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The Gulf of California (GC), Mexico, is the habi-
tat for a population of 24,000 to 31,000 California
sea lions (Zalophus californianus) (CSL) (Szteren
et al., 2006). The southernmost breeding site of the
species is located near the mouth of the GC on an
islet called Los Islotes, where there is a colony of
approximately 500 CSLs (Adame etal.,2017). After
the breeding season, a large number of adult male
CSLs migrate from California and probably Baja
California to more northerly latitudes (Peterson &
Bartholomew, 1967; Elorriaga-Verplancken et al.,
2013). Subadult male CSLs (henceforth, “sub-
adults”) also undertake migratory movements.
These have been assessed previously in the south-
ern GC, which is their main habitat between autumn
and spring (Aurioles-Gamboa et al., 1983). In con-
trast, movement of adult females is largely con-
strained to around the rookeries they inhabit as they
must alternate between foraging trips and maternal
care (Garcia-Aguilar & Aurioles-Gamboa, 2003).
Analyses using stable isotopes of nitrogen (0"°N;
indicator of trophic position) and carbon (8"C;
indicator of habitat use) have been used to describe
the foraging habits of these animals (e.g., Porras-
Peters et al., 2008; Orr et al., 2011; Elorriaga-
Verplancken et al., 2013), as well as in assessments
of large-scale movements such as between the
GC and the northeast Mexican Pacific (Elorriaga-
Verplancken et al., 2016a). These analyses are
grounded in the observation that, at the base of the
trophic webs of the GC, *N-enriched is by 2 to 3%o
when compared to the northeast Mexican Pacific.
This is mainly because of intense microbial deni-
trification processes (Altabet et al., 1999), leading
to the progressive “N-enrichment of all trophic

levels up to top predators (Burton & Koch, 1999;
Aurioles-Gamboa et al., 2009).

More information is necessary to better under-
stand the movements and habitat use of male
CSLs from rookeries in Mexico as robust knowl-
edge is currently scarce. Previous studies have
assumed a similar migratory behavior for males
from rookeries in California in the United States
and from those in Mexico (Elorriaga-Verplancken
et al., 2013). This assumption is supported by
the presence of a large number of male CSLs
on California’s Channel Islands during the non-
breeding season (Odell, 1975). This study gathers
detailed knowledge for one part of the Mexican
CSL distribution using a large, high-resolution
time window and direct sampling on individuals.

Abundance of subadults was recorded at
Los Islotes (24°36' N, 110° 24' W), which is part of
the Espiritu Santo Archipelago Marine Park in La
Paz Bay, southern GC, Mexico (Figure 1). We fol-
lowed established protocols where animal counts
aided with binoculars were made from a boat that
circled the rookery (Aurioles-Gamboa & Zavala,
1994; Elorriaga-Verplancken et al., 2015). The
main goal was to determine the seasonality of CSL
in the region and compare it to that reported nearly
four decades earlier (the 1979-1982 study period)
when different population conditions prevailed for
this species (Le Boeuf et al., 1983). Additionally,
a stable isotope (0N and 0"C) analysis was per-
formed on subadults and adult females.

A total of 37 monthly counts was made between
August 2012 and May 2016. Subadult males (5 to
8 y of age) are smaller and show less developed
neck and sagittal crest compared to adult males;



Subadult Male Sea Lions from the Southern Gulf of California 57

?)a/v

¥
—% Los
B Islotes
<

|

PACIFIC OCEAN

W 089, 050y,
Longitude

(4 749,

Figure 1. Study area: Los Islotes rookery, located in La Paz
Bay. The San Benito Archipelago is also shown in the west
region of Baja California, Mexico.

thus, these were identified as intermediate between
adult females and adult males in terms of body
mass. Subadult males also have a darker coloration
than adult females (Lluch-Belda, 1969; Orr et al.,
1970) (Figure 2). Fur samples for isotopic analy-
ses (0N and 8"°C) were extracted from nine dead,

. — = -

stranded subadults at different sites from La Paz
Bay between October and March from 2013 to
2016.To have isotopic references for CSLs from the
Pacific region (west coast of Baja California) and
from La Paz Bay, fur samples were collected from
13 adult females from the San Benito Archipelago
(28° 18' N, 115° 34' W) and six adult females from
Los Islotes, respectively (June to December, 2013
to 2015). These females were captured and immo-
bilized for their sampling. The CSL diet from these
two rookeries has shown similar recent trends in
terms of trophic position (Sandoval-Sierra, 2016).
No fur samples were collected from subadults from
the San Benito Archipelago because of the limited
access to this locality in the Mexican Pacific, the
logistical challenges of capture due to their larger
size (frequently two or more times the size of
adult females), and a lack of subadult carcasses.
Sampling and counts were undertaken with previ-
ous knowledge and authorization by environmental
authorities from Procuraduria Federal de Proteccién
Ambiental (PROFEPA) from Baja California Sur or
Comisién Nacional de Areas Naturales Protegidas
(CONANP) from Espiritu Santo.

