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Evidence of fin whale
(Balaenoptera physalus velifera)
recovery in the Canadian Pacific

Lynn Rannankari*', Rianna Burnham™ and David Duffus

Whale Research Lab, Department of Geography, University of Victoria, Victoria, BC, Canada

Pacific fin whales (Balaenoptera physalus velifera), once the most abundant
cetacean species in British Columbia (BC), were also one of the most heavily
targeted by commercial whaling. Much of what we know about their phenology
and ecology is from catch records, but their current status has not yet been
summarized in Canadian waters. Here, we collated evidence from dedicated
surveys, opportunistic sightings, and passive acoustic records that had not been
reported before and reviewed them in the context of past data. This was to add
new findings to what is known, and to establish if the population was showing signs
of recovery. This is particularly relevant considering discussions of downlisting their
population status in Canada from endangered to threatened. We then asked if this
rebounding was consistent with what is known about pre-whaling presence and
movement patterns, or if changes in whale distribution reflected altered oceanic
regimes, prey availability, or increased anthropogenic pressures. The evidence
suggested that fin whale populations in the northeast Pacific Ocean are
repopulating areas along the BC coast recognized as part of their historic range.
However, they are recovering in a different ocean than they were removed from,
which makes them increasingly vulnerable to new anthropogenic threats. The
sightings data suggested that, at least for the west coast of Vancouver Island, this
repopulation has occurred over a relatively short period, with fin whales still absent
from regular surveys as recent as the early 2000’s. The recent acoustic recordings
suggested their presence is not transitory, but that fin whales may be using locales
along the BC coast for feeding and breeding activities.

KEYWORDS

fin whales, commercial whaling, population rebounding, acoustic monitoring, visual
surveys, platforms of opportunity, catch records

1 Introduction

Large-scale industrial whaling ended in the Canadian northeast Pacific Ocean in 1967,
but not before decimating cetacean populations. Once the most abundant species in this
area, Pacific fin whales (Balaenoptera physalus velifera) became the most heavily hunted
(Pike and MacAskie, 1969). Catch records show that more than 7,000 fin whales were killed
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in less than 60 years (1908-1967), more than any other species for
the five whaling stations in British Columbia (BC) (Figure 1) for
that period (Gregr, 2000; Nichol et al., 2002).

Here, we combine insights from previously unpublished data
with the existing literature from studies and catch records from
along the BC coast to consider the potential recovery of fin whales
since the cessation of whaling. For context from their full
geographic range, data from Alaska to California was examined.
Recent visual surveys and passive acoustic monitoring (PAM) data
are compared as new evidence of whale presence to whaling records
and works from that period to consider if the current patterns of
presence and habitat use indicate a population recovery into areas
where fin whales once prevailed, or if the extent of population
growth and/or dynamic environmental variables have initiated a
range expansion. We question whether the consistent down-listing
of fin whales under the Species at Risk Act (SARA) is warranted
given the evidence. Fin whale presence along the BC coast forms the
foundation of this assessment, while behavioral context will be
considered where possible to ascertain spatiotemporal trends.

2 Whaling

Four whaling stations operated in BC between 1905 and 1943
during the first era of whaling. These stations were located on the
west coast of Vancouver Island at Sechart and Kyuquot, and on
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Haida Gwaii in Rose and Naden Harbors. After World War II,
during the second era of whaling, a fifth station opened in Coal
Harbor on northern Vancouver Island, becoming one of the most
prolific stations and one of the last operational shore-based stations
in North America (Figure 1).

The industry in BC targeted five whale species: blue
(Balaenoptera musculus), fin, humpback (Megaptera novaeangliae),
sei (B. borealis) and sperm (Physeter macrocephalus) whales.
Occasionally, north Pacific right (Eubalaena glacialis), Baird’s
beaked (Berardius bairdii), gray (Eschrichtius robustus) and minke
(Balaenoptera acutorostrata) whales were also noted in the records
(Nichol and Ford, 2018). A total of 24,427 whales were logged into
catch records, of which 7,497 were fin whales (Gregr, 2000; Ford,
2014; Nichol and Ford, 2018). Despite the closure of Canadian
whaling stations, between 1964 and 1974, a further 201 fin whales
were taken in the Pacific by Japanese whalers, with additional
removals by Soviet whalers in the offshore waters, both of which
are believed to have under-reported or falsified records (Ford, 2014).

