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The Guadalupe fur seal (GFS; Arctocephalus philip-
pii townsendi) and Juan Fernández fur seal (JFFS; 
Arctocephalus philippii philippii) have a restricted 
distribution to islands in the North and South 
Pacific Ocean, respectively. GFS only breeds in 
Mexico, concentrating its population on Guadalupe 
and the San Benito Islands (Figure 1), with a 
regional abundance of around 40,000 individuals 
(García-Aguilar et al., 2018; Hernández-Camacho 
& Trites, 2018), while JFFS is limited to the Juan 
Fernández Archipelago in Chile (Figure 1), with an 
estimated population of 20,000 animals (Osman, 
2007). Both species were considered extinct by 
the end of the 1800s because of intense commer-
cial hunting (Townsend, 1931; Hubbs & Norris, 
1971). However, a small number of GFS and JFFS 
were discovered breeding on Guadalupe Island 
in 1954 and Alejandro Selkirk Island in 1965, 
respectively (Hubbs, 1956; Bahamonde, 1966). 
These populations grew slowly and colonized 
other nearby islands over time (Goldsworthy et al., 
2000; Aurioles-Gamboa et al., 2010), surviving in 
caves or on inaccessible beaches, thereby maintain-
ing their populations and probably facilitating the 
increase of their genetic diversity (Goldsworthy 
et al., 2000). 

The typical distribution ranges of species are 
located between 27° and 30° N for GFS and 
15° and 40° S for JFFS (Gallo-Reynoso, 1994; 
Maravilla-Chavez & Lowry, 1999; Osman, 2007; 
Figure 1). The global distribution of pinnipeds is 
generally constrained by ocean temperature and 
its effect on prey availability (Trillmich et al., 
1991; Adame et al., 2020). GFS has oceanic 
habits that normally involve feeding trips of up to 
600 km around Guadalupe Island (Gallo-Reynoso 
et al., 2008). This characteristically wide disper-
sion may be more pronounced when prey is scarce 

due to a decrease in marine productivity, leading 
to longer foraging trips, which can extend to the 
Southern Baja California Peninsula (Elorriaga-
Verplancken et  al., 2016a; Amador-Capitanachi, 
2018). JFFS make foraging trips primarily south 
and east of the Juan Fernández Archipelago to 
locations up to 837 km toward the coast of Chile 
(Osman, 2007). Several individuals have been 
sighted with regularity at Punta San Juan, Peru, 
which is considered their northern limit (Majluf 
& Reyes, 1989).

Herein, we report extralimital records of 
GFS and JFFS in the Eastern Tropical Pacific, 
which occurred during the incidence of seasonal 
Humboldt Current near the Galapagos Archipelago 
when the proliferation of nutrients increases at the 
base of the region’s food marine web (Palacios 
et al., 2006). During June and July 2019, a sight-
ing of two fur seals on beaches in Puerto Baquerizo 
Moreno (0° 54' S, 89° 36' W), San Cristóbal Island, 
Galapagos Archipelago (Figure 1) was reported 
to the authorities of the Galapagos National Park. 
Initially, the rangers of the Galapagos National 
Park assumed these animals were Galápagos fur 
seals (Arctocephalus galapagoensis) because this 
species normally inhabits the western region of 
the archipelago (Trillmich, 1987). However, once 
each animal was captured, some morphologi-
cal differences from the Galápagos fur seal were 
observed. Therefore, the animals were recorded as 
Arctocephalus philippii sp., specifically based on 
their larger body size relative to Galápagos fur seals 
(Repenning et al., 1971; Brunner, 2003) and mor-
phological traits such as the bulkier nose relative 
to the head size and larger size of the pectoral flip-
pers that are typical of JFFS (Maritza Sepulveda 
& Fernando Elorriaga-Verplancken, pers. comm., 
July 2019). On 24 June 2019, a subadult male fur 
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Figure 1. Geographic location of the Guadalupe fur seal (GFS; Arctocephalus philippii townsendi) and the Juan Fernández 
fur seal (JFFS; Arctocephalus philippii philippii). The dotted lines west of Baja California–Mexico and around Juan 
Fernández–Chile Islands represent the home range of both species. (1) Playa de Oro and (2) Playa Mann (Puerto Baquerizo 
Moreno) in San Cristóbal Island, Galapagos Archipelago, are also indicated.

