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Chapter

Galapagos Pinnipeds, Challenges to
Their Survival

Marjorie Riofrio-Lazo and Diego Pdez-Rosas

Abstract

Pinnipeds endemic to the Galapagos archipelago are in endangered conserva-
tion status. The Galapagos sea lion, Zalophus wollebaeki, and Galapagos fur seal,
Arctocephalus galapagoensis, have adapted to an ecosystem with high environmental
variability and unpredictable marine productivity to survive. In addition to the
environmental factors that pressure their populations, these species are exposed to
anthropogenic influence, mainly in rookeries on islands with human settlements.
It has been determined that the populations of Galapagos pinnipeds have different
growth trends between regions of the archipelago, islands of the same region, and
between rookeries of the same island. 58% of the Galapagos sea lion population is
in the southeastern, with the largest rookery in direct contact with the inhabitants.
Various strategies have been proposed to reduce the negative impacts of human-animal
interaction, ensure the population’s viability over time, and reduce the species’
extinction risk.

Keywords: Galapagos sea lion, Galapagos fur seal, population trends, anthropogenic
disturbances, conservation strategies

1. Introduction

The world’s smallest sea lion and fur seal inhabit the Galapagos archipelago, a Natural
Heritage of Humanity, located in the Eastern Tropical Pacific at 1000 km off Ecuador’s
mainland. This ecosystem is exposed to strong environmental variability as a product of
local and regional processes that establish unique ecological characteristics that provide
the home of a wide diversity of taxa and a high level of endemism [1, 2].

The Galapagos sea lion, Zalophus wollebaeki, and Galapagos fur seal, Arctocephalus
galapagoensis, are endemic otariids of the archipelago that face different challenges
to survive [3-5]. Environmental and anthropogenic factors impact the population
dynamics of pinnipeds [6], so both species developed adaptation mechanisms allow-
ing them to persist in the archipelago despite the ecosystem’s uncertainty in terms of
variability in feeding resources and climatic conditions [5, 7] and human-induced
pressures that contribute to the deterioration of their habitat [8, 9].

The natural environmental variability of the ecosystem influences the life history
strategies, abundance, and distribution of pinnipeds [10-12]. The Galapagos Islands
present different levels of productivity and wide seasonal climate variability [13, 14]
influenced by oceanographic current systems and upwelling patterns [15, 16] that
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determine biogeographic patterns within the archipelago [17, 18]. Environmental dis-
turbances such as ENSO (EI Nifio Southern Oscillation), occurring periodically in the
Galapagos, intensify interannual environmental variability [19], causing fluctuations
in marine productivity that alter the trophic network and impact the demography

of top predators [20, 21]. A situation that is worrying given that the frequency and
intensity of these effects increase with global warming [22].

Natural disturbances generate negative effects that are exacerbated when
combined with anthropogenic disturbances [23]. In Galapagos, the anthropogenic
influence recorded in the last decades is related to local population growth and unsus-
tainable tourism [24]. Among the human-induced pressures are fishing, pollution,
marine litter, species introduction, and disease agents, which reduce habitat quality
and threaten the health of the species [25-27].

Like other marine predators, the Galapagos pinnipeds serve as indicators of
ecosystem health [28, 29]. They depend on terrestrial and marine habitats and are
exposed to different stressors [5, 30]. Depending on the rookery location and the level
of human interaction, Galapagos pinniped populations will present different growth
trends and threat levels, which have important implications for management schemes
[8, 21]. We provide an overview of how these species have adapted to the Galapagos
environment, facing natural and anthropogenic stressors. We also analyze their
population growth trends in the last 21 years and management actions to improve
their conservation.

2. Galapagos Sea lions and Fur Seals

Z. wollebaeki and A. galapagoensis share some similarities due to their common
environment. They inhabit the Galapagos Islands throughout the year [31], and their
rookeries are small (<1300 individuals) compared to otariids from high latitudes
[21]. They direct their foraging trips to specific areas within the archipelago [11, 32]
and have long-lasting lactation periods [7, 33]. They are non-migratory species,
although vagrants have been sighted along the coast of South and Central America to
Mexico [34, 35].

