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Article 
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Abstract: Harbor porpoise are typically seen in small groups of 1-3 individuals, with aggregations 

of 20+ individuals treated as rare events. Since the 1990s, the harbor porpoise population in the 

Salish Sea has seen a significant recovery, which has led to an increased number of observed 

aggregations that exceed the more usual small group sizes. By combining the observational data of 

United States and Canadian research organizations, community scientists, and whale watch 

captains or naturalists, we demonstrate that harbor porpoise aggregations appear to be more 

common than previously known, with 160 aggregations documented in 2022 alone. Behavioral data 

also indicated that foraging behaviors were common and social behaviors, like mating, were seen 

more often during these encounters compared to small groups. Other behaviors that are considered 

to be rare or unknown, were also observed during these encounters, including cooperative foraging 

and vessel approach. These aggregations are likely important foraging and social gatherings for 

harbor porpoises. This holistic approach integrating data from two countries and multiple sources 

provides an ecosystem level assessment that more effectively reflects the habitat use of harbor 

porpoise in this region that do not recognize the socio-political boundaries imposed upon the 

natural world.  

Keywords: harbor porpoise; aggregation; social behavior; Phocoena phocoena; foraging behavior; 

large group; transboundary; community science; Salish Sea 

 

1. Introduction 

Harbor porpoise (Phocoena phocoena vomerina) were considered to be a commonly observed 

cetacean in the waters of Puget Sound during the 1940s[1], but by the 1970s their numbers were 

greatly reduced throughout the Washington State (hereafter, Washington or WA) waters of the Salish 

Sea and were completely absent from Puget Sound [2,3]. Harbor porpoise data from British 

Columbia, Canada, (hereafter British Columbia, or BC) prior to the mid-1990s are sparse [4,5] (Hall 

unpub. data). Several systematic studies spanned the late 1990’s and early 2000’s that included the 

inland waters of southern British Columbia [6,7]. Aerial surveys documented their numbers 

increasing in Washington waters through the 1990s, and reentering Puget Sound beginning in 2000 

[8,9]. The first sighting of a small group in South Puget Sound, the southernmost area within the 

Salish Sea, was in September 2005 by two of the authors (Shuster and Anderson), with regular 

sightings of more and larger groups beginning in 2008 (Anderson, unpub. data). Today, harbor 

porpoise are once again the most common cetacean found throughout most of the Salish Sea. This 

recovery has led to an interest in gaining a better understanding of harbor porpoise habitat usage 

and behavior in recent years [10]. 

Salish Sea harbor porpoise are most often seen singly or in small groups, averaging less than 3 

animals [9,11,12], which is typical throughout their global range [13]. However, several smaller 

groups of harbor porpoise occasionally come together in larger aggregations, where many smaller 
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groups are in close proximity to each other. These aggregations can spread over several kilometers, 

possibly consisting of distinct subgroups that are more densely packed [14–16]. Some aggregations 

are dense in structure, with all animals closely associated in a small area, while others are more 

sparse, yet close enough together for the subgroups to regularly interact with other subgroups. 

In other parts of the world, some of these aggregations are thought to be related to seasonal 

migrations in areas such as in the Bay of Fundy [17] and in relation to the icing up of the fjords or 

following migrating herring in the Baltic Sea [18]. Mostly these occurrences are thought to be feeding 

aggregations that occur when there is a large amount of food in an area and are often considered to 

be spurious and rare occurrences [14]. Similarly, in the Salish Sea of Washington and British 

Columbia, their prevalence and importance are often dismissed or treated as rare events. In their 

seminal work on marine mammals in Washington State, Scheffer and Slipp (1948) make no mention 

of larger aggregations, with the observations, “usually in groups of 2 to 5, occasionally 10 to 12”, 
though they do note that, “[r]arely are more than 3 of a group in sight at one time, although several 
groups may gather in favored waters”. Recent observations, however, suggest that these large 
aggregations may be much more common in the Salish Sea than previously documented. Harbor 

porpoise aggregations in these waters are not related to migration or icing up, as harbor porpoise are 

known to remain year round, with long-term photo-identification (photo-ID) [12], genetic data [19], 

and tag data [20] suggesting the possibility of high site fidelity among this population. Long-term 

sighting data analyses (1991-2008) from British Columbia, determined harbor porpoise high density 

aggregation data are associated with foraging and reproductive behaviors, specific habitats, and 

oceanographic variables related to tidal phase and mixing [16]. On-going photo-ID studies in British 

Columbia are also noting positive identifications of individuals on an inter-annual basis (Porpoise 

Conservation Society, unpublished data). 