seal measuring 1.6 m in total length and 70 kg in 
weight was captured (sample 1; Figure 2) on Playa 
de Oro, San Cristóbal Island, Galapagos. Based on 
body condition, it was determined to be healthy 
and not emaciated. A skin sample (sample 1) was 
taken and preserved in a 1.5 mL microcentrifuge 
tube with ethanol (95%) for genetic analysis. 
Later, on 12 July 2019, another subadult male fur 
seal measuring 1.5 m in total length and 60 kg in 
weight was captured (sample 2; Figure 3) on Playa 

Mann (located less than 1 km from the Playa de 
Oro), San Cristóbal Island, Galapagos. The fur 
seal showed an apparent good body condition and 
normal resting behavior. A skin sample (sample 2) 
was also taken for genetic analysis. Both animals 
stayed on the beaches for 2 d and then departed; 
they were not seen again.

To evaluate the field identifications, we 
extracted genomic DNA from the two skin tissue 
samples using a guanidine tiocianate protocol 



551Records of Guadalupe and Juan Fernández Fur Seals in Galapagos Archipelago

Figure 2. Subadult male JFFS in Playa de Oro rocks, Galapagos Islands. Note the pointed snout and the large size of the 
pectoral fins in relation to the body—typical morphological characteristics of this species. © Photos courtesy of Leandro E. 
Vaca

Figure 3. Subadult male GFS in Playa Mann, Galapagos Islands. Note the long snout typical of the species as well as the 
large body size relative to Galápagos fur seals. © Photos courtesy of Benjamín Ayala-Jahnel

(Chomczynski, 1993). We determined DNA concen- 45 min. Finally, an extension of 70°C for 7 min 
trations spectrophotometrically (Epoch Microplate was performed. PCR products were cleaned up 
Spectrophotometer; BioTek, Winooski, VT, USA) using ExoSap and sequenced at Macrogen (Seoul, 
and electrophoretically to verify DNA integrity South Korea). A Maximum Likelihood (ML) phy-
using agarose gel electrophoresis (0.8% agarose logenetic tree was constructed using default settings 
in 1× TBE buffer). Polymerase chain reaction of the software Mega 7 (Hoelzel & Green, 1992), 
(PCR) was carried out to amplify the mitochon- with the CR sequences amplified in this study, plus 
drial Control Region (CR) using light strand T-Thr sequences from several fur seals: A. philippii philip-
(5’- TTCCCCGGTCTTGTAAACC-3’) and heavy pii (n = 3), A. philippii townsendi (n = 2), A. australis 
strand T-Phe (5’- ATTTTCAGTGTCTTGCTTT (South American fur seal; n = 3), A. galapagoensis 
-3’) primers (Hoelzel & Green, 1992; Hoelzel (Galápagos fur seal; n = 1), A. forsteri (New Zealand 
et al., 1993). Reactions were carried out in a total fur seal; n = 3), and A. pusillus (Cape fur seal; n 
volume of 25 μl containing 2.5 μl PCR buffer = 3) downloaded from Genbank. A sequence of 
(10×), 2.5 μl MgCl2 (50 mM), 2.5 μl 10 mM Galápagos sea lion (Zalophus wollebaeki) was used 
deoxynucleotide triphosphates (dNTPs), 1.5 μl as an outgroup. Node supports were estimated from 
each of the Forward and Reverse primers, each at non-parametric bootstrap values (1,000 pseudorepli-
10 μM, 0.15 μl Taq DNA polymerase (5 Units), and cates; Sokal & Rohlf, 1995). 
0.5 μl of diluted DNA (at a concentration of 10 to A total of 900 base pairs (bp) were obtained for 
25 ng/μl). PCR cycling conditions consisted of an the mitochondrial DNA (mtDNA) Control Region, 
initial denaturation at 94°C for 5 min, 30 cycles and 293 bp were used for the phylogeny construc-
at 94°C for 2 min, 50°C for 2 min, and 70°C for tion to match the Genbank sequences’ length. We 
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detected 89 variable sites, 65 of which were parsi- Hemisphere have been rare. Prior to these sight-
mony informative. The phylogenetic tree produced ings, the northernmost vagrant JFFS recorded 
under the Maximum Likelihood criterion shows a was reported on 4 July 2007 in Buenaventura Port 
well-supported clade that includes both JFFS and (3° 53' N, 77° 4' W) on the central-south coast of 
GFS samples. Within this clade, sample 1 groups Colombia (Avila et al., 2014); while the southern-
within the JFFS subclade, and sample 2 groups with most GFS record (a stranding event) was reported in 
the GFS subclade (Figure 4). These results support Oaxaca, Mexico (15° 58' N, 97° 32' W) in October 
the morphological data and suggest the presence of 2012 (Villegas-Zurita et al., 2015). We hypothesize 
foreign JFFS and GFS in the Galapagos Archipelago. that the GFS observed in the Galapagos Archipelago 
In recent years, the recurrence of pinnipeds from travelled about 4,250 km from the nearest probable 
the Southern Hemisphere (e.g., South American origin in San Benito Islands, Mexico (Figure 1). 
fur seal and southern elephant seal [Mirounga leo- This distance, traveled by this GFS, is the longest 
nina]) in the tropical regions has become common documented dispersal by an otariid to date, overtak-
(Villegas-Zurita et al., 2016; Páez-Rosas et al., ing the southernmost record of the Steller sea lion 
2018; Elorriaga-Verplancken et al., 2020); however, (Eumetopias jubatus) that traveled about 3,500 km 
sightings of native pinnipeds from the Northern south from its typical geographic range to Colima, 

