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ABSTRACT
West Coast Transient (WCT) killer whales (Orcinus orca rectipinnus) hunt marine mammals along the west coast of North 
America from California to southeastern Alaska. However, little information is available on their seasonal use of nearshore 
areas and the relative importance of different parts of their range. Using sighting data from 2016 to 2023, we assessed their 
seasonal distribution and abundance in the inside waters of Vancouver Island (the Salish Sea and North Island Waters). WCT 
killer whales were seen an average of 250 days throughout each year. They were most frequently observed in the Salish Sea from 
March to September but had fewer sightings in July of even years when pink salmon returns were low. In contrast, occurrences 
of WCT killer whales in the North Island Waters peaked in September but were significantly lower overall. Peak occurrences 
in both areas corresponded with the seasonal presence of seals and sea lions, their primary prey. Overall, ~70% of the coastal 
subset of the WCT population occurred annually in a region that accounts for a relatively small portion of their range. This high 
concentration highlights the importance of the inside waters for their survival and emphasizes the need to assess other key areas 
within their range.

1   |   Introduction

West coast transient (WCT) killer whales are a population of 
mammal-eating (Bigg's) killer whales (Orcinus orca rectipin-
nus) commonly observed along the coast of British Columbia 
(BC) where they prey on harbor seals (Phoca vitulina), Steller 
sea lions (Eumetopias jubatus), harbor porpoises (Phocoena 
phocoena), and other marine mammals (Ford et  al.  1998, 
2013). While the overall WCT killer whale population ranges 
from California to Alaska, the coastal subset is a defined group 
which frequents coastal waters of BC (Towers et  al.  2019). 
This subset of WCT killer whales range inshore of the con-
tinental shelf edge from central California to southeastern 
Alaska, but most sightings have been made in the inside wa-
ters of Vancouver Island, an area that includes the Salish Sea 

and North Island Waters (Figure 1; Ford et al. 2013; Hoelzel 
et al. 2007; Towers et al. 2019).

The coastal subset of WCT killer whales, hereby referred to 
simply as WCT killer whales, has grown continuously since 
the 1970s and numbered 349 individuals in 2018 (Towers 
et  al.  2019). In the inside waters of Vancouver Island, sight-
ings have increased from rare, infrequent encounters in the 
1970s and 1980s to daily encounters in more recent years 
(Baird and Dill  1995; Ford et  al.  2013; Ford and Ellis  1999; 
Houghton et  al.  2015; McDermott  2025; Shields et  al.  2018; 
Towers et  al.  2019). This increase in sightings and numbers 
of WCT killer whales in the inside waters of Vancouver Island 
likely reflects an overall increase in the size of the population 
concurrent with the recovery of prey populations following the 
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protection of seals and sea lions in the early 1970s. WCT killer 
whales are also observed year-round in Alaska, Washington, 
Oregon, California, and throughout BC, with notable peaks 
consistent with seasonal changes in numbers and distribu-
tions of pinniped populations and other prey species (Baird 
and Dill 1995; Dahlheim and White 2010; Ford and Ellis 1999; 
Shields et al. 2018; Towers et al. 2019).

WCT killer whales form dynamic matrilineal groups (matri-
groups; Ford et al. 2013; Ford and Ellis 1999). These groups can 
include a female killer whale and her non-dispersed offspring, 
a mother with her offspring and unrelated individuals, or a 
group of unrelated individuals that frequently travel together. 
Individuals often separate from their matrigroups for short pe-
riods. However, some disperse permanently, especially females, 

FIGURE 1    |    Study area showing the bodies of water that make up the inside waters of Vancouver Island. Panel A shows the larger study areas, 
North Island Waters, and the Salish Sea; Panel B shows the subareas.
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which often leave their natal matrigroup in early adulthood to 
form their own matrigroup (Baird and Whitehead 2000; Nielsen 
et al. 2023). Some matrigroups prefer certain coastal areas more 
than others, suggesting they may have varying home ranges and 
potentially different prey preferences (Ford et al. 2013; Ford and 
Ellis 1999; Towers et al. 2019). As the amount of available data 
increases, more information on which habitats are of special 
importance to WCT killer whales, and how their preferences 
change seasonally, can be used to determine trends in their pres-
ence over time.

The WCT killer whale population is listed as threatened under 
the Canadian Species at Risk Act because of their small popula-
tion size and predisposition to threats such as contaminants and 
acoustic and physical disturbance (COSEWIC  2008; Fisheries 
and Oceans Canada 2007; Murray et al. 2025). Identifying im-
portant areas for feeding, socializing, resting, and reproduction 
is needed to ensure their conservation and efficient population 
management (Ford et al. 2013; Hiers et al. 2016; Shields 2023). 
Identifying core habitat also provides insights into how ecosys-
tem changes and prey availability may impact WCT population 
size. Unfortunately, there is limited information on WCT distri-
bution throughout the inside waters of Vancouver Island to as-
sess how they may be affected by potential ecosystem changes, 
such as the proposed culling of seals and sea lions (Couture 2024; 
Nelson et al. 2020).

Our goal was to determine the recent distribution and 
abundance of WCT killer whales using the inside waters of 
Vancouver Island to assess the seasonal importance of this 
habitat. We analyzed sighting data of individual whales identi-
fied from 2016–2023 to determine where and how many WCT 
killer whales were present—as well as how much time they 
spent in the area and the proportion of WCT killer whales that 
relied on the inside waters of Vancouver Island. Seasonal and 
yearly abundance trends were also analyzed, as well as matri-
group size differences, which could reflect prey availability 
and preferences. Our analysis of sighting reports contributes 
to the conservation of WCT killer whales by establishing the 
relative importance of their habitat throughout the inside wa-
ters of Vancouver Island.

