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The harbor porpoise (Phocoena phocoena) is one of the most abundant coastal
cetacean species in the Northern Hemisphere with differential levels of regional
knowledge. Gaps are particularly evident for the Pacific subspecies Phocoena phocoena
vomerina. In the Salish Sea (a transboundary body of water spanning between
Washington, United States and British Columbia (BC), Canada), there is a dearth of
information on many aspects of the biology, ecology, behavior, sociality, and regionally
specific threats. Here we present a case study of the Salish Sea harbor porpoise,
combining historical and current research, from both BC and Washington, to provide
a more holistic view of this species’ status, the knowledge continuum and gaps,
risks from identified threats and what current research and collaborations are revealing
about this enigmatic species. The Salish Sea harbor porpoise was abundant to the
1940s and 1950s, but by the 1990s their numbers were greatly reduced, and all
but absent in some areas. By the early 2000s, numbers had resurged, and harbor
porpoise are now once again found throughout much of the Salish Sea. Despite
this, studies focused on Salish Sea harbor porpoises have been limited until recently.
Current long-term research has been conducted from vessels and land in both
Canada and the United States. Multi-faceted work using techniques including photo-
identification (photo-ID), behavioral visual observations, acoustics, commercial fishery
surveys, sighting reports, citizen science and other ecological data have provided insight
into the seasonal variation in density and abundance, site fidelity, reproduction, by-catch
rates, foraging and the identification of important habitats that are used intra- and inter-
annually in this region. These may represent culturally and biologically significant habitats
for Salish Sea harbor porpoise. Collaborations within and outside of the Salish Sea have
revealed consistencies and dissimilarities between different communities or populations;
indicating that some aspects are more uniform for the species, while others may be
community or population specific. The importance of long-term broad and fine-scale
research is highlighted, as well as recommendations to further close the knowledge
gaps and reduce the known human threats within the Salish Sea.
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INTRODUCTION

The harbor porpoise (Phocoena phocoena) has a wide geographic
distribution throughout the Northern Hemisphere (Gaskin,
1984; Fontaine et al., 2017). In many regions, this species is
considered to be one of the most abundant marine mammals
with decades of multi-faceted research programs (e.g., European,
Atlantic Canadian and Atlantic United States waters). However,
in some locations, like the Salish Sea [the inland waters of
Washington, United States and British Columbia (BC), Canada]
(Figure 1), there is a dearth of knowledge, both temporally and
spatially, regarding many aspects of harbor porpoise biology,
ecology, behavior, sociality and regionally specific threats. The
primary reasons for this lack of knowledge stems from the
difficulties inherent in studying this often enigmatic species, and
a historical, regional emphasis on larger cetaceans. The Salish Sea
is well known for the long-term research that has focused on the
more readily observable Southern Resident and transient killer
whales (Orcinus orca) (e.g., Olesiuk et al., 1990; Ellis et al., 2017;
Towers et al., 2019), humpback whales (Megaptera novaeangliae)
(e.g., Calambokidis et al., 2009) and gray whales (Eschrichtius
robustus) (e.g., Calambokidis et al., 2012), with far fewer studies
focused on harbor porpoises–even if they are a more frequently
encountered species.

Harbor porpoise are known for their small size, cryptic
behavior, and few readily observable distinguishing marks (e.g.,
Flaherty and Stark, 1982; Gaskin and Watson, 1985; Koopman
and Gaskin, 1994; Baird, 2003). Despite these observational
challenges, research on harbor porpoises can provide valuable
data on ecosystem health because they are top predators and are
a recognized indicator species (Hammond et al., 2013; Andreasen
et al., 2017). In fact, their shorter life span (Read and Hohn, 1995)
and yearly or biyearly reproductive cycle (Hohn and Brownell,
1990; Norman et al., 2018), may allow for monitoring of harbor
porpoise populations that provides more timely information on
the health of an ecosystem compared to sympatric but longer
lived and more slowly reproducing species like killer whales.
However, until more is known about the Salish Sea harbor
porpoise population(s), this potential benefit of knowledge and
conservation will remain unrealized.

Successful conservation actions require an understanding of
fundamental components of the biology and ecology of the
species or population of interest, and concurrent knowledge
of the threats or risks that may affect them. A key aspect of
this is the quantification of the variability in abundance and
distribution of wildlife at a variety of spatial and temporal scales
(Gilles et al., 2016; Waggitt et al., 2020). In the Salish Sea, larger
scale understanding of the species is restricted because Canada
and the United States manage their populations separately, even
though there are no obvious restrictions for harbor porpoise
movement between the two jurisdictions. Fine-scale research in
this region has been localized to only a handful of locations
in both Canada and the United States, and knowledge of
the ecological connectivity between the individual study sites
remains unknown. In the broad geographic context of the Salish
Sea, fine-scale research is largely lacking. This is troubling because
harbor porpoise behavior and foraging habitat usage have been

found to vary at smaller spatial scales compared to other marine
megafauna (Benjamins et al., 2015, 2016). Not accounting for
such fine-scale variation and potential structure could result in
local declines or extirpations going unnoticed or the inadvertent
loss or the degradation of locally important habitats. Compared
to other more well-studied populations (like those in Europe),
there are significant knowledge gaps for Salish Sea harbor
porpoises that must be addressed in order for conservation
measures to be successful–thereby securing the best insurance for
future populations.

Here we review the story of harbor porpoises in the Salish
Sea with a transboundary perspective, combining historical and
current research from both BC and Washington providing a
more holistic view of the status of this species and the knowledge
gaps for this region. This story may serve as a model for the
conservation of this species and other small coastal cetaceans. We
present the lessons learned from the return of the harbor porpoise
after disappearance from parts of their Salish Sea historic range,
how current research reveals the power of long-term, fine-scale
monitoring that complements larger scale abundance studies
and how collaboration (local, regional, and international) is key
to providing greater ecological insight over single-site studies.
From this, we draw upon current research to help us close the
knowledge gaps for the Salish Sea harbor porpoise and provide
tools and recommendations for research and protection that
have broad spatial applicability. Long-term research on harbor
porpoises, which are highly susceptible to human impacts, is vital
for the survival of populations where large knowledge gaps exist,
allowing the prevention of potential future population declines–
from which recovery is uncertain.

BACKGROUND

Along the west coast of the United States and Canada, genetic
studies reveal that harbor porpoises are not panmictic and
movement patterns along the west coast of North America
are sufficiently restricted that genetic differences have evolved,
currently resulting in eight different recognized stocks between
California and Alaska (see Carretta et al., 2016). The harbor
porpoises that inhabit the Salish Sea are recognized by the
United States National Oceanic and Atmospheric Administration
(NOAA) Fisheries as a single stock (Washington Inland Water
Stock, Carretta et al., 2016) and their range includes the
United States waters of the Juan de Fuca Strait, San Juan Islands
and Puget Sound (Jefferson et al., 2016). On Canada’s west coast,
there is no recognized stock structure, with the species assessed
as Pacific harbor porpoise for the entire province of British
Columbia. However, this scale may be too large for this species
in the Pacific. Research in this region indicates that at least
some harbor porpoise may have a tendency to live in relatively
small and restricted geographic areas (Flaherty and Stark, 1982;
Calambokidis and Barlow, 1991; Calambokidis and Baird, 1994;
Walton, 1997; Hanson et al., 1999; Rosel et al., 1999; Chivers et al.,
2002; Baird, 2003; Hall, 2011; Elliser et al., 2018). While individual
preference for specific locations is not evidence in itself of
population structuring, it does provide a basis to initiate enquires
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into Salish Sea harbor porpoise dispersal patterns. A little farther
north in Alaska, recent genetic work has shown there to be
significant genetic differentiation within a currently recognized
management stock (Parsons et al., 2018), and more research is
required to determine whether the United States and Canadian
harbor porpoise stock structure and boundaries within the Salish
Sea should be adjusted as there may be little dispersal or genetic
exchange over small geographic scales (Chivers et al., 2002, 2007).

Little is known of the Salish Sea harbor porpoise biology and
ecology, but progress is slowly being made in understanding this
cryptic aquatic mammal. In April 1991, the Committee on the
Status of Endangered Wildlife in Canada (COSEWIC) reviewed
the available information about the Pacific harbor porpoise
in British Columbia and determined there was insufficient
information to be able to recommend a conservation status and
the species was considered Data Deficient (Gaskin, 1991). Within
a few years of this designation, research was underway, in what
is now referred to as the Salish Sea, evaluating harbor porpoise
habitat selection, niche differentiation with Dall’s porpoise
(Phocoenoides dalli), strandings, prey species and incidental
mortality (Hall, 1996, 2004; Hall et al., 2002). Gradually progress
was made in discovering the ecological role of the Salish Sea
harbor porpoise.