Figure 4. Phylogenetic tree resultant from Maximum Likelihood analysis based on the mtDNA Control Region. Bootstrap 
values are shown in each branch.
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Mexico (18° 51' N, 103° 58' W) from July to 
November 2008 (Ceballos et al., 2010).

Both sightings reported in this study involve 
remarkable migrations. However, the GFS record 
is an unprecedented event because long otariid 
migrations are generally associated with the inci-
dence of cold marine currents (e.g., Humboldt 
Current) or anomalous oceanographic events like 
El Niño–Southern Oscillation (ENSO) (Elorriaga-
Verplancken et  al., 2016b; Páez-Rosas et  al., 
2017)—characteristics that would not be favor-
able for GFS given its home range (Gallo-Reynoso 
et al., 2008). Both factors promote conditions that 
facilitate pinniped mobility and the consumption 
of food resources because they increase foraging 
grounds beyond the typical limits, thus allowing 
individuals to reach extreme sites (Páez-Rosas 
et  al., 2018). Based on the Southern Oscillation 
Index (SOI) values from National Oceanic and 
Atmospheric Administration (NOAA) Regions 1 
and 2, slightly negative or neutral conditions 
persisted during the months of May to July 2019 
(SOI average: -0.07; data obtained from www.
ncdc.noaa.gov/teleconnections/enso/indicators/
soi). Due to the neutral SOI values, coupled with 
the specimens’ good body condition, oceano-
graphic anomalies are not likely to be a direct 
factor explaining these sightings.

In the Tropical Eastern Pacific, there is a regional 
difference with respect to marine productivity. The 
Galapagos Archipelago exhibits high annual pro-
ductivity, whereas the rest of the region exhibits 
a lower mean productivity (Palacios et  al., 2006). 
These conditions are caused by the incidence of 
the cold Humboldt or Peru Current that flows north 
along the western coast of South America, producing 
upwelling that induces phytoplankton blooms and a 
highly productive habitat (Schaeffer et  al., 2008). 
Therefore, the JFFS migration might be favored 
by the oceanographic dynamics of the region. In 
the case of GFS, the migration to the Galapagos 
Archipelago is not related to the influence of the 
Humboldt Current or oceanographic anomalies but, 
rather, might be a consequence of an increase in the 
dispersal capacity of the species or an erroneous 
foraging trip. The accumulative effect of climate 
change and the increasing frequency of El Niño and 
La Niña events in the last decades (Freund et  al., 
2019) cannot be ignored as a possible factor that 
has altered dispersal patterns of these species and 
their potential prey (Páez-Rosas et al., 2017, 2018). 
Changes in sea surface temperature directly influ-
ence prey distribution and abundance and, conse-
quently, predator foraging ranges (Ochoa-Acuña & 
Francis, 1995; Elorriaga-Verplancken et al., 2016b), 
which could somehow explain the unusual sight-
ings documented in this study. 