2   |   Methods

2.1   |   Data Collection and Study Areas

Sighting reports from 2016–2023 of WCT killer whales 
within the inside waters of Vancouver Island, Canada, and 
Washington State, USA (Figure 1) were compiled into a pre-
liminary database (see Section  2.2). The inside waters in-
cluded coastal waters of BC and Washington State from the 
western end of the Juan de Fuca Strait to the northwestern 
mouth of Queen Charlotte Strait. Sightings came from pub-
lic and private databases and included data from licensed 
research, commercial whale-watching and citizen scientists 
curated by the Cetacean Research Program at the Department 
of Fisheries and Oceans Canada (DFO), Bay Cetology (B.C.), 
the Pacific Whale Watching Association (PWWA), the BC 
Cetacean Sighting Network (BCCSN), Wild Ocean Whales 
Society (WOWS) and the North Island Marine Mammal T
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Stewardship Association (NIMMSA; Table  1). In 2021, 
Washington State implemented a licensing program for com-
mercial whale watching vessels which limits the distance they 
can view southern resident killer whales (Washington State 
Department of Fish and Wildlife 2020). However, the number 
of WCT sighting reports from the PWWA did not differ signifi-
cantly before versus after licensing (e.g., 766 sightings in 2019 
vs. 665 in 2022). Data from all sources were collected oppor-
tunistically with limited knowledge of observer effort. Thus, 
a temporal or spatial absence of sightings does not necessarily 
indicate an absence of WCT killer whales. Public databases 
were considered publicly accessible online sighting reports, 
generally from citizen scientists, while private databases in-
cluded data curated by organizations and were not publicly 
available (Table 1).

Each reported sighting of WCT killer whales included the date, 
location, latitude, and longitude (see 2.2 Data Processing). Many 
sighting reports also identified individuals present, total num-
bers of individuals, and confidence of identifications. Additional 
sightings from Orca Network (April—June 2020) were added 
to increase the number of sightings during the COVID-19 pan-
demic when research was halted and whale watching companies 
were restricted from operating. Latitude and longitude were not 
provided for most of these sightings, but were derived from pho-
tos and the description of the location. While data from DFO, 
B.C., PWWA, BCCSN, WOWS, and NIMMSA were used from 
2016–2020, only sightings recorded by PWWA were used for 
2021, 2022, and 2023 due to project time restraints and data avail-
ability. Data from the PWWA are assumed to be representative of 
other data sources as they cover the same areas in the Salish Sea 
(Table 1). Analyses for these three later years were restricted to 
the Salish Sea where PWWA primarily operates.

All WCT killer whales photographed in BC waters have indi-
vidual names consisting of alphanumeric labels delineated with 
the letter “T” followed by a number that represents the order 
that they were identified within the population. For example, 
T036 is the 36th individual transient ever identified (Bigg 1982). 
Matrigroups are identified by the eldest female of the group, and 
each of her offspring is designated by their mother's identifica-
tion number followed by the letters A, B, C, and so on (Towers 
et al. 2019). Each of the WCT killer whales is contained in a 2019 
catalog that includes names and identification photographs of 
over 300 individuals that have been seen in coastal BC waters 
(Towers et al. 2019).

2.2   |   Data Processing

Using the most recent catalog of photographically identified 
whales (Towers et al. 2019) as our baseline for the WCT popu-
lation, we removed reported sightings of individuals from the 
sightings database that did not have a “T” designation (i.e., 
individuals that only had a California “CA” designation). We 
also removed some individuals that had a “T” designation, but 
were not in the catalog, unless they were a calf of a known 
transient killer whale which was in the catalog. Individuals 
with a “T” designation which were not in the catalog belonged 
to the greater WCT population, but not the coastal subset 
(Towers et al. 2019).

All sighting reports from public databases that had no sup-
porting photographs or contained low-quality photographs 
that could not be used to identify individual WCT killer 
whales were removed. However, we kept sighting identifica-
tions without associated photos from private databases that 
were provided by researchers or industry professionals who 
had substantial knowledge of the WCT killer whales and could 
confidently identify individual whales. Additionally, both un-
confirmed identifications (e.g., “T018? T019?”, etc.) and low 
confidence identifications were removed. Unconfirmed and 
low confidence identifications were only in sightings from pri-
vate databases due to their strict identification confirmation 
standards and were higher in the Salish Sea, most likely due to 
more sightings reported in this area. For all encounters from 
public databases that had photos, we verified the identifica-
tions made by the observers by comparing the photos taken 
during the encounter with the established WCT killer whale 
catalog (Towers et  al.  2019). For all encounters, all killer 
whales identified were listed, as well as the total number of 
individuals present.

For public sightings accompanied with photos, only the photo-
graphed individuals were recorded, and we did not assume that 
other individuals in the matrigroup were present. This was done 
because WCT killer whale groups are dynamic, and members 
frequently disperse from their matrigroups. However, if a matri-
group was listed in an encounter from a private database, we 
assumed that all members of the listed matrigroup were present, 
unless otherwise stated. For example, if a sighting of the T101's 
was made by a researcher or industry expert (private database), 
we assumed that all 3 members of their matrigroup were present 
unless there was a note such as “T101's except T101A”. However, 
if only two members of the T101's were photographed in an en-
counter from a public database, we would only record two in-
dividuals as being present and would not assume that the third 
member was also present. Sightings in private databases were 
either submitted by or curated by individuals adept in identify-
ing WCT killer whales resulting in few to no incorrect identi-
fications. Mean group size per data source was calculated and 
group sizes per data source were compared to determine if the 
data source had an effect on group size results. All matrigroup 
assignments were based according to the matrilineal groups 
classified in the 2019 photo identification catalog of WCT killer 
whales (Towers et al. 2019).

Identifications were separated into group and individual ID's, 
where a group is a known WCT matrigroup, and an individual 
is a whale that travels alone and is not associated with a matri-
group. For some years, individuals that are known to travel alone 
were listed as a group when they had offspring. Additionally, if 
a female and her offspring separated from their matrigroup, the 
new matrigroup was included as a separate group ID. We also 
assumed that all whales identified were present throughout the 
entire encounter, and that group size equaled the total number 
of individuals identified in the encounter. In cases where pho-
tographs were used to verify the number of individuals present, 
the group size could be larger than reported if individuals were 
present but not photographed.

Area and subarea were added for each encounter using the re-
corded latitude and longitude that accompanied each report. 
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The area was designated as either North Island Waters or Salish 
Sea (Figure 1a), and subarea designations were Queen Charlotte 
Strait, Johnstone Strait, Strait of Georgia, Juan de Fuca Strait, 
and Puget Sound (Figure 1b).