With this progress, came an increased awareness of the
sensitivity of this small cetacean to the anthropogenic pressures
that are so prevalent within the shared transboundary waters
of Canada and the United States. By 2003, research efforts had
provided enough new information that COSEWIC was able
to conduct a second review of the species. This resulted in a
recommendation to increase the conservation status to Special
Concern and the Pacific harbor porpoise was officially added to
the Canadian Federal Species At Risk register (COSEWIC, 2003).

Nearly two decades later, the Pacific harbor porpoise is
still listed as Special Concern in Canada (SARA, 2021). This
conservation classification remains in place due to the known
risks to harbor porpoise from incidental mortality in fishing
gear, the species’ particular sensitivity to noise, the ongoing
deterioration of the habitat quality by coastal developments,
increasing noise, and other factors that were deemed unlikely
to be reversed (COSEWIC, 2016). Despite the same threats to
harbor porpoises in United States waters, they are not considered
a species of concern. They are not listed as “depleted” under
the Marine Mammal Protection Act, or listed as “threatened”
or “endangered” under the Endangered Species Act (Carretta
et al., 2016). However, the Puget Sound Ecosystem Monitoring
Program in Washington State, a collaborative network of regional
experts that track ecosystem conditions, has noted the need for
systematic surveys of harbor porpoises in the inland waters of
Washington as a high priority monitoring gap (PSEMP, 2018),
yet to date little work has been done.

Fundamental to understanding the contemporary status of
any species requires knowledge, insight and comparison with
historical information. The lack of current systematic survey
data from either Pacific Canada or the United States further
complicates the assessment of the health of the Salish Sea
harbor porpoise population(s). Assessment of abundance trends
or trajectories over the last half century is hindered by this

lack of quantitative information and the jurisdiction of two
nations. Human boundaries are likely not significant to mobile
animals like harbor porpoises, and it is recognized that animals in
United States waters may also use waters of at least southern BC,
though the extent of cross-border movements remains unknown
(Jefferson et al., 2016). While the socio-political boundaries
are likely not significant, human actions are. It is probable
that the harbor porpoises of the Salish Sea have been, and
continue to be, affected by the human activities on land and
at sea from both nations. Whilst definitive evaluation cannot
be conducted, the available information suggests that in the
past, Salish Sea harbor porpoise abundance plummeted and the
species was essentially absent from the southern regions (Puget
Sound, United States), and experienced a range contraction
in the central waters (near Victoria, Canada), with the latter
likely continuing to the present day (detailed below). The
anthropogenic activities of each nation may have had synergistic,
negative and undocumented effects on the harbor porpoise
population(s) of the Salish Sea.

Historically, the United States waters of the Salish Sea were
considered to have had high abundance and year-round presence
of harbor porpoises (Scheffer and Slipp, 1948; Barlow, 1988;
Calambokidis et al., 1997; Raum-Suryan and Harvey, 1998;
Gaydos and Pearson, 2011), and in British Columbia historical
records appear to indicate that harbor porpoise were commonly
sighted from shore in the Victoria region of Juan de Fuca Strait
(Baird, 2003). However, observational data suggest a decline in
numbers and regions used within United States waters since the
1940s (Scheffer and Slipp, 1948; Flaherty and Stark, 1982; Cowan,
1988; Gaskin, 1992; Calambokidis and Baird, 1994; Baird, 2003).
From the 1970s through to the 1990s, research and observations
revealed that harbor porpoises were virtually absent from Puget
Sound, and greatly reduced in numbers in Juan de Fuca Strait and
San Juan Islands (Evenson et al., 2016). While harbor porpoises
are still present in Juan de Fuca Strait (and sometimes in large
numbers–see Hall, 2011), they no longer regularly occupy the
nearshore Canadian waters near Victoria and a shore-based
sighting in this region would now be a rare occurrence (Hall, 2004
and unpublished data).

Despite the continued absence of harbor porpoise in the
Canadian nearshore waters of the Victoria region, by the
early 2000s opportunistic sightings, strandings and fisheries
bycatch data indicated that the harbor porpoise had returned
to the more southerly Salish Sea waters and the most recent
United States assessments confirm this return and numerical
recovery (Evenson et al., 2016; Jefferson et al., 2016). This is
reflected in the stranding records as well. A relatively high
number of strandings occurred in 2006–2007 prompting the
declaration of an unusual mortality event; however later analyses
showed that the increase in strandings was actually due to a
growing harbor porpoise population, expansion of their range
into previously sparsely populated areas and increased reporting
and response of the stranding network (Huggins et al., 2015).
The latest harbor porpoise abundance estimate (Table 1) for
the United States waters of the Salish Sea is 11,233 harbor
porpoises (in contrast there were only 3,509 harbor porpoises
in 1996, Calambokidis et al., 1997), with the highest densities in
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FIGURE 1 | Map of the Salish Sea (inland waters of Washington, United States and British Columbia (BC), Canada) with italicized locations marking current harbor
porpoise study areas discussed in the text. Numbers correspond to abundance estimates in Table 1. Collaborations are also occurring with D. Anderson in southern
Puget Sound and whale watch vessels departing from Victoria, Fidalgo Island and the San Juan Islands.

the San Juan Island area with 8,103 harbor porpoises (Jefferson
et al., 2016). Less effort was expended in evaluating British
Columbian waters due to primary survey goals and funding

limitations. However, a reliable abundance estimate of 1,825
harbor porpoises was determined for the Gulf Islands area,
whereas the abundance estimate of 277 harbor porpoises in
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TABLE 1 | Current abundance estimates for overall United States and BC with sub section abundance estimates when available.

Abundance estimates Location References Map location

11,233 United States waters of the Salish Sea pooled Jefferson et al., 2016

8,103 San Juan Islands, United States 1

647 Strait of Juan de Fuca, United States 2

1,798 North Puget Sound 3

599 South Puget Sound 4

288 Hood Canal 5

8,091 BC, province wide Best et al., 2015

442 Canadian Juan de Fuca and Haro straits Hall, 2004 6

1, 825 Gulf Islands, Canada Jefferson et al., 2016 7

Years covered: Jefferson et al. (2016): 2013–2015; Best et al. (2015): 2004–2006 and 2008, spring/fall 2007; Hall (2004): 2001–2002. Map location corresponds to
numbered sections in Figure 1.

the Canadian Juan de Fuca Strait was not considered reliable
(Jefferson et al., 2016). In comparison, a 2001–2002 systematic
study conducted in the Canadian waters of Juan de Fuca and Haro
Straits determined a corrected annual mean abundance estimate
of 442 (CV = 18.6%, 95% CI 308–634) harbor porpoise (Hall,
2004). A multi-species systematic survey was conducted along
much of the BC coastline which provided province-wide summer
estimates of abundance for seven cetacean species including
harbor porpoise (Williams and Thomas, 2007). These estimates
were updated 6 years ago to yield a province-wide summer
estimate of 8,091 (CV = 24.3%, 95 CI 4,885–13,401) harbor
porpoise (Best et al., 2015). However, this estimate encompassed
a much larger geographical extent than just the Salish Sea. There
are no current population abundance estimates for the Canadian
Salish Sea waters, but in 2018 the Pacific Region International
Survey of Marine Megafauna (PRISMM) was conducted by
Fisheries and Oceans Canada with line transects conducted
throughout BC waters, including inshore and offshore regions
spanning from the Salish Sea, to the Alaska border, and westward
to Gwaii Haanas (formerly the Queen Charlotte Islands). The
results of this survey (not available yet but anticipated by the
end of 2021) are expected to provide a more reliable estimate of
the abundance and distribution of harbor porpoise throughout
BC, including the Canadian waters of the Salish Sea. While these
large-scale studies are useful in terms of broad numbers, more
fine-scale work is required to understand regional variation and
potential stock boundaries.