The Galapagos sea lion is distributed throughout the archipelago, mainly on south-
eastern islands where 62% of its population is concentrated [9]. It is more numerous
than the Galapagos fur seal and has a larger size, approximately 40% larger [7, 36]. It
presents a marked sexual size dimorphism. Adult males reach a length of 210 cm and
a weight of 200 kg, and females reach a length of 176 cm and a weight of 95 kg [7].
Like other sea lions, they are highly gregarious, polygynous, and territorial [5]. They
breed, nurse, rest, and thermoregulate in semiaquatic spaces along beaches on islands
and islets [30]. They are philopatric to their reproductive rookeries [31] and feeding
areas (Figure 1) [28, 37].

Female Galapagos sea lions give birth to one pup after 11 months of gestation
between August and January [7], although this varies slightly, being earlier in the
western and later in the southeastern region of the archipelago [38]. The maternal
care consists of feeding cycles of the female in the sea, which ranges from a few hours
to 4 days, and suckling of the pup on land, which lasts on average five hours [38, 39].
Weaning occurs after 18 months of birth and extends to three years [33], so females
nurse all their reproductive lives [7].

The Galapagos fur seal breeds on eight main rookeries on western and northern
islands, with 95% of its population on Fernandina Island [9], which corresponds to
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Figure 1.
Juvenile Galapagos sea lion (Zalophus wollebaeki) swimming in shallow waters in Champion Islet. Photo by
Andrés Moveira-Mendieta.

regions with greater productivity and strong upwellings [19]. In seven rookeries, it
lives in sympatry with the Galapagos sea lion, where each one has specialized in a
specific foraging niche [11, 40, 41]. It presents typical characteristics of fur seals,
except for the long investment of mothers in the care of pups [33]. It has a marked
sexual dimorphism. Adult males reach a length of 150 cm and a weight of 70 kg, while
adult females reach a length of 120 and a weight of 40 kg [36]. They are polygynous
and highly philopatric to their reproductive rookeries [31, 42] and their feeding sites
[11, 43]. They rest, thermoregulate, and breed on rocky shores near deep productive
waters and use crevices, caves, large boulders, and rock ledges for shade and shelter
(Figure 2) [44].

Between August and November is the Galapagos fur seal reproductive season.
Females give birth to one pup yearly after 11 months of gestation [44]. Mothers alter-
nate pup suckling periods (7 days +1.2 days) and foraging trips (17.9 + 10.6 h) [32, 38].
Lactation lasts 18-36 months after birth, depending on environmental conditions
[44], and mothers often nurse newborns and older young simultaneously [33].

3. Environmental variability

Climate variability strongly influences marine productivity with effects that
spread via the food chain to top predators [45, 46]. The oceanic conditions of lower
productivity and the high seasonal climate variability recorded in the Galapagos
represent an ecological disadvantage for the survival of these pinnipeds compared to
others that live at higher latitudes [47].

Some of the adaptations developed by the Galapagos pinnipeds include the reduc-
tion of their body size, energy requirements [48], and the extension of the lactation
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Figure 2.
Adult male Galapagos fur seal (Arctocephalus galapagoensis) in Cabo Hammond rookery. Photo by Andyrés
Moreira-Mendieta.

period (2-3 years) [33, 44]. These mechanisms allow them to cope with lower avail-
ability of prey in their habitats and increase the chances of survival of the offspring
when animals are exposed to food stress [33, 38].

The reduction in prey availability causes animals to increase foraging effort,
prolonging the duration of their foraging trips, reaching greater distances, or spend-
ing less time in the rookery nursing their young [38, 49]. From January to May (warm
season), when food availability is lower, fur seals make more foraging trips and spend
less time ashore [38]. Feeding behavior modifications are mainly observed in strong
El Nifio-years, where female Galapagos fur seals prolong their foraging trips up to
three times longer than in a normal year [50].

The El Nifio event causes variations in marine productivity, reducing the avail-
ability of the main prey of Galapagos pinnipeds, resulting in nutritional stress that is
reflected in the mortality rates of their populations, mainly of the offspring [20, 50].
The Galapagos sea lion and fur seal use different foraging niches, and there is no
overlap in their diet; however, during anomalous years, both feed on prey of similar
trophic levels in the regions where they cohabit [11, 40]. The high flexibility in the
feeding behavior of the sea lion allows it to reduce competition with the fur seal,
counteract the decrease in food in its habitat, and thus increase its survival [51].

