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Defining baseline mortality and trends in wildlife populations is imperative to

understand natural and anthropogenic threats to overall population health and

improve conservation measures for species, particularly in geographically

confined habitats. The Guadalupe fur seal Arctocephalus townsendi (GFS) is a

threatened pinniped that ranges throughout the west coast of Mexico with

sporadic dispersion to higher latitudes. Their breeding habitat is restricted to

Guadalupe Island, Mexico, which is vulnerable to periodic and cyclic warming of

the Northeast Pacific Ocean. The impacts of environmental change on GFS

health and reproductive success at Guadalupe Island are poorly defined and the

aim of this study was to establish baseline pup (GFSn) mortality rates and primary

causes of death during the 2013-2016 breeding seasons at Guadalupe Island.

Interannual mortality rates and causes of death were compared by year, breeding

seasons and by geographic location. The highest mortality rate in GFSn was in

2015 (14.7%), followed by 2014 (8.2%), 2016 (6.7%) and 2013 (5.6%). The

presumptive causes of mortality of GFSn were consistent with other published

long term otariids health surveys and included: emaciation (49%), trauma (24%),

infectious disease (8%), drowning (4%) stillbirth/perinatal mortality (4%) and

undetermined (11%). However, in 2015 and coinciding with northeast Pacific

marine heatwave in 2014-2016, emaciation accounted for 54% of GFSnmortality

in contrast to 9% in 2013. For GFSn, terrestrial habitat may influence mortality

rates and causes of mortality but like other marine predators, marine habitat

features, such as an increase in sea surface temperature are associated with

changes in maternal care, nutritional status and pups survival. Monitoring

mortality rate and causes in GFSn at Guadalupe Island is crucial to establish

baseline health trends, document potential impacts on species demographics

and recruitment during marine heatwaves and potential consequences in

population recovery.
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1 Introduction

Survival rates in wildlife populations, including marine

mammals, is an important demographic parameter (Mills, 2012)

that varies between and throughout species development (Barlow

and Boveng, 1991). Reduced survival rates during early life stages

(Clinton and Le Boeuf, 1993; Wickens and York, 1997) have been

associated with maternal (e.g. experience) and environmental (e.g.

colony) factors (Lunn et al, 1994; Georges and Guinet, 2000) and

can result in significant seasonal and spatial differences in

population demographics and health (Spraker and Lander, 2010;

Seguel et al., 2013; Michael et al., 2019).

The Guadalupe fur seal (Arctocephalus townsendi; GFS) is

classified as at “risk of extinction” by Mexican law (Norma Oficial

Mexicana, NOM-059-SEMARNAT, 2010) and in the United States

(U.S.), as “threatened” under the Endangered Species Act.

Throughout their historic range within northeast Pacific Ocean, the

population was severely impacted by commercial harvest during the

18th and late 19th centuries (Hubbs, 1956). GFSs were extirpated

from California in the early 19th century and considered extinct by

the late 19th century, when a few remnant GFSs were observed on

Guadalupe Island, Mexico. The pre-exploitation GFS population was

estimated up to 200,000 individuals (Hubbs, 1979) and recently

(2019) between 57,199-72,631 individuals were recorded at

Guadalupe Island with an annual increase of 8.1-8.8% (1991- 2019)

(Juárez-Ruiz et al., 2022). Currently, Guadalupe Island is the only

GFS breeding site designated as critical habitat, where some

anthropogenic activities (e.g. sport fishery and shark cage diving)

were permitted until 2020 (DOF, 2023).

The GFS is a pelagic specialist with a preference for jumbo squid

(Dosidicus gigas) and opalescent squid (Doryteuthis opalescens), as

well to myctophids (Gallo-Reynoso and Esperón-Rodrıǵuez, 2013;

Amador-Capitanachi et al., 2017). The breeding season is from June

to August (Gallo-Reynoso, 1994), during which lactating females

nurse pups on shore for 5.1 – 6.5 days, interspersed with foraging

trips to sea for up to 10 ± 4 days (range: 4-14 days), transit distances

of 444 ± 151 km (range: 222 - 589 km) from Guadalupe Island and

dive to depths of 17 ± 10 m (range: 3-82 m). Foraging accounts for

up 75% of the GFS adult female time energy budget (Gallo-Reynoso

et al., 2008) and results in production and transfer of milk with a fat

content of 43% to pups (GFSn) during their attendance. The high

fat content allows GFSn to fast for prolonged periods (maximum 24

days), until they are weaned, between 9 and 11 months of age

(lactation length) (Figueroa-Carranza, 1994).

Ecological threats to GFS population recovery, such as climate

change and reduced prey availability are recognized (Weber et al.,

2004; Hernández-Camacho and Trites, 2018); however, the impacts

of these changes in GFSn mortality rates and causes Guadalupe

Island are unknown. Furthermore, between 2015 and 2020 unusual

sightings of GFSs were reported in Mexico (Villegas-Zurita., et al

2015; Ortega-Ortiz et al., 2019). Record numbers of emaciated

individuals stranded (washed ashore) along the California,

Oregon and Washington coasts (D'Agnese et al., 2020) prompting

the declaration of an Unusual Mortality Event (UME) by the

National Oceanic and Atmospheric Administration (NOAA)
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(2015 - 2020) (NOAA, 2019). The UME coincided with

anomalous increases in ocean surface temperatures (up to 2.5°C)

(SST) between 2014 and 2016, attributed to a Northeast Pacific

Heatwave along the North Pacific Ocean (Bond et al., 2015). This

event was characterized by a depressed thermocline, an increase in

stratification in coastal and off-shore areas along Central and

Southern and California Current System (CCS) (Zaba and

Rudnick, 2016; Rudnick et al., 2017), affecting the nutrient flux

and reducing phytoplankton and zooplankton biomass, as well as

prey availability for secondary predators (e.g. squid). This had an

impact on the distribution of foraging areas for top predators such

as marine mammals and sea birds, including GFS (Leising et al.,

2015; Cavole et al., 2016; Piatt et al., 2020), which ecological and

biological response are linked to population or individual

adaptations (Smith et al., 2023).