The contemporary harbor porpoise population inhabits the
Salish Sea year-round (Keple, 2002; Hall, 2004; Jefferson et al.,
2016; Elliser et al., 2018) with differential spatial and temporal
patterns revealed by systematic, fine-scale studies. In the central
Strait of Georgia (northern Salish Sea), Keple (2002) found low
density and abundance of harbor porpoise with no detectable
seasonal variation. In contrast, in the central Salish Sea waters of
the southern Strait of Georgia and central Juan de Fuca Strait,
denser localized aggregations have been observed (Calambokidis
et al., 1997; Hall, 2004, 2011). Quantitative evaluation of year-
round survey sightings data in the central Salish Sea found harbor
porpoise density and abundance changed significantly depending
on season. A marked increase in the local abundance occurred
from April to October with a high of 673 porpoises (CV = 20.5%,

95%, CI 450–1006) (Hall, 2004). This was followed by a decline
to 208 porpoises from November to March (CV = 37.5%, 95%
CI 101–429) (Hall, 2004). This is similar to the San Juan Islands
where sightings were higher in the summer (June–August)
(Raum-Suryan and Harvey, 1998). However, the opposite is seen
in waters a little farther south near Fidalgo Island, Washington
where sightings increased in the spring (March–May) and where
harbor porpoises were significantly more likely to be seen in the
fall (September–November) and winter (December–February)
than in the summer (Elliser et al., 2018). A similar pattern has also
been observed in Queen Charlotte Channel, BC, with a seasonal
increase in usage patterns from the fall through to the spring (PCS
unpublished data 2021).

Habitat use and seasonal abundance patterns are also reflected
in the stranding data. Harbor porpoise are one of the most
commonly reported stranded marine mammals in southern
BC (Baird and Guenther, 1995), and evaluation of stranding
frequencies found that the greatest proportion occurred in the
late spring (Hall, 2004). Comparison of stranding data with
local abundance data found the two data sets temporally aligned
and the increase in strandings corresponded with the increase
in local density and abundance (Hall, 2004). Similarly, in the
United States the majority of stranded animals were recovered in
the spring and summer, with fewer animals in the fall and winter
(Norman et al., 2004; Huggins et al., 2015).

Collectively, these studies show that differences in seasonal
habitat use may vary between locations (as seen in many
European studies), but it is unknown whether this is due to larger-
scale seasonal movement patterns, or more localized differences
in population-specific habitat use patterns. The variation in
abundance estimates throughout the United States waters of
the Salish Sea between 2002–2003 and 2013–2015 suggest that
there may have been a redistribution of porpoises throughout
the inland waters (Jefferson et al., 2016), resulting in the habitat
use patterns currently seen. The long-term (1940s to 2000s) use
of the central Salish Sea waters near Victoria suggests that this
represents previously undocumented important habitat occupied
for at least the last half century with a possible reduction in
habitat quality of the nearshore environment that contributed to
the decline of harbor porpoise abundance in the area. Without
regular dedicated surveys across the Salish Sea it will remain
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uncertain as to whether these changes represent snapshots of a
larger cycle, or are anomalous occurrences that signal ephemeral
events. The regional variation in habitat use patterns within the
Salish Sea highlights the importance and the need for fine-scale
evaluations for this phocoenid species.

Fine-scale behavioral studies on harbor porpoises in the Salish
Sea are limited, but have begun to shed insight into important
foraging and reproductive habitats in both BC and Washington
waters. In the central Salish Sea, two harbor porpoise foraging
habitats were identified in Juan de Fuca Strait, near Discovery
Island and Race Rocks, that were selected during particular
tidal and lunar phases (Hall, 2011). This study also evaluated
high density aggregations in the Salish Sea, and demonstrated
biological/social importance of conspecifics in foraging harbor
porpoise habitat selection (Hall, 2011). Another biophysical
evaluation of Salish Sea habitat use encompassing 37,648 km2,
resulted in the identification of a small area (150 km2) in the
central Salish Sea that was the first identified reproductively
important habitat for harbor porpoise (Hall, 2011). On-going
research is indicating that harbor porpoise continue to persist
in these identified important habitats in the Canadian waters
of the central Salish Sea (Hall, unpublished data). Land based,
long-term behavioral and photo-ID work of harbor porpoises
in United States waters of the Salish Sea (off Fidalgo Island)
has documented site fidelity of recognizable individual harbor
porpoises, habitat use in relation to rip tide strength and tidal
cycle (but not lunar phases), and variations in group size (due
to season, behavior and calf presence) (Elliser et al., 2018). In
the southern Puget Sound, short-term (March–May) acoustic
data using a C-POD has shown a relationship between harbor
porpoise presence and rate of tidal change, hour of the day
and vessel presence (Anderson, 2014). Long-term work at two
study sites in the northern Salish Sea (Queen Charlotte Channel
and Saturna Island, BC) confirms that in some regions harbor
porpoise continue to use the nearshore environment such that
shore-based sightings are still possible (PCS unpublished data).
The same is true for more remote regions of Juan de Fuca
Strait (e.g., west coast Vancouver Island near Jordan River) where
harbor porpoise can be observed from shore and within the
nearshore environment on a regular basis (Hall, unpublished
data). These nearshore locations may represent habitats that
are biologically or socially important for the survival of Salish
Sea harbor porpoise. These areas may also serve as indicator
habitats for the nearshore region from which to compare levels
of anthropogenic activities.

Furthering the understanding of a species habitat use patterns
can help to improve assessments of population size, trends
and distribution (Gilles et al., 2016). This is important for
developing biologically meaningful conservation measures for
harbor porpoises (and other species) that face increasing human
impacts. It is also important to recognize urbanized from non-
urbanized habitats, and the differences or similarities that may
exist, as these could indicate adaptations to, or potential effects
from, the levels of human activity. Although knowledge of
harbor porpoises in the Salish Sea has increased in the last
10–15 years, it is evident that there is much we do not yet
know. Identification and recognition of these knowledge gaps are

critical to guide future research studies and provide information
to create successful conservation strategies.

KNOWLEDGE GAPS AND THREATS

Knowledge gaps for the Salish Sea harbor porpoise are further
complicated because this species inhabits the transboundary
waters of Canada and the United States, where the arbitrary
socio-political boundaries that transect the extensive waterways,
are unlikely to be biologically meaningful to the animals.
In the United States, stock assessments include an overall
view of the stocks’ status including their geographic range,
minimum population estimate, current population trends,
current and maximum net productivity rates, potential biological
removal (PBR) levels, status of the stock, estimates of annual
human-caused mortality and serious injury by source and
descriptions of other factors that may be causing a decline or
impeding the recovery of strategic stocks (NOAA, 2020). Species
stock assessments are reviewed every 3 years or when new
information becomes available. However, the harbor porpoise
Washington Inland Waters stock, for example, did not have
any updated information since the 2002–2003 stock assessment,
until anecdotal evidence of their return to the Salish Sea
prompted new research on their abundance in 2013–2015
(Jefferson et al., 2016) and many of the parameters listed above
are not well understood and/or have the necessary data to
effectively evaluate. Thus, while there is general information
about the stock structure and general population parameters, the
information available is somewhat dated as most of the references
in the assessment are from the 1980s, 1990s, and early 2000s
(Carretta et al., 2016).

In Canada, the COSEWIC species assessments are similarly
comprehensive and include wildlife species description and
significance, distribution, habitat, biology, population size and
trends, threats and limiting factors, and protection, status and
ranks (COSEWIC, 2020). In Canada, species that have previously
been designated as At Risk, have the status reports updated at
least every 10 years by COSEWIC. However, species that are not
considered At Risk can go considerably longer without updates
being conducted (e.g., Dall’s porpoise–assessed in Canada as Not
At Risk in 1989 with no subsequent publicly available review). On
the other hand, if a species, like Pacific harbor porpoise, is listed
as Special Concern under the Species At Risk Act, a Management
Plan, which sets goals and objectives for maintaining sustainable
population levels of one or more species that are particularly
sensitive to environmental factors, but which are not in danger
of becoming extinct, must be prepared within 3 years of listing
(GOC, 2020). This plan is described as an “action-oriented
planning document” that has an ultimate aim to “alleviate human
threats and remove the species from the List of Wildlife Species at
Risk” (DFO, 2009). Following this, progress reports are prepared
on the implementation of the Management Plans (e.g., DFO, 2018
for harbor porpoise). Despite this, what remains to be learned
about this species biology and ecology continues to outweigh the
current knowledge base. Similar to in the United States, even the
most recent assessments (e.g., COSEWIC, 2016) have to rely on
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the best available information which is spatially and temporally
patchy and often discontinuous.

