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Abstract
Pinniped strandings can be used as a proxy to
evaluate the impacts of anthropogenic activities on the local marine environment. Stranding
data from Oregon and Washington from 1991 to
2016 were used to examine regional and temporal patterns in strandings and human interaction
cases across age and sex for six species. Over
the study period, 14,729 pinnipeds were reported
stranded along the coast in the Pacific Northwest,
11% of which were documented as human interaction cases. Total strandings and the number of
reported human interaction cases increased over
time for most species. The composition of age
and sex classes varied for each species, as did
the proportion of strandings identified as human
interaction cases. Gunshot wounds and fisheries
entanglements were concentrated in clusters along
the coast and together constituted the majority of
human interaction cases. Stranding and human
interaction case hotspots were different across
species and varied seasonally, likely due to the distribution of pinnipeds and human activities along
the coast. Despite the challenges and uncertainties
inherent in using stranding data as an indicator of
pinniped health and anthropogenic impacts, modeling spatio-temporal patterns is useful for stranding response practitioners and natural resource
managers when evaluating the scope and magnitude of threats to pinniped populations.

Key Words: stranding, anthropogenic impacts,
pinnipeds, human interactions, spatio-temporal
analysis, Pacific Northwest
Introduction
Pinnipeds are subject to a wide range of natural
and human-related causes of illness or injury, and
studying the spatio-temporal patterns of pinniped
strandings can provide insight into the dynamic and
interconnected factors influencing the health of populations vulnerable to human activities. Pinnipeds are
often considered sentinels of ocean health (Ross,
2000; Aguirre & Tabor, 2004; Bossart, 2006, 2011;
Moore, 2008) as they are top predators living at the
land–sea interface and strand onshore exhibiting
direct evidence of the threats they encounter in their
environment. However, factors influencing where
and when an animal strands are diverse, numerous, and interdependent, including ocean conditions; prey availability; susceptibility to disease; and
changes in abundance, pupping season, or species
range (Woodhouse, 1991; Brabyn & McLean, 1992;
Wilkinson & Worthy, 1999; Norman et al., 2004;
Pyenson, 2010; Osinga et al., 2012; Berini et al.,
2015; Johnston et al., 2015). Therefore, stranding
records can provide insight into pinniped life history traits and behavioral responses to natural environmental fluctuations and human-related activities.
For instance, strandings of both pinnipeds and cetaceans have been found to correlate with prevailing
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ocean conditions, changing species abundance and
distribution, and greater reporting effort (Norman
et al., 2004; Leeney et al., 2008; Pikesley et al., 2012;
Berini et al., 2015; Huggins et al., 2015b; Prado et al.,
2016). Increased stranding events for seals in the
northeast U.S. (Soulen et al., 2013; Johnston et al.,
2015) and the Netherlands (Osinga et al., 2012) have
also been attributed to a combination of these factors.
On the United States (U.S.) West Coast,
researchers have extensively studied stranding
trends in California sea lions (Zalophus californianus), northern elephant seals (Mirounga
angustirostris), and harbor seals (Phoca vitulina)
in central California and have generally found
that strandings and documented human interaction (HI) cases (e.g., fisheries entanglements,
gunshot wounds, dog bites, etc.) have increased
over time, that males and pups strand in greatest
numbers, and that strandings have been elevated
during El Niño events (Stewart & Yochem, 1987;
Goldstein et al., 1999; Melin et al., 2000, 2008,
2010; Greig et al., 2005; Moore et al., 2009;
Keledjian & Mesnick, 2013). In the U.S. Pacific
Northwest, researchers have used stranding data
to identify trends in mortality rates and causes,
primarily for harbor seals (Stroud & Roffe,
1979; Steiger et al., 1989; Huggins et al., 2013;
Lambourn et al., 2013). Norman et al. (2004) identified cetacean stranding hotspots in the Pacific
Northwest and noted a summer peak in reported
strandings likely due to the seasonal rise in beach
attendance and a greater cetacean presence in the
area during periods of stronger inshore upwelling.
Patterns in harbor porpoise (Phocoena phocoena)
and killer whale (Orcinus orca) strandings have
been used to examine long-term mortality trends
and highlight the importance of consistent stranding response effort and data collection protocols
in the region (Barbieri et al., 2013; Huggins et al.,
2015b). However, few spatio-temporal analyses have been conducted on long-term pinniped
stranding patterns in the region.
Data from stranding response networks were
used to characterize spatio-temporal trends in age,
sex, species, and HI cases for stranded pinnipeds
in Oregon and Washington from 1991 to 2016, a
longer time period than has been assessed to date.
We hypothesized that the number of reported
strandings and HI cases will have risen over
the study period due to a combination of growing populations, range expansion, and enhanced
stranding response capacity that began in the mid2000s. We also expected that strandings for different species would not be uniformly distributed
along the coast. This study provides summary
statistics that can be used to help allocate limited
resources for pinniped stranding response and to
guide further investigations into the complexities