In this study we compared data from several sources throughout the Salish Sea, including small 

boat surveys, whale watch vessels, marine mammal monitoring field efforts, and community/citizen 

scientist observers. We quantify the occurrence of these large aggregations, their relation to 

environmental patterns (like season, tide, and bathymetric features), and the prevalence of social 

behaviors (like mating, fission/fusion of subgroups, coordinated feeding behavior, and willingness 

to approach vessels) during these groupings. We hypothesize that these aggregations occur more 

commonly than previously thought and provide important feeding and socializing opportunities for 

Salish Sea harbor porpoise. 

2. Materials and Methods 

2.1. Study Location 

The Salish Sea is an inland fjord-like body of water composed of many inlets, passages and bays 

in Washington State, USA and British Columbia, Canada (Figure 1). The major basins include the 

Strait of Juan de Fuca (Juan de Fuca Strait in Canada), connecting to the Pacific Ocean; the San Juan 

Islands, northeast of the Strait of Juan de Fuca in Washington; the Gulf Islands, in Canada north of 

the San Juan Islands; the Strait of Georgia, between mainland BC and Vancouver Island; and Puget 

Sound, south of the east end of the Strait of Juan de Fuca.  
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Figure 1. Map of the Salish Sea, including all sighting reports. 

2.2. Data collection 

Cascadia Research Collective (CRC) has conducted year-round regular small boat based (4.2 m 

Zodiac) surveys in South Puget Sound since summer 2016. Sightings of all marine mammals are 

recorded in Google Sheets. Porpoise counts are estimates of the number of animals within good 

sighting distance from the boat, usually around 300 m. For larger aggregations, several sightings are 

recorded while passing through the area. Additionally, reports are collected from fishers and 
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community scientist residents living on banks overlooking various locations of Puget Sound. Only 

reports from experienced observers, or those that supplied photographs or video were included. 

Pacific Mammal Research (PacMam), based in Anacortes, WA, is a research organization 

studying harbor porpoises and harbor seals through land-based, long-term photo-ID and behavioral 

surveys. In March of 2021, a custom opportunistic sighting project (PacMam harbor porpoise project) 

was created using the Epicollect5 app platform through a collaboration with Kwiáht (Center for the 

Historical Ecology of the Salish Sea). This app allows the public to easily document opportunistic 

harbor porpoise sightings throughout the Salish Sea. The majority of sightings are from the general 

public, though there are some from local researchers. Information on total group size, number of 

calves, Global Positioning System (GPS) location, weather, tidal phase, boat presence, gull presence, 

behavior, length of time watching the porpoises, expertise of the observer, and any extra notes can 

be documented. Data entry is not required for every field and observer expertise varies, therefore, 

some sighting records do not contain information about each of these factors. To date, users of this 

app have documented over 300 harbor porpoise sightings throughout the Salish Sea, from South 

Puget Sound, north to the San Juan Islands, and out the Strait of Juan de Fuca. These sightings are 

not restricted to large aggregations and range from 1 - 100+ harbor porpoises. Thus for this study a 

subset of the data was used (group sizes ≥ 20, and observer expertise level of experienced or expert). 
The Pacific Whale Watch Association (PWWA) is a professional association of ecotourism 

operators in Washington State and British Columbia. As of 2023, the PWWA comprises 30 member 

companies departing from 23 ports ranging as far south as Seattle, WA, as far north as Telegraph 

Cove, BC, and as far west as Port Renfrew, BC. PWWA members utilize the private PWWA App, 

developed by Johannes Krieger in 2018, to record wildlife sightings throughout the Salish Sea. 

Sightings of harbor porpoise in the region are fairly common and not routinely reported by whale 

watchers, but for this study, PWWA captains and naturalists were asked to document "large 

aggregations" of harbor porpoise, groups of 10 or more individuals, beginning in April 2021. 

Sightings records in the PWWA App include species, group size, travel direction (if known), time, 

date, and GPS location of the sighting. 

Some sightings may be duplicated across platforms, therefore care was taken to remove these 

from the data. Sighting reports from PWWA vessels, which were duplicated in the PacMam data, 

using criteria of same day, location and reporting party, were deleted from the PacMam data. Reports 

to CRC that matched PacMam data were deleted from CRC data.  