The distinctive environmental characteristics between archipelago regions influence
these otariids [52, 53]. Both direct their foraging trips to specific patches within the archi-
pelago depending on the location of their rookeries and the feeding strategy used [32,

37, 41, 51]. The diversification of feeding strategies of the sea lion varies with the rookery
and region of the archipelago [54]. It is considered an adaptation to the availability of
prey, oceanographic characteristics, and the topography of its feeding sites that allows
for reducing competition between individuals from the same rookery [51, 53].

The geographical distribution of the Galapagos sea lion and Galapagos fur
seal rookeries, together with adaptation mechanisms, have contributed to the
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differentiation of genetically structured populations within the archipelago

[52, 55-57]. The intra- and inter-specific niche segregation has produced differ-
ences between western, central, and southeastern sea lion populations [52, 55]. In
contrast, the long-term site fidelity and long-distance foraging trips in fur seals have
contributed to differences between populations in the archipelago’s west, center, and
northeast [56, 57].

The abundance and distribution of Galapagos pinnipeds are influenced by climate
variability and intensified by the El Nifio event [5]. The intensity, length, and fre-
quency of the El Nifio event have increased in the last two decades because of global
warming [58-60]. Global warming and the associated climate changes are predict-
able. In Galapagos marine ecosystems, there is expected a reduction in biodiversity,
an increase in sea surface temperature and the thermocline depth, and intensifying
upwelling winds [60-62].

These changes will increase species that withstand warming stress, the displace-
ment of endemic species adapted to cold waters by circumtropical species with
Panamic and Indo-Pacific affinities, and the tropicalization of the ecosystem by
2050 [60]. Galapagos sea lion and fur seal populations are predicted to decline dur-
ing strong El Nifio events [9, 21], increase the likelihood of disease outbreaks, and
increase their vulnerability to the impacts of pollutants [63].

4. Anthropogenic disturbances

As natural disturbances, anthropogenic ones may alter the structure and func-
tion of the ecosystems [64]. Oceanic insular ecosystems are susceptible to these
effects [23]. Therefore, climate change and other human-induced pressures have
degraded marine ecosystems worldwide, creating challenges for species and human
societies [65].

The booming tourism industry in the last decades in the Galapagos Islands has led
to the rising resident and tourist populations [24]. The human population increase has
led to overfishing and the introduction of alien species, greater use of resources and
services, and generation of waste and pollution [24, 62]. These problems cause nega-
tive impacts on the natural resources of the Galapagos, especially on species exposed
to high human interaction [25, 66].

Like other top predators, marine mammals are threatened by varying human-
induced pressure levels [29]. In the Galapagos Islands, pinnipeds experience adverse
effects related to the alteration of their behavior, deterioration in the quality of their
habitat, and dangers to their health and physical integrity [25, 26, 67]. These effects
occur due to the interaction of otariids with humans, fisheries, and introduced spe-
cies, specifically dogs, cats, and rodents [25, 27].

Human presence in sea lion rookeries alters the animals’ behavior, both the haul-
out behavior and nursing patterns [68-70]. The level of aggression of Galapagos sea
lions decreases as the level of exposure to human disturbance increases [26]. This
behavior is observed on beaches near San Cristdbal Island town due to the large influx
of bathers to which the animals have become accustomed (Figure 3). The level of
human exposure is unrelated to rookery size [26]; however, may influence the quality
of maternal care to pups [68]. The largest rookery of sea lions is, in turn, the most
exposed to human presence [9], which, in the long term, could negatively impact the
breeding successes of this species because of continuous stress, as has been revealed in
other pinnipeds [71, 72].
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Figure 3.
Galapagos sea lions from the El Malecon rookery vesting on Playa Mann, a highly crowded beach near the town
on San Cristébal Island. Photo by Camila Pdez-Riofrio.

The interaction of marine mammals with fisheries poses a threat to these species due
to by-catch and vessel strike [73]. Adult Galapagos sea lions are more prone to wounds
from propeller strikes when they try to steal fishermen’s catch during fishing activities at
sea, causing damage to hooks and gillnets [25]. They also cause damage to fishing vessels
when they climb onto them to rest during the day, causing them to sink [30]. These
adverse effects of fishing by sea lion behavior led fishers to take actions that threaten the
species’ integrity and protect boats with barbed wire and wood with nails [8].