of co-occurring human and pinniped uses of a
diverse and changing coastal landscape.
The quantity and consistency of information
contained within stranding records can vary over
time and across regions, particularly in an area
such as the Pacific Northwest that is characterized
by diverse topography (including remote beaches)
and a large number of stranding response groups.
Stranding response relies heavily on reports from the
public, which can vary by region due to the degree
of residential development, public awareness, and
community interest (Huggins et al., 2015a). This
heterogeneity illustrates the importance of acknowledging and contextualizing the variability inherent in
stranding data when studying the natural and anthropogenic threats facing pinniped populations. Despite
these caveats, stranding records are often the best or,
on occasion, the only available data for evaluating
population-level threats. Analyses of stranding data
are critical to natural resource managers tasked with
assessing and monitoring pinniped populations and
are additionally useful to ensure that response network practitioners have the necessary resources to
study, collect, and evaluate stranded marine animals.
Study Area and Species
The coastline of the Pacific Northwest is a patchwork of varied landscapes (e.g., rocky intertidal
zones, sandy beaches, and estuarine embayments), public accessibility, and degree of development (e.g., residential and commercial districts, shipping channels, ports, fishing activities,
state and national parks, and ecotourism). Dense
human population areas include Astoria, Newport,
and Coos Bay in Oregon, and cities along the
Puget Sound such as Seattle and Tacoma in
Washington. Larger fishing ports include Astoria,
Coos Bay, Newport, and Warrenton in Oregon,
and Bellingham, Ilwaco, Seattle, Tacoma, and
Westport in Washington. Vessel activity is more
common throughout inland Washington waters,
Grays Harbor, and along the Columbia River.
The coastlines along northern Washington and
southern Oregon are less developed. Six pinniped
species inhabit the coastal and inland waters of
Oregon and Washington for some or all of their
lives. Each are distinguished by unique life history
characteristics, behavioral traits, local abundance,
and dynamic population trends that influence their
presence within the study area and, therefore,
when, where, and how often they strand.
Harbor seals are the most abundant and
widely distributed pinniped in Washington State
waters and are found along the entire West Coast
(Jeffries et al., 2000). Four stocks (three inland
and one coastal) have been delineated within the
Pacific Northwest (Huber et al., 2012; Carretta
et al., 2016), all of which were presumed to have
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stabilized and reached carrying capacity by 1999
(Jeffries et al., 2003). Reproductive cycles vary
regionally, with pupping occurring in late spring
along the Oregon coast, mid-April through July
for the outer Washington coast, and June through
September in inland Washington waters, including the Hood Canal (Jeffries et al., 2000). Adult
harbor seals exhibit high haul-out site fidelity and
choose sites depending on the time of day, tides,
season, or food availability (Thomas et al., 2011;
London et al., 2012).
California sea lions are the most abundant pinniped off the coast of California, numbering nearly
300,000 individuals and growing approximately
5.4% per year (Carretta et al., 2016; Laake et al.,
2018). The majority of the population breeds on
the Channel Islands off southern California, with
smaller rookeries off the coast of Baja California.
While non-lactating females disperse throughout
California, lactating females remain near the rookeries during the summer and fall, making shorter
local foraging trips until pups are weaned the following spring (Melin et al., 2008). Adult and subadult males make winter foraging trips as far north
as southeast Alaska and return south in late spring
(Lowry & Forney, 2005). Individuals found in the
Pacific Northwest are, therefore, usually males
utilizing feeding areas in fall, winter, and spring
months, though small numbers of females have
been sighted in the area and even into Alaska in
recent years (Maniscalco et al., 2004; Washington
Department of Fish & Wildlife, unpub. data).
Steller sea lions (Eumetopias jubatus) range
from Japan throughout the North Pacific and
south into California. The Eastern distinct population segment has breeding and haul-out sites
located along the coast of southeast Alaska, British
Columbia, Washington, Oregon, and California
(National Marine Fisheries Service [NMFS], 2013;
DeMaster, 2014; Carretta et al., 2016). Population
dynamics vary by region, with overall growth
rates estimated at 2.5 to 4.7% per year. During the
summer breeding season, adult males generally
remain onshore, while females and juveniles make
short foraging trips. Otherwise, individuals are
widely dispersed, particularly males and subadults
(Pitcher et al., 2007; NMFS, 2013).
Northern elephant seals range from Mexico to
the Aleutian Islands, making seasonal migrations
from rookeries in California to feeding areas in
Alaska and the central North Pacific (Zenkovich,
1998; Carretta et al., 2016). The population has
grown by 3.8% per year in recent decades (Lowry
et al., 2014). Males make spring and fall feeding
trips, and females make an initial 2-mo foraging
trip after weaning pups in late winter and then
another 8-mo foraging trip during gestation before
returning to the rookery to give birth and breed
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in winter (Le Boeuf et al., 2000). In the Pacific
Northwest, individuals (largely subadults) can
be found hauled out during molting from March
through August (Carretta et al., 2016), though
pups have been recorded near Victoria, British
Columbia, as well as Destruction, Protection,
Minor, and Whidbey Islands in Washington in
recent years (Washington Department of Fish &
Wildlife, unpub. data).
Northern fur seals (Callorhinus ursinus) range
from southern California far into the North
Pacific, with two recognized stocks in U.S. waters:
(1) California and (2) Eastern Pacific (Carretta
et al., 2016). Primary rookeries are located on the
Pribilof and Bogoslof Islands in the Bering Sea,
though individuals may haul out along the coast
in the Pacific Northwest or British Columbia outside of the breeding season (Gelatt et al., 2015).
Adults are onshore throughout the summer breeding season and then remain at sea for 7 to 8 mo,
with females and pups from both stocks migrating
to foraging areas off the West Coast (Lea et al.,
2009; Orr et al., 2012).
Guadalupe fur seals (Arctocephalus townsendi)
were presumed extinct in the late 1800s but were
then sighted again beginning in 1928 off Baja
California (Townsend, 1931). The population
is listed as “Threatened” under the Endangered
Species Act (ESA) but has been rebuilding, increasing by 13 to 21% per year (Esperon-Rodriguez &
Gallo-Reynoso, 2012). Less is known about seasonal distribution and foraging patterns, but individuals have been sighted in the Channel Islands
and off the coasts of Washington and British
Columbia, and strandings have been occurring in
Oregon and Washington, suggesting potential reexpansion into their historic range along the West
Coast (Hanni et al., 1997; Etnier, 2002; Lambourn
et al., 2015).
Methods
Data Sources and Characterization
Data for this analysis were collected and compiled by more than 15 regional response network
members spanning the coasts of Oregon and
Washington (Supplemental Figure S1; supplementary figures and tables for this article are
available on the Aquatic Mammals website:
https://www.aquaticmammalsjournal.org/index.
php?option=com_content&view=article&id=10&
Itemid=147). Data are submitted to the National
Marine Fisheries Service (NMFS) national stranding database throughout the year and generally
finalized by the National Oceanic and Atmospheric
Administration (NOAA) by March of the following year (last accessed February 2017). Database
fields queried were standardized “Level A” data,
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including the ID number, observation date, stranding location, latitude and longitude coordinates,
age class, sex, species, stranding condition (live or
dead), and other observational comments, including
evidence of injury or HI. Records for all pinnipeds
reported stranded in Oregon and Washington from
1991 to 2016 (N = 14,729) were aggregated by
month, year, and stranding location. Age class designations were included on the Level A form beginning in the early 2000s; therefore, we only analyzed
age class data from 2002 to 2016 (n = 10,861). Age
class categories include pup, yearling, subadult, and
adult, though the definition of when a pup becomes
a yearling has changed over time, obfuscating the
distinction between these two categories that could
be combined in future analyses. Summary statistics
were derived for three regions—(1) Oregon coast,
(2) Washington coast, and (3) inland Washington
waters (defined as waters inland of the mouth of
the Strait of Juan de Fuca)—because stranding
response, beach accessibility, and species’ habitat
use in these areas are very different. For this analysis, we used the reported stranding location as a
relative approximation for where strandings and HI
cases actually took place, though carcasses can drift
for some time before making landfall, and entangled animals can migrate with entangling debris
from a different region.
In addition to investigating total stranding cases,
we examined the number of cases exhibiting the
presence of HI. These HI cases are recorded on
the Level A stranding intake form as “Yes,” “No,”
or “Could not be determined (CBD),” including designations for fisheries entanglements (by
nature, entanglements from active vs derelict
fishing gear cannot be distinguished in stranding
data), gunshot wounds, boat collisions, or “other”
HI. Descriptions of “other” HI can include indeterminate blunt trauma, dog bites, debris entanglement, oil staining, and humans harassing or
illegally picking up or relocating animals. The
“CBD” designation applies to a variety of situations, including instances when an animal was
not examined or when an examiner was unable
to confidently determine the presence or absence
of HI. Thus, the number of confirmed HI cases
is a conservative estimate. Records for dead or
decomposed animals can be missing specification
in certain fields, resulting in “Unidentified” age,
sex, or even species designations.
Two measures of the prevalence of HI cases
were examined: (1) the annual proportion of total
strandings made up of HI cases (e.g., number of
fisheries entanglements divided by total stranding
cases) to reveal variation in the magnitude of HI
independent of changes in population demographics, and (2) the percent composition of HI cases
(e.g., number of fisheries entanglements divided