The effects of environmental variability on the 
pinnipeds could lead to these species increasing 
their home range and feeding areas. These con-
ditions associated with favorable oceanographic 
events would lead to the extralimital distribu-
tion of individuals from increasing populations 
to facilitate survival under the effects of climate 
change. This is the first GFS record in the Southern 
Hemisphere and has important biogeographical 
implications for our knowledge of pinnipeds.

Acknowledgments

We thank Galapagos National Park for all the 
logistics involved during the captures and sam-
pling. We thank Universidad San Francisco de 
Quito (USFQ) for the financial support during 
the preparation of the manuscript. We also offer 
our thanks to Jorge Torres, Juan Garcia, Jason 
Castañeda, Diego Pombosa, and Leandro Vaca 
for their help during the planning and carrying 
out of the field work. We thank Nathalia Valencia 
for her support in the laboratory and Benjamín 
Ayala-Jahnel for the photographs in the field. 
Finally, our thanks to the Galapagos Science 
Center for providing the facilities for information 
processing and analysis.

Literature Cited

Adame, F., Elorriaga-Verplancken, F. R., Beier, E., 
Acevedo-Whitehouse, K., & Pardo, M. A. (2020). The 
demographic decline of a sea lion population followed 
multi‑decadal sea surface warming. Scientific Reports, 
10, 10499. https://doi.org/10.1038/s41598-020-67534-0

Amador-Capitanachi, M. J. (2018). Variabilidad en el nicho 
isotópico (2013-2016) y análisis del desplazamiento 
mediante telemetría en el lobo fino de Guadalupe 
(Arctocephalus philippii townsendi) [Variability in the 
isotopic niche (2013-2016) and analysis of displacement 
by telemetry in the Guadeloupe fur seal (Arctocephalus 
philippii townsendi)] (M.Sc. dissertation). CICIMAR-
IPN, La Paz, Baja California Sur, México.

Aurioles-Gamboa, D., Elorriaga-Verplancken, F., & 
Hernández-Camacho, C. J. (2010). The current popu-
lation status of Guadalupe fur seal (Arctocephalus 
townsendi) on the San Benito Islands, Mexico. Marine 
Mammal Science, 26, 402-408. https://doi.org/10.1111/
j.1748-7692.2009.00350.x

Avila, C., Alava, J., & Galvis-Rizo, C. (2014). On the pres-
ence of a vagrant Juan Fernández fur seal (Arctocephalus 
philippii) in the Pacific coast of Colombia: A new extra-
limital record. Maztozoología Neotropical, 21(1), 109-
114.

Bahamonde, N. (1966). El mar y sus recursos [The sea and 
its resources]. In Geografia Economica de Chile (Ed.), 
Primer apendice [First appendix] (pp. 81-85). CORFO.



554 Páez-Rosas et al.

Brunner, S. (2003). Fur seals and sea lions (Otariidae): 
Identification of species and taxonomic review. Systematics 
and Biodiversity, 1, 339-439. https://doi.org/10.1017/
S147720000300121X

Ceballos, G., Pompa, S., Espinoza, E., & García, A. (2010). 
Extralimital distribution of Galapagos (Zalophus wolle-
baeki) and northern (Eumetopias jubatus) sea lions in 
Mexico. Aquatic Mammals, 36(2), 188-194. https://doi.
org/10.1578/AM.36.2.2010.188 

Chomczynski, P. (1993). A reagent for the single-step 
simultaneous isolation of RNA, DNA and proteins from 
cell and tissue samples. Biotechniques, 15, 532-537.

Elorriaga-Verplancken, F. R., Rosales-Nanduca, H., & 
Robles-Hernández, R. (2016a). Unprecedented records 
of Guadalupe fur seals in La Paz Bay, Southern Gulf of 
California, Mexico, as a possible result of warming condi-
tions in the northeastern Pacific. Aquatic Mammals, 42(3), 
261-267. https://doi.org/10.1578/AM.42.3.2016.261

Elorriaga-Verplancken, F. R., Sierra-Rodríguez, G. E., 
Rosales-Nanduca, H., Acevedo-Whitehouse, K., & 
Sandoval-Sierra, J. (2016b). Impact of the 2015 El Niño-
Southern Oscillation on the abundance and foraging habits 
of Guadalupe fur seals and California sea lions from the 
San Benito Archipelago, Mexico. PLOS ONE, 11(5), 
e0155034. https://doi.org/10.1371/journal.pone.0155034