The fur samples from the three groups were
processed at the Centro Interdisciplinario de
Ciencias Marinas (CICIMAR-IPN) in La Paz,
Baja California Sur, Mexico. Each sample was
homogenized, and ~1 mg was weighed using an

Figure 2. Subadult male California sea lion (Zalophus californianus) (Photo Credit: Fernando R. Elorriaga-Verplancken)
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Figure 3. Seasonality (mean + standard deviation per
month) of subdult male California sea lions at Los Islotes
between August 2012 and March 2016
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Figure 4. Isotopic niches of California sea lions: subadult
males and adult females from Los Islotes and San Benito.
Dotted lines correspond to the convex hull (polygons)
areas, while subgroups are given by ellipses corrected
for small sample sizes (SEAc) that are constructed by the
SIBER analysis.

analytical microbalance. The samples were placed
in capsules and sent to the University of California
at Santa Cruz (UCSC) where the isotopic values
were obtained via mass spectrometry.

Parametric paired ¢ tests or nonparametric
Mann Whitney U-tests (depending on data distri-
butions) between groups (i.e., abundance values
of the breeding season vs the nonbreeding season
and all possible paired combinations among CSL
groups) were performed at a significance level of
0.01. Moreover, the isotopic niches of the three
CSL groups were estimated using convex hull
areas (polygons) based on the totality of both
0N and &"C data. These were assessed using
the SIBER (Stable Isotope Bayesian Ellipses in
R) routine in the SIAR (Stable Isotope Analysis
for R) package for R software. This analysis pro-
vides Bayesian bivariate (3N and §"C) standard
ellipse areas corrected (SEAc) for small sample
sizes (Jackson et al., 2011), reflecting the highest
credibility data within each CSL group.

Abundance

A marked seasonality was evident in the abun-
dance of subadults at Los Islotes, which remained
consistent between 2012 and 2016. The greatest
abundance was recorded in winter, particularly
in December with an average of 77 + 31.1 sub-
adults d', March with 76 + 32 subadults d', and
November with 68.3 + 14.2 subadults d'. The
lowest abundance was recorded during the breed-
ing season (June-August) with an average of 25.3
+ 14.3 individuals d' per monthly count. This
contrasted sharply with the nonbreeding season
(January-May and September-December) with an
average of 58.7 + 22.7 subadults d"' per monthly
count (n=37,t=-3.9,p <0.01) (Figure 3).

Stable Isotope Analysis — Foraging Habits—
The mean + SD values for 8"N were 19.3 + 1.0%o
for subadults, 20.7 = 1.1%o for adult females from
Los Islotes, and 17.8 +0.2%o for adult females from
the San Benito Archipelago. Subadults stranded
in La Paz Bay showed 0N values significantly
higher (n = 22, U = 20, p < 0.01) and lower but
not significant (n = 15, U =5, p = 0.02) than adult
females from San Benito and Los Islotes, respec-
tively. Females showed significant differences in
0"N between sites (n =19, U =10, p < 0.01). The
mean = SD values for 8*°C were -15.2 + 1.3%o for
subadults, -15.4 + 0.5%0 for adult females from
Los Islotes, and -15.7 + 0.4%o for adult females
from the San Benito Archipelago. The 8"°C for sub-
adults was not significantly different from that for
adult females from Los Islotes (n = 15, U =5,p
= 0.68) or San Benito (n = 22, U = 20, p = 0.08).
Females from both sites did not show significant
differences in 8"°C (n =19, U = 10, p = 0.23). The
SIBER analysis revealed a larger isotopic niche
area for subadults based on all data (convex hull =
5.8%¢*) as well as just those with the highest cred-
ibility (SEAc = 3.4%¢*) relative to adult females
(convex hull = 0.7-1.6%¢*, SEAc = 0.3-1.5%¢)
(Figure 4).

Our study revealed a seasonal presence of sub-
adults in La Paz Bay throughout 2012 to 2016,
mainly between October and April. Our monthly
effort permitted comparison of our findings to
similar data for the same region from 34 to 38 y
ago (1979 to 1982), when CSL populations were
smaller (Aurioles-Gamboa et al., 1983). These
authors addressed the possibility of subadults
migrating between colonies in the Pacific Ocean
and the southern GC because of the lack of signifi-
cant differences in their seasonal abundance at other
northern sites in the GC.