by total HI cases) to examine which type(s) of
anthropogenic activity may have a greater effect
on a given age, sex, or species. It is important to
note, however, that stranding response networks
with the capacity to conduct more detailed necropsies may report a higher proportion of positive
HI findings, while those that conduct fewer or less
detailed necropsies may report a higher proportion
of CBD determinations. Therefore, results examining the spatial differences in the prevalence of HI
cases must be interpreted within this context.
Statistical Analysis
To determine whether the number of strandings
was significantly different across categorical variables such as age class, sex, species, or location,
we conducted pairwise Kruskal-Wallis Nemenyi
tests (`posthoc.kruskal.nemenyi.test` function in
the PMCMR package) in R (R Development Core
Team, 2009) with age class, sex, and species as
independent variables and the number of stranding
cases as the dependent variable. Summary statistics were examined both at the regional level (i.e.,
by state) for management-relevant analyses and
on a local level (i.e., by county) more useful for
stranding response practitioners.
To determine whether strandings and HI cases
have changed over the study period, we examined
both the number (i.e., documented counts) and
prevalence (i.e., percent of total strandings) over
time. We used negative binomial general linear
model (GLM) regressions for total annual stranding cases against year (`glm.nb` function in the
MASS R package) to account for overdispersion
and correct for standard error (SE) estimates that
might be biased in a Poisson regression model.
Regressions were repeated for total strandings
and HI cases for each species. Regression coefficients reported using this technique were backtransformed, resulting in a “fold increase” (e.g., y
= 1.051x being equivalent to a 5.1% increase per
year). To examine changes in the prevalence of HI
cases, we used a binomial logistic GLM regression
with the logit link function, resulting in untransformed regression coefficients. Annual time series
trends were also explored using Chow’s breakpoint
test (`sctest` function in the strucchange R package) to determine whether interannual changes in
stranding counts reflect known changes in stranding network capacity, response effort, or funding
over time. To determine whether strandings exhibited seasonal patterns, post-hoc pairwise KruskalWallis Nemenyi tests were used with month as the
independent variable and total monthly stranding
cases as the dependent variable. Monthly analyses were conducted using only cases that were
recorded as being either alive or freshly dead at the
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time of observation to best capture the temporal
component of the stranding event.
To determine possible spatial patterns in overall strandings and HI cases, the negative binomial
GLM regression and pairwise Kruskal-Wallis
Nemenyi tests were applied using stranding location (county) as the independent variable and
annual stranding cases as the dependent variable.
Stranding hotspot maps were generated with a
kernel density estimation (Gatrell et al., 1996) with
three and four bins (`geom_density2d` function in
the ggplot2 R package). This function does not
account for the fact that strandings occur only on
the coast, so these maps are intended as a qualitative visualization rather than a statistical predictor.

defining a “stranding” event. We have not excluded
these in this analysis because such cases are inconsistently documented across stranding networks
and are, therefore, difficult to systematically extract
from such a large dataset. Furthermore, they represent the true number of cases that require time and
resources from response networks.
Stranding response networks in Oregon and
Washington are diverse and have grown in their
capacity over the study period, particularly in the
early 2000s with the implementation of the John
H. Prescott Marine Mammal Rescue Assistance
Grant Program (see www.nmfs.noaa.gov/pr/health/
prescott), which could, in part, account for a rise in
reported strandings. One of the challenges of using
data from this compilation of stranding networks is
that beach coverage, response capacity, and even
data-reporting protocols vary between network
members, over time, and across regions (Huggins
et al., 2015a). However, when combined, these data
illustrate what is known and what remains uncertain
about long-term spatio-temporal patterns in strandings and HI cases throughout the region.