Marine litter constitutes a significant global threat to biodiversity [74]. Impacts
on Galapagos sea lions include cuts, entanglement, strangulation, suffocation, and
intestinal obstruction [75]. Plastics are the primary debris type found in oceans
affecting otariids [76-79] and are one of the main threats to Galapagos sea lions
(Figure 4) [79, 80]. This is due to the susceptibility of this species to biomagnification
of persistent organic pollutants (POPs), which can be absorbed and transported by
microplastics [67, 81].

The Galapagos pinnipeds are exposed to POPs and mercury, which are toxic
and bioaccumulative [75, 81]. These compounds impact the immune and endocrine
systems of animals, affecting their ability to fight diseases and reproduce successfully
[75, 81], especially during periods of nutritional and environmental stress such as
those recorded during strong El Nifio events [67]. Climate change can exacerbate the
effects of pollutants on species, increasing their vulnerability and the risk of reaching
their population tipping point [63].

Introduced animals in continuous interaction with endemic species may increase the
risk of pathogen spillover in island ecosystems [82, 83]. Diseases with low pathogenic-
ity may become life-threatening for marine mammals during food stress periods [84],
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Figure 4.
Galapagos sea lions exposed to plastic vesidues in Champion Islet, an uninhabited site of Floveana Island. Picture
taken during the Galapagos pinniped 2022 annual census. Photo by Marjorie Riofrio-Lazo.

producing significant mortalities in pinnipeds [85]. Galapagos pinnipeds face an increas-
ing threat due to infectious diseases related to domestic animals (dogs, cats, and rats) [27,
83, 86, 87]. Pathogens of canine and feline origin have been reported in the four popu-
lated islands of the archipelago [82]. As a consequence, Galapagos sea lions have shown
symptoms of infection by Leptospira, Canine distemper virus [88], Dirofilaria immitis
[27], Mycoplasma [87], and group A rotaviruses [86]. The latter, in turn, is present in
Galapagos fur seals [86].

5. Population abundance and conservation status

The Galapagos sea lions and Galapagos fur seals are among the endemic species
with conservation priority in the archipelago [9]. They are cataloged in endangered
status by the International Union for Conservation of Nature IUCN as their popula-
tions have declined over the last decades with no apparent recovery [3, 4, 9].

The causes of population reduction include (1) the environmental variability
of the ecosystem [5]; (2) natural disturbances such as the intense El Nifio events
recorded in 1982/83 and 1997/98 [21, 89] whose residual effects persist; and ((3)
anthropogenic disturbances with notable effects in rookeries located on islands with
human settlements [8, 21, 89, 90].

Ten censuses were carried out in the entire archipelago from 1978 to 2022 [9, 31,
91]. The correction factors used in the first two censuses (1978 and 2001) for popula-
tion estimates were not reported. However, from 2014 to the present, this methodol-
ogy and animal counting have been standardized [5], reducing the uncertainty in
population estimates in the last eight years.

The Galapagos sea lion suffered a substantial 50% population decline from 1978 to
2001 (Table 1) [3]. Monitoring in the El Malecén rookery in the southeast indicated
an annual growth rate of 2% from 2005 to 2015 [21]. El Malecén is the largest rookery
in the archipelago, currently making up 16% of the total population (Riofrio-Lazo
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Census year Population counted Population estimated Reference
1978 8000 30,000-40,000 Trillmich [31]
2001 4937 14,000-16,000 Alava and Salazar [91]
2014 4980 18,864-26,895 P4ez-Rosas, Torres [9]
2015 3791 14,579-20,726 P4ez-Rosas, Torres [9]
2016 4309 16,809-23,963 P4ez-Rosas, Torres [9]
2017 4344 16,313-22,951 P4ez-Rosas, Torres [9]
2018 4891 17,617-24,649 P4ez-Rosas, Torres [9]
2019 4435 - DPNG unpublished data
2021 4561 - DPNG unpublished data
2022 4385 13,411-18,487 Riofrio-Lazo et al. unpublished data
Table 1.