To improve our understanding of the impact of regional oceanic

warming on marine megafauna demography, in relation to

mortality, this study assessed the mortality rate (MR) and

presumptive cause of dead (PCOD) of GFSn during the breeding

seasons from 2013 to 2016 at Guadalupe Island. Based on anecdotal

reports, field observations and published accounts of stranded GFS

in suboptimal nutritional condition and increased strandings in

more remote areas, we hypothesized that an increase of MR and

PCOD in GFSn was associated with changes in prey availability for

lactating females and maternal care particularly during breeding

season of 2014 and 2015, coinciding with the highest positive SST

anomalies generated by Northeast Pacific Heatwave around

Guadalupe Island (Gálvez et al., 2020).
2 Materials and methods

2.1 Study site and GFS pup
mortality monitoring

Guadalupe Island is a volcanic island located in the

northeastern Pacific Ocean, approximately 300 km west of the

Baja California Peninsula with a surface area of 250 km

(Figure 1). Guadalupe Island has been influenced by the southern

portion of CCS and is sensitive to interannual climate variability

and major ocean circulation conditions (Durazo and Baumgartner,

2002; Ren and Rudnick, 2021). The CCS is characterized by low

salinities and sea surface temperatures (SST) (Lynn and Simpson,

1987) of 17–20°C during summer (June – August) (Lynn and

Simpson, 1987). Regional productivity around Guadalupe Island

is also influenced by wind stress curls and Ekman transport, as well

local mesoscale eddies that promotes important offshore upwellings

and primary production, particularly in spring and summer

(Barocio-León et al., 2007; McClatchie, 2014; Durazo, 2015).

These anomalies coincide with the GFS breeding season (June to

August) at Guadalupe Island (Gallo-Reynoso, 1994).

The study site was in the Punta Sur rookery located along the

southern extremity of Guadalupe Island (29° 00’ N, 118°15 30 W)

(Figure 1). The Punta Sur was subdivided in three topographic areas as

follows: (a) La Lengüeta, which is sheltered with large rock
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outcroppings and shallow tide pools; (b) Las Pocitas, a rocky platform

with boulders and deep tide pools, and (c) El Muelle (“dock” in

Spanish): bound by a cliff and large rocks with cobblestone beaches

(Figures 1; S1).

During the breeding seasons ‘s from 2013 to 2016 at Punta Sur,

almost daily surveys were undertaken to count and collect GFSn

carcasses (post mortem codes 1-2) (Geraci and Lounsbury, 2005).

Human effort for GFS pups counting and carcasses access and

collection depended on meteorological (e.g. tides, storms),

biological (e.g. aggression), safety and ecological (e.g. births) factors

during the breeding season at Guadalupe Island. Also, GFS mortality

monitoring was avoided in crowded or high-density areas during

nursing periods and when neonates were observed (presence of

blood, or placenta). Therefore, results presented herein are an

approximation of the GFS population dynamics of pups at Punta

Sur and an overview of Guadalupe Island.

Each breeding season (early June to late August) was subdivided

into three periods: early (15 June to 6 July), middle (July 7 to 27

July) and late (28 July to 13 August), based on the GFS breeding

season length from early June to late August (Gallo-Reynoso, 1994).

For this study, the Institutional Animal Care and Use Committee

was consulted; however, an ethical review was not warranted.
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2.2 Investigating presumptive causes of
death in GFS pups

GFSn carcasses were collected and transferred to a secure site

for necropsy according to conventional pinniped postmortem

protocols (Dierauf and Pinniped Forensic, Necropsy and Tissue

Collection Guide U.S, 1994). Signalment and morphometric data

included date, sex, body weight (BW) (using a hanging scale, precise

to 0.5 kg), linear standard body length (SBL) (from nose to tail tip),

abdominal girth (ABG) (Gentry and Holt, 1982), and mid sternal

blubber thickness ( ± 0.1 cm) (VBD). During a GFSn necropsy, the

external and internal aspects of the carcasses were inspected and a

presumptive cause of dead (PCOD) assigned according to the

following case definitions:

Emaciation (EM) in GFSn was defined by reduced body mass

below 2.5 standard deviations of the mean, diminished ventral

sternal blubber thickness, volume and composition of stomach

contents (e.g. milk, pica), presence or absence of gastric mucosal

erosions or ulcers, and sparse or complete lack of feces in the

descending colon and rectum. Trauma (TR) (crush and blunt) in

GFSn was diagnosed in cases of bones and organ fractures with

associated hemorrhage and edema (to differentiate ante- versus
FIGURE 1

Study area. (A) Guadalupe Island (B) Punta Sur rookery and (C) locations of study areas at Punta Sur rookery: (A) La Lengüeta; (B) Las Pocitas; (C) El
Muelle.
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postmortem injuries), and other lesions consistent with blunt force

trauma, crush injury or compression, and asphyxiation (Spraker

and Lander, 2010; Spraker et al., 2014). Drowning by immersion

(DR) in GFSn was considered in specific circumstances of habitat,

such as recovery of a submerged carcasses and gross internal

findings consistent with drowning (Spraker et al., 2014). Stillbirth

and perinate mortality (STP) in GFSn were considered if full term

neonates presented stillborn, or death occurred within the first

hours of life, typically with a fresh umbilicus, portions of attached or

expelled placenta, atelectatic or partially inflated lungs and

meconium within the colon. Infectious Diseases (ID) in GFSn was

established by localized abscessation or generalized septicemia,

including evidence of lymphadenopathy, splenomegaly,

pulmonary congestion, and edema, multisystemic hemorrhage,

inflammation and necrosis or other attendant processes. With

more acute stages of fulminant infection, animals showed

moderate to good nutritional condition, whereas, with subacute

and more chronic disorders, the animals tended to present in

suboptimal body condition. Infectious Diseases and low body

weight (IDLBW) in GFSn was designated for perinates and pups

that were emaciated with gross evidence of an infectious or

inflammatory process. Unknown (UNK) causes in GFSn included

carcasses in advanced degree of decomposition, postmortem

scavenging, and in an inaccessible site that precluded recovery.

