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Abstract

West coast transient (mammal-eating) killer whales (Orcinus orca rectipinnus) inhabit
the California Current off the west coast of North America from southern British
Columbia, Canada to southern California, United States. Although genetically distinct
from other killer whale populations, observed differences in social associations and
habitat use of some individuals suggest that west coast transient killer whales may
not constitute a single, socially and spatially discrete population. We analyzed 2,232
georeferenced encounters of photographed transient killer whales collected between
2005 and 2021 from dedicated research ship surveys, small vessel surveys, and
opportunistic sightings, to assess their social and population structure in relation to
habitat characteristics. Using social network and geospatial analysis software, we
identified two socially and geographically independent subpopulations with cohesive
social structures—one that frequents shallow nearshore coastal areas (inner coast
subpopulation) and a second that primarily inhabits deeper waters along the conti-
nental shelf-break and slope (outer coast subpopulation). The inner coast subpop-
ulation (n=345 photo-identified whales) most commonly occurred in intracoastal
waterways and along the shallow coastal margins of the continental shelf where they
fed primarily on pinnipeds and small cetaceans within 5 km of shore. In contrast, the
outer coast subpopulation (n=211 photo-identified whales) occurred within 6.1 km

of the continental shelf-break and in far offshore waters (e.g., 120 km offshore) near
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deep submarine canyons and subsurface sea mounts—where they fed primarily on
pelagic pinnipeds, oceanic delphinids, and large cetaceans. Our findings demon-
strate that the west coast transient killer whale population, though genetically distinct,
is structured into two socially and ecologically distinct subpopulations along the west
coast of North America. This division underscores the need for conservation efforts to
be tailored to their unique ecological and social characteristics.

Introduction

Transient killer whales (Orcinus orca rectipinnus) are distributed throughout coastal
and offshore waters of the North Pacific Ocean [1-6]. In the North Pacific, these
highly mobile predators occur from southern California to the Bering and Chukchi
Sea—west along the entire Aleutian Islands, and into the subpolar waters off Rus-
sia, the Sea of Okhotsk, and the coast of Japan [1,2,4—11]. In each of these regions,
the ecology and behavior of transient killer whales appears to be adapted to hunting
and exploiting a variety of marine mammal species in habitats ranging from shallow
rocky and sandy coastal areas to the continental shelf-break and offshore submarine
canyon systems [7,12—15].

Throughout this large geographical range, transient killer whales appear to consist
of at least six populations based on differences in regional acoustic dialects, genetics,
and habitat use. These six populations include: 1) a western population encompass-
ing the Sea of Okhotsk, the Russian Kamchatka Peninsula, and the western Aleutian
Islands, 2) the eastern and central Aleutian Islands population, 3) the Bering Sea
(Pribilof Islands) population, 4) the Gulf of Alaska population, 5) the AT1 or Chugach
population isolated to Prince William Sound and the Kenai Fjords, Alaska, and 6) the
west coast transient (WCT) population that ranges from Southeast Alaska to southern
known to hunt near Unimak Island, Alaska in the spring as gray whales (Eschrich-
tius robustus) cross into the Bering Sea from the Pacific — that do not appear to be
genetically related to any other known populations [3,19,20]. Additional populations of
transient killer whales may yet be identified, while some of the presumed populations
may be further divided into subpopulations and management stocks as more data
are gathered about their movements, social structure, genetics, acoustic dialects, and
dietary specializations [21].

Of all six transient populations, the WCT population has been the most exten-
sively studied, with early research focused on photo-identifying individuals and
documenting their association patterns in the coastal waters of Southeast Alaska,
British Columbia, and Washington State [1,22]. Later studies determined that tran-
sients from these regions share a distinct mitochondrial DNA haplotype and have an
acoustic dialect not found in other transient populations in the North Pacific [23-28].
Other studies reported individuals commonly seen along the open coasts of Oregon
and California to occasionally associate with transients further north [1,5,29,30]. As
such, the WCT population has been considered to include all individuals occurring
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between Glacier Bay, Alaska (58.5° N) and San Diego, California (32.7° N). However, the tendency has been to partition
and geographically catalog west coast transients according to where distinct social groups are most commonly seen (e.g.,
Southeast Alaska, British Columbia/Washington, or California) [7,22,31,32].