Despite overharvesting being evident in the early years of
whaling, the BC industry increased production; limits on chaser
boats per station were abandoned and whale processing became a
24-hour operation at the shore stations (Nichol and Ford, 2018).
Initially spared from the hunt on account of their speed, strength,
and use of offshore habitat, fin whales became a target species for
the cull. Their predictable presence in waters close enough to shore
was not great enough to warrant a stronger focus until the numbers
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FIGURE 1

Map of the British Columbia coast. The five whaling stations are indicated with red circles (Naden, Rose and Coal Harbor, Kyuquot, and Sechart).
The location of passive acoustic monitoring (PAM) systems discussed are shown with black stars (Gowgaia Slope and Ramsay Island (Frouin-Mouy
et al, 2022); Clayoquot Slope, Clayoquot Sound, and Swiftsure Bank (Burnham, 2019). The track of mobile PAM systems is shown with black dashed
lines and the bi-monthly pelagic survey off the west coast of Vancouver Island is shown with red dotted line, with starting, shelf crossing, and end
locations marked by a black triangle. This is shown in greater detail in the inset
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of blue and right whales had dwindled (Drucker, 1951; Monks et al.,
2001; Ford, 2014). Catch numbers of fin whales steadily decreased
from a peak in 1911-1912, although they still formed a substantial
part of the catch. The focus on fin whales was even greater in the
second era of whaling (Gregr, 2000; Nichol and Ford, 2018). During
this period fin whale catch peaked in 1958 with 573 animals,
followed by another dramatic fall in catch (Gregr, 2000). The
overall proportion of fin whales caught from BC waters was
similar to that reported for Alaskan stations (Gregr, 2000), and a
similar switch of target species was noted in whaling records for
California (Clapham et al., 1997). Bonuses were paid based on the
length of the whale, encouraging the take of more mature
individuals. However, the take in this second era for fin whales
was from a population that had already been exploited, which had
altered the age and size structure. The minimum catch length for fin
whales was set at less than the known average length at maturity and
was lesser than that imposed for humpback and sei whales, typically
smaller species (Flinn et al., 2002).

Much of what is known about fin whale ecology and habitat use
has been derived from historical catch and commercial whaling
records that provide details over large spatial and temporal scales.
Catch dates, location, sex, length, and a variety of measures related
to diet, reproductive status, and morphology were taken (Nichol
and Ford, 2018). This adds to our understanding of trends on sex
ratios, body lengths at maturity, pregnancy rates, and population
structure. These details, along with notations of catch and whaling
efforts (Pike, 1968; Gregr, 20005 Gregr et al., 2000) can be used to
better understand the impacts of removals on fin whale populations.

3 Contemporary data

3.1 Visual data

Several dedicated, systematic surveys have been undertaken in
BC, which aid in establishing fin whale presence, habitat use, and
population abundance. However, much of the effort has been
focused on the continental shelf. Vessel-based line transect
surveys have estimated the fin whale population. The use of
photo-identification mark-recapture methods from a dedicated
research vessel helps to better estimate the number of individuals
observed. However, again, much of this work to date has been
limited to continental shelf waters and estimates the total
population, rather than sexually mature adults. Aerial and vessel-
based surveys in deeper waters have shown greater density of fin
whales for the survey effort expended in areas west of Vancouver
Island and Haida Gwaii, for example (Harvey et al., 2017; Figure 1),
indicating there is still much to learn about fin whale presence in the
offshore areas. A three-month vessel-based survey in the summer of
2018 into offshore waters extended to the limits of Canada’s
Exclusive Economic Zone (EEZ), including over 350,000 km? of
survey area in offshore waters (Pacific region International Survey
of Marine Megafauna (PRISMM), Wright et al., 2021) started to
address the lack of data.