Sea View Marine Sciences (Sea View) specializes in marine mammal research, monitoring and 

mitigation. Sea View is on Vancouver Island near Victoria, British Columbia and has worked 

extensively in southern BC waters conducting numerous field assessments and research projects with 

professional biologists and observers. From 2017 to 2023, harbor porpoise group size and behavioral 

data were collected by Sea View as part of a larger Marine Mammal Monitoring Program of the 

Canadian Department of National Defence training operations in the Salish Sea. Field efforts and data 

collection were conducted entirely in Canadian waters. 

All contributing groups recorded porpoise behavior, paying particular attention to those rarely 

seen outside of these aggregations, especially social and unique foraging behaviors not possible in 

smaller groups.  

The timing of these aggregations can vary, and we differentiate between long and short-term 

events. Long-term aggregations are defined as harbor porpoise remaining in the same area, in large 

numbers (20+), lasting at least one week. Short-term aggregations are defined as large numbers of 

harbor porpoise (20+), usually lasting for a few hours, or up to a few days at most.  

All coordinates of sightings should be considered to be estimates. None of the shore-based 

sightings were monitored with a theodolite, so they are estimates of the location by necessity, either 

generated by the reporting party, or by the authors given location data included in the report. Vessel 

GPS locations can be taken from within a larger aggregation, but are likely to be a couple hundred 

meters from smaller aggregations. Large aggregations can cover several square kilometers, so even 

accurate GPS locations do not represent the extent of the entire aggregation. Map of sightings was 

generated using ArcMAP 10.8.2. (Figure 1). 
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3. Results 

3.1. CRC data 

CRC has conducted 97 surveys since 2016, covering 8790 kilometers (km) in the South and 

Central basins of the Puget Sound. Short-term aggregations of 20 or more individuals were 

encountered 31 times, all within South Puget Sound (Table S1). These encounters included 6 different 

stops in long-term aggregations that occurred around Johnson Point (see below) to verify the 

sightings reported by community scientists (Table S2). Due to the visibility limitations experienced 

by observers in a small boat, getting a count that fully represents the extent or number of animals 

present in the larger aggregations is not possible because of the difficulty in viewing the entire extent 

of the aggregation. 

There have been 16 community science reports of short-term aggregations of 20 or more animals, 

including 2 reports of aggregations of 100 or more submitted to CRC included in this analysis (Table 

S3). The first report in South Puget Sound was in 2012. An employee at a marina told CRC about an 

aggregation in Case Inlet, with an estimated 200 individuals. This witness observed lots of breaching, 

chasing, and some wake riding. At the time, it wasn’t believed that there were that many harbor 
porpoise in South Puget Sound, and it was assumed that this was a case of fishermen exaggerating, 

but later realized that there was likely to be at least some truth to the story.  

Of particular note are large long-term aggregations around Johnson Point that started forming 

in early-winter and lasted through March or April in 2019, 2020, and 2021. Along with a shorter 

period in autumn 2021. These aggregations were monitored by a couple living on a high bank in 

Dana Passage, using high power binoculars. These aggregations moved around from day to day, but 

were always sighted within one day in the area near Johnson Point when conditions were calm 

enough to spot harbor porpoise (Beaufort Sea State <3). A wide variety of behaviors were reported, 

including many foraging dives, cooperative feeding in bait balls, following slow moving vessels, and 

breaches (Table S2). This section may be divided by subheadings. It should provide a concise and 

precise description of the experimental results, their interpretation, as well as the experimental 

conclusions that can be drawn. 

3.2. PacMam data 

Reports to PacMam included 22 unique reports of short-term aggregations of groups of 20 or 

more individuals, including three groups of 100 or more in 2022 (Table S3). Travel, foraging and social 

behavior states were observed. Specific behaviors observed included directional surfacing (travel), 

surface chases (foraging), and mating attempts (social). 

3.3. PWWA data 

PWWA naturalists and captains logged 35 short-term aggregations of 20 or more individuals, 

including five groups of 100 or more individuals in 2021. There were 111 groups of 20 or more 

individuals, including 18 aggregations of 100 or more individuals in 2022 (Table S4). 