For the Salish Sea and North Island Waters, we separated WCT 
killer whale encounters into occurrences to account for repeat 
encounters of the same group and differences in sightings ef-
fort. An occurrence was defined as a unique group of WCT killer 
whales that had not been previously seen that day. A unique 
group could be (1) a single matrigroup, (2) an individual that 
travels alone, (3) multiple matrigroups, or (4) a combination of 
matrigroups and individuals. Occurrences were limited to one 
unique group per day, regardless of the number of encounters 
of that unique group in a single day. Preliminary analysis of the 
number of consecutive days that frequent users of the North 
Island Waters or the Salish Sea (i.e., WCT killer whale matri-
groups seen more than 20 times per year) were present revealed 
that they were primarily observed for a single day (Table 2). To 
ensure that this was not biased by seasonal differences in sight-
ings effort, the consecutive days count was completed for sum-
mer months only (May through September) when daylight and 
effort levels were the highest and it was unlikely for a group to 
be missed. Using single day occurrences is also consistent with 
analyses undertaken by others (e.g., Hauser et  al.  2006, 2007; 
Olson et al. 2018).

In terms of numbers of individual whales present, we used the 
encounter with the highest number reported for a given day. For 
example, if there was one encounter of T100, T100C, T100E, 
T100F, T100B, and T100B1, and another encounter of T100, 
T100B, and T100B1, the first encounter (e.g., six individuals) 
was used regardless of the time of day they occurred. We also 

used the encounter with the most information provided and pri-
oritized sightings from private databases over public databases 
if there were multiple sightings of the same group. Private data-
bases were prioritized over public databases as sightings from 
private databases were identified by individuals trained to ac-
curately identify whales while in public databases, we required 
photos to identify the whales present. If there were individuals 
seen on the same day but they were reported with different in-
dividuals that had not yet been seen that day, both encounters 
were kept. For example, if encounter 1 included T101, T102, 
T101A, T101B, T099, and T099B and encounter 2 included T101, 
T102, T101A, T101B, and T087, both were included if T099, 
T099B and T087 had not otherwise been observed that day (e.g., 
two separate occurrences).

For each month, year, and area, we counted the total number 
of matrigroups and individuals as well as the total number of 
days that WCT killer whales were observed. Total number of 
occurrences per month and year were tallied to determine sea-
sonal trends and changes over the study period. To ensure that 
the size of area was not a confounding factor in occurrences, 
we calculated the number of occurrences per km2 in the North 
Island Waters and the Salish Sea. We also recorded which 
matrigroups and individuals were present in the inside waters 
of Vancouver Island each year to determine whether new indi-
viduals were coming to the area and to determine which groups 
used the area the most. To determine the total proportion of 
the population present in the inside waters of Vancouver Island, 
we counted and tallied all individuals in the 2019 WCT killer 
whale catalog, including individuals born each year—and ex-
cluded all individuals who had been confirmed dead that year 
using population updates provided by Bay Cetology (2024). The 
proportion of population present was calculated for every year 

TABLE 2    |    The number of consecutive days that matrigroups seen at least 20 times per year were observed from 2016 to 2020 in a single region 
(i.e., either the North Island Waters or the Salish Sea).

# Consecutive days 2016 2017 2018 2019 2020 Overall Proportion

1 60 128 122 234 82 626 58.18%

2 24 49 46 71 28 218 20.26%

3 7 22 19 42 16 106 9.85%

4 6 17 9 21 8 61 5.67%

5 0 3 8 11 7 29 2.70%

6 1 6 5 1 2 15 1.39%

7 1 1 0 0 1 3 0.28%

8 0 2 3 2 2 9 0.84%

9 0 0 1 1 2 4 0.37%

10 0 0 1 0 0 1 0.09%

11 0 0 0 0 2 2 0.19%

12 0 0 0 1 0 1 0.09%

13 0 0 1 0 0 1 0.09%

Total 99 228 217 384 150 1076 100.00%

Note: Matrigroups were usually not seen over consecutive days, but were occasionally present for up to 13 consecutive days. All consecutive days were tabulated during 
summer months, May–September, when sighting effort was the highest. From 2016–2020, 20 matrigroups were seen > 20 times per year.
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6 of 16 Marine Mammal Science, 2026

from 2016 to 2020, but not for 2021–2023 when only encounters 
from the Salish Sea were used.

2.3   |   Data Analysis

The database was compiled using Microsoft Excel (version 
16.43) and analyzed using R (version 4.2.0) and R studio (version 
1.3.1093). For all analyses, nonparametric statistical tests were 
used because the data were not normally distributed.

For group size, we used the total number of individuals ob-
served per occurrence to determine the mean, mode, and the 
range for each year and area (North Island Waters vs. Salish 
Sea). To analyze the relationship between group size and 
month, we used a Kruskal Wallis test to check for an overall 
effect of “month” within each area, with a post hoc Dunn test 
with Bonferroni correction to test for differences between 
pairs of months. For all p values that were adjusted using the 
Bonferroni correction, p values were multiplied by the total 
number of tests and adjusted p values < 0.05 were considered 
significant. For tests comparing the significance of monthly 
differences, Bonferroni corrected p values were based on the 
number of pairwise comparisons. For comparisons between 
years and regions, p values were Bonferroni corrected based on 
the number of years and areas tested.

When comparing differences in group size per month be-
tween the North Island Waters and the Salish Sea, we used 
a Wilcoxon rank sum test (also known as a Mann Whitney U 
test). Both areas were grouped by month and the p values were 
adjusted post hoc using the Bonferroni method to account for 
multiple tests. For the relationship between group size by area 
and year, data were analyzed using a Kruskal Wallis test with 
a post hoc Dunn test. To test for differences in group size per 
year between the North Island Waters and the Salish Sea, we 
used a Wilcoxon rank sum test with the data first grouped by 
year and adjusted the p values using the Bonferroni method. 
We also used the Wilcoxon rank-sum test to test for differ-
ences in group size between the two areas with all years com-
bined. To determine if group size differed significantly by data 
source in each area, we used a Kruskal Wallis test to compare 
group sizes by data source.

To test for overall differences in the total number of occurrences 
per month between the two areas, we used a Wilcoxon rank 
sum test. We also compared the total number of individuals ob-
served per year and area (North Island waters and Salish Sea) 
using the Kruskal Wallis test. Comparisons in the total num-
ber of occurrences and individuals per month between odd and 
even years were analyzed using the Kruskal Wallis test on a per-
month basis.