Caveats
A pinniped is defined as being stranded when it is
either dead or still alive on the beach and in need of
medical attention or unable to return to the water on
its own (Marine Mammal Protection Act of 1972).
Animals are also reported by the public when they
might be simply resting or molting, and responders
frequently monitor these situations (particularly if
the animal is located in a populated area) and use
their best judgment about whether to document it
in the database. Therefore, reported strandings for
some species in some areas (particularly for elephant
seals and harbor seal pups in inland Washington
waters) may over-represent the true number of
stranded animals that are sick or injured. From 2002
to 2016, approximately 10% of cases were found
alive and left at the site (primarily harbor seals and
California sea lions, largely adults, and a mix of
female, male, and unidentified sex depending on the
region), indicating that they may have been resting.
However, these cases may also have been a “true”
stranding if they were ill but returned to the water
on their own, exemplifying an ongoing challenge in

Results
From 1991 to 2016, local stranding response networks identified and recorded 14,729 stranded pinnipeds along the coasts and inland waters of Oregon
and Washington. Approximately 29% (n = 4,288)
were alive and 31% (n = 4,611) were freshly dead
at the time of recovery, with the remainder being
in various states of decomposition. The majority of total strandings over the study period were
harbor seals (60% of all cases) and California
sea lions (19%), followed by smaller numbers of
Steller sea lions (7%), northern elephant seals (3%),
Guadalupe fur seals (1%), and northern fur seals
(1%) (Table 1). Annual strandings were significantly

Table 1. Age and sex composition and weighted averages of all strandings (N = 14,729). Age class composition is derived
from the subset of data from 2002 to 2016 (n = 10,861).
All strandings
Species

(n)

(%)

Sex (% of species)
Male

Female

19.4

Harbor seal

8,851

60.1
2.8

37.8

14.1

119

0.8

25.2

41.2

1.9

0.7

97.4

24.8

14.7

18.2

46.7

Northern
elephant seal

Northern fur seal

Steller sea lion

Unidentified
Average

418

1,047

1.1

31.7

25.1

1,263

8.6

7.1

41.5

--

--

35.1

31.1

24.1

33.6

20.7

Pup

2,864
167

1.0

Unid. sex

California sea lion

Guadalupe fur seal

78.3

Age (% of species)

37.1

0.3

Yearling
10.8

1.2

91.5

48.1

33.0

33.6

50.8

60.8

5.8

Subadult
17.8
2.4

Adult
64.1
2.4

Unid. age
7.1

2.4

30.0

4.9

20.2

19.1
9.4

7.5

33.7

41.3

7.6

3.0

12.8

6.5

3.4

8.4

10.9
2.1

19.4

72.0

39.4

9.2

8.6

31.8

11.0

59.7

9.4

4.4
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different across species over the study period (χ2 =
9.8, p < 0.01), ranging from a median of 3 per year
for northern fur seals to 335 per year for harbor
seals (Figure 1a). The sex and age composition of
strandings varied depending on species and can be
obscured by the proportion of unidentified cases,

though California sea lions exhibited a higher proportion of males relative to other species (Table 1).
Evidence of HI was noted in 11% (n = 1,652) of
all stranding cases over the study period, with the
greatest number being from “other” (n = 621, 38%
of all HI cases), gunshot wounds (n = 611, 37%),

Figure 1. Boxplots of total annual (a) strandings by species and (b) human interactions (HIs) by case type, with the median
annual number indicated by the horizontal black bar
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and fisheries entanglements (n = 345, 21%), followed by a much smaller number of boat collision
injuries (n = 75, 5%). Of these “other” cases, less
than half of the records contain descriptions; and
of those described cases, the majority were related
to marine debris and public harassment, followed
by dog bites and illegal pick-ups. Fisheries interactions were the most common type of HI case
for yearlings (40% of all yearling HI cases) and
were less prominent for pups and adults (16 to
18%) (Table 2). Gunshot wounds, however, were
the most prominent HI type for adults (58% of
adult HI cases) and subadults (52%), with very
few gunshot cases in pups (4%). Boat collisions
constituted a small proportion (4 to 7%) of HI
cases for all age classes (Table 2). Similar to the
pattern observed for total cases, harbor seals comprised the majority of HI cases (56%), followed

by California sea lions (28%) and Steller sea lions
(11%) (data not shown).
Species
Harbor Seals—Pups amounted to 61% of strandings
(from 2002 to 2016), greater than that observed in
any of the other species (Table 1). Harbor seals are
the only species that stranded in greatest numbers
in Washington, with 77% occurring along inland
waters and much fewer (8%) on the outer coast
(Table 3). Approximately 10% of strandings were
HI cases, the majority of which (53%) were “other”
cases (largely public harassment, illegal pick-ups,
and dog bites). Gunshot wounds (21% of HI cases)
and fisheries entanglements (20%) were also prominent, with few boat collision injuries (6%) (Table 3).
California Sea Lions—Approximately 78% of
strandings were identified as male, 1% as female,

Table 2. All strandings, the number and prevalence of HI cases (HI cases/all strandings), and the composition of HI cases
(HI type/total HI) across age and sex classes. Age class composition is derived from the subset of data from 2002 to 2016
(n = 10,861).
All strandings
Class
Female

Male

Unid. sex

Pup

Yearling

Subadult

Adult

Unid. age

(n)

Human interactions

(% of total)

2,680

18.2

5,169

(% of class)

442

35.1

6,880

(n)

46.7

16.9

336

460

10.7

937

8.6

149

15.9

3,449

82

31.8

1,196

32.4

34.8

16.7

39.8

20.4

4.1

22.3

16.9

105

52.4

15.8

8.8

Gunshot
47.1

17.4

8.2

583

11.0

19.9

16.0

4.9

39.4
9.2

Fisheries

16.5

874

4,281
998

HI composition (% of HI cases)

58.5

29.1

37.6

Boat

Other

5.0

42.8

4.6

32.3

3.9

44.6

6.8

71.7

4.3

35.5

4.2

21.1

4.3

21.4

2.1

31.2

Table 3. Number and percent of all strandings (N = 14,729), regional strandings, number and prevalence of HI cases (HI
cases/all strandings), and the composition of HI cases (HI type/total HI) across species
All strandings
(n)

(% of
total)

OR
coast

California sea lion

2,864

19.4

Guadalupe fur seal

167

1.1

8,851

Species

Harbor seal
Northern elephant seal
Northern fur seal
Steller sea lion
Unidentified
Average

Human
interactions

Region (%)