Undetermined (UND), where an animal was examined, but no

conclusive death cause was identified. UNK and UND

morphometric data were not included in the analyzed data. Due

to the pathology consisting of gross findings with no ancillary

diagnostic studies, pathological analysis GFSn deaths were assigned

as presumptive (PCOD).
2.3 Statistical analysis

Statistical analyses were performed using software STATISTIC

7.0 (Statistic ft Inc., Tulsa, OK) to identify interannual differences in

GFSn BW (kg), SBL (cm), ABG (cm) and VBD (cm), between sexes

(F= female and M= male) and to assess potential relationships with

PCOD during the 2013 to 2016 breeding season. Data were assessed

for normality with Kolmogorov-Smirnov-Lilliefors test and Levene

test for homogeneity (Zar, 1999) and differences across breeding

season in PCOD were associated to morphometric data applying an

Kruskal-Wallis test, as well as correlations using a Spearman Rank

and Mann-Whitney– U-test for statistics differences. A linear

regression was built to establish a relationship between

morphometric variables (Zar, 1999). Frequencies of PCOD by

breeding period (early, middle, and late) and area explored (A, B

and C) in Punta Sur were evaluated by using Chi-square tests.

Results were considered significant when value was P < 0.05. GFSn

carcasses counted during surveys were estimates of the total number

of dead pups (TD) by breeding season (2013-2016). To obtain the

interannual MR (%), the total number of pups born (TB) were

compiled through to the latter stage of each breeding season

(August). The MR was obtained (TD/TB * 100) and interannual

PCOD and MR were expressed as percentages (%).
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3 Results

3.1 Mortality rate in GFS pups

A total of 5,112 GFS births and 439 GFSn carcasses were

counted during breeding season of 2013 – 2016 in Punta Sur

(Table 1). The mortality rate (MR) was estimated at 7.3%

(quartile 25%-75% 6.0% – 11.4%) with differences in TD between

breeding seasons. The highest GFSn recorded mortalities were in

2015 (14.7%), followed by 2014 (8.2%), 2016 (6.7%) and 2013

(5.6%), respectively (X2 = 14.819 df = 3 P < 0.05) (Table 1).

Necropsy was performed on 63% (n= 277/439) of carcasses

between 2013 and 2016, with no significant differences between

sexes (F= 146 and M= 131) (Mann-Whitney – U-test; P > 0.05).

Most of GFSn carcasses in Punta Sur, were identified in mid-season,

64% (n= 280), while 22% (n= 98) and 14% (n= 61) were recorded in

the late and early breeding seasons, respectively (X2 = 187.865, df =

2, P < 0.05) with differences in their frequency by area A (61%, n=

266), B (34%, n= 151) and C (5%, n= 22) (X2 = 203.696, df = 2, P

< 0.05).
3.2 Morphometric findings in GFS pups

Morphometric data from 89% of GFSn (n= 247/277, F = 135

and M = 112) were analyzed (2013 - 2016) (Table 2). The cause of

death in the remaining 11% could not be determined (UNK and

UND) and were excluded from statistical analysis as the animals

were inaccessible, exhibited advanced decomposition, or no

conclusive PCOD was identified. GFSn BW (kg) was similar

between sexes (median: 5 kg, min-max: 3 - 8 kg); however, males

were longer (min-max: 58 - 80 cm) than females (min-max 54 -78)

(Mann-Whitney – U-test; P < 0.05) (2013-2016). GFSn BW was

positive and correlated with ABG (Spearman-Rank; 0.58, P < 0.05)

and VBD (Spearman-Rank; 0.51, P < 0.05) in contrast to SBL

(Spearman-Rank; 0.34, P < 0.05).
3.3 Presumptive causes of death in
GFS pups

Presumptive PCOD was confirmed in 277/439 GFSn at Punta

Sur (2013-2016). PCOD prevalence during the GFS breeding season
TABLE 1 Annual number of Guadalupe fur seal pups that were born
alive, stillborn or found dead and total number of necropsies performed
by breeding season from 2013 to 2016 at Punta Sur rookery, Guadalupe
Island (chi-square, P < 0.05)*.

Breeding
season

Pups
born

Pups
dead

Necropsies
performed

2013 798 52 32

2014 1,200 99 63

2015 1,219 180* 104

2016 1,895 108 48
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were: EM 49% (n= 134/277); TR (crush/blunt) 24% (n= 66/277);

UNK 11% (n= 30/277); ID and ID/LBW 8% (n= 23/277); DR 4%

(n= 12/277) and STP 4% (n= 12/277).The highest percentage of

PCOD (not include UNK/UND cases) by breeding season (n= 247)

from the highest to lowest values were observed in 2015 (42%),

followed by 2014 (25%), 2016 (20%) and 2013 (13%) (X2 = 44.283,

df = 3, P < 0.05) (Figure 2). Statistical differences were identified by

PCOD (X2 = 221.198, df = 4, P < 0.05) and morphology in GFSn

(Kruskal-Wallis test, P < 0.05) (Table 2).
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Macroscopic and morphologic findings in GFSn by breeding

season, time and study area at Punta Sur are described below.

3.3.1 Emaciation
EM represented 49% of PCOD in GFSn (n= 134/277, F = 71,

M = 63) during the breeding season (2013 -2016) at Punta Sur.

Percentage differences in EM by breeding season ranged from 54%,

(n= 73/134) in 2015 to 22% (n= 29/134) in 2014, 15% (n= 20/134)

in 2016 and 9% (n= 12/134) in 2013 (X2 = 66.418, df = 3, P < 0.05)

(Figure 2) with a preponderance of cases detected during middle

time interval (62%, n= 83/134) with fewer in late (31%, n= 41/134)

and early breeding season (7%, n= 10/134) (X2 = 60.195, df = 2,

P < 0.05) (Figure 3), particularly in area A (60%, n= 80/134) and

B (40%, n= 51/134), with a few cases observed in C (5%, n= 3/134)

(X2 = 67.818, df = 2, P < 0.05).