To assess whether significant changes occurred over time in the 
percent of WCT killer whales present per year, we tested a set of 
generalized linear models with percent of population present as 
the response variable and year and area (North Island Waters 
and Salish Sea) as predictors. Several models were considered 
including % population~year (AIC = −19.80), % population~area 
(AIC = −21.35), % population ~ year + area (AIC = −18.04) and % 
population~year*area (AIC = −10.85). Comparing these models 

using AIC revealed that the year-only and area-only models had 
the best fit. The total number of occurrences and individuals 
present for each subarea was also tallied to determine which 
sub-area the majority of the sightings came from and which area 
had the highest number of individuals present. When testing 
the relationships between total number of occurrences and total 
number of individuals per month for odd and even years, only 
data from the Salish Sea from 2016 to 2023 were analyzed as 
the PWWA primarily operates in that area. Similarly, group size 
data only included occurrences from 2016 to 2020 when testing 
for differences between areas.

To evaluate effort, the relationship between the number of oc-
currences and number of individuals observed was analyzed. 
Since there are more boats on the water in summer months 
(May–September) which may account for more encounters, the 
number of individuals observed per month was compared to the 
number of occurrences per month to see if the number of indi-
viduals increased when there were more occurrences, or if the 
same individuals were repeatedly being observed and recorded. 
Conducting this test also evaluated the relationship between the 
number of occurrences and the number of individuals present 
in months when search effort is lower (November–April). A 
generalized additive model was used because the relationship 
between occurrences and individuals was nonlinear. Data from 
2016 to 2022 and all areas were used for the generalized addi-
tive model.

3   |   Results

There were 3640 reported occurrences of WCT killer whales in 
the inside waters of Vancouver Island from 2016 to 2020—an 
average of 729 occurrences per year (Table 3). Annual numbers 
of occurrences were higher in the Salish Sea compared to the 
North Island Waters (Table 3). Based on the km2 for each area 
(NIW = ~5397 km2, SS = ~17,216 km2), there were 0.11 occur-
rences per km2 in the North Island Waters, compared to 0.18 
occurrences per km2 in the Salish Sea. Most encounters of WCT 
killer whales occurred in the Strait of Georgia within the Salish 
Sea (Figure 1; Table 4), which accounted for 3076 occurrences 
compared with 564 occurrences in the North Island Waters. 
Within each area, the number of occurrences did not differ sig-
nificantly between years (NIW Kruskal Wallis χ2 = 3.25, df = 4, 
p = 0.52; SS Kruskal Wallis χ2 = 1.58, df = 4, p = 0.81).

In terms of numbers of days present (2016–2020), WCT killer 
whales were seen an average of 249 days per year (68% of each 
year) in the inside waters of Vancouver Island (Table 3). They oc-
curred more frequently in the Salish Sea (present for an average 
of 231 days or 63% of the year) than in the North Island Waters 
(present for an average of 89 days or 24% of the year).

Reported occurrences of WCT killer whales differed signifi-
cantly between areas for each month of the year (January, 
February, p = 0.021, March, April, June, August, September, 
p = 0.008, May, July, October, November, p = 0.012; Figure 2) ex-
cept during December (p = 0.20). In the Salish Sea, occurrences 
of WCT killer whales were highest from June to September—
while in the North Island Waters, occurrences peaked in 
September (Figure 2).
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7 of 16Marine Mammal Science, 2026

Comparing occurrences and numbers of individuals present 
between months showed greater variation during July than 
any other month of the year in the Salish Sea (Figure  2). 
Closer inspection revealed an odd versus even year difference, 
whereby WCT killer whale occurrences in July were higher in 

the Salish Sea during odd years (2017, 2019, 2021, and 2023) 
than in even years (2016, 2018, 2020, and 2022) (Figure  3; 
W = 0, p = 0.029). A similar pattern was also noted in terms of 
numbers of individuals seen each year (Figure 4), but was not 
statistically significant (W = 13.5, p = 0.15). Only data from the 

TABLE 3    |    Annual use of the inside waters of Vancouver Island (NIW–North Island Waters and SS–Salish Sea) by WCT killer whales showing 
total number of occurrences, matrigroups, and solitary individuals—as well as the proportion of the total population seen (updated each year to 
account for births and deaths), days present, and mean, mode, and range of group sizes.

Occurrences
Matri-
groups

Solitary 
individuals

Total 
seen (% of 

population)

# of days 
present 

(% of year)

Mean 
group 

size ± SE

Mode 
group 

size

Range 
of group 

size

2016 519 57 21 220 (70%) 230 (63%) 5.90 ± 0.19 4 1–26

NIW 99 42 13 159 (50%) 78 (21%) 4.82 ± 0.31 4 1–26

SS 420 49 20 192 (61%) 206 (56%) 6.16 ± 0.22 4 1–26

2017 742 60 26 246 (75%) 238 (65%) 6.43 ± 0.17 5 1–31

NIW 87 27 12 116 (35%) 71 (20%) 4.72 ± 0.32 5 1–24

SS 655 57 28 236 (72%) 229 (63%) 6.66 ± 0.18 4 1–31

2018 743 56 23 237 (68%) 260 (71%) 5.95 ± 0.14 4 1–24

NIW 109 35 18 150 (43%) 94 (26%) 4.56 ± 0.25 5 1–14

SS 634 45 23 196 (56%) 236 (65%) 6.19 ± 0.15 4 1–24

2019 899 58 28 255 (69%) 263 (72%) 6.44 ± 0.15 4 1–31

NIW 133 43 25 193 (52%) 101 (28%) 5.56 ± 0.32 4 1–30

SS 766 48 29 215 (58%) 245 (67%) 6.60 ± 0.17 4 1–31

2020 737 59 33 278 (76%) 255 (70%) 6.43 ± 0.15 4 1–27

NIW 136 42 16 182 (50%) 100 (27%) 5.94 ± 0.39 4 1–27

SS 601 51 36 252 (69%) 241 (66%) 6.54 ± 0.16 4 1–27

2016–20 3640 72 36 326 (86%) 1246 (68%) 6.26 ± 0.07 4 1–31

NIW 564 62 28 245 (64%) 444 (24%) 5.20 ± 0.15 4 1–30

SS 3076 67 35 277 (73%) 1157 (63%) 6.46 ± 0.08 4 1–31

TABLE 4    |    Total number of WCT killer whale occurrences (occur.) and total number of individuals (# of indiv.) observed by year and subarea.