Elorriaga-Verplancken, F. R., Blanco-Jarvio, A., Silva-
Segundo, C. A., Paniagua-Mendoza, A., Rosales-
Nanduca, H., Robles-Hernández, R., Mote-Herrera, S., 
Amador-Capitanachi, M. J., & Sandoval-Sierra, J. (2020). 
A southern elephant seal (Mirounga leonina) in the Gulf 
of California: Genetic confirmation of the northernmost 
record to date. Aquatic Mammals, 46(2), 137-145. https://
doi.org/10.1578/AM.46.2.2020.137

Freund, M., Henley, B., Karoly, D., McGregor, H., Abram, 
N., & Dommenget, D. (2019). Higher frequency of 
Central Pacific El Niño events in recent decades rela-
tive to past centuries. Nature Geoscience, 12, 450-455. 
https://doi.org/10.1038/s41561-019-0353-3 

Gallo-Reynoso, J. P. (1994). Factors affecting the popu-
lation status of Guadalupe fur seal, Arctocephalus 
townsendi (Merriam 1897), at Isla de Guadalupe, Baja 
California, México (Ph.D. dissertation). University of 
California, Santa Cruz.

Gallo-Reynoso, J. P., Figueroa-Carranza, A., & Le Boeuf, 
B. (2008). Foraging behavior of lactating Guadalupe fur 
seal females. In C. Lorenzo, E. Espinoza, & J. Ortega 
(Eds.), Avances en el estudio de los mamíferos de México 
[Advances in the study of the mammals of Mexico] (pp. 
595-614). Asociación Mexicana de Mastozoología, A.C.

García-Aguilar, M. C., Elorriaga-Verplancken, F. R., 
Rosales-Nanduca, H., & Schramm, Y. (2018). Population 
status of the Guadalupe fur seal (Arctocephalus 
townsendi). Journal of Mammalogy, 99(6), 1522-1528. 
https://doi.org/10.1093/jmammal/gyy132

Goldsworthy, S., Francis, J., Boness, D., & Fleischer, R. 
(2000). Variation in the mitochondrial control region in 
the Juan Fernández fur seal. Journal of Heredity, 91(5), 
371-377. https://doi.org/10.1093/jhered/91.5.371

Hernández-Camacho, C., & Trites, A. (2018). Population 
viability analysis of Guadalupe fur seals Arctocephalus 
townsendi. Endangered Species Research, 37, 255-267. 
https://doi.org/10.3354/esr00925

Hoelzel, A. R., & Green, A. (1992). Analysis of population-
level variation by sequencing PCR-amplified DNA. In 
A. R. Hoelzel (Ed.), Molecular genetic analysis of popu-
lations: A practical approach (pp. 159-187). IRL Press.

Hoelzel, A., Halley, J., O’Brien, S., Campagna, C., 
Arnborm, T., Le Boeuf, B., Ralls, K., & Dover, G. A. 
(1993). Elephant seal genetic variation and the use of 
simulation models to investigate historical population 
bottlenecks. Journal of Heredity, 84, 443-449. https://
doi.org/10.1093/oxfordjournals.jhered.a111370

Hubbs, C. (1956). The Guadalupe fur seal still lives! 
Zoonooz (San Diego Zoological Society), 29, 6-9.

Hubbs, C., & Norris, K. (1971). Original teeming abundance, 
supposed extinction, and survival of the Juan Fernández 
fur seal. Antarctic Research Series, 18, 35-52. https://doi.
org/10.1029/AR018p0035

Majluf, P., & Reyes, J. (1989). The marine mammals of 
Peru: A review. In D. Pauly, P. Muck, J. Meno, & I. 
Tsukayama (Eds.), The Peruvian upwelling ecosystem: 
Dynamics and interactions (pp. 344-363). ICLARM 
Conference Proceedings 18, Callao, Peru.