An assessment of the population status of WCT killer whales by the Canadian government in 2007 concluded there
was insufficient information to consider individuals primarily seen south of Washington State in California waters as being
members of the population that occurs further north in Canada [33]—despite occasional interactions of individual whales
and acoustic similarities. However, a follow up study of transients photo-identified in British Columbia waters described
the presence of two putative subpopulations [2]—an inner coast subpopulation of well-known individuals that frequented
coastal waters, and an outer coast subpopulation of poorly known individuals that occurred further from shore and com-
prised a mixture of whales, including some from California. Acoustic analyses of transient killer whales along the outer
coast of Washington further identified regional differences in their repertoires, and noted differences in the acoustic pres-
ence of distinct transient groups based on different vocal dialects along the continental shelf-break off Cape Elizabeth and
at the Quinault Submarine Canyon [27].

In terms of population size, a recent catalogue of WCT killer whales photo-identified in British Columbia coastal waters
reported a minimum of 349 whales—most of whom are thought to be from the inner coast subpopulation [31]. Further
south, a second catalogue of WCT killer whales reported a minimum count of 155 whales off California and Oregon
[5,32]—most of whom were observed in offshore waters and are thought to belong to the outer coast subpopulation. The
majority of individuals primarily identified in offshore waters of Oregon and California did not match whales identified in the
British Columbia catalogue, but individuals were on occasion documented to associate with one another. Thus, the WCT
population appears to total over 500 individuals.

The geographic focus of transient killer whale research along the west coast of North America gives the impression that
there is a north/south split or gradient in the distribution of the WCT population, and suggests that some individuals may use
waters further from shore based on prey specialization along the continental shelf-break in comparison to individuals that
tend to be encountered in coastal waters [2,15]. However, it is unclear whether the population structure of WCT killer whales
corresponds to a latitudinal gradient, a longitudinal gradient, or a combination of both. One approach to resolving the pop-
ulation structure of these whales is to use multiple lines of evidence to assess the within-population variability in their social
structure, association patterns, distributions, movements, and physiographic or oceanographic differences in their habitat use
— as has been done to determine the demographic independence of a number of cetacean populations [21].

The following examines the social structure of the WCT population utilizing the California Current—a transboundary
ecosystem extending from southern British Columbia, Canada to southern California, United States. Using detailed photo-
identification records and geospatial and social network analysis, we assessed how transient killer whales associate
across the coastal and offshore waters between California and British Columbia. Our goal was to determine whether they
constitute a single population or distinct subpopulations.

Materials and methods
Study area

Encounters and observations of transient killer whales were recorded from southern British Columbia, Canada (~50.8° N)
to southern California, United States (~32.5° N), with survey effort extending seaward up to 556 km offshore (Fig 1). The
California Current is a large transboundary current that transports cool nutrient rich water southward along the coast in the
upper 500 m of the ocean [34]. In addition, there is also a cold nutrient rich undercurrent that weakly flows north along the
continental slope—and an inshore seasonal countercurrent (the Davidson Current) that moves warm temperate waters
north during the winter. At the boundary of these currents is a broad oceanic front of oligotrophic waters that extend ~1000
km offshore at the current’s western boundary [34—36]. Along the continental shelf, nutrient rich water is primarily driven
by seasonal coastal upwelling brought on by wind circulation patterns that begin in March and continue through August.
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Fig 1. Primary study region encompassing the California Current System. Base map reprinted from NCEI under CC BY license 4.0, with permis-
sion from NOAA, original copyright 2022.

https://doi.org/10.1371/journal.pone.0325156.9001
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This complex interplay of water circulation within the California Current Ecosystem creates a dynamic marine environment
that supports a wide range of taxonomic species.