HI composition (% of HI cases)

WA
coast

WA
inland

(n)

(% of
species)

68.8

11.8

19.4

444

15.5

18.0

58.8

3.4

19.8

60.5

34.1

5.4

24

14.4

66.7

4.2

0.0

29.2

60.1

15.6

7.8

76.6

896

10.2

19.8

21.4

5.7

53.1

418

2.8

63.7

20.2

16.1

40

9.6

20.0

30.0

10.0

40.0

1,047

7.1

66.7

17.9

15.4

176

16.8

15.3

74.4

1.7

53.9

--

20.9

37.0

119

1,263
--

0.8
8.7
--

62.2
67.2
36.2

25.2

5.8
9.9

12.6
27.0

25

21.0

47

3.7

11.2

Fisheries Gunshot Boat

72.0
40.4

4.0

27.7

0.0
4.3
4.5

Other

24.0
8.5

27.7
37.6
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64% as adult, and 11% as combined pups and
yearlings (Table 1). The majority of strandings
(69%) occurred along the Oregon coast, with 19%
in inland Washington waters and 12% along the
Washington coast (Table 3). Almost 16% of strandings were HI cases, the majority of which (59%)
were gunshot wounds. “Other” HI cases identified
for this species were primarily related to marine
debris. Just 3% of HI cases were boat collision
injuries (Table 3).
Steller Sea Lions—Approximately 42% of strandings were identified as male, 34% as female, and 60%
as adult (Table 1). The majority of strandings (67%)
occurred along the Oregon coast with the remainder
being equally divided between outer Washington
coast and inland waters (Table 3). Approximately
17% of strandings were HI cases, second only to
northern fur seals. Most of the HI cases were gunshot
wounds (74%), followed by fisheries entanglements
(15%), “other” (9%), and boat collision injuries (2%)
(Table 3).
Northern Elephant Seals—Approximately 38%
were identified as male and 14% female, with a
relatively higher proportion of unidentified cases
(Table 1). Similar to other species, the majority of
strandings occurred along the Oregon coast (64%)
(Table 3). Northern elephant seals had one of the
lower proportions of HI cases (10%) across species. Most HI cases (40%) were categorized as
“other” (but lacked further descriptive details), followed closely by gunshot wounds (30%) (Table 3).
Guadalupe Fur Seals—Gender determination
was split equally between males, females, and
unknown sex, and the majority of cases (92%)
were identified as yearlings (Table 1). Similar to
other species, the majority of strandings (60%)
occurred along the Oregon coast, followed by the
outer Washington coast (34%), with the fewest
in inland Washington waters (5%) (Table 3).
Approximately 14% of strandings were HI cases
(n = 24), the majority of which were fisheries
entanglements (67%), followed by “other” cases
that were not additionally detailed in the database
(29%) (Table 3).
Northern Fur Seals—Northern fur seals exhibited the highest percentage of female strandings
(41%) of any of the species, though there was also
a large number of unidentified cases (Table 1).
Approximately 75% of strandings were identified
as pups and yearlings. Similar to other species, more
strandings occurred along the Oregon coast (62%),
followed by the outer Washington coast (25%),
with the fewest in inland Washington waters (13%)
(Table 3). About 21% of strandings were HI cases,
the highest proportion of any species. Similar only
to Guadalupe fur seals, the majority of HI cases
were fisheries entanglements (72%), followed by
“other” (24%) (Table 3).

Temporal Patterns
All Stranding Cases—Since 1991, the number of
reported stranding cases increased significantly
over time (y = 1.045x, z = 4.6, p < 0.001), with
2003 being identified as a breakpoint in the time
series using Chow’s test (F = 5.8, p < 0.01). An
annual average of 341 individuals stranded per
year throughout the 1990s up to 2002, and 792
stranded per year since then. However, patterns in
annual strandings varied for each species: significantly increasing for harbor seals (y = 1.045x, z =
4.6, p < 0.001), California sea lions (y = 1.077x, z
= 5.1, p < 0.001), Steller sea lions (y = 1.127x, z =
6.9, p < 0.001), Guadalupe fur seals (y = 1.22x, z =
2.5, p < 0.05), and northern fur seals (y = 1.048x, z
= 2.2, p < 0.05) (Figure 2). No significant change
was detected for northern elephant seal strandings
over time. Strandings of California sea lions notably spiked in 2009 and 2010 (Figure 2).
HI Cases—The total number of combined HI
cases increased significantly from 1991 to 2016 (y
= 1.07x, z = 5.1, p < 0.001) (Figure 3a). An annual
average of 28 cases was documented per year
throughout the 1990s up through 2002, and 98 cases
were documented per year since 2003. Specifically,
there was an increasing number of gunshot wounds
(y = 1.051x, z = 2.8, p < 0.01), fisheries entanglements (y = 1.068x, z = 5.9, p < 0.001), and boat injuries (y = 1.079x, z = 3.1, p < 0.001) over the study
period (Figure 3b). At the species level, the number
of documented HI cases increased for harbor seals
(y = 1.073x, z = 4.9, p < 0.001), California sea lions
(y = 1.075x, z = 4.5, p < 0.001), Steller sea lions (y =
1.096x, z = 4.8, p < 0.001), and Guadalupe fur seals
(y = 1.11x, z = 1.9, p < 0.05) (Figure 3a).
In addition to an increasing number of HI cases,
the prevalence of HI cases (number of HI cases
divided by total) also increased (y = 0.5x, z = 11.6,
p < 0.001) and exceeded 20% in 2012, 2013, and
2015. The range and median prevalence varied
across three time periods for each HI case type
and for combined HI cases per species (Figure 4).
At the species level, median annual proportions
of HI were higher in the 2010s compared to the
1990s and/or 2000s for harbor seals (y = 0.6x, z
= 6.6, p < 0.001) and northern elephant seals (y
= 0.7x, z = 1.8, p < 0.1), and lower in the 2000s
for California sea lions (y = -0.7x, z = -4.4, p <
0.001) (Figure 4a). For specific HI types, median
annual proportions were higher since the 1990s
and/or 2000s for fisheries entanglements (y =
0.34x, z = 2.4, p < 0.05), gunshot wounds (y =
0.3x, z = 3.1, p < 0.01), boat collisions (y = 1.7x,
z = 3.4, p < 0.001), and “other” cases (y = 1.2x, z
= 8.7, p < 0.001) (Figure 4b). More specifically,
the prevalence of gunshot wound cases increased
significantly over the study period for California
sea lions (y = 0.02x, z = 1.9, p < 0.1) and decreased