2016 2017 2018 2019 2020

Occur.
# of 

indiv. Occur.
# of 

indiv. Occur.
# of 

indiv. Occur.
# of 

indiv. Occur.
# of 

indiv.

North Island 
Waters

Queen 
Charlotte 

Strait

28 102 29 103 30 114 36 138 58 153

Johnstone 
Strait

71 131 58 63 79 76 97 132 78 116

Salish Sea Strait of 
Georgia

273 153 391 185 453 163 527 175 335 210

Juan de 
Fuca Strait

131 165 235 212 149 166 203 198 171 218

Puget 
Sound

16 53 29 71 32 69 37 60 95 61
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8 of 16 Marine Mammal Science, 2026

FIGURE 2    |    The total number of WCT killer whale occurrences per month in the Salish Sea (2016–2022) and North Island Waters (N. Is. Waters; 
2016–2020) fit with a 33% span loess curve. In the Salish Sea, occurrences were highest through summer months, particularly in June, August and 
September—while occurrences in North Island Waters peaked in September. While data are shown in the Salish Sea from 2016– to 2022, compara-
tive analyses between regions were only done for 2016–2020.

FIGURE 3    |    The total number of times WCT killer whales occurred each month in the Salish Sea separated by odd (top) and even (bottom) years, 
fit with a 33% span loess curve with a 95% confidence interval. Occurrences were high through summer months (June–September) of odd years, but 
showed a distinct drop during July of even years.
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9 of 16Marine Mammal Science, 2026

PWWA were used from 2021 to 2023. However, the number of 
annual occurrences was consistent in the Salish Sea between 
the 2021 and 2023 PWWA data (Table 1) and the 2016–2020 
data (Table  3) and is representative of other data sources in 
terms of areas where sightings occurred and seasonal trends 
(Table 1; Figure 3). Occurrences in July of odd and even years 
were also examined in the North Island Waters, which showed 
an opposite pattern of higher occurrences in even years com-
pared to odd years but was not statistically significant (W = 5.5, 
p = 0.24; Figure S1).

From 2016 to 2020, group sizes of WCT killer whales ranged 
from 1 to 31 individuals. In the North Island Waters, group 
sizes did not vary significantly across months (p = 0.094). In 
contrast, group sizes in the Salish Sea varied slightly between 
peak summer (June and July) and other months. Specifically, 
group sizes differed between June and March (padj = 0.038), 
September (padj = 0.046), and November (padj = 0.021), as well 
as between July and March (padj = 0.001), September (padj 
< 0.001), October (padj = 0.037), and November (padj = 0.001; 
Figure 5).

On average, groups consisted of six individuals in the Salish Sea and 
five individuals in the North Island Waters, with an overall mode of 
four individuals per group (Table 3). Group sizes were significantly 
larger in the Salish Sea than in the North Island Waters during sev-
eral summer and fall months, including June (padj = 0.012), August 
(padj = 0.010), September (padj = 0.007), and October (padj = 0.035; 
Figure  5). This pattern was also evident throughout most study 
years, with significant differences observed in 2016 (padj = 0.035), 
2017 (padj = 0.002), 2018 (padj < 0.001) and 2020 (padj = 0.031), but 
not in 2019 (padj = 0.093; Figure 6). Additionally, group size did not 
differ significantly by data source in either the Salish Sea (p = 0.45) 
or the North Island Waters (p = 0.46; Table S1).

On average, 247 unique individuals were observed per year in 
the inside waters of Vancouver Island from 2016 to 2020. This 
represents an average of 71% of the ~346 individuals that have 
been identified in BC as belonging to the coastal subset of the 
WCT killer whale population from 2016 to 2020 (Table 3; Bay 
Cetology 2024; Towers et al. 2019). Population sizes each year 
were determined using updates from Bay Cetology (2024) to cal-
culate percent of population present.

FIGURE 4    |    The total number of individual WCT killer whales observed each month in the Salish Sea (2016–2023) in odd (top) and even (bottom) 
years. The numbers of individuals in the Salish Sea varied across months from March–September. However, there was a pronounced decrease in 
the numbers of individuals observed in July of even years compared to June and August. Both panels are fit with a 33% span loess curve with a 95% 
confidence interval.
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10 of 16 Marine Mammal Science, 2026

In terms of regions, an average of 160 individuals (46% of the 
WCT population) were observed in the North Island Waters 
throughout the study period, while the Salish Sea had an aver-
age of 218 individuals present (63% of the population). While 
more WCT killer whales were observed in the Salish Sea 
compared to the North Island Waters (Table 3), 69% of all 326 
identified whales used both areas. The number of individuals 
observed in each sub-area ranged from 53 to 218, with more 
than 100 individuals observed each year in Queen Charlotte 
Strait, Juan de Fuca Strait, and the Strait of Georgia (Table 4). 
The total number of individuals seen each year was relatively 
constant (Kruskal Wallis χ2 = 1.7, df = 4, p = 0.78), but varied 
between months, with more individuals present in the inside 
waters of Vancouver Island during summer (June, August, 

and September) than winter months (January, February, and 
December).

Of the ~247 unique individuals that returned each year to the in-
side waters, 233 of them were present in each of our five years of 
study (2016–2020). They consisted of 43 matrigroups and 20 sol-
itary individuals. The annual newcomers (~14 per year who had 
not been seen in the inside waters in the previous year from 2017 
to 2020) consisted of 5–8 matrigroups and 4–10 lone individu-
als. Overall, the proportion of the WCT population that used the 
North Island Waters and the Salish Sea was relatively constant 
throughout the study period. Year had no effect on percent of 
population present (2016–2020, p = 0.59; Figure 7), but area did 
significantly affect the model (p = 0.008).

FIGURE 5    |    WCT killer whale group size by month in the Salish Sea (red) and North Island Waters (N. is. Waters; gray) from 2016 to 2020. All data 
points were jittered and fit with a 33% span loess curve. Groups larger than 15 individuals (n = 171) were not plotted, but were included in analysis. 
The median group size per month in the Salish Sea ranged from 4 to 7 individuals, while median group size in North Island Waters ranged from 4 to 5.