The continental shelf, which stretches from southern British Columbia to southern California is a relatively flat plateau
that breaks around the 200 m isobath, but narrows latitudinally north to south [37]. The width of the continental shelf
ranges from ~50 km off the west coast of Vancouver Island to within 12 km off the central coast of California [37,38]. This
variation in continental shelf width, in combination with spatial and temporal variation in oceanographic processes pro-
duces significant habitat variation within the California Current [35,39].

To study the habitat-use patterns of WCT killer whales, we divided the study region into four areas: 1) the Salish Sea,
2) the west coast of Vancouver Island, 3) the open Pacific coasts of Washington and Oregon, and 4) the coastal and off-
shore waters of California (Fig 1).

Salish Sea. This inland waterway spans the coastal waters of southern British Columbia, Canada, and U.S Washington
State, United States—and includes the Strait of Juan de Fuca, Strait of Georgia, and Greater Puget Sound. The Strait of
Juan de Fuca connects the coastal inland waters to the open ocean and is furrowed by the deep Juan de Fuca Canyon
that extends from the mouth of the strait into offshore waters. Most of the Salish Sea is dominated by a rocky coast that is
glacially incised with shallow inlets, bays, and reefs and is characterized by strong tidal currents.

West Coast of Vancouver Island. This area is open to the Pacific Ocean and acts as a transition zone between the
rocky coastal Salish Sea and the intermixed rocky and sandy exposed benthic areas along the west coast of Vancou-
ver Island. This area is connected by numerous inlets that extend far inland that provide shelter and habitat for marine
mammals and seabirds from the exposed open ocean. It is characterized by a moderately narrow continental shelf off
the northwestern end of the island, which gradually widens to approximately 50 km offshore, where it is intersected by a
series of submarine canyons (i.e., Barkley, Nitinat) [37,40].

Washington and Oregon. The open Pacific coasts of Washington State and Oregon are dominated by a high-energy
system with a relatively uniform continental shelf bathymetry of long stretches of shallow sandy and soft benthic habitats.
Peppered through this area are rocky islets that extend just offshore, providing foraging habitat and resting and breeding
sites for pinnipeds and seabirds. Along the coast, several human-made breakwater structures built perpendicular to the
shoreline protect entrances and maintain navigable channels to coastal rocky intertidal areas, lagoons, estuaries, and
river mouths. The continental shelf extends from ~40 km off the Washington coast to ~15 km off Cape Blanco, Oregon
(the Cape Blanco upwelling zone) [41]. The continental shelf off Washington is furrowed by the Nitinat, Quinault, Grays,
Guide, Willapa, and Astoria canyons, while the Oregon shelf is characterized by a series of shallow banks, including Per-
petua, Heceta, and Siltcoos Banks [37,39].

California. The coastal and offshore waters of California act as a major transition zone for many species, with more
northern cold temperate species occurring off central and northern California, and warm temperate species frequenting
southern California [42,43]. This region is dominated by a narrow continental shelf and a steep continental slope that pro-
motes coastal upwelling and brings deep oceanic waters close to shore [37,44]. The seafloor is dominated by a number of
complex geomorphologic features including seamounts (i.e., Davidson, Guide, and Pioneer), submarine canyons (Mon-
terey, Bodega, Pioneer, and Lucia), the offshore Farallon Islands, and the bathymetrically convoluted Southern California
Bight and associated Channel Islands [37,38,44,45].

Data collection

The California Current Killer Whale Study (CCKWS), a sub-study of the Oceanic Research Alliance (ORA), has con-
ducted research surveys and curated data on transient killer whales since its inception in 2005 to promote objective
science-based research into the ecology and behavior of killer whales in the North Pacific. This database includes infor-
mation collected from a variety of sources, including data from dedicated research ship surveys, small vessel surveys,
and opportunistic sightings.
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geographic proximity in shaping the social associations of the two subpopulations, indicating an outer versus inner coast
structuring of relationships rather than a north/south separation of subpopulations.