Pacific Northwest Pinniped Strandings and Human Interactions

307

Figure 2. Increasing total reported strandings across all species (N = 14,729) (black dotted loess regression line) and
increasing for harbor seals (y = 1.045x, z = 4.6, p < 0.001), California sea lions (y = 1.077x, z = 5.1, p < 0.001), Steller
sea lions (y = 1.127x, z = 6.9, p < 0.001), Guadalupe fur seals (y = 1.122x, z = 2.5, p < 0.05), and northern fur seals (y =
1.048x, z = 2.2, p < 0.05)

for harbor seals (y = -0.03x, z = -3.7, p < 0.001);
the prevalence of fisheries entanglement cases
increased for harbor seals (y = 0.03x, z = 3.1, p <
0.001) and decreased for northern elephant seals
(y = -0.14x, z = -3.0, p < 0.01); boat-related injuries increased for harbor seals (y = 0.08x, z = 3.3,
p < 0.001); and “other” increased for California
sea lions (y = 0.04x, z = 2.3, p < 0.05) and harbor
seals (y = 0.001x, z = 9.0, p < 0.001) (data not
shown).
A seasonal peak in total strandings was evident,
though the timing of this peak was different across
species (Figure 5a). Pairwise Tukey comparisons
showed that harbor seal strandings were significantly
higher in June through September and that HI cases
for the species were significantly higher in July (p <
0.05). Though not statistically significant, California
sea lion strandings exhibited a peak in May and again
from August through November. The different HI
case types exhibited seasonal patterns (Figure 5b),
and these depended on region (Supplemental
Figure S2). For example, boat collision cases only
occurred from April to October in inland Washington
waters and were highest in August. Fisheries entanglements were highest in May and June in Oregon
and highest in August in inland Washington waters.
Gunshot wound cases exhibited a discrete peak in
March on the outer Washington coast when they
accounted for 12% of all monthly cases (as opposed
to less than 3% the rest of the year). These cases were

highest in August-September and January-February
in inland Washington waters and from April-June
and September-October in Oregon.
Spatial Patterns
Over the study period, a higher number of strandings occurred along inland Washington waters
and along the Oregon coast compared to the outer
Washington coast. The proportion of total annual
strandings occurring in Oregon ranged from 13 to
55%, averaging 34% over the whole study period.
The proportion of annual strandings occurring
along the outer Washington coast ranged from 1 to
29%, averaging 9% over the whole study period.
The proportion of annual strandings occurring
along the shores of inland Washington waters
ranged from 27 to 84%, averaging 57% for the
whole study period. At a finer spatial scale, stranding hotspots differed across species, with harbor
seal strandings primarily concentrated throughout inland Washington waters while other species
stranded more along the coast (Figure 6). These
hotspots remained relatively constant across the
seasons of the year.
The distribution of HI cases between the three
coastal regions was similar to that of overall
strandings, with 33% of all HI cases occurring in
Oregon, 50% in inland Washington waters, and
the remaining 17% along the outer Washington
coast. HI hotspots generally overlap with
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Figure 3. (a) Annual HI cases combined (black loess regression line, n = 1,652) and for each species illustrate increasing
cases for harbor seals (y = 1.073x, z = 4.9, p < 0.001), California sea lions (y = 1.075x, z = 4.5, p < 0.001), Steller sea lions (y
= 1.096x, z = 4.8, p < 0.001), and Guadalupe fur seals (y = 1.110x, z = 1.9, p < 0.05); and (b) increasing number of gunshot
wounds (y = 1.051x, z = 2.8, p < 0.01), fisheries entanglements (y = 1.068x, z = 5.9, p < 0.001), boat injuries (y = 1.079x, z =
3.1, p < 0.001), and “other” cases (y = 1.14x, z = 8.4, p < 0.001).
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Figure 4. Boxplots of annual HI proportion by (a) species and (b) HI case type over three time periods, with the median
annual proportion indicated by the horizontal black bar
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Figure 5. Mean number of strandings and HI cases and confidence interval bands (± 1 SE of mean) for each month according
to (a) species and (b) HI type
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Figure 6. Kernel density contour lines showing overlapping hotspots for all strandings (black) and HI cases (red) for all
species, with hotspots occurring throughout inland Washington waters for harbor seals and along the outer coast near the
mouth of the Columbia River for the other species. Kernel density estimation is calculated for each species separately, so
contour lines are intended to show the spatial density of each species relative to itself, not compared to others.
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hotspot in inland Washington waters. Harbor seal
and California sea lion HI cases were denser near
the mouth of the Columbia River where there was
not a cluster for overall strandings. HI cases for
both Steller sea lions and Guadalupe fur seals
were more concentrated around the mouth of the
Columbia River relative to the distribution of
overall strandings (Figure 6).
The distribution of HI case types was different among the three regions. Boat collision injuries and fisheries interactions largely occurred
throughout inland Washington waters and around
the mouth of the Columbia River, while the only
hotspot for gunshot wounds was centered around
the Columbia River (Figure 7). These hotspots do
shift seasonally: boat collision cases were most
dense in inland Washington waters in the summer
and on the coast during winter, while fisheries
entanglements and gunshot wound cases were
only concentrated near Newport, Oregon, during
the spring but in Puget Sound the rest of the year
(Supplemental Figure S2).
Discussion

Figure 7. Kernel density contour lines showing hotspots
of HI cases by type (red), with fisheries, boat collisions,
and other distributed throughout inland Washington waters
and at the mouth of the Columbia River, and gunshot
wounds centered at the mouth of the Columbia River.
Kernel density estimation is calculated for each case type
separately, so contour lines are intended to show the spatial
density of each type relative to itself, not compared to other
case types.

