressions that are statistically significantsrewn with a

d. Significance was evaluated

at p< 0.5. The two boxes in (b1) indicate the two forgggroups at Granito.
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