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Marine megafauna breeding sites are key for
the survival and conservation of populations;
therefore, there is a wide range of knowledge on
the subject (e.g., Hooker & Gerber, 2004). For
marine mammals such as pinnipeds, unisexual
haul-out sites are relevant places related to forag-
ing activities and rest after the breeding season
(Sullivan, 1980); however, the dynamics are not
well defined for some sea lion and fur seal spe-
cies (Giardino et al., 2016; Baylis et al., 2017),
including the Guadalupe fur seal (Arctocephalus
townsendi) (GFS). This species is an oceanic pred-
ator with an important dispersal capacity accord-
ing to sightings and strandings from the west
coast of the United States (California, Oregon,
and Washington) (Hanni et al., 1997; D’Agnese
et al., 2020) to the Central (Jalisco and Colima;
Ortega-Ortiz et al., 2019) and South Pacific Ocean
in México (Villegas-Zurita et al., 2015) and the
Galapagos Islands in Ecuador (Pdez-Rosas et al.,
2020). Guadalupe Island, located in the western
region of the Baja California Peninsula, México,
is recognized as the only GFS breeding colony
worldwide (Garcia-Aguilar et al., 2018), although
a few births have been reported in San Miguel
Island (Melin & DeLong, 1999), California, and
in the San Benito Archipelago (Maravilla-Chdvez
& Lowry, 1999). GFS males arrive at Guadalupe
Island beginning in May to start the breeding
season (June to August), which concludes with
the post-breeding migration and arrival to haul-
out sites (September to April) until the next breed-
ing season (Gallo-Reynoso, 1994). Currently, the
GFS is classified as endangered by Mexican law
(NOM-059-SEMARNAT-2010) and as threatened
under the U.S. Endangered Species Act of 1973.
The limited geographical reproduction of
the GFS is the result of overexploitation by the
fur industry during the 18th and 19th centuries

(Bartholomew, 1950), which reduced its popula-
tion from approximately ~200,000 individuals
(Hubbs, 1979) from the Washington coast (Etnier,
2002) and Monterey Bay, California (Starks,
1922), to the Revillagigedo Archipelago (Socorro
Island) in Colima, México (Townsend, 1924;
Hamilton, 1951), to < 20 GFSs at Guadalupe
Island (Hubbs, 1956). It is suggested that at least
52,000 individuals were killed during this period
(Townsend, 1916), which led to the first apparent
GFS extinction and genetic bottleneck (Weber
et al., 2004). However, after Guadalupe Island
was protected by the Mexican government in
1922 (Bezaury-Creel, 2005), approximately 600
GFSs were observed on the island during the
1960s (Rice et al., 1965). Recently (2013), the
GFS population has reached 34,000 to 44,000
individuals at an annual growth rate of 5.9%
(range: 4.1 to 7.7%) (Garcia-Aguilar et al., 2018).
Interestingly, an increase of GFS sightings, espe-
cially of young individuals (e.g., weaners) along
the California coast (D’Agnese et al., 2020),
has coincided with the historical range of the
GFS according to archaeological data collected
from northwestern Washington (Etnier, 2002) to
California (e.g., Point Conception), where ancient
GFS rookeries have been identified (Rick et al.,
2009). Moreover, recent records have been made
off Central México, close to or in old occupation
sites like Revillagigedo Islands, México (Ortega-
Ortiz et al., 2019; Hoyos-Padilla et al., 2021).
However, the historical identification of GFS
bull (reproductive male) haul-out sites is widely
unknown.

Therefore, based on the newly reemerging GFS
population in the Pacific Northwest of the U.S.
(D’ Agnese et al., 2020), this study aims to contrib-
ute to modern pinniped demographic data regard-
ing this species’ habitat expansion range along the
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Gulf of California, involving the potential estab-
lishment of a GFS bull haul-out site at San Pedro
Martir Island (SPMI). Nonetheless, there is solid
evidence that GFSs were not registered at SPMI
between 1994 and 2010 (Tadd Pfister, pers. comm.
data). However, some anthropogenic threats are
reported (Enriquez-Andrade et al., 2005) that could
have an impact on this establishment, such as fish-
ery interactions (e.g., entanglements and overfish-
ing), pollution (e.g., pesticides), and harmful algal
blooms (Zavala-Gonzalez & Mellink, 1997; Paez-
Osuna et al., 2017). These findings should be an
important contribution to knowledge regarding
recent population dynamics with important conser-
vation implications in México.