Inner coast transient habitat usage. Movements of inner coast transient killer whales primarily involved combing
open waters in straits and bays, and following the contours of coastlines in nearshore waters as they searched seal
and sea lion haulouts (Fig 10). The average distance to the nearest shoreline for encounters with inner coast transients
was 2.4 km in the Salish Sea (SE=0.03 km, range=0.001-15 km, n=10,117 identifications), 1.2 km off the west coast
of Vancouver Island (SE=0.09 km, range =0.10-10 km, n=364 identifications), 3.2 km along the open Pacific coasts of
Washington and Oregon (SE=0.41 km, range =0.001-50 km, n=445 identifications), and 5.8 km off the coast of California
(SE=0.72 km, range =0.8—15 km, n=63 identifications).

In the protected intracoastal waterways of the Salish Sea, inner coast transients were encountered throughout the
Strait of Juan de Fuca, Strait of Georgia, and Puget Sound. Areas frequented by these whales included straits, narrow
inlets, open bays, coves, shallow submerged reefs, and rocky shores. Water depths during encounters were highly
variable and depended on the location of whales in relation to high relief subsurface bathymetry (x+ SE=81 m+0.69 m,
range=1-842 m, n=10,117 identifications).

Along the exposed open Pacific coast, inner coast transients were observed in similar protected habitats. Off the west
coast of Vancouver Island, inner coast whales were encountered in shallow sandy surf zones and inlets that extend far
inland (x+SE=81 m+0.69 m, range=1-842 m, n=345 identifications). Off the open coast of Washington and Oregon,
these whales were observed within meters of sandy surf zones and were frequently documented near open coastal rocky
islets in shallow water depths averaging 31.7 m (SE=3.6 m, range = 1-454 m, n=445 identifications). In addition, inner
coast whales were observed hunting within human-made breakwaters and foraging and capturing harbor seals near rocky
intertidal areas, lagoons, and estuaries off the Oregon coast. Similarly, off the coast of California, inner coast whales

Fig 10. An inner coast transient killer whale patrolling a Steller sea lion haulout off the open coast of Washington. Photograph by Jonathan
Scordino, Makah Fisheries Management, MMPA permit 23970.

https://doi.org/10.1371/journal.pone.0325156.9010
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primarily frequented shallow coastal areas (x+SE=102 m+11.9 m, range=10-281 m, n=63 identifications), with encoun-
ters occurring close to shore near islets and human-made breakwaters.

Predation events were documented 201 times by inner coast transients at an average of 1.5 km from shore (SE=0.16
km, range=0.001-14 km, n=201 predations) over an average water depth of 70.3 m (SE=4.8 m, range=0.51-325 m,
n=201 predations). Approximately three quarters of marine mammal prey consumed were pinnipeds, and one quarter
were cetaceans (Fig 11). Harbor seals were the preferred prey, accounting for 64% of total kills. Other pinnipeds con-
sumed included Steller sea lions (9%), California sea lions (Zalophus californianus) (3%) and a single northern elephant
seal (Mirounga angustirostris). Harbor porpoises (Phocoena phocoena) were the predominant cetacean prey (21%), with
Dall's porpoises (Phocoenoides dalli), minke whales (Balaenoptera acutorostrata), and gray whale calves representing
<5% of successful kills.

Inner coast transients primarily foraged and captured harbor seals near haulout sites (x+ SE=0.91 km£0.08 km, range
0.010—4 km, n=124 predations). These sites were typically exposed rocky reefs, offshore islets, and rocky or sandy
shorelines (Fig 12A). While foraging near a haulout, whales would approach and explore shallow areas and bull kelp beds
(Nereocystis luetkeana), often surfacing within meters of hauled out seals (Fig 12B). Individual seals were primarily killed
beneath the surface or were captured and taken to open water (Fig 12C)—with successful hunts occurring at an average
water depth of 60 m (SE=5.8 m, range =2.5-325 m, n=124 predations). The remaining 5 recorded predation events on
harbor seals occurred away from haulouts in open water.

In comparison to harbor seals, Steller sea lions were preyed upon much further from shore (x+SE=2 km+0.57 km,
range=0.11-9.2 km, n=18 predation) and in deeper waters (x+ SE=76 m+15.7 m, range =8.6-243 m, n=18 predation).