Additional data comes from smaller-scale vessel-based surveys.
An example is from surveys undertaken between 1993 and 2007 on
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the west coast of Vancouver Island by a citizen science group, the
Strawberry Island Marine Research and Education Society (SIMRS,
Figure 1). The results of these surveys have not been previously
published and were not designed to target fin whale populations
specifically. The transect began at a near-shore location north of
Tofino (49.1362°N, —125.9751°W) and extended to an end point
35 nm offshore (48.8450°N, —126.7192°W); 24 nm of this survey
were over the continental shelf, then crossed the shelf break
(48.9667°N, —126.5267°W) to continue into abyssal waters
(Figure 1). This survey line crossed several bathymetric features
including submarine canyons west of Clayoquot Sound. These
surveys, despite noting the presence of eleven cetacean species,
highlighted the absence of fin whales at that time.

Data collated from aerial or vessel-based surveys and platforms
of opportunity adds to evidence of fin whale habitat use as they
recover from whaling. Opportunistic data collated for the BC coast
by the British Columbia Cetacean Sighting Network (BCCSN) was
used to look for changes in presence in time and space, and to set
the SIMRS Vancouver Island surveys in a coast-wide context. For
the period of the SIMRS pelagic surveys, the total reported sightings
for fin whales in the 1990’s was five, three of which were before
the surveys started in 1991-1992. No sightings were reported
between 2000-2009, consistent with the survey results (Figure 2).
Although not effort-corrected and all observations being
opportunistic, the coast-wide sighting data suggests an increasing
number of fin whales in BC waters and an expanding spatial range,
as represented by the geographical extent the sightings were
made (Figure 2).

3.2 Acoustic records

Data from passive acoustic monitoring (PAM) systems have
also added to our knowledge base of fin whale habitat use in BC.
Whale calls in the acoustic record indicate presence, but also give an
idea of the whales’ behavioral state. The most commonly described
fin whale call is the 20-Hz downsweep, used while traveling and
socializing (Watkins et al., 1987; McDonald et al, 1995; Edds-
Walton, 1997; Sirovic et al., 2013). If 20-Hz calls appear in a regular
pattern in the acoustic record, with consistent inter-call intervals, it
represents ‘song’ and forms part of the male reproductive display
(Watkins et al., 2000; Croll et al., 2002; Sirovic et al., 2013; Koot,
2015; Burnham, 2019). Also noted in the literature is the 40-Hz call,
principally used during foraging (Sirovic et al., 2013; Burnham et al.,
2021; Romagosa et al., 2021).

Findings from recordings from offshore Vancouver Island by
Burnham et al. (2019) were furthered here by considering an extra
year of data from a bottom-mounted underwater hydrophone at
Clayoquot Canyon [48.6706°N, —126.8485°W; Ocean Networks
Canada (ONC) node (oceannetworks.ca); Figure 1]. This analysis
was undertaken from July 2018 to July 2019 and considered here as
they overlap spatially with the SIMRS vessel surveys. This analysis
was a manual aural-visual review of offshore recordings (July 2018-
July 2019 at 48.6706°N, —126.8485°W) that systematically analyzed
every 5th day. Details from similar recordings from bottom-mounted
underwater hydrophones on the eastern and western coasts of Haida
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1980-2023
n=1210

2010-2019
n=446

FIGURE 2
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1980-1989

2020-2023

Sightings data of fin whales taken from the British Columbia Cetacean Sightings Network. These are opportunistic sightings, that have not been
effort corrected. Heat-spotting allows hot-spots of whale presence through each decade and the full length of data (1980-2023) to be visualized

spatially. The number of sightings per decade is also indicated.

Gwaii (Gowgaia Slope and Ramsay Island, Figure 1) were taken from
analysis by Frouin-Mouy et al. (2022) to add to the coast-wide picture
of whale presence using acoustic means. Using single hydrophone
systems, it is not possible to discern the number of whales present or
their location. Nor is there a way to absolutely determine the absence
of whales when calls were not heard. Therefore, the calls in the
acoustic data represents a minimum presence. However, call number,
rate, and the presence of numerous coincident calls can all indicate
the relative number of whales present, and suggest migration,
breeding, and foraging behavior (Koot, 2015; Burnham, 2019;
Burnham et al., 2019; Frouin-Mouy et al., 2022).