Information on species’ distribution and abundance patterns
is critical for effective conservation, but challenges exist for
mobile and cryptic species (like harbor porpoises) that are
affected by many anthropogenic stressors and that may travel
across international boundaries (Gilles et al., 2016; Nielsen
et al., 2018). The ability to quantitatively analyze population
trends in the Salish Sea is confounded by the separate research
programs and projects occurring in United States and Canadian
waters, with little overlap (Jefferson et al., 2016), and the lack
of coordination to address knowledge gaps. Further, even the
larger scale programs, such as population census efforts on
both sides of the border, have yet to determine fundamental
aspects such as holistic population(s) abundance estimate(s).
These studies provide information on the abundance of harbor
porpoises in each nation’s waters, but do not provide a
more robust, more ecologically appropriate (and potentially
biologically meaningful), abundance estimate for the entire Salish
Sea. This complication to harbor porpoise conservation is not
isolated, but in other locations it has been better addressed.
In the North Sea for example, large scale surveys have been
conducted (e.g., Hammond et al., 2002, 2013) and recent work
has combined available comparable data sets from national
monitoring programs to produce accurate fine-scale maps,
providing a more cohesive picture of harbor porpoise distribution
(e.g., Gilles et al., 2016; Waggitt et al., 2020). For the harbor
porpoise population(s) that inhabit the Pacific transboundary
waters of Canada and the United States, it is essential to enhance
international collaborations to coordinate a more comprehensive
understanding of the species distribution patterns and population
structure. It is only this type of coordinated effort that will
provide the basis for holistic ecological threat assessments
that are relevant to the Salish Sea ecosystem irrespective of
the international border that socially and politically intersects
the natural world.

The decline and recovery of harbor porpoise in the southern
waters of the Salish Sea have not been systematically studied
and so are not fully understood, but some proposed causes
include changes in fisheries bycatch and entanglement rates,
habitat loss and degradation, pollution, and disturbance from
vessels and noise (reviewed in relation to being correlated
with the decline and recovery in Jefferson et al., 2016), all of
which have also been identified as threats to harbor porpoise
populations in general. However, due to the lack of historical
systematic research on Salish Sea harbor porpoises, little data
are available to assess the potential effects on past harbor
porpoise population(s). This challenge continues to the present
and determination of the threat-specific risks to the extant Salish
Sea harbor porpoise compromises the ability to predict potential
effects and outcomes of human activities. In addition, for species
like harbor porpoise, that may occur in small ranges or exist in
restricted habitats, the cumulative effect of any combination of
factors may result in more deleterious consequences than any
single threat alone (DFO, 2009).

It is also imperative to consider the past. As with other
cetaceans in the Salish Sea (e.g., Southern Resident killer

whales), the present day harbor porpoise population may
have been significantly affected by historical events such as
unquantified and undocumented fisheries-related incidental
mortality that, if extensive, could have led to regional extirpations
and population fragmentation. Events such as these remain
beyond our collective, current knowledge base despite situational
awareness of occurrence. Due to the lack of knowledge for this
species, it is unknown how each of these potential threats have
affected, or are currently affecting, the status of the Salish Sea
harbor porpoise.

Fisheries-related porpoise entanglement and mortality have
been sporadically reported for decades. In BC, historical
mortality was reported from the dogfish drift gillnet, salmon
troll and hake trawl fisheries (Pike and MacAskie, 1969; Baird
and Guenther, 1991, 1995; Stacey et al., 1997). However, only
the commercial salmon fishing industry has been quantitatively
assessed for small cetacean bycatch (Hall et al., 2002) and these
results are now nearly two decades out of date. Despite this, these
data indicated that highest levels of entanglement and mortality
occurred within the salmon gillnet fleet (Hall et al., 2002). These
data also showed that the rates of entanglement and mortality
in BC were low compared to many other regions throughout
the harbor porpoise global distribution. There are no present or
past estimates of incidental mortality in other fisheries in BC,
including Indigenous gillnet and non-gillnet fisheries.

Incidental mortality of harbor porpoises in commercial and
tribal fisheries in the United States waters of the Salish Sea
was last observed in 1993–1994 and there are no observed
fisheries in Washington’s inland waters. The more recent data
from fisheries interactions were obtained from examination of
stranded individuals between 2010 and 2014, but an estimated
mortality rate was not able to be determined (Carretta et al.,
2016). Correlation between a decrease in gillnet fishing and
increase in harbor porpoise numbers in recent years indicates
there is circumstantial evidence for a link between harbor
porpoise status and bycatch (Jefferson et al., 2016). Although
drift gillnet fishing has declined in the Salish Sea since 1994,
it is likely that entanglements of harbor porpoises continue
to occur, though the extent is unknown, and it is important
to determine if the current take level is different from that
of 1994 when the fishery was last observed (Carretta et al.,
2016). It is also important to evaluate whether fishing gear
injury or mortality is indiscriminate, or differentially affects
males, females, or different age classes (Hall et al., 2002).
The effect of separation of mothers and calves if only one
is entangled could also be important because it was found
to be a common belief amongst the salmon gillnet fishing
community of BC that calves become entangled more frequently
than adults (Hall et al., 2002). Review of Salish Sea fisheries
(both Canada and United States) over the past century may
provide insight into the potential for contribution to the
perceived or real historic population declines and any link
to their recovery, as was seen in analyses of harbor porpoise
populations relative to past fishery bycatch off California,
United States (Forney et al., 2021). Transboundary quantification
of more recent mortality events and holistic evaluation of the
significance, in comparison to a contemporary metric such as
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PBR, remains a significant knowledge gap. Further to this, the
potential for past or present fisheries to temporarily degrade
particular habitats through vessel and/or gillnet presence as
well as the associated noise must also not be forgotten, and
should be evaluated.

Habitat deterioration is a particularly noteworthy, and
perhaps overlooked, threat to species that spend the majority
of their lives within a few miles of land. The last century
has seen significant changes to the Northern Hemisphere
shorelines and coastal waterways, including in the Salish Sea.
These changes are largely negative in terms of the habitat
quality and quantity available for harbor porpoise (and other
coastal marine mammals) and their prey, and are often a result
of increasing human populations, and the recreational and
commercial use of coastal waters. For example, about 40% of
the shoreline of Puget Sound has been altered for human use
(Fresh et al., 2011). The issues of habitat loss and degradation
include physical, biological and chemical perturbations over
many decades and have likely been overshadowed by other,
sometimes more tangible, problems such as bycatch, pollution
and disturbance affecting harbor porpoise populations, but
have the potential to substantially add to the effects from
these problems (Jefferson et al., 2016). Similarly, human-caused
alterations and the resulting cumulative impacts are one of the
factors that caused the disappearance of harbor porpoises in
the early 1940s from San Francisco Bay, another heavily altered
for-human-use waterway, and one where the species ultimately
returned starting in 2008 (Stern et al., 2017). The scale to
which specific events or the cumulative effects have impacted
the Salish Sea harbor porpoise is not known. Thus recognition
of the historical and present-day degradation and deterioration
of the nearshore habitat quality from pollution, vessel presence,
underwater noise levels and competition with fisheries for prey
species are vital for the future of the Salish Sea harbor porpoise.

Pollution and bioaccumulation of contaminants can cause
serious adverse effects on marine mammals, including harbor
porpoises (Reijnders et al., 2009). Based on the correlation
between the changes in pollutant levels and harbor porpoise
numbers, a link between pollution and the decline and
subsequent recovery of Salish Sea harbor porpoises was
supported (Jefferson et al., 2016). Although environmental
restrictions and regulations have resulted in a potentially
“cleaner” Salish Sea, there are still pollutants that remain in
the local waters from both local and international sources.
These chemicals can adversely affect marine mammals. Harbor
porpoises and harbor seals were found to have relatively high
and disparate prevalence of antibiotic resistant bacteria, with
harbor porpoises significantly more likely to host resistant
organisms (Norman et al., 2021). High levels of organochlorine
contaminants and increasing levels of emerging contaminants
have been found in Southern Resident killer whales. These
can cause adverse health effects including reduced immune
system function, and can be influenced or exacerbated by
other stressors such as prey availability (Mongillo et al.,
2016). A compromised immune system can be particularly
devastating to marine mammals where infectious diseases
can be a high source of morbidity and mortality (Mongillo
et al., 2016). Infectious disease (related to common parasitic,

bacterial and viral infections) and trauma (asphyxiation on
large fish, interspecific trauma, subcutaneous hemorrhage
attributed to agonal death, dystocia in neonates and fishery-
related human interaction) were the most commonly diagnosed
causes of death for harbor porpoises in 2006–2007 in the
Pacific Northwest, United States (Huggins et al., 2015).
Research has revealed additional pathological stressors for
harbor porpoises in this region and the Salish Sea was
recognized as having the first recorded multi-species outbreak
of Cryptococcus gattii with affected species including both
harbor and Dall’s porpoise (Raverty et al., 2007; Norman
et al., 2011). More recently there was emergence of the
fungal disease mucormycosis which was found predominantly
in harbor porpoises in both United States and Canadian
waters of the Salish Sea (Huggins et al., 2020). Despite
their status as a top predator, and indicator species, little
is known about the potential effects from environmental
pollutants on Salish Sea harbor porpoise ontogeny, physiology
and longevity.