FIGURE 6    |    WCT killer whale group size by year in the Salish Sea (red) and North Island Waters (N. is. Waters; gray) from 2016 to 2020 and for all 
years combined. Group sizes larger than 30 individuals (n = 2) were removed from the figure but included in the analysis. Overall, the median group 
sizes were 5 individuals in the Salish Sea, and 4 in the North Island Waters.
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11 of 16Marine Mammal Science, 2026

There was a significant relationship between the number of oc-
currences and the number of individuals observed (p < 0.001, 
R2 = 0.87). The relationship between the two was proportional 
until ~25 occurrences (Figure 8), at which point the rate of in-
crease in the number of individuals per number of occurrences 
decreased and began to plateau around 100 occurrences and just 
over 100 individuals.

4   |   Discussion

WCT killer whales used the inside waters of Vancouver Island 
year-round during all years of study (2016–2020), but occurred 
more frequently in the Salish Sea compared to the North Island 
Waters. Seasonally, WCT killer whales had higher occurrences 
from June to September in the Salish Sea and were at their 

highest occurrences during September in the North Island 
Waters. While encounters of WCT killer whales were high every 
summer in the Salish Sea, they were significantly lower during 
every July of even years. Approximately 70% of the coastal sub-
set of the WCT killer whale population used the inside waters of 
Vancouver Island in any given year. While some members of the 
population did not return every year, the majority did.

4.1   |   Seasonal and Decadal Changes in Presence

Little is known about the historic presence of WCT killer whales 
in the inside waters of Vancouver Island. While mammal-
eating killer whales were encountered in the Salish Sea in the 
early 20th century (Carl 1959; Scheffer and Slipp 1948), the ear-
liest studies of WCT killer whales reported just 14 encounters 

FIGURE 7    |    The proportion of WCT killer whales identified from the WCT catalog (Towers et al. 2019) that were observed per year from 2016–
2020 in the Salish Sea, North Island Waters (N. Is. Waters), and both areas combined. Overall, an average of 71% of the whales used the inside waters 
of Vancouver Island, and the percent of population present did not differ significantly between years. Total population of WCT killer whales for each 
year was determined using population updates from Bay Cetology (2024).

FIGURE 8    |    The number of individual WCT killer whales observed per month relative to the number of occurrences per month. The data were fit 
with a loess curve with a 95% confidence interval and a 75% span.

 17487692, 2026, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/m

m
s.70205, W

iley O
nline L

ibrary on [22/06/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



12 of 16 Marine Mammal Science, 2026

over a single year in the Salish Sea in the late 1980s (excluding 
Puget Sound), and 50 encounters in the early 2000s (Baird and 
Dill 1995; Houghton et al. 2015). WCT killer whales were consid-
ered rare visitors to the Salish Sea compared to the fish-eating 
resident killer whales. By the 2010s, there were about ~122 WCT 
occurrences per year (Shields et al. 2018).

In contrast to the low numbers reported in the Salish Sea from 
the 1980s to early 2010s, annual occurrences of WCT killer 
whales averaged 615 per year from 2016 to 2020 (which in-
cludes an average of 42 annual occurrences in Puget Sound). 
Note, however, that some previous studies (e.g., Houghton 
et al. 2015) tallied occurrences every 6 days, meaning that if 
the same group was observed for up to 6 days in a row, it was 
considered a single occurrence. Overall, the number of WCT 
killer whales returning to the Salish Sea each year was rela-
tively constant during all 5 years of our study (2016–2020), and 
accounted for ~70% of the coastal subset of the WCT popula-
tion. This demonstrates a continued increase in the number 
of individuals present in the Salish Sea, rising from approx-
imately 40 individuals in the 1980s and 1990s (Baird and 
Dill 1995) to 135 in the early 2000s (Houghton et al. 2015) and 
as many as 240 between 2011 and 2017 (Shields et al. 2018). 
This steady increase suggests that the Salish Sea has become 
an increasingly important habitat for the WCT population of 
killer whales.

In addition to decadal increases in WCT killer whale presence 
in the Salish Sea, there have also been notable seasonal changes 
in their presence. Initially, WCT killer whales were primarily 
observed in the Salish Sea in August and September during 
the 1980s and 1990s—and later began being reported more fre-
quently in other months of the year starting in the 2000s, with 
notable peak encounters in April and May (Baird and Dill 1995; 
Houghton et al. 2015; Shields et al. 2018). From 2016 to 2020, 
WCT killer whale occurrences increased beginning in March, 
peaked in June and August, and decreased in presence start-
ing in October (Figure 2). Thus, WCT killer whales appear to 
spend more time in the inside waters of Vancouver Island during 
spring and summer than in winter months.

Another notable decadal change has been the increasing num-
bers of matrigroups coming to the Salish Sea. Many matri-
groups that had not been observed in the Salish Sea during 
the 1980s and 1990s began being seen in the 2000s (Houghton 
et  al.  2015). This increase in new matrigroups includes those 
previously known from the outer coast between Washington 
and California and others historically known from Alaska and 
northern BC (Shields et al. 2018). During our study period, we 
observed 24 individuals in the inside waters of Vancouver Island 
that were not in the catalog of the coastal subset of WCT killer 
whales (Towers et al. 2019). The majority of these individuals 
were observed in the Salish Sea, and most likely spend most of 
their time off the outer coast between California and southeast-
ern Alaska (Towers et al. 2019).

The increasing numbers of WCT killer whales in the Salish Sea 
presumably reflect a combination of increased growth of the 
coastal subset of the WCT killer whale population (average 4.1% 
per year from 2012 to 2019; Towers et  al.  2019), and local in-
creases in the amount and predictability of prey. While in BC 

waters, WCT killer whales primarily feed on harbor seals, fol-
lowed by harbor porpoises and Steller sea lions (Ford et al. 1998, 
2013). The decadal and seasonal changes in WCT killer whale 
use of the inside waters of Vancouver Island are likely due in 
part to significant increases in harbor seal, California sea lion 
(Zalophus californianus), and Steller sea lion populations.