GFSn with EM featured the lowest BW, VBD and ABG. These

findings were similar to IDLBW with the lowest SBL and STP in

contrast to other PCOD (Kruskal-Wallis test, P < 0.05) (Table 2).

The most important external findings were prominent ribs, dorsal

and lateral spinal processes, and pelvic prominences (100%, n= 134/

134). The primary internal lesions were either absence (70%, n= 95/

134) or significative decrease of VBD (30%, n= 40/134), lack of

perirenal and retroperitoneal fat infiltration (100%, n= 134/134),

scant feces (100%, n= 134/134) and gastric erosive lesion (27%, n=

37/134) with generalized atrophy of the skeletal musculature and

liver (100%, n= 134/134) (Figure S2).

3.3.2 Trauma (crush and blunt)
TR was a major cause of GFSn mortality with an incidence of

24% (n= 66/277, F= 37, M = 29) during breeding season (2013 –

2016) at Punta Sur. TR in GFSn were identified as compression/

crushing (66%, n= 44/66) and blunt type (34%, n= 22/66) The peak

incidence of TR was observed in 2016 (35%, n= 23/66), with

reduced numbers in 2013 (24%, n= 16/66), 2015 (21%, n= 14/66)

and 2014 (20%, n= 13/66) (X2 = 3.69, df = 2, P < 0.05) breeding

seasons (Figure 2). Most carcasses with TR were located between
TABLE 2 Morphometric data collected for Guadalupe fur seal pups (N= 247) (median, min-max and mean ± SD) by Presumptive Cause of Dead
(PCOD) during the breeding seasons between 2013 and 2016 at Punta Sur rookery, Guadalupe Island (Kruskal-Wallis, P < 0.05)*.

PCOD
Body
weight
(kg)

Standard Body
length
(cm)

Abdominal
girth
(cm)

Blubber
thickness (cm)

Emaciation
(n= 134)

4 (2.7 - 6.0)*
4.2 ± 0.8

70 (54 - 80)*
69.6 ± 4.5

28 (21 - 34)*
27.7 ± 3.1

0 (0 - 0.6)*
0.20 ± 0.2

Trauma
(n= 66)

6 (4 - 8.0)
5.8 ± 1.0

69 (58 - 76)
68.5 ± 3.5

38 (28 - 45)
37.2 ± 3.6

2.6 (1.5-3.5)
2.6 ± 0.6

Drowning by immersion
(n= 12)

5.2 (4.5 - 7.7)
5.5 ± 1.0

67 (59 - 71)
66.5 ± 3.4

36 (37 - 40)
36.3 ± 1.9

2 (1.5 - 3.5)
2.2 ± 0.5

Stillbirth/perinatal
(n= 12)

5 (3.5 - 7.0)*
4.8 ± 0.9

63 (58 - 71)*
62.8 ± 4.5

33 (25 - 37)*
32.0 ± 3.9

1 (0.5 1.5)*
0.86 ± 0.3

Disease Infection
(n= 11)

6.1 (5.0 - 8.0)
5.1 ± 1.2

70 (65 - 74)
69.8 ± 28

34 (30 - 39)
34.1 ± 3.4

1.5 (1.0-3.0)
1.7 ± 0.7

Disease Infection/low body weight
(n= 12)

4.5
(3.0 -5.0)*
4.2 ± 0.6

70
(64 - 78)
70.6 ± 3.7

28.5
(23 -37)*
28.5 ± 3.4

0.4
(0- 0.8)*
0.34 ± 0.2
FIGURE 2

Incidence of Presumptive Causes of Dead in Guadalupe fur seal
pups between breeding seasons 2013 and 2016 at Punta Sur
rookery, Guadalupe Island. Each number represents total # pup
deaths by year. Data not included for pups assigned as Unknown
and Undetermined.
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and under rocks, especially in area A (60%, n= 37/66), B (40%, n=

26/66) and C (10%, n= 3/66) (X2 = 27.364, df = 2, P < 0.05), within

(60%, n= 40/66) and outside of male territories (40%, n= 25/66)

with the highest percentages during the early (62%, n= 41/66) and

middle (38%, n= 25/66)breeding season (X2 = 38.818, df = 2, P <

0.05) at Punta Sur (Figure 3). GFSn with TR exhibited the widest

ranges of BW, VBD and ABG; however, the STB was consistent

with other PCOD (Table 2).

Fatal TR lesions differed by anatomic location including the

abdominal cavity (41%, n= 18/44) and involved the liver (40%, n=

13/18) or kidney (1%, n= 2/18) and consistently featured rents or

fractures with associated hemorrhage and hemoperitoneum (83%,

n= 15/18). Cranial and thoracic crush/compression lesions (59%,

n= 26/44) presented with subconjunctival congestion, epistaxis,

subcutaneous petechiae, hematoma, edema, and dissecting

hemorrhage of the hypodermis in the neck (31%, n= 8/26) and

torso (69%, n= 18/26). Affected lungs featured subpleural to

parenchymal contusions and atelectasis (50%, n= 13/26) with

hemothorax (30%, n= 8/26). In few GFSn, regurgitated milk was

noted in oropharynx and larynx and frequently was observed in

lower respiratory arcade (29%, n= 13/44) (Figure S3) consistent

with agonal regurgitation and aspiration. In the cranium, blunt TR

was associated with simple to comminuted closed radial fractures

with variable displacement of bone margins and periosteal, epidural

and intracranial hemorrhage (95%, n= 21/22). One GFSn from area

C had a laryngeal fracture (5%, n= 1/22), with epistaxis,

subcutaneous cervical hemorrhage, edema, and segmental

emphysema (Figure S4).

3.3.3 Drowning by immersion
DR diagnosis was rendered in 4% of GFSn (n= 12/277, F= 8 and

M= 4) during breeding season at Punta Sur (2013 – 2016). The

highest proportion of DR were in 2014 (75%, n= 9/12), with fewer

cases in 2015 (17%, n= 2/12) and 2016 (8%, n= 1/12) (X2 = 13.66, df
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= 2, P < 0.05) Figure 2) in middle breeding season (100%, n= 12/12)

(Figure 3) at area A (60%, n= 7/12) and B (40%, n= 5/12)

(X2 = 9.562, df = 2, P < 0.05). After days of strong wave action,

live GFSn were observed in deep rockpools (> 2 m) in area B and

were unable to haul out. In these cases, metabolic exhaustion,

dehydration and possible hypoglycemia were considered the

immediate cause of death. GFSn with DR had higher BW, ABG

and VBD than EM and IDLBW (Kruskal-Wallis test, P < 0.05).