4 Population abundance and structure

Pre-exploitation estimates suggest that prior to the 1900’s, the
north Pacific fin whale population was 40,000-45,000, and was
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reduced to 13,620-18,680 whales by the end of commercial whaling
(Ohsumi and Wada, 1974). Recognition that the northeast Pacific
stock was distinct in 1973 also indicated half of the existing
population of fin whales were of this stock, numbering 8,520-
10,970 whales (Ohsumi and Wada, 1974).

To date, an estimate of population abundance for finwhales in
Canadianwaters, especially for oftshore regions is lacking where fin
whales are presumed to be most numerous (COSEWIC, 2019).
Dedicated, systematic surveys have estimated the population in BC
to be approximately 400-500 individuals (2004-2005 survey, 496
individuals (95% CI: 202-1218) Williams and Thomas, 2007; 2004—
2008 survey, 446 individuals (95% CI: 263-759) Best et al,, 2015).
Nichol et al. (2018) confirmed this estimate from surveys conducted
between 2009 and 2014 (405 individuals (95% CI: 363-469)),
complemented using photo-identification to better estimate the
number of individuals. These surveys highlighted whale ‘hotspots’
in Hecate Strait, and Queen Charlotte and Caamano Sounds (Harvey
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et al, 2017; Figure 1). Sightings interpolated using density surface
modelling fromthe 2018 PRISMM survey suggested a total
abundance of 2,893 (95% CI: 2171 - 3855) fin whales in BC
estimated from 235 sightings across two survey strata (Wright
et al, 2021). This survey found over six times as many fin whale
sightings in the offshore than the north coast stratum and, overall,
exceeded earlier abundance estimates (see COSEWIC, 2019).

In the context of their full range along the west coast of North
America, surveys conducted in northern California, Oregon, and
Washington suggest a 7.5% annual increase in numbers from the
mid-1990’s to the mid-2000’s, representing an overall five-fold
increase in fin whale population size (Moore and Barlow, 2011;
Nadeem et al., 2016). Central and southern California estimates were
stable in population estimates during this period (Nadeem et al,
2016). In their northern range extent in Alaska, annual increases were
estimated to be 4.8% between 1987 to 2003 (Nadeem et al., 2016).
These kinds of population trend estimates have not been possible for
fin whales in Canadian waters, given the lack of baseline data
especially in offshore regions. Additionally, the logistical challenges
of systematically and repeatedly surveying offshore areas exacerbates
the difficulty of obtaining population estimates.

5 Habitat use

Whaling catch records provide clues about the distribution,
behavior, and prey of fin whales. However, they have an inherent
spatial bias; whaling efforts extended approximately 200 nautical
miles (nm) offshore from whaling stations (Pike and MacAskie,
1969), but approximately 80% of the catch was within 150 nm. Fin
whales were caught in both coastal shelf and offshore waters, with
the distance between the coastline and the capture site of whales
increasing significantly over the course of the second whaling era
(Gregr, 2000). Hunting efforts on the west coast of Vancouver
Island and around Haida Gwaii, in Hecate Strait and Queen
Charlotte Sound (see Figure 1), were primarily in exposed waters,
but occasionally in protected areas along the mainland coast and
Queen Charlotte Strait (Pike and MacAskie, 1969; Gregr and Trites,
2001; Ford, 2014). The catch per station along the coast was similar,
suggesting approximately equal availability and ease of capture of
fin whales. In general, catches increased from spring to summer,
and decreased from fall to winter (Gregr, 2000; Nichol et al., 2002,
Nichol and Ford, 2018). Male and female catch numbers by search
distance were approximately equal, indicating little to no spatial
segregation by sex. Their increased proximity to shore and presence
in Hecate Strait and Queen Charlotte Sound showed a seasonal
pattern, strongest in July and August, which suggests their use of
more near shore waters for summer foraging (Pike and MacAskie,
1969; Gregr, 2000). Pregnant females were noted consistently from
April until September within reach of the coastal stations (Gregr,
2000). Combined, this suggests that during the whaling period BC
waters were important for both reproduction and foraging.