Galapagos sea lion population abundance in the archipelago per census year.

et al., unpublished data). From 2014 to 2018, the population in the archipelago
increased at an average annual rate of 1% [9]. From 2018 to 2022, the number of
animals counted decreased by 14% in the archipelago, registering 4385 individuals in
2022 (Riofrio-Lazo et al., unpublished data).

The Galapagos sea lion population in 2022 is estimated at 13,411-18,487 indi-
viduals. It has maintained fluctuations in its number over the last eight years,
with a slight tendency to decrease from 2014 to 2022 (Riofrio-Lazo et al., unpub-
lished data). The average annual variation rates of the population are different
between regions and tend to increase (<6.5%) in the west and north and decrease
slightly (<2%) in the center and southeast (Riofrio-Lazo et al., unpublished data,
Figure 5). The little variability in abundance from 2001 to 2022 and concerning the
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Census year Population counted Population estimated Reference
1978 9785 30,000 Trillmich [31]
2001 2733 6000-8000 Alava and Salazar [91]
2002-2005 — 15,000 Salazar and Denkinger [92]
2014 2843 10,676-15,173 P4ez-Rosas, Torres [9]
2015 1760 6990-10,230 Paez-Rosas, Torres [9]
2016 2118 7591-10,858 Paez-Rosas, Torres [9]
2017 1996 7110-10,025 Pdez-Rosas, Torres [9]
2018 3093 11,615-16,512 Paez-Rosas, Torres [9]
2019 2791 — DPNG unpublished data
2021 3183 — DPNG unpublished data
2022 2834 8815-12,005 Riofrio-Lazo et al. unpublished data
Table 2.

Galapagos fur seal population abundance in the archipelago per census year.

first census in 1978 suggests that the reduction of more than 50% of the population
persists in the last four generations and that its IUCN conservation status should
be kept as endangered.

The Galapagos fur seal suffered a drastic population reduction of 74-80% from
1978 to 2001 (Table 2) [4]. Based on extrapolation from 2002 to 2005 primary
rookery surveys, it was estimated that the population had decreased by more than
60% from 1978 to 2005 [90]. However, from 2014 to 2018, an average annual increase
rate of 3% was estimated [9]. The census 2022 shows values close to those recorded in
2001 [91], with 2834 animals counted.

The increasing trend of the Galapagos fur seal is maintained in the three regions
where it lives, with fluctuations over the last 8 years (Figure 6). In the west and
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Figure 6.
Population trend (from 2014 to 2022) of the Galapagos fur seal by archipelago region. 2014—2018 census data
taken from Pdez-Rosas, Torves [9] and 2022 census data (Riofrio-Lazo et al., unpublished data).
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north, the population decreased by 12.47% and 3.73% from 2018 to 2022, respectively,
while, in the center, the population increased by 58.93% in those years (Riofrio-Lazo
et al., unpublished data). Little abundance changes from 2001 to 2022 suggest that
the population remains stable, and about the first population monitoring, more than
60% reduction persists in the last four generations (1978-2022). Therefore, its [IUCN
conservation status should be maintained as endangered.

5.1 Analyzing population trends

Habitat characteristics and population dynamics of Galapagos pinnipeds influ-
ence their habitat use in each region [43, 55]. Abundance patterns between regions
and between rookeries in the same region of the archipelago are different [9, 21].
Therefore, the population trend of a single rookery should not be considered repre-
sentative of the trend in the entire region or archipelago [21, 89].

Population trends from 2014 to 2022 of the Galapagos fur seal in the west, center,
and north follow the same pattern of increase; however, the average annual growth
rates (~3 to 8%) are distinct (Riofrio-Lazo et al., unpublished data). Differences in
growth rates show that Galapagos fur seals’ most important breeding rookeries are
in the west, where greater production of offspring is recorded annually [9], which is
related to high-quality habitat and greater availability of prey [11, 41].

The differences in the Galapagos sea lion population trends between regions are
explained by various factors: (1) Shelf habitat characteristics that could lead to a
restriction of food resources in the north [32]; (2) High levels of marine productivity
that promote greater abundance and availability of food but are not used by the sea
lion by limiting their feeding effort and the size of their rookery to reduce competi-
tion with the fur seal in the west [11, 32]; (3) Different rates of offspring production
between rookeries around the archipelago linked to feeding resources available for
mothers [28, 51]; and (4) Specific foraging areas with distinct prey species in the diet
of individuals for each region [43, 54]. This last explains that sea lions inhabiting less
productive areas, such as the center and southeastern, consume prey of high caloric
value [43, 51, 93], which allows them to sustain large populations in these regions.