SPMI is a volcanic and isolated isle with an area
of 302 km?’ that is part of the Midriff Islands Region.
It is located in the northern faunal region of the
Gulf of California, 61 km from Kino Bay, Sonora.
This island has several national and international
protection and conservation distinctions, such as
a Marine Protected Area (Biosphere Reserve), by
the Mexican government (Comision Nacional de
Areas Naturales Protegidas—Secretaria del Medio
Ambiente y Recursos Naturales [CONANP-
SEMARNAT], 2007, Figure 1).

This region is an important upwelling zone
supported by its characteristic oceanography and
topography, which promote strong mixing pro-
cesses by tidal and wind currents that result in a
supply of nutrients. As a result, it is one of the most
productive regions within the Gulf of California
(Paden et al., 1991), with important abundance
and diversity of macrofauna (Brusca et al., 2005).
Moreover, there is a colony of approximately 700
California sea lions (Zalophus californianus) on
SPMI (Adame et al., 2020). Although SPMI is
considered one of the most oceanic islands in the
Gulf of California, it is an area of special interest
for artisanal, industrial, and sport fishing boats,
mainly from Sonora and Baja Peninsula. The
increase in tourism, as well as fishing activities,
represent the main threats that most likely cause a
loss of the island’s marine ecosystem (CONANP-
SEMARNAT, 2007).

Records of GFSs on SPMI were obtained from
nonsystematic surveys between 2009 and 2021,
which were part of the cetacean monitoring and
photo-identification project of the Marine Mammal
Program of the Prescott College Kino Bay Center
for Cultural and Ecological Studies in the region.
Surveys around SPMI were carried out aboard an
approximately 7-m-long skiff boat with a 115-hp
outboard motor. At least two observers were present
in each survey, performing continuous scans along
the periphery of the island with the naked eye and/
or with 8 x 42 mm Vortex binoculars (Vortex Optics,
Barneveld, WI, USA). There were no surveys during

May, July, August, or September (2012 to 2021) due
to the influence of strong storms (poor weather con-
ditions) and logistical limitations. The GFS obser-
vation activity spanned between 40 to 50 min at an
approximate speed of 4 to 5 kts. When a GFS sight-
ing was recorded, the speed of the boat was reduced,
and a slow approach was made, keeping approxi-
mately 10 m in a parallel and non-invasive way to
avoid any disturbance. Each sighting was recorded
in a field data sheet, which included the number of
animals, geographical position with a Garmin GPS
(Global Positioning System; Garmin Ltd., Olathe,
KS, USA), date (month and year), and the gen-
eral behavior (e.g., resting, swimming, grooming).
Photographs of the animals were taken with a digital
camera (Canon EOS 7D, with 75-300 mm ultrasonic
lens; Canon, Ota City, Tokyo, Japan) for age and
sex classification. Individuals were counted manu-
ally, and those not properly observed for description
(e.g., behind rocks, in caves, or at sea) were recorded
as undetermined.

Morphology of the GFS was used to distin-
guish them from California sea lions at the island.
They are characterized by a pointed narrow snout
slightly downcurved at the tip, with a long and
narrow muzzle (Reeves et al., 2002; Allen et al.,
2011). Similar to other fur seals, GFSs have dense
fur due to the presence of guard hairs and under-
fur, which is easily recognized as light stripes
(Riedman, 1990). GFS age class classification
was established as follows:

e Adult male — Biggest body size and fully devel-
oped muscular neck, shoulders, and chest. Body
colors vary from brown, to reddish, to dusky
black. Mane and head crown colors are silvery
gray, yellow, or blonde to reddish, extending
until the shoulders. Individuals have a grizzled
appearance when they are dry. Whiskers are
light to cream.

e Subadult male — Nose as large as adult males,
mane not well developed as in adults, muscular
but slimmer neck and shoulders, and chest not
as gross as adults. Body colors are brown, to
reddish, to dusky black. Mane and head crown
colors are not as light as adults but vary from
silvery gray to blonde or reddish, extending
until the shoulders. Whiskers are light to cream.