Outer Coast Innher Coast

Minke whale

Dall’s porpoise

Pacific white-sided dolphin

-_—
c—//

Steller sea lion

Harbour porpoise

Common dolphin

Harbour seal

Northern elephant seal

Gray whale calf

|
i

0.5 0.4 0.3 0.2 0.1 0.0 0.0 0.2 0.4 0.6

California sea lion

Fig 11. Frequency distribution of recorded predation events by west coast transient killer whales. Data include 201 predation events by inner
coast whales (yellow bars), and 98 predation events by outer coast whales (red bars).

https://doi.org/10.1371/journal.pone.0325156.9011
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Fig 12. Foraging behavior and predation by inner coast transient killer whales in nearshore waters. (A) A group of transients nearshore foraging
along an exposed reef in the Salish Sea. (B) Adult male transient killer whale TO11A patrolling a harbor seal haulout in the Salish Sea. (C) A successful
capture of a harbor seal pup off the west coast of Vancouver Island. (D) Transient killer whale throwing a harbor porpoise into the air during an open
water foraging event in the San Juan Islands, Washington State, Photo credits: Josh McInnes (A), Alethea Leddy (B & D), Sydney Dixon (C).

https://doi.org/10.137 1/journal.pone.0325156.9012

Similarly, harbor porpoise predations occurred on average 2.2 km from shore (SE=0.43 km, range=0.08-12 km, n=43
predation) and primarily while whales were foraging in tidal currents or were spread out in open bays, with water depths
averaging 90 m (SE=10.6 m, Range =2.6—-239 m, n=43 predation) (Fig 12D).

Outer coast transient habitat usage. Outer coast transient killer whales were widely distributed in offshore waters,
with the majority of encounters occurring along the continental shelf break and near submarine canyons, subsurface
seamounts, and offshore islands (Fig 13A). Distance to the continental shelf break was on average 2.4 km off California
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Fig 13. Foraging behavior and predation by outer coast transient killer whales in offshore waters. (A) A group of transients following the shelf-
break of a submarine canyon in offshore waters of Oregon. (B) A female outer coast transient killer whale pursuing an adult male California sea lion in
Monterey Bay, California. (C) A juvenile outer west coast transient diving to feed on a northern elephant seal carcass, while a black footed albatross
(Phoebastria nigripes), Laysan albatross (Phoebastria immutabilis), and a sooty shearwater (Ardenna grisea) wait for scraps. (D) An adult female outer
coast transient killer whale charging into a school of common dolphins in the open ocean waters off Southern California. Photo credits: NOAA SWFSC
(A, D), Stephanie Marcos, Marine Life Studies (B), Amanda Urena, Discovery Whale Watch (C).

https://doi.org/10.1371/journal.pone.0325156.9013

(SE=0.51 km, range =0-53 km, n=31, shelf width <1-40 km), 22.7 km off the outer coast of Vancouver Island to Oregon
(SE=0.51 km, range =0-53 km, n=31, shelf width 15-75 km), and 39.8 km within the intracoastal waterways of the Salish
Sea (SE=2.1 km, range =3.2-86 km, n=122, shelf width 3—-300 km).

Off California, outer coast transients were photo-identified at 13 submarine canyons, with most resightings occurring
at the Monterey, Bodega, Pioneer, Sur, and Lucia canyons (n= 1,739 identifications). Whales were generally observed
searching for prey by following the contours of the shelf break and slope, regardless of canyons, in water depths averag-
ing 359.4 m (SE=7.7 m, range=19-1637 m, n=1,729 identifications). Outer coast transients were also documented near
the Farallon and Channel Islands, but were primarily observed in open water away from shorelines (x+ SE=19.4 km+0.86
km, range =0.23-50.5 km, n=250 identifications).

Along the west coast of Vancouver Island, Washington and Oregon, outer coast whales were also observed near the
continental shelf break (x+SE=20 km+2.9 km, range =0-52.8 km, n=39 identifications) and over deeper waters of the
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continental slope at an average depth of 822 m (SE=168.6 m, range =66-2856 m, n=39 identifications). Outer coast
transients that were previously encountered at a number of submarine canyons off California were also photo-identified at
Gray’s, Quinault, Willapa, and Astoria canyons.