However, SBL was similar to other PCOD (Table 2).

At necropsy, fresh cutaneous lacerations were identified in fore-

flippers (100%, n= 12/12) and chin (90%, n= 11/12) (Figure S5).

Stable tracheobronchial froth and pulmonary edema were also

evident in affected animals (80%, n= 10/12). Lungs were

expanded with prominent, interlobular septae (100%, n= 12/12).

A similar number of DR animals were observed with puncture

wounds consistent with seal dentition (80%, n= 10/12).

3.3.4 Stillbirth and perinatal mortality
STP mortalities were diagnosed in 3.9% of GFSn (n= 12/277, F

= 6 and M = 6) during breeding season (2013 - 2016) at Punta Sur.

A similar percentage of STP e cases were reported in 2015 (31%, n=

4/11), 2014 (31%, n= 4/12), 2013 (12%, n= 2/12) and 2016 (12%, n=

2/12) (X2 = 1.33, df = 3, P > 0.05) (Figure 2). in the middle (90%, n=

10/11) interval with fewer in the early (10%, n= 2/12) (X2 = 14, df =

2, P < 0.05) breeding season (Figure 3). The affected animals were

recovered only in areas A (60%, n= 8/11) and B (40%, n= 4/11)

(X2 = 8, df = 2, P < 0.05). GFSn with STP exhibited similar BW,

VBD and ABG to IDLBW and EM, but had lower SBL in contrast to

other PCOD (Kruskal-Wallis test, P < 0.05) (Table 2).

The most common gross findings of STP included: uninflated

lungs, meconium in the colon and the presence of placenta and

fresh umbilical cord (40%, n= 7/11) (Figure S6). Additional gross

lesions associated with other examined perinates with STL (died

within 24 hours postpartum) consisted of hepatic parenchymal
FIGURE 3

Temporal trends of Presumptive Causes of Dead (PCOD) in Guadalupe fur seal pups during the breeding seasons 2013 to 2016 at Punta Sur rookery,
Guadalupe Island. Each number represent total of recovered and necropsied pups by PCOD, including cases per year. All PCOD including Unknown and
Undetermined causes were included. In contrast to early and late times of the season, 64% of the cases were Unknown or Undetermined.
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lacerations and hemoperitoneum (30%, n= 3/11) and aspirated

colostrum (30%, n= 3/11). In one case, there was focal linear

rupture of the intestine with meconium dispersed throughout the

abdominal cavity (9%, n= 1/11).

3.3.5 Infectious diseases and low body weight
ID and IDLBW was confirmed in 8% of GFSn (n= 23/277, F =

13 and M = 10) during the breeding seasons of 2013 - 2016 at Punta

Sur. The highest percentage of ID and IDLBW cases was recorded

in 2015 (48%, n= 11/23), with reduced numbers of cases in 2014

(30%, n= 7/23), 2016 (13%, n= 3/23) and 2013 breeding season (9%,

n= 2/23) (X2 = 10.727, df = 3, P < 0.05) (Figure 2). The incidence of

ID was most prominent in the middle of the breeding season (61%,

n= 14/23) with fewer in the late (30%, n= 7/23), and early (9%, n= 2/

23) stages (X2 = 9.487, df = 2, P < 0.05) (Figure 3).

ID/IDLBW cases were recovered from all study areas in similar

percentages, A (56%, n= 13/23), B (30%, n= 7/23) and C (14%, n= 3/

23) (X2 = 3.836, df = 2, P > 0.05) at Punta Sur. GFSn with IDLBW (n

= 12) exhibited a lower BW, ABG, VBD in contrast to ID (n= 11)

and other PCOD but SBL was similar to ID (Kruskal-Wallis test, P <

0.05) (Table 2). During necropsy of ID/IDLBW, the most salient

gross lesions were identified in lungs (69%, n= 16/23) and were

characterized by pulmonary consolidation (56%, n= 9/16), edema

(25%, n= 4/16), hemorrhage (12%, n= 2/23) and emphysema (44%,

n=7/23) (Figure S7). GSFn with IDLBW lacked gastrointestinal

contents (100%, n= 12/12), but in contrast to ID, had gastric

erosions (50%, n= 6/12), fibrinous peritonitis (19%, n= 2/11), and

intestinal distension with distended pale-yellow segments of bowel,

suggestive of enteritis (19%, n= 2/11).

3.3.6 Unknown and undetermined
Cases designated as UNK were rendered in 11% of examined

GFSn (n= 30/277, F = 11 and M = 19) during the breeding seasons

of 2013 - 2016 at Punta Sur. Considering UNK (n = 30) and UND

(n = 162) cases during study (2013-2016) at PS, the PCOD was not

determined in 44% of observed GFSn (n = 191/439). The highest

UNK/UND incidence was recorded in 2015 (39%, n= 76) with fewer

in 2016 (31%, n= 60), 2014 (19%, n= 35), and 2013 (11%, n= 20)

breeding season (X2 = 900.96, df = 3, P < 0.05) (Figure 2) with the

highest values registered in the middle (62%, n= 120) and late (25%,

n= 47) season followed by the early (13%, n= 24) period (X2 = 78.93,

df = 2, P < 0.05) (Figure 3), especially in area A (63%, n= 120), B

(31%, n= 58), and C (6%, n= 13) (X2 = 90.68, df = 2, P < 0.05) at

Punta Sur (Figure S6).
4 Discussion

Our results reinforce the importance of high offspring

production and neonate/perinate survival in the GFS population

recovery process, particularly related to marine environmental

changes around Guadalupe Island (Weber et al., 2004; Gálvez

et al., 2020; Juárez-Ruiz et al., 2022). Review of published data

(Spraker and Lander, 2010; Seguel et al., 2013) and ongoing field

observations prompted further investigation of dead pups at

Guadalupe Island to characterize MR and PCOD and better
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Mexico. Data from this study indicate that perinate and neonate

loss was multifactorial and associated with marine environmental

changes (i.e., marine heatwaves).