3.4. Sea View data 

Sea View documented 13 short-term aggregations with 12 in Strait of Juan de Fuca, and one in 

Saanich Inlet, BC. Two events (10 August 2018 and 6 June 2019) were observed with the number of 

animals in the aggregation increasing throughout the day. Foraging behaviors were observed during 

both events.   

Site fidelity for aggregations was noted for a nearshore habitat in Strait of Juan de Fuca on 28 

April, 19 May and 08 June 2021 with a consistent group size of ~15-20 animals. Behaviors noted 

during these 3 events included foraging and socializing.   

A three-day aggregation occurred in June 2022, during which foraging and reproductive 

behaviors were documented by Sea View. During this event, less commonly observed harbor 

porpoise behaviors occurred, including wake-riding and multiple aerial behaviors. These 
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observations in Strait of Juan de Fuca are spatially consistent with the high-density aggregations 

reported by Hall (2011) suggesting long-term habitat use that spans decades in this part of British 

Columbia.  

3.5. All data 

Across all these data collection platforms, behaviors recorded during these encounters include 

synchronized group foraging, traveling, mating (which often occurs with males breaching as they 

attempt to mate) [21], surface chases, spyhops, non-mating breaches, and logging. Sub-groups often 

experience fusion/fission during foraging, coming together for a series of dives, before splitting up 

again, not always in the same groups. Wake riding was also observed in several cases, with one short-

duration bow ride recorded in Dana Passage. Porpoise will often approach slow moving or stopped 

vessels during these aggregations. In the short and long-term aggregations of 100+ individuals, 

mating attempts are very common, sometimes numbering in the dozens over a relatively short direct 

observation period (1-2 hours). Based on the prevalence of foraging activities during most, if not all, 

of these aggregations, it is likely that they are primarily foraging opportunities. However, social 

activities are also quite common, and it is equally likely that these aggregations provide opportunities 

for increased social interactions. 

4. Discussion 

The recovery of the harbor porpoise population in the Salish Sea documented by Evenson et al. 

(2016), has likely been a driver behind increased occurrence of aggregations. Even so, these 

aggregations would likely go largely undocumented without a coordinated effort to monitor this 

behavior. Local harbor porpoise researchers promoted the need to collect data on harbor porpoises 

to various people and organizations in an effort to better understand this poorly known species. The 

use of cell phone apps not only allows for the collection of reports from the community but 

encourages community scientists to spend more time looking for the animals and recording their 

behavior. Whale watching boats are primarily focused on dolphins and whales, don’t often log 
porpoise sightings, but when local harbor porpoise researchers specifically requested that larger (10+) 

groupings of harbor porpoise be logged in their app, they were happy to assist. This led to a majority 

of reports from 2021-22 coming from whale watching boats. These examples show that people are 

eager to contribute, but only if they know what information is wanted, and have a platform (like 

sightings apps) that makes it easy to do so. The results of this study show how working together 

(researchers, community scientists and whale watching crews) can provide valuable scientific data, 

much more than could be obtained from one organization alone, that increases the scope of the data 

collected and information that can be derived from it. This type of collaborative research also 

demonstrates the importance of data collection irrespective of the socio-political boundaries such as 

the US-Canadian border, as this type of administrative boundary is unrelated to the ecological and 

social connections of harbor porpoise (and other marine species). 

While reports of harbor porpoise aggregations in the Salish Sea have previously been treated as 

rare events, by collecting data from multiple sources, we have shown that aggregations occur more 

commonly than previously thought. During the year 2022, the first full year that included reporting 

by PWWA, there were a total of 160 aggregations documented (10 by CRC, 22 by PacMam, 111 by 

PWWA, and 17 by Sea View). Some of these encounters are short-lived, lasting for only part of a tidal 

cycle, while others appear to last for days up to months, and can recur annually. The spatial 

distribution of these aggregations over time is important for the identification and recognition of 

important habitats for harbor porpoise in the Salish Sea. 

Food supply is likely one of the primary drivers for these aggregations, as evidenced by 

documented harbor porpoise foraging behaviors, along with the presence of other marine mammals 

and birds in many of these locations. Most individuals in the aggregations, even while traveling, 

exhibit regular foraging dives or evident surface foraging behavior (like surface chases). 