The take of smaller bodied animals, despite the incentive toward
larger whales, suggests that the fin whale population may have been
segregated spatially by size, with mature animals living further
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offshore. Analysis of body size data also suggests the existence of a
local BC foraging sub-group or sub-population, of generally smaller
bodied individuals (Fujino, 1964; Pike and MacAskie, 1969; Flinn
et al, 2002). This was in addition to migrating animals, with age
structuring in this population movement. Larger bodied fin whales
arrived in BC ahead of smaller individuals for the northward
migration, and the southward migration was led by pregnant
females leaving in September to give birth, resulting in a notable
reduction in catch number (Gregr, 2000).

The context of fin whale presence can be enhanced from
patterns of prey abundance or oceanographic regimes. Spatial
modeling of the catch data shows increased whale abundance
with water depth (Nichol et al, 2017) and around bathymetric
features (Hui, 1985; Gregr and Trites, 2001), as well as during
periods of increased chlorophyll production (Smith et al., 1986), sea
surface temperature (Woodley and Gaskin, 1996), and ocean
circulation (Waring et al., 1993; Woodley and Gaskin, 1996). All
of these speak to the tie between whales and prey abundance (e.g.,
Woodley and Gaskin, 1996; Fiedler et al., 1998; Gregr, 2000; Gregr
et al., 2000; Gregr and Trites, 2001). Fin whale habitat from catch
data was predicted to be concentrated along the continental shelf
and in a large offshore area encompassing waters up to 100 nm
offshore that extended from the south end of Haida Gwaii towards
Vancouver Island (Pike and MacAskie, 1969; Gregr, 2000; Gregr
and Trites, 2001).

Oceanographic variables dictating prey abundance and
aggregation predicts whale presence (Gregr, 2000; Gregr and
Trites, 2001). Convergent currents to the north of Vancouver
Island, the topography, off-shelf flow, and the formation of Haida
eddies, upwell nutrients in these areas and entrain zooplankton
(Thomson, 1981; Allen et al., 2001; Nichol and Ford, 2018). The
higher proportion of euphausiids in stomach contents from
captured fin whales also suggests whales were concentrated on the
shelf break and around other bathymetric features (Mackas and
Galbraith, 1992). This was distinguished from greater proportions
of copepods from fin whales in sub-arctic, Alaskan, and offshore
waters (Mackas, 1992).

The opportunistic sighting data must be reviewed with caveats, as
results may reflect increased effort, both spatially and temporally.
However, similar to the whaling data, there is a spatial bias of limiting
search efforts to within reach of shore stations. Consistently, most
sightings per decade were reported around Rose Harbor and the
southern tip of Haida Gwaii (Figure 2). The appearance of whales in
near coastal or inner waterways and fjord systems has been noted by
Pilkington et al. (2018) and is also reflected in the BCCSN data
showing an increase from four individuals sighted on a single
occasion in 1995, to a total of 163 reports from 2010 to 2023
(Figure 2). Considering notations of foraging with the sightings,
foraging activity also increased (Figure 3).

Although little effort has been dedicated to these areas, fin
whales are known to use waters extending at least 200 nm offshore/
1,000 m water depth (Nichol et al., 2017). This includes the deeper
waters south and east of Haida Gwaii and in some more confined
waterways (Gregr and Trites, 2001; Williams and Thomas, 2007;
Ford et al., 2010; Nichol and Ford, 2018). Studies in California have
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1980-2023

FIGURE 3

10.3389/fcosc.2024.1392039

2000-2009

Sightings data taken from the British Columbia Cetacean Sightings Network, specifically noted as foraging fin whales. These are opportunistic
sightings, that have not been effort corrected. Heat-spotting allows hot-spots of whale presence through each decade and the full length of data
(1980-2023) to be visualized spatially. The number of sightings per decade is also indicated.

also shown fin whale presence to be consistent year-round and with
residency times of 30 days or more (Falcone and Schorr, 2014;
Scales et al., 2017), contradicting the presumed north-south
migration between high-latitude feeding areas and lower latitude
breeding and calving regions (Mackintosh, 1972; Sergeant, 1997).
As lesser numbers were noted in the catch records in BC over the
winter, it could be that the general population migrates, while some
individuals or sub-groups do not. These sort of breaks from the
expected whale presence in time or space may represent animals of
differing age, gender, reproductive status, energetic requirements/
size class, predation risk, or physiological capacities.