MR and PCOD in GFSn were similar to reports in other otariids

during the first three months of life (Castinel et al., 2007; Spraker

and Lander, 2010; Seguel et al., 2013; Spraker et al., 2014) and

consistent with a previous study performed during GFS breeding

season on Guadalupe Island (9%) (Gallo-Reynoso, 1994).

Differences in MR and PCOD in otariid species are associated

with intrinsic (e.g. aggressiveness) and extrinsic (e.g. substrate)

characteristics. Hence, temporal and spatial differences among

populations of otariids and pinnipeds are expected (Mattlin, 1978;

Castinel et al., 2007; Maniscalco et al., 2008; Spraker and Lander,

2010; Michael et al., 2019).

The primary PCOD of GFSn was EM. In otariids pups, EM is

considered a natural PCOD related to maternal (e.g. inexperience)

and environmental factors (e.g. prey availability) that may

compromise pups nutritional status and survival. A wide range of

EM prevalence has been reported among different otariid species

(8%-23%) (Doidge et al, 1984; Maniscalco et al., 2008; McIntosh

and Kennedy, 2013; Seguel et al., 2013 Castinel et al., 2007; Michael

et al., 2019) and this variability in incidence is consistent with our

observations of GFSn. Based on the number of GFSn in suboptimal

nutritional condition and secondary or opportunistic ID, the

possibility of mid to late trimester maternal EM, may be a

contributing factor in EM prevalence of GFSn. A lack or

insufficient colostral consumption may also predispose pups to

opportunistic ID.

In pinnipeds, detection of EM increased significatively (47% -

100%) during ocean warming (e.g. El Niño) and was attributed to

prey shortages and changes in maternal care and behavior

(Trillmich et al., 1991; Soto et al., 2004; Reid and Forcada, 2005;

Soto et al., 2006). The highest incidence of EM in GFSn was in 2015

and accounted for 54% of total pup deaths. In 2015, stable isotope

values of GFSn were quantified in fur and prey in feces collected at

Punta Sur and revealed expanded foraging areas of GFS lactating

females (Amador-Capitanachi et al., 2020). This phenomenon

coincided with the lowest BW and survivability of GFSn

associated to alterations in maternal care and prey availability due

to the Northeast Pacific Heatwave (Gálvez et al., 2020). For

example, opalescent squid in SCC (Chasco et al., 2022; Suca et al.,

2022) has a poorer nutritional content linked to a decrease in BW of

California sea lion pups (Zalophus californianus) at San Benito

Archipelago, Mexico (GFS non-reproductive colony) in 2015

(Elorriaga-Verplancken et al., 2016a). On San Miguel Island,

California, similar impacts of limited prey availability have been

reported in California sea lion pups (McClatchie et al., 2016) as well

as with increased strandings of emaciated seabirds along the

California coast (Piatt et al., 2020).

Based on the average duration of GFS females foraging trips and

the lack of gastric contents in GFSn with EM, observed declines of

VBD indicated, that in severely affected GFSn, milk may not have

been consumed for at least 23 days prior to death (Gallo-Reynoso

et al., 2008). This extended fasting, particularly during 2014 and

2015 breeding season, coincided with highest positive SST
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anomalies recorded within the vicinity of Guadalupe Island and

GFS females foraging grounds (Gálvez et al., 2020). A similar

phenomenon linked to prolonged inappetence, or anorexia was

proposed for emaciated Steller sea lion pups (Eumetopias jubatus)

(Trites and Jonker, 2000) and was subsequently modeled

(McHuron et al., 2023). However, it is also necessary to interpret

observations in the context of maternal characteristics (e.g.

primiparous versus multiparous) and other processes involved in

EM cases.

The second most common PCOD in GFSn was TR. TR

incidence was consistent with other published accounts of

mortality in otariid pups (9.9% - 35%) (Castinel et al., 2007;

Spraker and Lander, 2010; McIntosh and Kennedy, 2013; Seguel

et al., 2013; Michael et al., 2019). In pinnipeds, colony dynamics

such as demographics, density, male abundance, intraspecific

aggression, birth peaks, topography and limited locomotion of

pups are linked to variations in spatial and temporal TR

incidence (Doidge et al., 1984; Georges and Guinet, 2000;

Maloney et al., 2009; Michael et al., 2019). At Punta Sur, areas A

and B feature a rocky substrate that in contrast to area C, which

provided shelter and protection for GFSn against waves (Arias-del-

Razo et al, 2016; Garcıá-Capitanachi et al., 2017). The highest TR in

GFSn by crush injury was reported in areas A and B; whereas, blunt

force type injuries were most frequent in area C and attributed to

impact from falls.

GFS is an aggressive species during the breeding season and

peak parturition occurs between early June and mid-July at

Guadalupe Island (Gallo-Reynoso, 1994). In pinnipeds, TR

injuries associated with impact from falls or crushing was inferred

by gross findings of cranial fractures asphyxiation and suffocation,

and correlated statistically with topography of the colony, age-

limited mobility and aggression. Stampedes and abrupt movements

that resulted in TR were particularly pronounced in territorial males

and females such as northern fur seals (Callorhinus ursinus) and

New Zealand sea lions (Phocarctos hookeri) (Gazo et al., 2000;

Spraker and Lander, 2010; Seguel et al., 2013; Michael et al., 2019).

In our study, TR coincided with the peak in births (early and middle

breeding season) reported for this species (Gallo-Reynoso, 1994)

and in areas with the highest GFS crowding (A and B), which is

considered an optimal characteristic during GFS breeding season

(Arias-del-Razo et al, 2016). Additionally, a subadult male was

observed harassing a GFS pup at Punta Sur. Therefore, intraspecific

aggression cannot be dismissed as a cause of TR in GFSn during the

breeding season. TR cases were associated with the widest variation

in BW, SBL and VBD among PCOD. This finding differs with other

published accounts, where lower BW was associated with greater

susceptibility to TR (Calambokidis and Gentry, 1985; Castinel et al.,

2007). Considering that PCOD was not determined in all GFSn, the

relationship of TR to nutritional condition may be underestimated.