Fusion/fission behavior is quite common during foraging, with subgroups coming together and 

synchronizing their dives in groups of 10 or more, splitting up again after a series of dives. The larger 
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numbers also allow them to participate in foraging behavior that is rarely seen outside the groups, 

such as synchronized feeding on surface bait balls, either in a line abreast, or in a line head-to-tail 

[16](Anderson and Shuster, pers. obs.). On a few occasions, individual porpoise were seen swimming 

in a circle on their side at the surface. This could be a way to condense a bait ball before making a 

feeding pass, as has been documented in other cetacean species [22–24]. Given the high metabolic 

rate of harbor porpoise [25–27], consideration should be given to the amount of food necessary to 

feed 100+ harbor porpoise over a period of several months during the long-term aggregations. The 

large number of short and long-term aggregations of harbor porpoise in the Salish Sea documented 

in this study indicates there are also significant amounts of prey available in these locations over short 

and/or long periods of time. 

Harbor porpoise are opportunistic feeders, with the majority of their diet made up of small 

forage fish, along with some mollusks, crustaceans and arthropods [28,29]. Occasionally larger fish 

are also consumed [30]. There are two sorts of events that tend to concentrate enough food to support 

a large number of harbor porpoise. First, there are shoals and other fronts that concentrate plankton 

and forage fish during the high tidal flows (tidal changes >6 m in some areas). Second is spawning 

events, of which there are many in the Salish Sea. There are a wide variety of forage fish that are 

either resident in the Salish Sea, or come in to breed. Pacific herring (Chupea pallasi) has traditionally 

been the dominant Salish Sea commercial market forage fish, with most stocks breeding January 

through April, though the Cherry Point stock, near Bellingham, WA, is the largest, running April 

through June31. Pacific sand lance (Ammodytes hexapterus) breed November through February on 

Salish Sea beaches [31]. Surf smelt (Hypomesus pretiosus) is present in these waters year round, with 

most spawning occurring during the summer or fall months, though in some areas they spawn year 

round [31,32]. Northern anchovy (Engraulis mordax) is not traditionally viewed as one of the most 

abundant species of forage fish within the Salish Sea. The high ocean temperatures offshore during 

The Blob event, 2014-2016 [33,34] has led to much greater abundance of anchovies in recent years, 

especially in South Puget Sound [35,36], which has been sufficient to feed several hundred California 

sea lions (Zalophus californianus) for several months in Case Inlet (Jefferies, personal communication). 

Eulachon (Thaleichthys pacificus) is commonly called “candlefish” because of its high fat content, 
which also makes it an ideal high-calorie food for harbor porpoise. It is a common forage fish in the 

northern Salish Sea, though it can be found throughout the waters [36]. These species have been 

found to be important to harbor porpoise in the Salish Sea [6,28]. Additionally, salmon and steelhead 

runs are common in the many rivers entering the Salish Sea [37]. Though salmonids are not 

considered to be a significant portion of the harbor porpoise’s diet, as opportunistic feeders, they are 
likely to eat smolts when they come across them, as was shown by a stranded harbor porpoise on 

Washington’s outer coast with a Chinook smolt transponder found in its stomach [38], and have been 
observed taking adult salmon in some locations [30].  Market squid (Doryteuthis opalescens) enter the 

Strait of Juan de Fuca in the summer months, and enter South Puget Sound by December, and stay 

through February [36,39]. Thus, there are a variety of prey species that may concentrate in large 

enough numbers to support short and longer-term harbor porpoise aggregations. More research is 

needed to understand which forage species are more important for driving these events. 

There is also evidence that social interactions are important during aggregations. Social 

behaviors, such as mating attempts and a variety of other non-foraging group activities, are much 

more common in many of the aggregations. Mating attempts are seen year-round in small groups as 

well [40] (Elliser unpublished data, Anderson unpublished data, Hall unpublished data), but usually 

only one or two attempts are observed (compared to the dozens sometimes observed in the 

aggregations). During aggregation events, porpoises are also more likely to interact with slow 

moving or stopped vessels, and are less likely to make major moves to avoid fast moving vessels. In 

several encounters, harbor porpoises have approached the research vessel in a small group, diving 

under the boat, and reemerging on the other side at high speed, porpoising away from the boat. 