In the early 1900s, seal and sea lion populations were reduced 
to low numbers from hunting and culling, but have increased 
since being protected in the early 1970s in Canada and the 
United States (Laake et  al.  2018; Olesiuk  2010). Harbor seal 
populations in BC increased from ~10,000 individuals in 1970 
to ~85,000 individuals in the latest surveys (2015–2019), while 
California and Steller sea lion populations have more than tri-
pled in the four decades following protection (DFO 2021, 2022, 
2023; Pearson et al. 2024; Trites 2021). While sea lion popula-
tions are still increasing in BC, harbor seal populations have 
been considered to be at carrying capacity since 2000 (Chandler 
et al. 2017; Olesiuk 1999). The Strait of Georgia, a region which 
comprises the majority of the Salish Sea, has the highest density 
of harbor seals in BC with an estimated 39,000 individuals in 
2014 (Majewski and Ellis 2022).

The increase in WCT killer whale presence, both decadal and 
seasonal, highlights the importance of prey species and their 
availability in the inside waters of Vancouver Island.

4.2   |   Differences in the North Island Waters 
and the Salish Sea

Throughout the study period (2016–2020), there were signifi-
cantly more encounters and individual WCT killer whales in the 
Salish Sea compared to the North Island Waters, which may be 
due to differences in sighting efforts but likely also reflects re-
gional differences in prey densities and availability. Similarly, 
the highest presence of WCT killer whales in June and August 
in the Salish Sea and their highest presence in September in the 
North Island Waters most likely correspond to different seasonal 
peaks in prey availability in the two areas. Despite the differ-
ence in geographic area between the North Island Waters and 
the Salish Sea, the number of occurrences per km2 was higher in 
the Salish Sea compared to the North Island Waters.

Steller sea lions occur year-round in the inside waters, but a 
greater number arrive every spring (March, April, and May) 
to prey on spawning Pacific herring (Clupea pallasii; Hay and 
McCarter 2013; Keple 2002; Olesiuk 2018; Schweigert et al. 2010). 
Similarly, many male California sea lions travel north from 
California to the Salish Sea every fall and peak in abundance in 
the spring (DFO 2023; Keple 2002). Like Steller sea lions, har-
bor seals are available for killer whales to consume year-round. 
Their pupping season occurs in July and August in the inside 
waters of Vancouver Island, with weaning in September (Burg 
et al. 1999; Temte et al. 1991). While the resident Steller sea lions 
and harbor seals can presumably sustain the WCT killer whales 
observed in winter months, the killer whales most likely return 
to the Salish Sea in increasing numbers in spring to target both 
sea lion species—and remain at high numbers through summer 
due to the high densities of harbor seals associated with pupping 
and breeding.
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Among the WCT population, some matrigroups showed pref-
erence for either the North Island Waters or the Salish Sea, 
while other groups traveled between the two areas. Five matri-
groups and three solitary individuals (19 individuals total) 
were only observed in the North Island Waters. In contrast, 51 
individuals (9 matrigroups and 12 lone individuals) were only 
observed in the Salish Sea (Table  S2). Many groups traveled 
between the two areas, spending a large portion of the year 
in the inside waters, such as the T002C's, who were primarily 
found in the North Island Waters and northern Salish Sea, but 
traveled annually to the southern Salish Sea. In total, 226 in-
dividuals were observed in both the North Island Waters and 
the Salish Sea, with 245 individuals (~71% of coastal popula-
tion) observed in the north and 277 individuals (~80% of the 
population) in the Salish Sea. The high number of individuals 
found in both areas may be due to the geographic location of 
the inside waters of Vancouver Island, as it is central within 
the overall WCT killer whale range. The differences in the 
use of the two areas suggest that the groups may have differ-
ent habitat preferences and habitat-specific hunting methods 
for prey in each area. Other groups of WCT killer whales ap-
peared to be more nomadic, spending a short amount of time 
in the study area, suggesting presence in other portions of the 
WCT range.

Group sizes were larger in the Salish Sea compared to the North 
Island Waters, which may be related to the availability of differ-
ent prey types in each area. Larger WCT killer whale groups are 
often observed when they target larger marine mammals such as 
juvenile whales and adult male Steller sea lions—whereas smaller 
groups may be more cost effective when matrigroups hunt smaller-
sized species such as harbor seals or harbor porpoises (Baird and 
Dill 1996; Dahlheim and White 2010). Group sizes of WCT killer 
whales were largest in the Salish Sea (max. 31 individuals), which 
might also reflect socialization and potential mating opportunities 
between matrigroups (Baird and Dill 1996).

4.3   |   Odd vs. Even Year Patterns

WCT killer whale presence in the Salish Sea decreased every 
July during even years and returned to the typical seasonal 
pattern of increasing numbers of individuals present through 
the summer months in odd-numbered years (Figure 3). This 
alternating pattern may be related to the two-year life cycle 
of pink salmon (Oncorhynchus gorbuscha), which are believed 
to significantly affect the dynamics of multiple species and 
trophic levels across the North Pacific (Ruggerone et al. 2019, 
2023, 2025).

Pink salmon have a fixed two-year life cycle and return to spawn 
in BC from July to September (Heard 1991; Irvine et al. 2014). 
However, most pink salmon return to northern BC (north of lat-
itude 51°30′ N) in even years and return to southern BC (south 
of latitude 51°30′ N) in odd years. In the Salish Sea, pink salmon 
returns have averaged 18 million fish in odd years and 0.4 mil-
lion in even years (Ruggerone et  al.  2023). During our study 
period, pink salmon returning to the Fraser River averaged 7 
million in odd years and were inconsequential in even years 
(Pacific Salmon Commission  2018, 2021, 2023). In contrast, 
numbers of pink salmon spawning in northern BC averaged 1.7 

million in even years and 0.7 million in odd years (Government 
of Canada 2016).

One hypothesis to explain the biennial pattern of WCT killer 
whales could be that greater numbers of fish-eating (resident) 
killer whales displace WCT killer whales during even years 
when fewer pink salmon are present. Resident killer whales pri-
marily consume Chinook salmon (Oncorhynchus tshawytscha), 
yet the high number of pink salmon returning may interfere 
with residents' ability to catch Chinook, making the Salish Sea 
a less desirable area to visit in odd years (Ruggerone et al. 2023). 
Resident and WCT killer whales frequently overlap in range 
with no conflict. However, negative interactions and avoid-
ance have been documented between WCT and resident killer 
whales (Baird and Dill 1995; Ford and Ellis 1999; Morton 1990). 
Additionally, southern resident killer whale presence in the 
Salish Sea has been decreasing and was lower than in previous 
years during our study period (Shields 2023). However, the fact 
that no change in WCT presence has been noted in the Salish 
Sea in other months when resident killer whale presence is tra-
ditionally high (May–September) suggests this explanation is 
unlikely (Olson et al. 2018).