Insight into the potential for accumulation and metabolization
of environmental contaminants by Salish Sea harbor porpoise can
be gained from long-term research conducted in other regions
such as the North Sea. For example, polychlorinated biphenyls
(PCBs) have been found to bioaccumulate in harbor porpoise
tissues and are correlated with increased risk of infectious disease
mortality (Jepson et al., 2005, 2016; Hall et al., 2006), even
though mean PCB blubber concentrations have fallen below the
threshold for toxic effects (Williams et al., 2020). Differences
in the types of PCBs present (and thus their effects on the
individuals) varied between age, sex (particularly females and
juveniles), and location (Williams et al., 2020a), and higher risks
of exposure-related effects were found for calves (Weijs et al.,
2010), likely related to pollutant offloading during lactation.
Declines in reproductive ability for both females (Murphy
et al., 2015; Jepson et al., 2016) and males (Williams et al.,
2020b) and have also been reported. Reproductive effects are
particularly critical to understand because they will impact the
health of the population for years beyond the acute loss of
individuals from associated infectious disease mortality. In the
Salish Sea, it has been recognized that contaminants such as PCBs
and dichlorodiphenyltrichloroethane (DDT) have decreased in
the region, but that newly emerging contaminants like the
flame-retardant polybrominated diphenyl ethers (PBDEs) are of
concern (SSHPW, 2013; DFO, 2018). Monitoring contaminant
ratios could be an ancillary technique to elucidating population
structure (see Calambokidis, 1986) within the Salish Sea and that
Central Puget Sound may be an ideal location to investigate the
relationship between environmental contaminants and infectious
disease in harbor porpoise (SSHPW, 2013). Other contaminants,
including metals and trace minerals, have been detected in
above normal levels of some stranded harbor porpoises (e.g.,
calcium, copper, mercury, manganese, selenium, and zinc),
though none were considered clinically significant (Huggins
et al., 2015). However, trace elements have been identified in
Salish Sea harbor seals (Phoca vitulina richardsi) and regionally
specific contaminant exposure levels were found (Akmajian et al.,
2014). Thus, different regions of the Salish Sea likely have
varying contaminant loads that could have differential effects on
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individuals and local marine mammal communities/populations.
This may have cascading effects throughout the Salish Sea
population as a whole. In addition to the persistent pollutants
within the Salish Sea, there is also the risk of acute exposure
during a toxic spill event. Whilst this has been ranked as a Low
Impact event, it has been noted that high densities of vessel
traffic increase the likelihood of a spill event and that this has the
potential to reduce habitat quality, kill prey species and directly
affect individuals through contact or inhalation of toxic vapors
(COSEWIC, 2016). This threat may be exacerbated if localized
stock structure exists within the Salish Sea (COSEWIC, 2016) and
has been recognized in Canada as a moderate to high (depending
on spill location and timing) population level risk factor (DFO,
2018). Whilst this threat inconspicuously exists throughout the
Salish Sea, a more perceptible potential threat of disturbance
from vessel traffic and other anthropogenic noise sources can lead
to acoustic and physical degradation of the coastal habitats of
harbor porpoise.

Urbanization of the Salish Sea is likely one of the greatest
contemporary threats to harbor porpoise in this region, as
is the case in other areas. For example, declines in harbor
porpoise abundance in parts of the well-studied North Sea
over the last 20 years have been correlated with human high-
use areas including activities like shipping, pollution, fisheries
and offshore construction (Nachtsheim et al., 2021). Similarly,
associated with urbanization of the Salish Sea is a myriad
of vessel types ranging from recreational traffic, to essential
services like ferries and the United States and Canadian
Coast Guards, to the commercial economic livelihood sector
including fishing, tourism (e.g., wildlife viewing and cruise ships),
transportation of goods by ocean-going vessels, tug boats and
barges, United States and Canadian national border services,
research vessels, specialty services vessels (e.g., cable laying
etc.) and military readiness training by both nations–including
aircraft, submarines, surface vessels, live ammunition and tactical
active sonar involving both vessel-based and sonobuoy sound
emitting sources. This is in addition to the shore-based activities
that can also influence the marine environment through the
transmission of noise from coastal construction (e.g., terrestrial
blasting), associated in-water construction machinery such as
impact and vibratory pile installation equipment, dredging, and
submarine blasting. Without knowledge of the harbor porpoise
stock structure, important habitats and movement patterns,
it is difficult to accurately quantify what the effects of the
potential physical and acoustic disturbance may be on the long-
term survival of the population(s). Nevertheless, this source
of habitat degradation has been ranked as a potentially high
population-level risk factor for Salish Sea harbor porpoise (DFO,
2018). This is because, in addition to displacement, physical
and acoustic disturbance could lead to disruptions in foraging
and reproductive success, and the poorly understood social
behaviors of harbor porpoise (DFO, 2018). Despite the awareness
of the potential consequences of these activities, there remains
a significant knowledge gap of the cumulative effects of these
anthropogenic activities as well as standardized mitigative actions
to effectively manage this threat risk to both the harbor porpoise
and their prey species.

Competition with fisheries may also be a spatially and
temporally discontinuous threat to harbor porpoise populations,
despite the uncertainty regarding their full prey spectrum. There
have been only four dedicated diet studies in the Salish Sea
(Baird et al., 1994; Walker et al., 1998; Hall, 2004; Nichol et al.,
2013), along with other historical and current accounts of various
prey items from stranded or bycaught individuals (Scheffer and
Slipp, 1948; Wilke and Kenyon, 1952; Scheffer, 1953; Treacy,
1985; Gearin et al., 1994; D’Alessandro and Duffield, 2019, and
observation of wild harbor porpoises Elliser et al., 2020a,b)
(Table 2). Recent research has shown that salmon are being
captured by harbor porpoises in the Salish Sea (Elliser et al.,
2020b), and that salmon and American shad (Alosa sapidissima)
are being ingested by harbor porpoises along the United States
West Coast (D’Alessandro and Duffield, 2019; Elliser et al.,
2020a). It is evident that the full spectrum of the diet of harbor
porpoises is not fully understood, and updated large-sample diet
studies are needed (Elliser et al., 2020a), which is critical to
understand in order to quantify the effects of their competition
with fisheries, and the potential consequences to harbor porpoise
population survival.

In addition, other knowledge gaps remain with regard to
fundamental aspects of the biology, ecology, behavior and
sociality of harbor porpoise and much work remains to be
done. Understanding fundamental life history traits such as
longevity, reproductive rate, habitat preferences, important
or essential habitats for breeding, calving or foraging, prey
species, predation rates by transient killer whales, predation
rates by other predators (e.g., sharks), effects of disease and
parasites, dispersal, trophic level competition, hybridization
rates and social structure remains overall fairly low for the
Salish Sea. Further significant gaps also exist with regard
to anthropogenic effects such as vessel strike risk, climate
change, gear entanglement survival, shootings, effects of plastic
pollution, and the consequences to harbor porpoise population
fitness, reproductive success, foraging ability, and compensatory
behaviors that may result in habitat shifts or reduced foraging
or social interaction. Much research is needed to help fill
these gaps because there may be other, yet unidentified, factors
contributing to, or detracting from, the survival of Salish Sea
harbor porpoise.

Increased resolution of population parameters like ranging
patterns, behavior, ecology, social and population structure, and
site fidelity is required at both local, national and international
levels, as is collaboration between nations for an ecosystem-
based perspective. Distribution and abundance of wildlife must
be understood at different spatial and temporal scales (Gilles
et al., 2016; Waggitt et al., 2020). Thus an integrated, bi-national
approach focused through a Salish Sea lens with complementary
regional and local initiatives will work to reduce the spatial and
temporal patchiness that diminishes the current conservation
capacity by providing the much needed large-scale evaluations
enhanced by the details of site-specific data, like that seen
in European waters in the collaborative agreement among
many countries on the conservation of small cetaceans of the
Baltic, North East Atlantic, Irish and North Seas (ASCOBANS,
Evans, 2020).
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TABLE 2 | Prey identified (family or species name given) in diet and observation
studies in the Salish Sea and outer coast of Washington.