overall strandings, though there were additional
HI hotspots for some species, or HI cases were
more concentrated compared to overall strandings
(Figure 6; Supplemental Figure S1; Supplemental
Tables S1 & S2). For example, northern elephant
seal HI cases were centered farther north than
overall strandings and exhibited an additional

Our results identify and describe spatio-temporal
stranding hotspots for pinnipeds in Oregon and
Washington from 1991 to 2016. Harbor seals were
the most commonly stranded species in inland
Washington waters, while other species stranded
more frequently in Oregon. Age class and sex
composition varied by species, and a summer
stranding peak was evident for harbor seals. The
number of strandings and HI cases have increased
over time for most of the species, though the prevalence of HI cases varied over time. Stranding
and HI hotspots varied for each species and HI
type, indicating spatio-temporal heterogeneity in
strandings and human impacts.
Spatio-temporal patterns in pinniped strandings in Oregon and Washington are different for
each of the six species, largely influenced by their
unique life history characteristics that determine
when, where, and how many animals occur—and
therefore strand—along the coast. For example,
the majority of California sea lion strandings
were identified as male and occurred in May as
well as in the fall, reflecting the fact that males
are making foraging migrations through the area,
while females largely stay close to the rookeries
in California (Lowry & Forney, 2005; Melin et al.,
2008). Though adults comprised a higher proportion of California sea lion strandings in our data,
previous studies in California found that young
animals were the most prominently stranding age
class (Goldstein et al., 1999; Hanni & Pyle, 2000;
Greig et al., 2005; Kaplan Dau et al., 2009), likely
due to the presence of young animals around
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rookeries in California compared to the older
animals foraging and migrating throughout the
Pacific Northwest. Similarly, the prevalence of
harbor seal pup strandings in inland Washington
waters can be attributed to the overlap of haulouts,
rookeries, and dense human population areas that
could lead to higher reporting rates or mother/pup
separation. Further analysis of known haulouts
(Jeffries et al., 2000) and proxies for prey availability for each species could elucidate the connections between strandings and the seasonal use
of important reproductive and foraging habitat at
a finer spatio-temporal scale.
Pinniped species’ life history traits not only
impact general stranding patterns but also influence
their likelihood of becoming entangled, shot, or
struck by a vessel (e.g., species such as northern fur
seals that forage further offshore might be least likely
to encounter vessel traffic and those whose foraging
overlaps with a particular fishing area might have a
higher prevalence of entanglements). In this study,
northern fur seals, Steller sea lions, and California
sea lions had the highest prevalence of HI cases;
these species have been found to have relatively high
prevalence of entanglement in other studies (Fowler,
1987; DeLong et al., 1990; Kiyota & Baba, 2001;
Greig et al., 2005; Antonelis et al., 2006; Kaplan
Dau et al., 2009; NOAA, 2014). The average prevalence of HI cases for all species over the study period
was approximately 11%, similar to that observed by
others along the U.S. West Coast (Goldstein et al.,
1999; Kaplan Dau et al., 2009; Moore et al., 2009;
Bogomolni et al., 2010; Keledjian & Mesnick, 2013).
Not only was the prevalence of overall HI cases
different across species, but the composition of HI
cases varied as well. California and Steller sea lions
were most affected by gunshot wounds compared
to other human-related stranding causes (59 and
74% of HI cases, respectively), possibly due to
the higher proportion of adults in the study area
that might be more likely to be foraging in fishing areas or depredating fish. Fisheries entanglements, on the other hand, made up a lower proportion of HI cases for California and Steller sea lions,
despite high entanglement rates being recorded in
studies off the coast of California (NOAA, 2014).
However, fisheries entanglements did comprise the
majority of HI cases for Guadalupe and northern
fur seals, similar to studies reviewed by NOAA
(2014). Anecdotal observations made by response
practitioners and haul-out surveys suggest that
each species is affected by different types of entangling materials, including those not systematically
assessed here (e.g., packing bands, ropes, etc.) as
they fall into the “other” HI category on the Level A
form. In Oregon, plastic packing bands and rubber
bands (likely from fish bait boxes and crab pots)
account for most California and Steller sea lion
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entanglements, respectively, while trawl nets are
the most prominent in northern fur seal entanglements (NOAA, 2014; J. Rice, pers. comm., 2017).
Harbor seals and northern elephant seals were most
affected by “other” human-related injuries, which
included public harassment, debris entanglement,
illegal pick-ups, and dog bites for those species.
These observed patterns are likely a combination
of the animals’ behavioral ecology and the spatiotemporal distribution of human activities. However,
as noted above, the prevalence and composition of
HI cases can also be influenced by the ease of identifying the HI injury and the level of examination
each species typically receives (i.e., ESA-listed and
infrequently stranded species such as northern fur
seals might garner greater scientific interest and,
therefore, more extensive examinations that would
reveal evidence of HI).
Temporal Patterns
Total annual reported strandings significantly
increased over the study period, though this pattern
was different for each species (Figure 2). Rather
than being symptomatic of declining pinniped population health, the increasing number of reported
strandings likely reflects growing pinniped abundance and enhanced stranding response capacity
from the Prescott Grant Program that facilitated consistent reporting protocols and more responders covering beaches, as noted by Huggins et al. (2015b).
Additionally, it is important to note that increasing
trends are likely not linear over time but are instead
driven by spikes in strandings, such as the heightened strandings of California sea lions observed in
Oregon in 2009-2010, possibly due to a combination of an outbreak of leptospirosis, poor foraging
conditions in California, and increased competition
with fisheries (D. Duffield, pers. comm., 2017).
Seasonally, the summer peak in harbor seal strandings occurred during the pupping season, which
varies by region. Dedicated summer surveys of
harbor seal haulouts could also have contributed to
these elevated seasonal strandings.
The number of HI cases increased over the
study period for harbor seals, California sea lions,
Steller sea lions, and Guadalupe fur seals, mirroring the rise in overall strandings. These changes
in the number of certain types of cases for certain
species are likely the product of both endogenous
factors (e.g., those related to the animals and
their environment) and exogenous factors (e.g.,
human activities, policies, and pollution events).
The prevalence of gunshot wounds increased
for California sea lions, and the prevalence of
fisheries entanglements increased for California
sea lions and harbor seals. It is difficult to identify
possible explanations for these observed trends as
both pinniped populations and human activities
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can be simultaneously changing, additionally
complicated by the fact that our ability to detect
certain injuries or illnesses has also improved
(Gulland & Hall, 2007). Despite the dearth of
consistent data over time and space, interannual
changes in the number or prevalence of HI cases
could, in theory, be compared to proxies for fishing effort or other human activities in the future.
Spatial Patterns
The distribution of strandings can be largely explained by the local abundance and demographic
characteristics of each species, their habitat use,
and human population density and response effort.
Stranding hotspots reported here are similar to
those previously identified for cetaceans and pinnipeds in the area (Norman et al., 2004; Lee, 2016).
In Washington, harbor seals primarily stranded
throughout inland waters due to the area having a
large number of haulouts and rookeries, as well as
higher public reporting. In contrast, fewer strandings
were reported along the northern Washington and
southern Oregon coasts, where many beaches are
isolated or inaccessible. Approximately two-thirds
of Steller sea lion strandings occurred in Oregon,
likely due to the three large breeding sites along
the coast. Guadalupe fur seal strandings were most
concentrated at the mouth of the Columbia River
and into Willapa Bay and Grays Harbor on the outer
coast, reflecting the fact that few individuals range
into inland Washington waters given their highly
pelagic nature. Similarly, northern fur seal strandings did not exhibit hotspots in inland Washington,
possibly due to individuals spending more time
near rookeries in Alaska or foraging offshore. These
results align with findings from other coastal areas
where patterns in marine mammal strandings reflect
species’ local abundance or seasonal distribution
(Woodhouse, 1991; Norman et al., 2004; Maldini
et al., 2005; Leeney et al., 2008; Pyenson, 2010;
Pikesley et al., 2012; Peltier et al., 2013; Frungillo
& Read, 2014; Johnston et al., 2015).
This review is one of the first characterizations
of HI case hotspots in the region, and our results
showed that HI case clusters (1) do not always
overlap with overall strandings and/or (2) are
more constricted in space compared to overall
strandings (Figure 6). For example, California sea
lion and northern elephant seal HI case clusters
appear at the Columbia River and in Puget Sound,
respectively, where overall strandings are not clustered. Secondly, Steller sea lion and Guadalupe fur
seal HI cases are tightly clustered at the Columbia
River, while overall strandings are spread along
the coast. These patterns show that certain places
(i.e., the mouth of the Columbia River) are particularly problematic for human-related stranding