In the protected coastal waters of the Salish Sea, encounters with outer coast transients were limited to the Strait
of Juan de Fuca. Most encounters occurred in open water and over water depths averaging 102.6 m (SE=5.21 m,
range =6—187 m, n=135 identifications) (Fig 7). However, individuals were also observed along the eastern edge of the
Juan de Fuca Canyon. These encounters in the Salish Sea were for short periods (<2 days) that ended abruptly when
individuals returned to the open ocean.

Predation events by outer coast transients were documented 98 times and occurred an average of 5.2 km from the
continental shelf break (SE=1.4 km, range =0-97 km, n=98 predations) in water depths averaging 323.3 m (SE=34.5 m,
range=7.2—-1915 m, n=98 predations). Approximately two-thirds of marine mammal prey consumed were pinnipeds, and
one-third were cetaceans (Fig 11). Pinnipeds consumed were primarily California sea lions (49% of total kills) and north-
ern elephant seals (7%). Gray whale calves were the predominant cetacean prey (20%), but were only observed as prey
during spring when whales frequented the Monterey Submarine Canyon System. Other cetaceans consumed included
Pacific white-sided (Lagenorhynchus obliquidens) and common (Delphinus delphis) dolphins (8%).

Predation on California sea lions primarily occurred while whales foraged along the continental shelf break
(x£SE=3.32 km0.80 km, range =0-28.7 km, n=48 predations) over water depths averaging 282.4 m (SE=49.4 m,
range =11.2-1915 m, n=48 predations) (Fig 13B). In comparison, predation on northern elephant seals (n=7 predations)
occurred over the continental slope (x+SE=1.63 km+0.46 km, range =0.42-3.5 km) in deeper pelagic waters than used
by sea lions (x+SE=506.7 m+152.4 m, range=115.2—-1280 m) (Fig 13C). Both California sea lions and northern elephant
seals were attacked in offshore open waters (x£ SE=11.9 km+ 1.6 km, range=4.26—-16.7 km, n=55 predations). Outer
coast transient killer whales were never observed hunting these species near known pinniped haulouts or rookeries (e.g.,
Farallon Islands, Channel Islands).

Predation on Pacific white-sided and common dolphins (n=10 predations) were observed close to the continental shelf
break (x+SE=2.81 km+0.77 km, range=0.6—-6.2 km) in deep waters (x+ SE=353.5 m+91.5 m, range=45.6-689.1 m).
The killer whales primarily searched for these small cetaceans by spreading out over large distances, with members of the
group conducting long asynchronous dives along the continental shelf break and slope. Once dolphins were located, the
group would initiate a high-speed coordinated pursuit to separate individual dolphins from the larger herd (Fig 13D). Pre-
dation events involving common dolphins were only documented off California, while hunts on Pacific white-sided dolphins
were spread out in offshore waters throughout each area except the Salish Sea.

A large number of predation events involved gray whale calves as they migrated with their mothers north along the cen-
tral coast of California during the Spring (n=20 predations). In California, outer coast transients appeared to use the nar-
row continental shelf break and slope of submarine canyons (i.e., Monterey, Bodega) to ambush female gray whales and
their calves. Distance to the continental shelf break during these hunts averaged 2.12 km (SE=0.38 km, range=0.42-5.5
km) and occurred over water depths averaging 425.5 m (SE=90 m, range=7.251170 m).