ID/IDLBW was the third highest PCOD in GFSn. In pinnipeds

pups, ID rate is highly variable (3%-28.2%) and animals typically

present with localized abscessation or generalized septicemia.

Infection may be secondary to in utero or post-partum

malnutrition, insufficient colostrum consumption, prolonged

maternal separation, or exposure to infectious agents. Clinical signs

and gross findings may be associated with pneumonia, enterocolitis,
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Lander, 2010; Seguel et al., 2011; Michael et al., 2019). IDmay present

as localized abscessation or systemic infection. In some cases,

bacterial involvement may be the primary agent or possibly

exacerbated by parasitism or environmental change. For example,

Uncinaria spp. infection New Zealand sea lion pups (Castinel et al.,

2007; Michael et al., 2019), and enteritis and septicemia in South

American fur seal pups (Arctocephalus australis gracilis) (Seguel et al.,

2011), are associated with increased SST, decreased growth rates,

malnutrition and impaired immune function (Seguel et al., 2018).

The highest incidences of ID and IDLBW in GFSn were in 2015 and

2014 and coincided with northeast Pacific heatwave around

Guadalupe Island, thus are likely attributed to changes in GFS

feeding habits and nutritional condition (Amador-Capitanachi

et al, 2020; Gálvez et al., 2020). Based on immune function studies

in a variety of mammal species (Li et al., 2007; Acevedo-Whitehouse

and Duffus, 2009) a suboptimal nutritional status of GFSn (BW and

VBD) presumably affected immune function and contributed to

increased IDLBW/ID observed in 2014 and 2015. A connection

between climatic anomalies and immune competence has been

found in the California sea lion (Banuet-Martıńez et al., 2017)

during the same period, and further studies are required to explore

potential associations and mechanisms in GFS.

DR accounted for 4% of GFSnmortality in this case series. This

incidence is lower than findings in other otariid pup case studies

(16.7% - 31.9%) and may reflect environmental, tidal, topographic,

and climactic conditions (Doidge et al., 1984; Maniscalco et al.,

2008; Seguel et al., 2013). During Hurricane Darby in the summer of

1992, up to 33% of GFSn died during or shortly after the event

(Gallo-Reynoso, 1994). In pinnipeds, DR diagnosis is related to

macroscopic and microscopic lesions, circumstances associated

with recovery of the carcass, environmental and climatic

conditions, and physical limitations of neonates and weanling

(Maniscalco et al., 2008; Seguel et al., 2011; Seguel et al., 2013).

During the summer of 2014, tropical storms “Douglas” and

“Hernan” occurred in late July in the Northwest Pacific Ocean

and the peninsula of Baja California (NOAA, 2014). Subsequent to

these meteorologic events, increased numbers of GFSn carcasses

were recovered submerged in, or hauled out around rocky pools in

areas A and B. Rocky pools and GFS births close to wave break areas

may predispose pups to displacement into confined rocky recesses

or deep pools by surging waves. These events, coupled with physical

limitation to escape or evade the incidents may contribute in part to

spatial and temporal differences in the incidence of DR.

STP was the fifth highest PCOD in GFSn and the incidence

ranged from 2.3% - 15.4%. The pathogenesis of this condition is

likely multifactorial (Soto et al., 2004; Castinel et al., 2007;

Maniscalco et al., 2008; Spraker and Lander, 2010; Seguel et al.,

2013) and may be related to maternal and neonate characteristics

(e.g. feto-maternal disproportion), ID (e.g. placentitis or

pneumonia) (Spraker and Lander, 2010 Soto et al., 2004) and

environmental and population factors, such as colony density and

demographics (e.g. TR) (Doidge et al., 1984). In this study, VBD in

GFSn was lower than other PCOD and the presence of a fresh

umbilicus and placenta, pulmonary atelectasis and meconium

suggested dystocia or fetal distress. These findings have previously
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been reported in New Zealand sea lions and other pinniped species

(Spraker and Lander, 2010; Michael et al., 2019). In NFS dystocia

has been linked to larger pups (fetomaternal disproportion)

(Spraker and Lander, 2010), whereas, in our case series, STL was

more consistent with IDLBW and EM cases. However, in otariid

populations during ocean warming and prey shortage resulted in

increased abortion rates (Trillmich et al., 1991), which could not be

confirmed in this study. During fieldwork at Guadalupe Island, a

dead full term pregnant GFS was identified in area A (June 2015)

and necropsy revealed a breach presentation. It is unknown whether

the fetal position, size, maternal or other factors may have

contributed to the dystocia and loss of this animal.

In other STL cases, mobility limitations of the peri- or neonate

may have contributed to TR. These cases typically presented within

a few days post-partum, and on necropsy, featured regurgitation

and aspiration of milk and ruptured internal viscera with associated

hemorrhage (Spraker and Lander, 2010). Punta Sur exhibit the

highest GFS density during early and mid-breeding season and

coincided with the highest TR incidence. GFS behavior (e.g.

aggression) and substrate topography may have contributed to

temporal and spatial differences in STL and TR at Punta Sur in

this case series. However, the biological consequences of increased

SST between 2013 and 2016 throughout the northeast Pacific Ocean

due to the Northeast Pacific Heatwave (Cavole et al., 2016)

impacted GFS female foraging habits in the vicinity of Guadalupe

Island (Amador-Capitanachi et al., 2020) and the San Benito

Archipelago (Elorriaga-Verplancken et al., 2016b), decreased BW

of live GFSn (Gálvez et al., 2020) and coincided with the lowest

recorded BW and VBD in GFSn with STL and EM cases during

breeding season 2014 and 2015 at Punta Sur. Similar reports in

other otariid species during ocean warming and prey shortage

(Trillmich et al, 1991; Lunn et al., 1994) have been linked to

reduced fat assimilation and subcutaneous blubber deposition

(Riet-Sapriza et al., 2012).