cases and could be targeted for additional outreach and management measures.
Our results also indicate that HI clusters vary
by case type. Boat collision injuries were clustered throughout inland Washington waters,
likely due to the presence of ferries, shipping
traffic, and concentrated recreational boating in
the area. Fisheries entanglements appeared to be
concentrated along the outer coast and in inland
Washington waters, likely reflecting the distribution of fishing activity and/or derelict gear. In
contrast, gunshot wounds were only clustered at
the mouth of the Columbia River, likely due to
the ongoing fishing activities near Astoria, an
economically important fishing port that has seen
an increased number of fisheries interactions in
recent years from animals foraging up into the
Columbia River (Lee, 2016). However, this pattern could also be attributed to the higher necropsy
rate in the northern part of the state (Lee, 2016).
This hotspot analysis can be further specified by
season (Supplemental Figure S2), allowing strategic outreach and future research to understand
and thereby minimize the impacts of these human
activities.
Future Directions
This summary characterization and hotspot mapping analysis are important for informing management and conservation measures and can support
decision making for stranding response practitioners. Though these results present one of the most
comprehensive summaries of HI cases for pinnipeds in this region, further analysis of each individual species could ascertain whether it is likely
that certain sex or age classes overlap to a greater
extent in time and space with anthropogenic activities in areas we identified as HI hotspots. While
strandings and HI cases can coincide with or have
a higher reporting rate from dense human population centers, they can also occur offshore or in
more isolated areas and, therefore, go undetected.
Further refining the parameters of the kernel density function or using cluster analysis (Kulldorff
& Nagarwalla, 1995; Kulldorff, 2001; Kreuder
et al., 2003; Kulldorff et al., 2005; Norman et al.,
2011) could be explored in the future to refine
spatio-temporal findings. Additionally, enhanced
spatio-temporal predictive modeling that includes
measures of pinniped abundance, prey distribution, and proxies for oceanographic conditions (as
in Evans et al., 2005; Peltier et al., 2013; Soulen
et al., 2013; Truchon et al., 2013; Berini et al.,
2015) could further elucidate the spatial distribution of strandings and, therefore, areas or species
that are at a higher risk for human impacts and in
need of management attention.
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Conclusion
Spatio-temporal patterns in the age and sex of pinniped strandings in Oregon and Washington were
different for each of the six species in the study area.
Patterns in the distribution and number of strandings along the coast and throughout the year were
likely influenced by the local abundance and demographic characteristics of each species, with harbor
seal pups stranding primarily throughout inland
Washington waters during pupping season, and other
species stranding more broadly across all age classes
and along the coast. The number of strandings and
the number and prevalence of HI cases increased
over time, likely due to a combination of changing
population dynamics, enhanced stranding response
effort, public awareness, improved ease of reporting,
and continued coastal socioeconomic development.
More advanced spatio-temporal modeling could
further elucidate the connections between stranding hotspots, prey species availability, prevailing
oceanographic conditions, and anthropogenic activities that all impact the short- and long-term health
of these pinniped populations in a changing environment. Stranding hotspot maps show discrete areas
of high-density strandings that were different across
species and types of HI cases. Identifying and monitoring stranding hotspots is important in a variety of
contexts, including investigating unusual mortality
events, informing disentanglement response or beach
clean-up efforts, implementing targeted outreach,
establishing baseline health information, and evaluating whether human-related mortalities approach or
exceed established limits under the Marine Mammal
Protection Act. Stranding data may contain gaps,
biases, and inconsistencies, but they are an invaluable resource for conservation and management of
these marine mammal species.
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