Association patterns

Out of 2,232 encounters, mixed associations between inner and outer coast transients occurred just 16 times (<1% of all
encounters) in areas where the habitat preferences of the two populations overlapped. Of these, 13 different inner coast
matrilineal groups, comprising 63 whales (18% of observed population) were photo-identified, while 7 outer coast matrilin-
eal groups, comprising 28 whales and 12 single individual whales were photo-identified (13% of observed population).
The majority of mixed associations occurred in the Strait of Juan de Fuca (n=13 encounters), and involved brief peri-
ods where groups travelled together in open water. Of the 13 encounters, 5 involved observations of different inner coast
whales associating with the same outer coast maternal group. The remaining 8 encounters were with different whales
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from both clusters. However, during these encounters, whales from both clusters primarily associated within their respec-
tive clusters, but were within ~200 m of each other. The largest mixed association occurred 15 km off the northern Cali-
fornia coast where the continental shelf break was close to shore and the water depth was 205 m. A total of 36 different
whales were photo-identified, including 17 inner coast and 19 outer coast transients. Similar to the encounters in the
Salish Sea, individuals primarily travelled with members within their respective clusters.

Geospatial patterns of habitat use

The geospatial analysis of encounters with individual photo-identified WCT killer whales discriminated the habitats of

the two clusters (Fig 14). Based on distance from shore, distance from the continental shelf break and water depth data,
we mapped the nearest distance to shore as inner coast transient habitat, and mapped distance to the continental shelf
break as outer coast transient habitat. Our simplistic habitat model predicts a 90% probability of encountering inner coast
transients within 5.6 km of shore, and 90% probability of encountering outer coast transients within 20 km of the shelf
break. Overlapping habitat for the two clusters primarily occurs in regions where the continental shelf break approaches
the shoreline in the Strait of Juan de Fuca, along the southern Oregon coast, and along the northern and central coast of
California (Fig 14).

Discussion
Distribution and habitat use

Social network and geospatial analysis distinguished two subpopulations of west coast transient killer whales based on
ecological factors (i.e., inner vs. outer coast) rather than latitude (i.e., southern vs. northern territories). The habitats used
by the inner and outer coast transient killer whales were best defined by bottom bathymetry and water depth—with over-
lap most notably occurring in transition zones from shallow to deep waters relative to the distance from the continental
shelf break. Observations made during encounters with members of each subpopulation also point to their habitat prefer-
ences being closely tied to specific water depths, habitat features, and prey assemblages.

Inner coast transient killer whales. Inner coast transient killer whale habitat use throughout the California Current
System (from southern British Columbia, 50° N, to the central coast of California, 36° N) was most consistently associ-
ated with proximity to shore, suggesting a potential ecological or behavioral preference for nearshore environments. Our
habitat model showed that the core areas used by this subpopulation lie within 5.6 km of the shoreline within intracoastal
waterways and along the coastal margins of the continental shelf. The distribution of inner coast transients is primarily
continuous, with individual whales being frequently resighted across hundreds of kilometres of coastline. A notable exam-
ple is the adult female TO65B and her maternal group that traveled between the Strait of Juan de Fuca and Monterey Bay,
California—a straight-line distance of approximately 1,470 km completed in just 14 days. During this time, they remained
within 5 km of shore, hunting harbor seals near coastal rocky islets and near river mouths, as well as preying on two gray
whale calves off central Oregon.

The preference for shallow coastal habitats by inner coast transient killer whales aligns with findings from studies
across the North Pacific, including Southeast Alaska [7,22], coastal British Columbia [1,2], and the protected waters of
southern Vancouver Island and Washington State [12—14,66]. Within the California Current System, members of the inner
coast subpopulation were typically observed within 2.4 kilometers from shore in waters averaging 77.2 meters deep. This
pattern aligns with observations in British Columbia, where encounters occurred within 2.1 kilometers of shore in waters
averaging 98 meters deep [2], and in Southeast Alaska, where transient killer whales generally occurred within 2 kilome-
ters of shore and in varying water depths [7].