Review of more recent PAM data has indicated the presence of
fin whales year-round in recordings. The data both from Vancouver
Island and Haida Gwaii indicate the presence of both the 20-Hz and
40-Hz call, further suggesting BC is important for both feeding and
breeding for fin whales. Foraging calls were most prevalent in the
spring and summer, following the spring bloom and upwelling
along the shelf break (Burnham, 2019; Burnham et al,, 2019). The
presence of 20-Hz calls in BC waters, however, substantially
outnumbers the 40-Hz call type in the acoustic records. This was
found in the years’ worth of data analyzed from offshore Vancouver
Island. As per previous studies (see Burnham, 2019), this additional
PAM data showed the 20-Hz call was prevalent in January-
February, when records from whaling and recent surveys or
sightings are most scarce. Conception and calving are believed to
occur in the winter (Mizroch et al., 1984; Folkens et al., 2002), which
is when song was most frequent in the acoustic data off the west
coast of Vancouver Island and further north (Frouin-Mouy et al.,
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2022). Births are most common between mid-October and mid-
February (Lockyer, 1984; Koot, 2015), with patterning in 20-Hz
calls peaking towards the latter part of this period (also see
Burnham, 2019). Song patterning in the 20-Hz calls has been
noted in recordings taken at Union Seamount, Nootka Sound,
Barkley Sound, La Perouse Bank, and Brooks Peninsula on the
west coast of Vancouver Island (Ford et al,, 2010; Koot, 2015).
Further, winter recordings in northern BC, the Bering Sea, and
northern Gulf of Alaska to the Southern Californian Bight have also
noted the presence of regularly patterned 20-Hz song (Moore et al.,
2006; Stafford et al., 2007; Sirovic et al., 2013, 2015; Pilkington et al.,
2018; Frouin-Mouy et al,, 2022). Early notation by Burnham et al.
(2019) described a doublet pattern (two tones: a backbeat and a
20-Hz note, see Burnham, 2019) that had been described in other
areas of the west coast of Vancouver Island by Koot (2015), and
more widely in the northeast Pacific by Sirovic et al. (2017). Song
patterning is used in courtship displays but is also thought to reflect
population sub-structures. The doublet structured pattern noted by
Burnham (2019) and others (Ford et al., 2010; Koot, 2015) is the
most prominent pattern in the north Pacific (Sirovic et al., 2017)
and dominated the acoustic records from the BC offshore waters
from the recorder off Vancouver Island. The presence of this song
suggests a wide-ranging and highly connected population (Oleson
et al., 2014; Sirovic et al,, 2017). Indeed, similarity in song pattern
for southern California to the southern Chukchi Sea suggests the
range of this group could span the west coast of North America
(Mellinger and Barlow, 2003; Sirovic et al., 2017; Burnham, 2019;
Furumaki et al, 2021). The data analyzed from July 2018 to July
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2019 from offshore Vancouver Island noted more than 140,000 fin
whale calls in a years’ worth of data, with approximately 85% of the
calls 20-Hz calls and forming song patterns that peaked from
January to March. However, in considering the inter-call
intervals, the analysis indicated an altered or modified form of the
song pattern which may suggest song evolution, similar to that seen
in humpback whales (see, e.g., Allen et al., 2018) but on longer time
scales, or a progressive splintering of the population into sub-
groups as their numbers recover. The whaling data already
suggested a sub-group specific to foraging regions in BC;
something similar might become more apparent in the data for
whales undertaking courtship activities. Contrary to the catch
records, which suggested whale numbers decreased from
September onwards, fin whale calls were found to be most
numerous in the deep coast and offshore waters on the west coast
of Vancouver Island and Haida Gwaii in the winter months,
determined by both bottom-stationed and mobile PAM devices
(see Ford et al., 2010; Koot, 2015; Burnham, 2019; Burnham et al,,
2019; Frouin-Mouy et al., 2022; Figure 1).