Our mean number of subadults was ~30%
higher (58.7 vs 43) during the nonbreeding season
and ~40% higher (25 vs 15) during the breeding
season (June-August) than the respective abun-
dances reported in the 1979-1982 study. These
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differences are due to the population increase
reported over the last few decades. For instance,
the highest abundance previously reported for
the CSL colony at Los Islotes was 209 individu-
als in August 1979 compared to the 530 CSLs we
recorded in August 2014. This difference may be
used as a proxy for the population growth which
followed the species’ near extinction as a result of
overexploitation during the 19th and 20th centu-
ries (Gerber & Hilborn, 2001). At the beginning
of the 1980s, the abundance was 23,200 in the
GC, 66,700 on the west coast of Baja California,
and 50,750 in California for a grand total of
ca. 140,650 CSLs (Le Boeuf et al., 1983). In
contrast, the current abundance estimates range
between 24,000 and 31,000 for the GC (Szteren
et al., 2006), 58,859 for the west coast of Baja
California (Milanés-Salinas, 2012), and 296,750
for California (Carretta et al., 2014) for an overall
total of ca. 385,000 CSLs.

Foraging Habits—&"N values for subadults
in La Paz Bay were lower (~1.4%o) than those
for adult females at Los Islotes (GC) and higher
(~1.5%0) than those for adult females from the
San Benito Archipelago in the Pacific Ocean. A
previous isotopic analysis focusing on dental col-
lagen samples from CSLs from different rookeries
in the central and northern GC and on the west
coast of Baja California (Santa Margarita Island)
reported 8”N values ~1%o higher for subadults
relative to adult females due to the higher tro-
phic position of males as a result of their larger
body mass and probable consumption of larger
prey (Elorriaga-Verplancken, 2009; Elorriaga-
Verplancken et al., 2013). Similar differences
have been reported for other sexually dimorphic
pinniped species such as the northern fur seal
(Callorhinus wursinus; Burton & Koch, 1999),
the southern elephant seal (Mirounga leonina;
Lewis et al., 2006), the northern elephant seal
(Mirounga angustirostris; Velazquez & Elorriaga-
Verplancken, 2017), and the Guadalupe fur seal
(Arctocephalus philippii townsendi; Juarez et al.,
Accepted). These consistencies suggest that sub-
adults that were sampled in La Paz Bay showed
0"N values that reflect the use of foraging habitats
outside of the GC, likely on the west coast of Baja
California during summer when they are mostly
absent from La Paz Bay and the surrounding
areas. In contrast, females from Los Islotes feed
on a trophic web that presents the “N-enriched
baseline typical of the GC (Altabet et al., 1999).
This results in lower 8"*N values for subadults rel-
ative to adult females from Los Islotes, regardless
of their trophic position.

Subadults sampled from January to March (n
= 5) showed higher "N values (19.6%c) than
those sampled in October and November (n = 4)

(19.0%o0), which may be a consequence of a slight
“N-enrichment after a certain period in the GC.
However, since our sample is small, this hypoth-
esis should be considered with caution.

The analysis of nitrogen stable isotopes is an
efficient indicator of habitat use (Aurioles-Gamboa
et al., 2009). Although &"C values also show a lati-
tudinal baseline gradient (Elorriaga-Verplancken
et al., 2016b), they also reflect an inshore-offshore
pattern (Burton & Koch, 1999). Thus, subadults
showed wide variability in this stable isotope (4%o)
relative to adult females from both localities (1.3
to 1.6%o). This may be related to the marked dif-
ference in migratory capacity of subadults, includ-
ing the latitudinal and shore-offshore movements
mentioned previously. This finding was supported
by the SIBER analysis of both the "N and 8"C
values, which clearly distinguished different isoto-
pic areas for subadults and adult females.

Since the sample sizes for the stable isotope
analysis were small, our results should be consid-
ered with caution. Future studies should employ
complementary approaches (e.g., telemetry) to
determine migratory routes to assess our conclu-
sions. It is not possible to eliminate the possibility
that our results are biased because we examined
different years (2013 to 2016) and compare dead
individuals (subadults) with live ones (females).
Moreover, the addition of data from subadults
from San Benito would also strengthen our con-
clusions. However, this study provides valuable
insight regarding the seasonal residency of sub-
adults in La Paz Bay in the southern GC. Our
study also shows the utility of stable isotope anal-
ysis for inferring migrations, thus contributing to
our understanding of the ecology of male CSL
migrations between different colonies in Mexico.
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