The preponderance of inner coast transient encounters in nearshore areas might initially seem to reflect a failure to
search for them in offshore regions. However, dedicated surveys covering 49,180 kilometers of offshore areas did not
detect inner coast transients beyond 10 kilometers from shore. Opportunistic sightings similarly showed just 3% of the
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Fig 14. Geospatial map of the relative habitats of inner and outer west coast transient killer whales in the California Current System. This
area includes southern British Columbia to southern California. Individuals within the inner coast subpopulation (yellow) were encountered 90% of the
time within 5.65 km from shore. Individuals within the outer coast subpopulation (red) were primarily encountered 20 km on either side of the continental
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shelf-break. Overlap between both subpopulations occur primarily where the continental shelf narrows and approaches close to shore. Relative water
depths are shown with shades of blue, with the continental shelf break (200 m) isobath represented by a black line. Base map reprinted from NCEI
under CC BY license 4.0, with permission from NOAA, original copyright 2022.

https://doi.org/10.137 1/journal.pone.0325156.9014

inner coast whale sightings contained in our photoidentification database were more than 10 kilometers from the coast.
Thus, inner coast transients appear to have a distinct preference for shallow nearshore habitats over deeper offshore
regions.

The distribution and large-scale habitat use patterns of inner coast transient killer whales are likely influenced by the
behavior, distribution, and seasonal availability of their preferred prey. Harbor seals were the predominant prey, compris-
ing 64% of observed hunts across the region. This is consistent with previous findings showing harbor seals making up
53% of transient killer whale diets in British Columbia [67], and accounting for 95% of hunts in the protected nearshore
waters of the Salish Sea [12]. The diversity of other species consumed by inner coast transients was generally consis-
tent across most of the study areas, except along the Oregon coast, where successful predations on gray whale calves
occurred.

Harbor seals are among the most abundant marine mammals along the coast from southern British Columbia to central
California. Their populations, however, vary significantly, with densities peaking in northern regions and tapering off further
south [17,68]. For instance, the Salish Sea, which hosts an estimated 50,000 harbor seals [68,69], also had the highest
diversity of photo-identified inner coast transient killer whales, with a total of 317 individuals recorded. In stark contrast,
the west coast of Washington and Oregon supports a significantly smaller harbor seal population, estimated at 11,000—
12,000 seals [68,70]. Consequently, our study identified only 110 distinct inner coast killer whales in these areas. This
difference in harbor seal abundance along the Pacific coast likely accounts for the lower numbers of photo-identified inner
coast transient killer whales observed in the southern regions.

Harbor seals exhibit a unidirectional seasonal cline in the timing of pupping, with weaning and post-weaning occurring
later as you go north from California to southern British Columbia [71,72]. These reproductive patterns also likely influ-
ence the distribution of inner coast transient killer whales in the California Current by prompting movements to areas with
higher seasonal abundances of seal pups. Although a detailed temporal analysis of the relationship between transient
killer whale spatial habitat use and prey distribution was beyond the scope of our study, there is suggestive evidence that
instance, of the 110 photo-identified inner coast transients documented off the Oregon coast, 60 were regularly observed
from April through June, coinciding with the pupping season in that region [70,75]. As the pupping season shifted north to
the Salish Sea from July through September, 55 of these same whales were consistently resighted in this region. A more
detailed analysis of key habitat covariates and seasonal occurrences for inner coast transient killer whales along the Ore-
gon coast would offer further insights into their foraging ecology.

Environmental factors such as the distance to shore, water depth, and proximity to complex bathymetric features—
including open straits, intricate inlets, sheltered bays, islets, rocky shorelines, and submerged or exposed reefs—influ-
enced fine scale habitat selection of inner coast transient killer whales. These bathymetric features create habitat in the
form of haulout sites for harbor seals and Steller and California sea lions [76,77] and enhance coastal circulation and
tidal currents that support harbor porpoise feeding [78]; thus offering productive foraging areas for inner coast transients
[7,12,14,77].

Fine-scale habitat differences significantly influence the foraging behaviors of inner coast transient killer whales. In the
Salish Sea, these whales are often seen hunting in shallow waters along shorelines as well as over deeper waters in open
straits. They frequently followed the contours of shorelines, crossing deeper open water only to navigate to the oppo-
site sides of channels or to patrol pinniped haulout sites. This behavior mirrors what has been well- established for the

PLOS One | https://doi.org/10.1371/journal.pone.0325156  November 6, 2025 25/35



https://doi.org/10.1371/journal.pone.0325156.g014