Another possible reason for the reduced presence of killer 
whales in July of even years when few pink salmon return to 
the Salish Sea is that densities of highly mobile marine mam-
mals that normally travel to follow and target spawning pinks 
are low. WCT killer whales may track this biennial change and 
target the marine mammals that follow the pink salmon spawn. 
Alternatively, there may be higher aggregations of pinnipeds 
and small cetaceans feeding on the large number of pink salmon 
returning to the Salish Sea in odd years.

Pinnipeds such as harbor seals and sea lions opportunistically 
respond to seasonal increases of available prey species (Olesiuk 
et al. 1990; Sigler et al. 2009; Thomas et al. 2017), and may be 
more concentrated and therefore easier for WCT killer whales 
to capture in odd years in the Salish Sea and in even years in 
northern BC. We believe that this hypothesis is the most proba-
ble as large numbers of Pacific white-sided dolphin or porpoise 
are rarely seen in July in the Strait of Georgia, where the major-
ity of pink salmon return (Keple 2002). To test this hypothesis, 
data on pinniped presence and abundance around river mouths 
would need to be collected in even and odd years to observe 
whether pinniped densities increase when large numbers of 
pink salmon spawn. Overall, more research is needed to deter-
mine what causes the presence of WCT killer whales to decrease 
in July of even years.

An opposite trend of decreasing occurrences in odd years was 
observed in the North Island Waters, yet the total number of 
monthly occurrences was not significantly different (Figure S1). 
Future research could further examine this pattern in the North 
Island Waters to determine if pink salmon may be impacting 
WCT presence in that area as well.

4.4   |   Study Strengths and Weaknesses

Sighting effort for killer whales in the inside waters tends 
to be highest during summer and lowest during winter. 
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Consequently, the greater number of occurrences of WCT 
killer whales during spring and summer, and the decrease in 
winter months (November–March) could reflect reduced effort 
rather than lack of presence. However, based on cumulative 
numbers of individuals observed each month (Figure 4), which 
levels off after ~75 occurrences (Figure 8), it appears that num-
bers of individuals present may remain high in winter despite 
fewer reported occurrences, which is consistent with another 
study suggesting WCT killer whale presence is relatively sta-
ble in this region in winter (Pilkington et al. 2023). As such, 
increased numbers of occurrences in summer months may be 
repeated sightings of the same individuals rather than greater 
numbers of unique individuals being present during summer 
than winter. Thus, the decrease in occurrences should be con-
sidered a minimum estimate.

In contrast to winter sightings, WCT killer whale occurrences 
and number of individuals present from April to October are 
considered extremely reliable due to the consistency with which 
whale watching companies are on the water through spring, 
summer, and early fall. Therefore, during spring and summer, 
we consider the number of occurrences and individuals pres-
ent to be accurate and reflective of actual use of the area, rather 
than a minimum estimate.

In terms of regional differences, sighting effort was lower in the 
North Island Waters compared to the Salish Sea. The Salish Sea 
has more vessel traffic and more people recording killer whale 
sightings that openly share their data. It is thus unlikely that 
WCT killer whales would often be missed while in the central 
and southern parts of the Salish Sea. Contrarily, for the North 
Island Waters, reported occurrences should be considered 
minimum estimates because there are fewer data sources and 
vessels on the water to cover the entire area, even in summer 
months. Despite these limitations in sightings effort, all indica-
tions point to WCT killer whales making significantly greater 
use of the Salish Sea than the North Island Waters due presum-
ably to there being significantly higher densities of harbor seals 
in the Salish Sea (Majewski and Ellis 2022). Thus, many of the 
encounters of WCT killer whales in the North Island Waters 
may simply reflect this being their entry or exit path to or from 
the Salish Sea as they travel in search of prey.

Future research should consider our findings as a baseline for 
WCT killer whale presence in the inside waters of Vancouver 
Island. To further understand how WCT killer whales use the 
inside waters, behavioral data should be included in the spatial 
and temporal encounters data. To improve data collection when 
effort is lower, other methods to monitor WCT presence could 
be used, such as hydrophones, boat transects, and land-based 
sightings.

4.5   |   Conclusions

Prior to our study, relatively little was published on WCT killer 
whale presence in the inside waters of Vancouver Island. The 
encounters data show that they are present year-round and that 
~70% of the coastal subset of the WCT killer whale population 
uses this area every year. Given that the population ranges from 
California to southeast Alaska, it suggests that the inside waters 

of Vancouver Island—comprising a relatively small portion of 
their entire range—should be considered critical habitat needed 
to support the WCT population.

The heavy use of the inside waters of Vancouver Island by 
WCT killer whales is most likely due to the recovery of their 
prey and high density of harbor seals and sea lions available 
for hunting. Their future presence and numbers will undoubt-
edly depend on the ability of the inside waters to maintain 
healthy populations of pinnipeds and small cetaceans. Threats 
to the availability of their prey caused by disease, oil spills, or 
culling could have significant negative consequences for the 
west coast transient killer whale population and their import-
ant habitat.
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Additional supporting information can be found online in the 
Supporting Information section. Figure S1: The total number of WCT 
killer whale occurrences each month in the North Island Waters from 
2016 to 2020 separated by odd (top) and even (bottom) years. Data are fit 
with a 33% span loess curve with a 95% confidence interval. Occurrences 
steadily increased through summer months in even (bottom) years but 
decreased in July of odd years. However, this difference was not statis-
tically significant. Table S1: Mean group size of WCT killer whales per 
data source in the North Island Waters and the Salish Sea. Data sources 
include the Department of Fisheries and Oceans Canada (DFO), Bay 
Cetology (B.C.), Pacific Whale Watching Association (PWWA), North 
Island Marine Mammal Stewardship Association (NIMMSA), B.C. 
Cetacean Sightings Network (BCCSN) and Wild Ocean Whales Society 
(WOWS). Mean group size for Orca Network (ON) was not calculated 
due to small sample size. Table S2: Matrigroups observed in the North 
Island Waters and Salish Sea from 2016 to 2020. 
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