Maravilla-Chavez, O., & Lowry, M. (1999). Incipient breed-
ing colony of Guadalupe fur seals at Isla San Benito del 
Este, Baja California, Mexico. Marine Mammal Science, 
15, 239-241. https://doi.org/10.1111/j.1748-7692.1999.
tb00796.x

Ochoa-Acuña, H., & Francis, J. M. (1995). Spring and 
summer prey of the Juan Fernández fur seal, Arctocephalus 
philippii. Canadian Journal of Zoology, 73(8), 1444-1452. 
https://doi.org/10.1139/z95-170

Osman, L. (2007). Population status, distribution and for-
aging ecology of Arctocephalus philippii (Peters 1866) 
at Juan Fernández Archipelago (Ph.D. dissertation). 
Universidad Austral de Chile, Valdivia, Chile.

Páez-Rosas, D., Valdovinos, L., & Elorriaga-Verplancken, 
F. R. (2017). Northernmost record of the Galapagos fur 
seal (Arctocephalus galapagoensis): A consequence 
of anomalous warm conditions around the Galapagos 
Archipelago. Aquatic Mammals, 43(6), 627-632. https://
doi.org/10.1578/AM.43.6.2017.629

Páez-Rosas, D., Riofrío-Lazo, M., Ortega, J., Morales, 
D., Carvajal, R., & Alava, J. (2018). Southern elephant 
seal vagrants in Ecuador: A symptom of La Niña 
events? Marine Biodiversity Records, 11. https://doi.
org/10.1186/s41200-018-0149-y

Palacios, D., Bograd, S., Foley, D., & Schwing, F. (2006). 
Oceanographic characteristics of biological hot spots in 
the North Pacific: A remote sensing perspective. Deep-Sea 
Research Part II: Topical Studies in Oceanography, 53(3-
4), 250-269. https://doi.org/10.1016/j.dsr2.2006.03.004 

Repenning, C., Peterson, R., & Hubbs, C. (1971). Contributions 
to the systematics of the southern fur seals, with particular 
reference to the Juan Fernández and Guadalupe species. In 
W. H. Burt (Ed.), Antarctic Pinnipedia (Antarctic Research 



555Records of Guadalupe and Juan Fernández Fur Seals in Galapagos Archipelago

Series 18, pp. 1-34). American Geophysical Union. https://
doi.org/10.1029/AR018p0001

Schaeffer, B., Morrison, J., Kamykowski, D., Feldman, G., 
Xie, L., Liu, Y., Sweet, A., McCulloch, A., & Banks, S. 
(2008). Phytoplankton biomass distribution and iden-
tification of productive habitats within the Galapagos 
Marine Reserve by MODIS, a surface acquisition 
system. Remote Sensing of Environment, 112, 3044-
3054. https://doi.org/10.1016/j.rse.2008.03.005

Sokal, R., & Rohlf, F. (1995). Biometry. W. H. Freeman and 
Company. 887 pp.

Townsend, C. (1931). The fur seal of the California islands 
with new descriptive and historical matter. Zoologica, 
9, 442-457.

Trillmich, F. (1987). Galapagos fur seal, Arctocephalus gala-
pagoensis. In J. P. Croxall & R. L. Gentry (Eds.), Status, 
biology, and ecology of fur seals (NOAA Technical Report 
NMFS 51, pp. 23-27). National Oceanic and Atmospheric 
Administration, U.S. Department of Commerce.

Trillmich, F., Ono, K. A., Costa, D. P., DeLong, R. L., 
Feldkamp, S. D., Francis, J. M., Gentry, R. L., Heath, C. B., 
Le Boeuf, B. J., Majluf, P., & York, A. E. (1991). The effects 
of El Niño on pinniped populations in the Eastern Pacific. 
In F. Trillmich & K. Ono (Eds.), Pinnipeds and El Niño: 
Responses to environmental stress (pp. 247-270). Springer-
Verlag. https://doi.org/10.1007/978-3-642-76398-4 

Villegas-Zurita, F., Castillejos-Moguel, F., & Elorriaga-
Verplancken, F. R. (2015). Southernmost presence 
of a Guadalupe fur seal (Arctocephalus townsendi) 
in the Mexican South Pacific. Revista Mexicana de 
Biodiversidad, 86(4), 1107-1109. https://doi.org/10.1016/j.
rmb.2015.09.011

Villegas-Zurita, F., Elorriaga-Verplancken, F. R., & Castillejos-
Moguel, F. (2016). First report of a South American fur seal 
(Arctocephalus australis) in Mexico. Aquatic Mammals, 
42(1), 42-46. https://doi.org/10.1578/AM.42.1.2016.42