Prey Salish Sea WA coast

Pacific herring Clupea pallasii 1,2,10 3,9a

Walleye pollock Theragra chalcogramma 1,2

Pacific hake Merluccius productus 1,2 3,7

Pacific sandlance Ammodytes hexapterus 1,2 7

Polychaete sp. (likely
from fish prey)

Polychaeta 1,2

Cephalopod sp. Cephalopoda 1,2 3,7

Pacific sardine Sardinops sagax 1

Blackfin sculpin Pyschrolutidae 1

Northern anchovy Engraulis mordax 1 7

Shiner perch Cymatogaster aggregata 1

Lantern fish Myctophidae 1

High cockscomb Stichaeidae 1

Eulachon Thaleichthys pacificus 2 7

Plainfin midshipmen Porichthys notatus 2

Black belly eelpout Lycodopsis pacifica 2

Rockfish Sebastes sp. 2 3

Northern sculpin Icelinus borealis 2

Pacific sanddab Citharichthys sordidus 2

crustaceans Penaeidae and Crustacea 2 3

Longfin smelt Spirinchus thaleichthys 3

Rainbow smelt Osmerus mordax 3

Whitebait smelt Allosmerus elongatus 7

Capelin Mallotus villosus 3,8

Pacific tomcod Microgadus proximus 3,7

Pile surfperch Damalichthys vacca 3

Slender sole Lyopsetta exilis 7

White seaperch Phanerodon furcatus 7

Sablefish Anoplopoma fimbria 9

Salmon sp. Oncorhynchus sp. 4b 3,5,6,7

American shad Alosa sapidissima 5,8,9

1–Nichol et al. (2013); 2–Walker et al. (1998); 3–Gearin et al. (1994); 4–Elliser et al.
(2020b); 5–Elliser et al. (2020a); 6–D’Alessandro and Duffield (2019); 7–Treacy
(1985); 8–Scheffer (1953); 9–Scheffer and Slipp (1948); 10–Wilke and Kenyon
(1952).
aFish in 9 wasn’t identified to species, but described as “herring-like” fish.
bConsumption was not observed, but behavior indicated foraging event.

CURRENT STATUS/CURRENT
RESEARCH

Cognizant of these knowledge gaps, researchers have recognized
the importance of international collaboration and fine-scale
research on harbor porpoise populations along the west coast
of the United States and Canada. Collectively these efforts have
provided substantial new information in just the last 4–5 years.

Harbor porpoises have previously been overlooked as
candidates for photo-ID due to their small size, brief surface
time, cryptic behavior, and few readily observable distinguishing
marks (Flaherty and Stark, 1982; Gaskin and Watson, 1985;
Koopman and Gaskin, 1994; Baird, 2003). However, a long-term
behavioral and photo-ID study of Salish Sea harbor porpoises
began in 2014 off Fidalgo Island, Washington (Elliser et al., 2018)

and continues today. This was one of the few published studies
of harbor porpoise photo-ID, along with a long-term study
in San Francisco (Keener et al., 2011), that show the natural
markings on harbor porpoises can be used to track individuals
over long periods of time. A key finding in the Salish Sea was
that of the 53 individually identified harbor porpoises, 35.8% were
re-sighted over multiple months, with 15.1% seen on an inter-
annual basis, indicating some degree of site fidelity (Elliser et al.,
2018). This trend continues through 2018, with 72 identified
individuals, 37.5% re-sighted over multiple months and 23.6%
seen inter-annually (C. Elliser unpublished data). Site fidelity
analysis is also being conducted in the northern Salish Sea
(BC waters), with preliminary results supporting the findings
at Fidalgo Island (PCS, unpublished data). These studies are
important as individual site fidelity has been questioned for
harbor porpoises in the Salish Sea. Elsewhere telemetry studies
have shown that different populations can have varying degrees
of movements and site fidelity (e.g., Greenland vs. the North Sea,
Nielsen et al., 2018), and thus it is important to investigate this
parameter for specific regions and/or populations. Further, as it
is unknown if the Salish Sea harbor porpoise population is one
large group, or made up of smaller, more discrete communities
(based on social, genetic or geographic differences), international
collaboration and comparison of results may provide insight
into regional differences or similarities. Few telemetry studies
have been conducted with harbor porpoises in the Salish Sea.
One study using VHF tags found limited movements to within
relatively small areas (e.g., within the central area of Juan de
Fuca Strait, the northern San Juan Islands) (Hanson, 2007). The
Marine Mammal Rescue Centre, Vancouver, Canada, rescued,
rehabilitated and released a young male harbor porpoise, named
Levi, with a telemetry tag. This individual essentially remained
within the central Strait of Georgia after being released near
southeastern Vancouver Island until the tag ceased transmitting
after 71 days (DFO, 2018, M. Haulena, personal communication).
The limited telemetry data provide further support for the notion
that the Salish Sea harbor porpoise remain in relatively small
geographic areas and that continued photo-ID efforts will provide
useful data over time.

The continued success of the Fidalgo Island photo-ID study
has led to a transboundary collaboration (C. Elliser, Pacific
Mammal Research) with researchers in Canada (A. Hall, Porpoise
Conservation Society) to expand the study into the northern
Salish Sea. The aim is to determine if the matrix of markings
used in the protocol developed by Elliser et al. (2018) can be
applied, with or without modifications, to harbor porpoises in
other parts of the Salish Sea. This regional protocol could then
be used directly, or with modifications, in other harbor porpoise
populations worldwide. This collaboration is also the beginning
of a photo-ID regional database, where photographs, along with
ancillary data, of individual harbor porpoises from both areas
are stored in a collaborative database. A successful example of
this type of collaboration is the Mid-Atlantic Bottlenose Dolphin
Photo-ID Catalog (MABDC) that was created to help define
stock structure of bottlenose dolphins in the Western North
Atlantic and is contributed by researchers conducting photo-
ID studies along the mid-Atlantic States (Urian et al., 1999).
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Having a centralized location for researchers to contribute
images and data can greatly increase the ability to find matches
between locations (and in this case transboundary) and thus
better understand their movement patterns, site fidelity and
population/stock structure. With the continued addition of
more identifiable individuals to the harbor porpoise photo-
ID catalog, collaborations between research groups sharing
photographs and building a Salish Sea catalog (vs. single study
site catalogs) will contribute to filling some of the existing
data gaps. This type of transboundary collaboration between
neighboring countries, like that seen in Europe (ASCOBANS,
Evans, 2020), is critical in progressing appropriate conservation
plans for populations that live in internationally connected
waters. These photo-ID data, despite being from populations that
include a high proportion of unmarked animals and low levels of
distinctiveness, could potentially produce plausible estimates of
survival, capture probabilities, information on movements and
possibly even abundance estimates (Hupman et al., 2018), and
it may be possible to use the collaborative photo-ID database to
help elucidate ranging patterns, social/population structure and
abundance for Salish Sea harbor porpoises.

Another long-term study was also initiated in 2015 in
Queen Charlotte Channel, Canada, that builds on previous work
conducted by Hall (1996, 2004, 2011) throughout the Salish
Sea. This year-round study is both the first land-based harbor
porpoise study in British Columbia, and the first to evaluate the
nearshore habitat use in a region proximal to an urban area with
significantly fluctuating vessel traffic levels. The study utilizes
a modified transect design for systematic data collection and
was developed to provide the basis for long-term monitoring of
harbor porpoise in British Columbia. The intent was also that it
could be used as a framework for future studies. The objectives
were three-fold: (1) determine whether harbor porpoise used the
nearshore waters, (2) determine whether usage varied seasonally,
and (3) examine the group size, composition and spatial
distribution within the study area for insight into the sociality of
the species (PCS, unpublished data). Results indicate year-round
presence, with a marked increase in winter abundance (PCS,
unpublished data). This study also demonstrates site fidelity by
at least some individuals (n = 10–analyses still in progress)–
most notably a recognizable female present on an inter-annual
basis (PCS, unpublished data). In the spring of 2017, the female
was documented in the study area with a calf. She was re-
sighted the following year, without a calf. Both data collection
and photo-ID analyses are continuing to determine whether
this female is exhibiting a generalized habitat selection pattern
that further supports Salish Sea harbor porpoise site fidelity, or
whether these preliminary results are anomalous. In addition,
the current analyses will be evaluating whether this females’
calf presence/absence pattern data is seen with other individuals
and whether these data provide support for a biennial calving
interval in BC. This study has provided new information on
harbor porpoise habitat use in a relatively urbanized region of
BC where there is the potential for future developments that
could lead to increases in vessel traffic and underwater noise.
Recognition of the presence, relative abundance and behaviors
of harbor porpoise provides a new reference point for this

region of the Salish Sea. This is important for overall harbor
porpoise conservation but also has applied implications such
as the Environmental Assessment evaluations for proposed and
future developments and marine mammal monitoring during
anthropogenic activities that may degrade habitat quality.