e Juvenile — Smallest body size among males,
with a short mane and gross neck. Shoulders
and chest are not as well developed as they are
in subadults and adults. Body colors are brown-
ish, and whiskers have a patchy black and light
to cream color appearance. (Reeves et al., 2002;
Allen et al., 2011)
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Data were tested for normality with a
Kolmogorov-Smirnov-Lilliefors test, followed by
a Levene’s test for homoscedasticity. The results
were not normal, and a lack of homoscedasticity
was identified; therefore, a nonparametric statis-
tic was applied. Since the survey efforts by years
and months were not similar, a Kruskal-Wallis test
(Zar, 1999) was performed to identify differences
among years (2009 to 2021) regarding total indi-
vidual sightings at SPMI. Results were considered
significant when p < 0.05. The location of each
GFS sighting was mapped using QGIS, Version
3.12.0, to visualize the sightings distribution and
to recognize specific occurrence sites along the
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SPMI. In this regard, frequency (percentage) by
age classes was described among years (2011 to
2021) to establish a structure. From 2009 to 2021
(except 2016), a total of 292 GFSs were counted
in 33 surveys at SPMI (Table 1; Figure 1). In order
to compare abundance by seasons due to lack of
surveys during the same months (2009 to 2021)
at SPMI, the GFS males’ migratory cycle was
considered as breeding (June to August) and post-
breeding seasons, which were divided into two
periods: (1) early (September to December) and
(2) late (January to April).

Although there was not a homogenous survey
effort during these periods, and there was a lack
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Figure 1. Localization of Guadalupe fur seal (Arctocephalus townsendi) male individuals (black dots) sighted at the San Pedro
Martir Island (SPMI) and surroundings in the central region of the Gulf of California, México, during the surveys (2012-
2015/2017-2021) by Prescott College Kino Bay Center for Cultural and Ecological Studies. Localizations of Magdalena
Island (star), Las Animas Islet (triangle), and San Ignacio Farallon (diamond) are indicated where GFSs have been previously

registered by other authors.
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of data within some months of the study due to
poor weather conditions and logistical limitations,
interannual differences in the total number of
individuals were observed at SPMI among years
(Kruskall-Wallis test, p = < 0.005; Table 1). The
highest GFS abundances were recorded in 2012
(n = 106) and 2013 (n = 121), while the lowest
abundances were registered in 2017 (n = 1),
2018 (n = 3), and 2019 (n = 1). No GFSs were
observed during the 2015 and 2021 surveys.
The highest number of GFS individuals in SPMI
was estimated during the post-breeding period,
particularly in the early season, followed by the
late season, with no records available during the
breeding period (Table 1; Figure 2).

The SPMI site with the highest GFS abundance
(65%) was Barra Baya, located in the southwest
portion of the island, while 25% of the records
took place in Los Islotes and 10% around SPMI
(Figure 1). GFSs classified as undetermined (e.g.,

behind rocks, in caves, or at sea) were considered
as potential males. The urogenital opening was
an important characteristic to corroborate sex in
juveniles, as well as the absence of pups in the
case of adult females. Identified GFS age classes
(n = 292) were represented by male adults (42%,
n = 122), male subadults (11%, n = 34), juveniles
(4%, n = 11), and undetermined individuals (43%
n = 125) (Figures 2 & 3); physical characteristics
were similar to GFS males observed during the
breeding season at Guadalupe Island (2013 to
2015; Figure 4). During surveys at SPMI (2013
to 2021), GFS males were found resting (43.5%,
n = 127), moving around (8%, n = 23), scratch-
ing (3.5%, n = 10), vocalizing (3%, n = 8), and
grooming (2%, n = 6), as well as swimming (40%,
n = 118), exhibiting thermoregulatory behavior
(29%,n =86), and diving (11%, n = 32). Based on
the current study, GFS males have been present at
SPMI since 2012.

Table 1. Guadalupe fur seal (Arctocephalus townsendi) records at San Pedro Martir Island and surroundings from 2009 to

2015 and 2017 to 2021

Year Month No. of surveys Total no. of individuals
2009 December 1 0
2010 February 1 0
March 2 0
October 1 0
2011 January 2 8
February 1 1
April 1 4
November 1 18
2012 November 1 106
2013 April 1 1
October 1 120
2014 April 2 17
October 1 1
2015 October 1 0
2017 October 1 1
2018 April 1 0
June 1 0
October 2 2
November 1 1
2019 April 1 0
December 1 1
2020 January 2 0
October 2 0
November 1 5
December 2 6
2021 January 1 0
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Figure 2. Male Guadalupe fur seals sighted at SPMI in the Central Gulf of California by year, month, and age class (2011 to
2021); the horizontal black bars indicate surveys at SPMI with no GFS records.