The UNK and UND cases accounted for 44% of total GFSn

deaths during study at Punta Sur and occurred predominantly during

middle and latter stages of the breeding season of 2015 and 2016 in

areas A and B. These areas and seasons are suitable terrestrial habitats

for GFS adults and pups with highest abundances during the breeding

season in Guadalupe Island (Arias-del-Razo et al, 2016; Garcıá-

Capitanachi et al., 2017). In the 2015 breeding season, the highest

percentage of PCOD were due to EM, and TR. However, the lack of

complementary diagnostic analysis of UNK cases and potential

impact of other factors could have been underestimated.

Nonetheless, our results from GFSn examinations with a PCOD

demonstrate a susceptibility and document impacts associated with The

Northeast Pacific heatwave, and the relevance of terrestrial and marine

environmental characteristics during post-partum development. This

species appears to be vulnerable to marine heatwaves and hence, to prey

availability in the foraging grounds of adult females. However, long-

term consequences in the species, in this regard, are unknown.

Although PCOD in GFSn are considered natural events, the

contribution of anthropogenic activities (e.g. biological and

chemical pollutants) on GFS population health and mortality
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dynamics at Punta Sur, particularly during lactation periods and

maternal care, cannot be dismissed. Future efforts to incorporate

histopathology and ancillary diagnostic studies (e.g. toxin and

pathogen exposure and nutritional analysis) to differentiate

impacts of non-human and human activities (e.g. pollution) on

GFS mortality at Guadalupe Island are warranted. Inclusion of

other age classes, such as juveniles and subadults, as well as a more

long-term study may provide additional information that could be

integrated with demographic, nutritional and health studies with

the reemergence of GFSs in U.S., and habitat expansion in Mexico.

Finally, a decreased body size and survival of vulnerable species

has been suggested as an important developments associated with

global warming and an increase in marine heatwaves frequency

(Gardner et al., 2011 Frölicher et al., 2018). In marine mammals,

marine heatwaves have led to habitat compression and changes in

prey distribution and biodiversity with negative consequences in

foraging availability and individuals’ welfare (Santora et al., 2020;

Maniscalco, 2023). However, overall biological and ecological long-

term consequences in most marine megafauna are unknown

(Gulland et al., 2022; Smith et al., 2023). The GFS is sensitive to

the regional warming of the northeast Pacific Ocean due to marine

heatwaves (Gálvez et al., 2020; Juárez-Ruiz et al., 2022) decreasing

perinate and neonatal survival, which is a key stage in the

population recovery of this species and its habitat expansion. This

mortality research in its critical habitat should better inform GFS

response to ocean warming, as well as biological factors involved in

its demography and health. Our findings provide a tool to detect

and prevent potential risks to GFS as well as information

management and conservation schemes for the survival and

recovery of this species in critical habitats.
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SUPPLEMENTARY FIGURE 1

Areas explored for collection and quantification of Guadalupe fur seal pup

carcasses in Punta Sur rookery at Guadalupe Island, B.C. (A) area A, rocky and
Frontiers in Marine Science 10
sheltered large platform with multiple territories, newborns, and a pup
carcass (arrow) classified as unknown; (B) area B, rocky platform with large

rocks and deep tide pools; (C) area C, site with cliffs and large rocks holding

adult males and pups (arrow).

SUPPLEMENTARY FIGURE 2

Gross findings in Guadalupe fur seal pups with suboptimal nutritional

condition (emaciation, images A and B) and normal adipose stores (images
C and D) found in Punta Sur rookery at Guadalupe Island, B.C. (A) pup with

generalized atrophy of the subcutaneous blubber and musculature; (B) lack
of peri-renal and retroperitoneal fat; (C) well-conditioned pup that died of
trauma with a normal blubber layer; (D) prominent normal peri-renal and

retroperitoneal fat stores.

SUPPLEMENTARY FIGURE 3

Gross findings in Guadalupe fur seal pups with evidence of crush trauma

observed in Punta Sur rookery at Guadalupe Island, B.C. (A) in situ carcass in

area A, presumably crushed. Note presence of milk draining from the oral and
nasal cavities; (B) subcutaneous hematoma in neck subcutis and muscularus;

(C) aspirated milk in lumen and overlying the mucosa of the trachea; (D)
hemoperitoneum due to liver rupture; (E) severe subscapular renal

hematoma attributed to abdominal compression.

SUPPLEMENTARY FIGURE 4

Gross findings of blunt force trauma in a Guadalupe fur seal pup found in
Punta Sur rookery at Guadalupe Island, B.C. (A) subcutaneous swelling of the

intermandibular region; (B) incision of the area depicted in plate A with severe
focally extensive acute edema, hemorrhage and laceration of subcutaneous

fascia and muscle; (C) multifocal hypodermal petechiae with extensive
subcutaneous emphysema . Note , ove ra l l fluffy appearance

during examination.

SUPPLEMENTARY FIGURE 5

Gross findings in Guadalupe fur seal pups recovered from a deep tidal pool
with abrupt high walls in Punta Sur rookery at Guadalupe Island, B.C. The

cause of death of this pup was drowning by immersion (A) pups carcasses
trapped inside a deep rooky pools located in B area after storm in 2014

breeding season; (B) circular abrasion in chin; (C) multiple fresh abrasions

with hemorrhage along the leading edge of a foreflipper (left).

SUPPLEMENTARY FIGURE 6

Gross findings in a stillborn Guadalupe fur seal pup located in Punta Sur

rookery at Guadalupe Island, B.C. (A) typical rocky substrate with an adult
female and fresh dead neonate, the umbilicus and placenta are under female

foreflippers; (B) atelectic lungs; (C) abundant meconium in the colon of

stillborn pup.

SUPPLEMENTARY FIGURE 7

Gross finding in a Guadalupe fur seal pup dead by infection found in Punta Sur

rookery at Guadalupe Island, B.C. (A, B) pup lung with diffuse consolidation.
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