Realizing the objective of providing a framework for future
studies, the Queen Charlotte Channel project was subsequently
adapted for a foraging behavior study based on Saturna Island
(central Salish Sea) and a nearshore habitat use study on western
Vancouver Island (PCS, unpublished data). The Saturna Island
study commenced in 2019 and builds upon the long-term work
conducted by Hall (2011) in nearby Juan de Fuca Strait and
is aimed at evaluating foraging behaviors in predictable, but
ephemeral, tidal features within the nearshore environment.
Key findings thus far include the repeated use of the study
area over consecutive days by multiple cow-calf pairs, seasonal
variation in use with increased sighting rates during the summer
and presence of Dall’s porpoise indicating a potentially shared
foraging arena (PCS, unpublished data). This site fidelity by
cow-calf pairs over the short term provides new information on
habitat use, behavioral patterns and potentially the recognition
of essential foraging habitat characteristics (PCS, unpublished
data). This is the first time this has been identified in Pacific
Canada, and has important implications for evaluating the
potential effects of anthropogenic activities. It is also likely that
it is not limited to this one location within the Salish Sea, and
provides additional support for the notion that at least some
harbor porpoise in the Salish Sea inhabit relatively small or
restricted habitats. Whilst it is uncertain whether there are habitat
selection differences based on age class, reproductive status or
gender, this preliminary result may have applied importance
in the assessment of potential effects by coastal developments,
infrastructure projects or other anthropogenic actions that may
degrade habitats or create a localized environment that could
result in disturbance or displacement of harbor porpoise.

Information about harbor porpoise foraging ecology has also
been elucidated from the long-term study on Fidalgo Island along
with collaborations with other research groups. During photo-
ID/behavioral surveys harbor porpoises were photographed
capturing large salmonid species (Oncorhynchus sp.) in the Salish
Sea and American shad in San Francisco Bay (Elliser et al.,
2020b). Neither salmonidae species or American shad have
previously been described as prey for harbor porpoises along the
United States West Coast (except for a recent study showing an
individual with tags from juvenile salmon in its forestomach,
D’Alessandro and Duffield, 2019). However, salmonidae species
have been found as prey species in Atlantic harbor porpoises
(Fontaine et al., 1994; Aarefjord et al., 1996; Heide-Jørgensen
et al., 2011; Andreasen et al., 2017). The fish that were observed
being caught in the Salish Sea and San Francisco Bay are
much larger than the typical harbor porpoise prey item (usually
<30 cm), and in particular American shad (an introduced
species) may pose a unique danger (Elliser et al., 2020a,b). Prey-
related asphyxiation of harbor porpoises along the outer coasts of
California, Oregon and Washington due to attempted ingestion
of large fish was found to be caused by American shad in 87%
of the cases where the prey was identified (Elliser et al., 2020a).
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Further, there was a strong bias toward females (92%), and
in particular reproductively active females (at least 83.3%), as
they may be more likely to attempt potentially risky behavior
to compensate for their increased energetic needs (Elliser et al.,
2020a). Collaboration was key in the development of these two
studies and provided data that revealed two new prey species for
harbor porpoises in this region and indicates that there is likely
an interaction between location, age and reproductive status on
their diet composition and foraging strategies that needs to be
better understood (Elliser et al., 2020a).

A recent study has also revealed more about the mating
behavior of harbor porpoises. In San Francisco lateralized
aerial mating behavior was documented, where the male always
approaches the females’ left side and often leaps into the air
(contrary to their reputation for shy/inconspicuous behavior)
(Keener et al., 2018) and this lateralized approach may be driven
by anatomical co-evolution with females (Orbach et al., 2017).
This stereotyped behavior is also seen in behavioral studies in
different areas of the Salish Sea (PCS and PacMam, unpublished
data) as well as other locations worldwide (Webber et al.,
2019), indicating that it is not a population specific behavior.
Collaborations with researchers in the Salish Sea (including D.
Anderson with Cascadia Research Collective studying harbor
porpoise behavior, abundance and distribution in the southern
Puget Sound) and researchers in California on this and other
behavioral topics are continuing.

Collaborations are also occurring between a professional
wildlife tour operator (Eagle Wing Whale & Wildlife Tours) and
researchers in British Columbia (A. Hall, Porpoise Conservation
Society/Sea View Marine Sciences). A study was commenced in
2020 to collect data on large aggregations of harbor porpoise
throughout the Salish Sea. This study is continuing through
2021, and is being expanded to also focus on Dall’s porpoise
distribution and habitat use. These data will provide a reference
point for distributional and group size data on harbor and
Dall’s porpoise throughout the transboundary waters of the
Salish Sea and will contribute to the identification of essential
or important habitats for both species of porpoise. This study
will also provide photographs that will be included in the photo-
ID regional database. Similarly, various whale watching vessels
in United States waters of the Salish Sea have begun sharing
photographs and sightings data with researchers (C. Elliser,
Pacific Mammal Research). Photographs from these platforms
of opportunity are limited (as photographs are not always taken
and/or may not be usable for ID), but at least seven individual
harbor porpoises have been identified from whale watching tours,
two of which were matched to individuals in Pacific Mammal
Research’s ID catalog. Although opportunistic, contributions
like this provide valuable data, further adding to the regional
photo-ID database and knowledge of harbor porpoise movement
patterns and habitat use. From this there is the potential for
additional collaboration and communication amongst different
sectors within the Salish Sea.

The focus on harbor porpoises is also being seen in stranding
related research studies. The recent emergence of the fungal
disease mucormycosis is a concern for all marine mammals
in the Salish Sea, but more so for harbor porpoises that were

disproportionately vulnerable (Huggins et al., 2020). A larger-
scale epizootic may have severe negative consequences for this
recently recovered population, thus stranded harbor porpoises
are prioritized for collection and necropsy and efforts are
underway to identify risk factors that may be associated with
mucormycosis for harbor porpoises in Washington (Huggins
et al., 2020). Monitoring of stranded animals has resulted in
new information on the growth and development of harbor
porpoise (Norman et al., 2018), parasites and disease (Stephen
et al., 2002; Gibson et al., 2011; Norman et al., 2011; Kersh
et al., 2012; Barbosa et al., 2015; Huggins et al., 2020), causes of
mortality (Moore et al., 2013; Huggins et al., 2015; Fenton et al.,
2017), and morphology (Piscitelli et al., 2013). In addition, local
stranding networks in Washington are also beginning to share
photographs of stranded individuals with researchers (C. Elliser,
Pacific Mammal Research). Although no matches have been made
as of yet, if a stranded individual is in the photo-ID database, then
sightings and life history data will be shared with the stranding
network. In addition, the stranding network may be able to
provide data such as age and reproductive status for identified
individuals, improving the data analyses that can be conducted
with the photo-ID catalog. Other data such as disease prevalence,
pollutant loads and other causes of death or co-morbidities
may be better understood within the population when sighting
histories are available for an individual. Understanding the life of
the individual may provide context for why the animal died, and
inform researchers of possible increased risks for individuals in
certain areas and/or populations.

This focus on harbor porpoises isn’t limited to researchers
and wildlife professionals; citizen science programs are becoming
an integral part of harbor porpoise research in this region.
Due to their nearshore habitat, harbor porpoises are ideal
monitoring subjects for citizen scientists because they can
easily conduct sightings from more accessible land-based study
sites (as opposed to boat-based research). Trained volunteers
contribute sightings data and amateur photographers are able
to contribute photographs to the regional photo-ID database
(both new individuals and re-sightings of known individuals have
been documented by volunteer photographs). These volunteers
are providing more information than could be obtained by
researchers alone, and on a larger geographic scale. Being able
to collect reliable data from various places around the Salish Sea
(whether that is different citizen scientists, or different research
groups, or both) increases the scope of the data, how quickly it
can be obtained, and how representative the information will be
for the whole population.

Collectively these are vital steps to reducing the human impact
on the harbor porpoise of the Salish Sea which inhabit waters
heavily influenced by anthropogenic activities.