Figure 3. Male Guadalupe fur seals at SPMI: (
(Photo credit: Héctor Pérez Puig)

a) juvenile, (b) subadult, (c)

adult, and (d) group of resting reddish adult males
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Figure 4. Male Guadalupe fur seals at Guadalupe Island, Baja California, México, during the 2013 to 2015 breeding seasons
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(June through August): (a) juvenile, (b) subadult, and (¢ & d) adults (Photo credit: Casandra Gilvez)

In otariids, sexual and age segregation is common
after the breeding season when males migrate to
haul-out sites located near or far away from repro-
ductive colonies (Sullivan, 1980; Beentjes, 1989;
Grandi et al., 2008). This is related to specific age—
sex foraging behavior (Dobson, 1982) and physi-
ological constraints (e.g., oxygen stores; Weise &
Costa, 2007). The GFSs prey on squids (Gallo-
Reynoso & Esperén-Rodriguez, 2013; Amador-
Capitanachi et al., 2020) and exhibit an important
dispersal capacity since records of young GFSs
have been registered in northern latitudes in the
U.S. (Oregon and Washington; D’Agnese et al.,
2020) and in central/southern México (Oaxaca
and Colima; Villegas-Zurita et al., 2015; Ortega-
Ortiz et al., 2019), including two new colonies in
the southwest and southeast Gulf of California
composed mostly of juveniles related to popula-
tion expansion (Elorriaga-Verplancken et al., 2021;
Gutiérrez-Osuna et al., 2021). The present study
involves the northernmost record of a GFS haul-out
site in the Gulf of California, mainly composed of

bulls, reflecting an apparent increase in the species’
habitat range.

Sightings of different GFS age classes during
October and November from 2011 to 2013 at
SPMI suggest that some males move south from
Guadalupe Island into the Gulf of California and
arrive in SPMI after the breeding season. This male
post-breeding route hypothesis is supported by the
carcasses of juveniles, subadults, and adults found
in Magdalena Island in the Gulf of Ulloa (west
coast of the Baja California Peninsula) during
August and September through December (2003
to 2015), coinciding also with the post-breeding
migration period (Aurioles-Gamboa et al., 2017).
Moreover, there is an absence of adult males at
SPMI during the breeding season in Guadalupe
Island, reflecting the potential relevance of sites
like SPMI as a haul-out site during GFS males’
post-breeding season (early and late).

The absence of GFSs at SPMI in 2015 and low
numbers in 2011, 2014, 2017, and 2018 coincided
with high numbers of GFS carcasses in the Gulf
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of Ulloa from August to January in 2011, 2014,
and 2015. Factors related to the latter may be the
northeast Pacific warming (~+2.5°C) related to
the marine heatwave that took place from 2014
to 2016 (Di Lorenzo & Mantua, 2016) in that
region, as well as important ecological shifts that
occurred as a consequence, including at the Baja
California Peninsula and the southern and cen-
tral Gulf of California (2014 to 2016) (Cavole
et al., 2016; Garcia-Morales et al., 2017; Sanchez-
Velasco et al., 2017; Dorantes-Gilardi & Rivas,
2019). Unfortunately, there is scarce knowledge
regarding GFS males’ post-breeding migration
behavior and foraging habits (Esperon-Rodriguez
& Gallo-Reynoso, 2013; Aurioles-Gamboa &
Szteren, 2020) to determine long-term conse-
quences in bulls’ presence and abundance at SPMI.
Nonetheless, overall changes in GFS foraging
grounds, body weight, and diet have been related
to the northeast Pacific warming among individuals
at Guadalupe Island and San Benito Archipelago
(Elorriaga-Verplancken et al., 2016; Amador-
Capitanachi et al., 2020; Gélvez et al., 2020), coin-
ciding with the GFSs’ ongoing unusual mortality
event (UME) in the U.S. (2015 to 2021) along
the coasts of California, Oregon, and Washington
(D’Agnese et al., 2020), associated with an impor-
tant environmental stressor (National Oceanic
and Atmospheric Administration [NOAA], 2021).
Therefore, considering that prey availability is one
of the main drivers in foraging ecology among otar-
iids, including interindividual preferences (Knox
et al., 2017) related to post-breeding migration
behavior (Kernaléguen et al., 2012), it is plausible
that the warm ocean conditions in the northeast
Pacific (e.g., northern heatwaves or El Nifio) and
foraging shifts across the GFS range could have an
impact on the bulls’ frequency and abundance at
post-breeding haul-out sites.