The collated evidence suggests fin whales are present in BC
waters year-round and, while predominantly found in deeper
waters past the continental shelf break, they also use areas on the
shelf. Contemporary research confirms a similar habitat use pattern
to pre-whaling as fin whale populations in the northeast Pacific
Ocean are recovering. However, they are doing so in a different
ocean than they were removed from. When a population is reduced
it not only faces challenges due to small population dynamics, but
the removal of individuals may, to some extent, erase knowledge of
quality locations for foraging, mating, and calf rearing from the
collective memory of the population. This can mean the legacy of
whaling persists far beyond the cessation of removal activities. Since
the cessation of whaling, fin whales are starting to return to
historically important habitat as the current population builds
their collective memory of areas in BC waters that support their
reproductive and foraging success.

6 Challenges for recovery

As fin whales reestablish patterns of foraging and breeding, they
are now faced with shifts in the marine environment that were
absent prior to whaling pressures. Fin whale abundance mirrors
their prey, which even the whalers were aware of (Nichol et al,
2017). Fin whale sightings were most frequent along bathymetric
features that aggregate prey, particularly euphausiids, which fin
whales are known to target along the west coast of North America
(Flinn et al., 2002). However, changing ocean regimes and
anomalies of increased water temperatures in the Pacific Ocean
have altered zooplankton species composition along the BC coast
(Galbraith and Young, 2020), which their proclivity for oftshore
waters does not exclude them from (Hourston and Thomson,
2020). With warmer ocean temperatures expected due to climate
change, shifts in zooplankton timing and reduced size of prey
species is expected (Richardson, 2008). Although the response
from fin whale populations is so far unknown, these changes will
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dictate the location, abundance, and quality of their prey, which
may be reflected in future fin whale presence and habitat use.
Climate change also has a role in sea level rise, ocean acidification,
more intense marine heatwaves and storm events, and altered
nutrients cycling and sequestration. The large body size, long
generation time and low reproductive rates increases fin whales’
vulnerability to climate change effects, either directly or through
changes in habitat suitability of prey resources. Adaptations of
habitat use may become apparent as whales try to exploit localized
concentrations or prey hotspots (see Notarbartolo di Sciara et al.,
2016). More ‘opportunistic nomadism’ (Jonzen et al, 2011),
contractions in range, or altered or weakened migration patterns
may also become apparent (Notarbartolo di Sciara et al., 2016).

The consistent signs of fin whale repopulation along the BC
coast (Towers et al,, 2018; Keen et al., 2021) makes them
increasingly vulnerable to anthropogenic threats. Propeller driven
vessels have increased remarkably in the period since whaling
ceased. Marine vessel traffic in BC is concentrated around
Vancouver Island, especially nearest the ports of southern BC and
Washington State, but international shipping routes span much of
BC waters (Erbe et al, 2014). Although all large whales are
susceptible to vessel strikes, fin whales are especially vulnerable
(Laist et al., 2001). As the fin whale population in the Pacific Ocean
increases, and vessel traffic also increases, the number of ship strikes
is expected to rise. The risk of vessel strike from increased vessel
presence has been noted for fin whales in the literature (e.g.,
Williams and O’Hara, 2010; David et al,, 2011); proposed energy
projects are cited as a particular risk for whales in northern BC (see
Keen et al,, 2023), with similar findings reported due to the
proximity of fin whale habitat to commercial shipping lanes in
other regions (e.g., Castro et al., 2022). The location and effects of
collisions are still poorly known, but evidence from body scars and
strandings are being used to try and better estimate risk. However,
unreported strikes or undocumented fatalities mean that our
understanding likely underestimates the level of threat this could
pose for fin whales (Williams and O'Hara, 2010). Vessel travel
speed is likely the most important variable in estimating the risk of
collision, and likelihood of lethality if it occurs (Laist et al., 2001;
Vanderlaan and Taggart, 2007; Keeley et al., 2021).