HUMAN IMPACT

Information on human activities, their effects, and knowledge
of species abundance and distribution are critical in order to
fully understand the impacts of any specific threat (Hammond
et al., 2013; ASCOBANS, Evans, 2020). While there are still major
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gaps in our understanding of the relationships and interactions
between the biological, ecological and anthropogenic variables
there is an immediate need to reduce the human impact on
the harbor porpoise population(s) of the Salish Sea because it
has been recognized that continued development, use of prime
habitat by humans, displacement by underwater noise, and
contaminants in the food chain are some of the key threats (as
discussed above) to the long term survival of this species (DFO,
2009). Using the International Union for the Conservation of
Nature (IUCN) Threats Calculator, habitat degradation due to
acoustic disturbance, entanglement in fishing gear and fisheries
were identified as the principal known anthropogenic threats to
Pacific harbor porpoise in Canada (COSEWIC, 2016). In both
Pacific Canada and the United States, coastal areas continue
to be urbanized for development of marinas, docks, ferry
terminals, tanker ports, and log dumps. These actions could
inadvertently result in the physical exclusion of harbor porpoise
from these shallow water habitats and this in turn could affect
their potential to feed, reproduce and socialize, if specific habitats
are important for specific behaviors or life stages (DFO, 2018).
As in Canada, fisheries are also a threat in the United States,
and some stranded harbor porpoises have shown signs of
human interaction/entanglement (7 out of 114 stranded harbor
porpoises, Huggins et al., 2015) and fisheries bycatch (especially
those using gillnets) is often cited as the likely major reason for
their past decline in abundance (see Osmek et al., 1996; Carretta
et al., 2016). However, fishing effort has decreased in recent years,
while harbor porpoise abundance has increased (Carretta et al.,
2016; Jefferson et al., 2016), indicating this threat may be of
less concern than other factors discussed for Salish Sea harbor
porpoises (at least in the United States portion of the Salish Sea),
particularly compared to European populations where fisheries
interactions and bycatch are of primary concern (Dolman et al.,
2016). Regardless of the amount, reduction in fisheries bycatch
can have profound effects on population levels. In California,
United States, long-term analyses have shown that elimination or
reduction in bycatch allowed three harbor porpoise populations
to recover (Forney et al., 2021), emphasizing how management
actions can make a difference in the conservation of harbor
porpoises. In addition, a diverse array of vessel traffic continues
to ply the waters that add to the underwater soundscape and
potential for vessel strike. There are also military training ranges
that include live fire, active sonar and torpedo ranges, and
then there is the ubiquitous threat of plastic pollution that
upon ingestion can result in death (Baird and Hooker, 2000).
There is also the chemical pollution (past and present) that
may contribute to the risk of immunosuppression, reduced
reproductive capabilities and reduced neonate survival (DFO,
2018).

Recognition of human impacts is not enough to secure
species survival, as it is clear what can happen to small cetacean
populations that are subject to intense human activities or
pressures that continue unchecked. Porpoises around the world
are facing an uncertain future. In particular is the Vaquita
(Phocoena sinus), which now has the dubious distinction of being
on the brink of extinction with a declining population and an
IUCN status of Critically Endangered (Rojas-Bracho and Taylor,

2017) and the narrow-ridged finless porpoise (Neophocaena
asiaeorientalis) which is listed as Endangered and also has a
negative population trajectory (Wang and Reeves, 2017). We are
at risk of losing both species and it is entirely because of the
human pressures put on the natural environment. For both the
Vaquita and the narrow-ridged finless porpoise, the risk factors
have been identified and articulated with conservation efforts
expended, but still these species may not survive.

Whilst the reasons why the harbor porpoise of the southern
Salish Sea have returned are unknown, the fact remains that they
have made a recovery in numbers. This provides a second chance
for ensuring the long-term survival of the Salish Sea harbor
porpoise through direct conservation actions that improve
habitat quality and prevent further degradation over the next
century and beyond.

FUTURE DIRECTIONS

One of the most important research priorities should be the
delineation of stock structure based on biological evidence for
the entire Salish Sea as a whole, not separated by United States
and Canadian assessments. Governmental entities should work
together with non-governmental organizations (NGOs) and non-
profit organizations. One opportunity is to use the protocol
for collection of environmental DNA (eDNA) developed by
Parsons et al. (2018) to obtain harbor porpoise mitochondrial
DNA (mtDNA) non-invasively in various areas of the Salish Sea.
This will provide genetic information that will help elucidate
stock and population structure. Due to the matrilineal mode of
inheritance of mtDNA, the sequence data do not allow for the
ability to identify individuals, therefore, simultaneously collected
photo-ID data will inform the likelihood of genetic re-captures,
particularly in areas with high site fidelity. Integrating photo-
ID with eDNA collection is a powerful approach for quantifying
the likelihood of genetically re-capturing individual porpoise
within and between geographic regions. The combination of
eDNA and photo-ID becomes a powerful tool to address this
issue, and ensure a representative collection of samples capturing
the true variety of mtDNA haplotypes in the population.
Combining genetics, photo-ID and other characteristics (like
morphology and pathological differences, variation in diet and
life history parameters) is important to be able to elucidate
genetic and/or demographically distinct management units
(Evans and Teilmann, 2009). Another important initiative would
be to conduct internationally collaborative aerial and/or boat-
based surveys, such that the entire Salish Sea, including both
nations, is covered in adequate amounts of effort per spatial
area to provide accurate and representative data. This would
provide a more accurate population estimate for the Salish Sea.
Coordination of this effort would also provide insight into the
occurrence and distribution of high-density aggregations.

More information is needed on how underwater noise levels
are impacting harbor porpoises. Short-term monitoring using
a C-POD passive acoustic monitor (PAM) was shown to be
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a useful tool to complement visual observations in studying
harbor porpoise behavior and distribution, however additional
deployment of PAMs at long-term study sites throughout the
Puget Sound are needed for a better understanding of harbor
porpoise abundance, distribution and habitat usage (Anderson,
2014). In the near future, a Soundtrap ST500 HF PAM that can
record high frequency sounds (20 Hz–150 kHz ± 3 dB) will be
deployed at the Fidalgo Island study site. Acoustic monitoring
is not reliant on daylight, good weather and sighting ability
(required for visual observations) and assists in collecting data
when researchers cannot (e.g., at night, and during the winter
when weather is more of a challenge for field work). PAM
click detectors have been useful for looking at harbor porpoise
fine-scale changes in distribution, behavior and abundance (e.g.,
Simon et al., 2010; Nuuttila et al., 2017). The benefit over
traditional PAM click detectors used in many studies is that
the Soundtrap ST500 HF combines a click detector that runs in
parallel with the normal recording process, providing data on the
soundscape these animals are exposed to and their vocalizations,
along with click detection. In addition, the ability to combine
data from the PAM (including vocalizations) with the visual
observations of behavior during daylight hours, will allow for
correlating vocalizations with behavior and provide a greater
wealth of information and insight into their daily lives than
either technique would on its own. Locations throughout the
Salish Sea will have differing levels of noise based on natural
and anthropogenic sources. How these levels relate to harbor
porpoise presence will be critical in understanding their overall
distribution and habitat usage, thus more acoustic data are
needed from different locations.

The identification of important foraging and reproductive
habitats in BC waters (Hall, 2011) and a potentially biologically
important habitat (BIA) in United States waters (Elliser et al.,
2018) shows that there may be certain habitats that are more
important than others to the daily lives of harbor porpoises,
and that these may have a greater need for protection than
other areas. Identifying these areas should be a high priority as
they may be essential for population survival. Additionally, it
is important to remember that due to their nearshore habitat
selection, harbor porpoises are more at risk for effects of habitat
degradation and loss from human impacts than many other
marine mammals. Evaluation of altered coastlines with the
potential for remediation and rewilding where possible offers

the possibility of expanding harbor porpoise habitat. Restoration
of shorelines and encouraging land owners to keep natural
shorelines could have broad ecological effects that could result
in ecosystem-wide positive consequences and improve habitat
quality for untold species of the nearshore environment.

It is recommended that a Salish Sea harbor porpoise
conservation team be implemented with membership from
both Canada and the United States with an immediate agenda
to review, rank, and enact human impact reduction actions
for known spatial and/or temporal overlap between human
activity and porpoise occurrence. It is also recommended that a
transboundary review of mitigative actions, assessment metrics
and standards be conducted to reduce anthropogenic effects
during coastal construction and other temporarily disruptive
human activities within the Salish Sea. Collaborations with
those working for porpoise conservation in the international
community will aid efforts here as lessons can be learned from
their long-term research and management plans. Ultimately,
conservation of harbor porpoises in the Salish Sea hinges
upon the wide-spread recognition of the ecological importance
of these elusive small cetaceans, resulting in dedicated long-
term research, transboundary collaborations and reduction
of human impacts.
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