Three of the four populated islands are in the southeast and center; in one of them,
San Cristébal Island, is the El Malecén rookery, which is the most numerous with the
highest annual pup production, near the town, and in direct contact with Galapagos
residents and tourists [9, 21]. Anthropogenic disturbances to which this population
is exposed are domestic animal contact and the potential transmission of infectious
diseases [27, 87, 88], wounds resulting from propeller strikes, marine litter, human-fecal
contamination by domestic sewage effluents and other sources of pollution [25, 67, 79].
Although the El Malecén rookery has shown a trend of sustained growth in recent years
[21], human-induced pressures can have long-term effects on the population, impacting
its survival [25, 26]. Due to not all rookeries showing the same growth trend and being
exposed to similar problems, for the management actions design, it is relevant to evalu-
ate each rookery independently according to its specific conditions [9].

6. Importance of conservation strategies

Marine protected areas, along with other management tools, are helpful for
resource management and biodiversity conservation [2]. However, they should be
established based on a comprehensive analysis of the ecosystem functioning [94].
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After 22 years of the implementation of the zoning of the Galapagos Marine Reserve,
it does not provide sufficient protection for threatened species and key areas for

the functioning of the ecosystem, and primary fishing resources are overexploited
[62, 94, 95].

Various species are protected for their high economic or esthetic value rather than
their importance in nature [96, 97]. From an ecosystem-based management per-
spective, it is essential to protect species that maintain the ecosystem’ functioning,
order, and resilience [64]. The Galapagos pinnipeds are charismatic species with high
economic and ecological value in the archipelago [64, 98]. This recognition has a great
social impact reflected in the attention of its populations regarding management and
conservation [8].

The global concern for the protection of Galapagos pinnipeds has led various
institutions to carry out outstanding research efforts to understand the population
dynamics of these species [9] and establish specific conservation plans for the man-
agement of its natural environment [8]. The product of this is the Galapagos pinniped
monitoring program developed since 2008 on San Cristébal Island in the southeastern
region, and the global monitoring of these populations through annual research
cruises throughout the archipelago (from 2014 to 2022). This knowledge is relevant
for decision-makers in establishing effective protected areas that facilitate wildlife
management [9].

Each reproductive rookery should be evaluated independently to improve man-
agement strategies since population dynamics are variable. The relevance of certain
rookeries has been identified by analyzing the population growth trends of both spe-
cies in different regions [9]. Factors to consider are (1) the high degree of philopatry
to its breeding rookeries [99], (2) the high mobility of individuals between rookeries
[52, 99] that provide the potential for transmission of infectious diseases, and (3)
the level of interaction with humans. Considering these factors, different levels of
importance or vulnerability of populations may be determined, and those rookeries
with conservation priority to be identified.

Under normal conditions of environmental variability, only two-thirds of all pups
survive to the age of one year, and half of the juveniles to the age of two years [100].
An increase in mortality due to human-induced pressures or disease may impede
population recovery in the long term [25]. Thus, actions aimed at improving the qual-
ity of their habitat, avoiding the deterioration of their health, and raising awareness
among the human population about protecting these species must be intensified.

Various strategies have been implemented and suggested to reduce the exposure
of sea lions to human presence, avoid the deterioration of the quality of their marine-
terrestrial habitats in urban sites as a result of the daily activities of their inhabitants,
reduce the negative impact of sea lions on fishing vessels, and reduce their interaction
with introduced species; see [9]. However, to achieve these objectives, it is necessary:
(1) the joint effort and long-term commitment of the authorities responsible for man-
agement, (2) compliance with the regulations by all inhabitants and tourists who visit
the Galapagos, (3) the continuation of the annual global censuses of these otariids,
and (4) the reinforcement of health studies of their populations, to adopt prevention
and early control measures of their infectious agents.

A greater understanding of the threats that the Galapagos pinnipeds face for
their survival and monitoring their population allows the establishment of more
effective protection measures. The conservation of these species benefits the entire
socio-ecosystem of the Galapagos Islands as it promotes a healthier and more resilient
ecosystem [64].
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