The effects of vessel presence extend beyond collision injury and
fatalities; noise levels from propeller driven vessels have changed the
marine environment of BC waters considerably. The increasing
reliance on commercial ocean transport routes has been the driving
force behind a global doubling in ambient sound levels every decade
over the last 70 years (Hildebrand, 2009; Andrew et al., 2011; Frisk,
2012). Fin whales are highly acoustic animals, especially during
periods of breeding and foraging. However, increasing underwater
noise additions from large vessels are concentrated in the low
frequencies, where fin whale calling is focused. Acoustic
disturbance can induce a stress response in whales (e.g., see
Rolland et al., 2012), or disrupt key behaviors such as foraging or
social or mating behaviors through the abandonment of these
behaviors, avoidance of a key region where these areas are
undertaken due to noise levels, and the reduced effectiveness of
calling through acoustic masking. The full implications of the
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masking of fin whale communication signals are still largely
undetermined, but increasing noise levels can change fin whale
acoustic and behavioral patterns by modifying song characteristics
and causing avoidance of areas with increased noise levels
(Castellote et al., 2012; Southall et al., 2023). Passive acoustic
monitoring will not only aid in tracking the assumed fin whale
population recovery, but also allow an estimate of the potential level
of threat of underwater acoustic disturbance. Soundscape analysis
can detail the noise levels that whales are exposed to, and the level of
exposure over time. Although masking and behavioral/calling
modification is considered a sub-lethal effect it can increase the
energetic load of a whale, while also decreasing the amount of
information it is receiving about its surroundings, and so has the
potential to impact their success or survival. In addition, if exposure
is great enough (from noise amplitude and/or time of exposure)
physiological effects such as temporary or permanent hearing
impairment may result, with morphological damage also
documented in cetacean species (see Erbe et al., 2019).

Other risks include entanglement, toxicity from plastic/micro-
plastic pollution from ingestion and exposure to persistent organic
and heavy metal pollutants (see Fossi et al., 2012; Espada et al,
2024) and the potential for oil spills. The assessment of each start
with the consideration of the pathway of effect and risk to
individuals by assessing the spatial and temporal overlap,
allowing consideration of how that might escalate to risk of a
group or population-level consequences more broadly. In other
regions, pulmonary and neurological diseases have been described
as a naturally occurring threat, whereby death occurs through
individual or mass stranding.

7 Conclusions

The collation of evidence suggests that fin whales are
repopulating areas along the BC coast. This is further supported
by the annual population growth in areas to the north in Alaska and
the south in California. However, the efforts to track the recovery of
the whales in their core habitat, in deeper waters and off the shelf
break, is limited. This restricts our appreciation of the current
population size and dynamics, with the conclusions made so far
being limited to on-the-shelf observations, which may represent
more of a peripheral population recovery. Acoustics may be
employed to fill the gap in our knowledge about offshore
repopulation and habitat use over time and space. That said,
more field observations and genetic sampling will refine our ideas
of population number, site fidelity, residency times, population
dynamics and composition, including potential sub-groupings or
clades (Archer et al., 2013). With their long generation and
gestation times, recovery to pre-whaling numbers will be slow
(Best, 1993; Zerbini et al., 2010) and the legacy of whaling
removals be felt for some time to come. Worldwide, fin whale
populations are experiencing varying degrees of recovery, but their
numbers seem to be increasing in the Southern Hemisphere (Herr
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et al.,, 2022) and North Atlantic (Vikingsson et al., 2009). A more
broad, trans-boundary appreciation of population structure may be
needed, especially for mitigating threats associated with commercial
shipping and climate change. The consistent down-listing of fin
whales by COSEWIC in Canada’s Species at Risk Act (SARA) may
be premature and go against the precautionary principle usually
adopted when so many unknowns remain.
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