In otariids, habitat selection is associated with
intrinsic factors, such as morphology and behavior
(Carter et al., 2017), as well as extrinsic character-
istics, such as habitat and prey availability (Wolf
etal.,2005; Grandi et al., 2008). However, haul-out
site selection and its establishment are still poorly
understood for GFS males. The Gulf of California
exhibits an elevated primary productivity year-
round, with a seasonal peak in winter and spring,
especially along the central east coast and the
northern area, where the Midriff Islands are located
(including SPMI) (Alvarez-Borrego & Lara-Lara,
1991). This favors the mating, spawning, and early
development of (juvenile) giant squids (Dosidicus
gigas; Gilly et al., 2006). California sea lions
from SPMI have a diet based on different species,
such as cephalopods (e.g., giant squid) and fish
(jack mackerel [Trachurus symmetricus]; Garcia-
Rodriguez & Aurioles-Gamboa, 2004). The GFS

is an opportunistic predator with preferences for
squid (Judrez-Ruiz et al., 2018), including the giant
squid, opalescent squid (Doryteuthis opalescens),
and hooked squid (Onychoteuthis banksi), as well
as fish species such as the jack mackerel (Aurioles-
Gamboa & Camacho-Rios, 2007). Moreover, GFS
males may exhibit oceanic and coastal foraging
habits (Esperén-Rodriguez & Gallo-Reynoso,
2013; Aurioles-Gamboa & Szteren, 2020). It is
possible that prey diversity and availability along
the Gulf of California could be triggering GFS
sightings around SPMI, especially during stable
environmental conditions (2011 to 2013). In conse-
quence, it is important to perform scat analyses to
establish the prey spectrum of the GFSs from SPMI
and its relationship with its abundance, especially
in the absence of a clear pattern from 2011 to 2021.

The highest GFS density at SPMI was recorded
in the southern area along rocky platforms and
boulders, probably related to waves and high
tide protection, as well as shade, coinciding with
overall species preferences (Arias-del-Razo et al.,
2016). Isolation and minimal disturbance in SPMI
could favor the occurrence of GFS males, making
it an important place to rest, feed, and recover after
the breeding season at Guadalupe Island. More
studies are necessary to determine higher resolu-
tion of habitat preferences and behavior, and to
assess the effects of this potential GFS haul-out
site on resident California sea lions, which have
declined since the 1990s—not only in SPMI but
also along the Gulf of California (Adame et al.,
2020).

Data regarding modern demography of otariids
are limited, particularly during extreme environ-
mental conditions and when secondary conse-
quences are involved such as changes in forag-
ing behavior and fishery interactions, which are
catalogued as threats for the survival of otariids
(Simmonds & Isaac, 2007; Kovacs et al., 2012).
In the present study, we highlight the relevance
of the increased spatial and temporal efforts of
the monitoring of GFSs in SPMI to determine
the establishment of a unisexual haul-out site in
a region where important anthropogenic activities
are performed (e.g., fisheries; Zavala-Gonzalez &
Mellink, 1997), representing a potential risk for
GFS bulls’ welfare and their survival along the
Gulf of California.

By using opportunistic surveys of GFS at SPMI
over a multitude of years, our sightings provide
evidence of an expansion of the species’ habitat
range into the Gulf of California as part of the
current population’s recovery process. This sce-
nario offers a unique opportunity to keep study-
ing potential suitable habitats for GFSs in new
ecosystems. In this regard, it is important to start
with GFS demographic and behavioral studies
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on individuals at SPMI during the non-breeding
season (September through April) to improve
our understanding of species’ age class-foraging
behavior in relation to environmental factors (e.g.,
prey availability) to elucidate its influence on cur-
rent demographic processes (e.g., colonization)
and the males’ migration period, habitat prefer-
ences, abundance, survival rates, and threats, pref-
erably via low-impact techniques (e.g., drones).
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