Harbor porpoise have also approached whale watch vessels during these encounters. Researchers 

and whale watchers have observed an increased likelihood of porpoise wake riding or following the 

prop wash of slow moving vessels, though this behavior is also seen by individuals in smaller groups 
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in Burrows Pass, WA (Elliser, unpublished data). This increase in more rarely observed behaviors 

during aggregations was also noted in the more northern Salish Sea waters in BC [16].  While harbor 

porpoise are generally considered relatively solitary, formation into larger groups may allow them 

to have more diverse social interactions. As these aggregations are likely attributable to an abundance 

of food in the area, porpoise may need to spend less time foraging, freeing up time for more social 

activities. It may also be that aggregating for food provides the opportunity to interact with many 

more individuals than is normal for this small grouping species. This can facilitate the occurrence 

and increased amount of these behaviors observed during these aggregations.       

The social structure of harbor porpoises has not been well investigated and is unknown at this 

time. Due to their vocalization patterns (e.g. lack of whistles normally attributed to communicative 

calls) and tendency for very small groups (1-3 individuals), it has been thought that they do not have 

very strong social ties. However, there is evidence suggesting that there is more to their sociality than 

previously thought. Flaherty and Stark (1982) [41] attributed breaching and splashing in wild harbor 

porpoise as social behaviors and concluded that strong evidence exists that individual and group 

relationships amongst harbor porpoise exists. A previous review of harbor porpoise social behaviors, 

from wild and captive settings, noted these to be well developed and set within a context of 

individual and group relationships [16]. 

Harbor porpoise have been observed using complex cooperative foraging behaviors with role 

specialization that is rarely seen in animals [42,43]. A common dolphin has been found to change 

vocalization to match local harbor porpoise [44], and harbor porpoise clicks have been shown to be 

used in communicative contexts, not just foraging [45]. Although little is known about their 

associations, there is early evidence through photo-ID that shows at least some individuals are often 

sighted together often over weeks to months at a time (Elliser unpublished data). It is likely that social 

interactions are more important to this species than what is observed in the limited social encounters 

observed at the surface [45]. These large aggregations may be important aspects of their social 

structure. The importance of larger groups is seen in other species, such as the Southern Resident 

killer whales (SRKW). In the Salish Sea SRKW are normally found in tight matrilineal pods but 

periodically join to form superpods where the individuals mix and socialize with members of other 

pods [46]. Large aggregations may provide similar opportunities for individual harbor porpoises to 

socialize with others in their community or population, and also facilitate genetic diversity. Further 

research is needed to determine the role of these aggregations in harbor porpoise society. 

5. Conclusions 

It is clear from the results of this study, that large harbor porpoise aggregations are now more 

common in the Salish Sea than previously realized. In all likelihood, the aggregations documented 

here are a small portion of the ones actually happening throughout these waters. Due to the behaviors 

observed, these are likely both important foraging and socialization opportunities for harbor 

porpoises. These events may also play a vital role in the reproduction of the species as noted by the 

long-term habitat selection and occurrence of mating behavior commonly observed in southern BC 

[16]. Understanding when and why these aggregations are occurring can help us better understand 

the foraging ecology, behavioral ecology, and social structure of this enigmatic species. Moreover, 

this may also assist in the identification of important habitats that are vital for the long-term survival 

of the Salish Sea harbor porpoise population(s).  

Monitoring their populations can provide critical data on ecosystem health. The decline and 

recovery of harbor porpoise in the Salish Sea is not isolated, and is mirrored in the population in San 

Francisco Bay [47] around the same time. This reminds us that harbor porpoise are a good sentinel 

species for the health of local ecosystems, and how important it is to better understand their 

behavioral and foraging ecology, for their conservation and that of their ecosystem. 

This study is an example of the value of recruiting community scientists and on the water 

professionals to help contribute to knowledge about these and many other animals. Researchers 

cannot cover such a wide area on their own, with limited funding, time, and resources available for 
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the purpose. Additional groups of potential community science collaborators are already being 

identified to contribute to these data. 

Further study could focus on determining what food sources are involved in attracting these 

aggregations, behavioral analyses, as well as determining if there are patterns in the locations and 

timing of repeated aggregations. 
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Author Contributions: Conceptualization, D.A. and C.E.; software, J.K.; investigation, D.A., L.S., A.H.; 

resources, D.A. and L.S.; data curation, D.A., L.S., C.E., K.M., E.J.G., J.K. and A.H.; writing—original draft 

preparation, D.A.; writing—review and editing, L.S., C.E., K.M., E.J.G. and A.H.; All authors have read and 

agreed to the published version of the manuscript.”  

Funding: CRC research was funded by the authors. PacMam research was funded by Marathon Petroleum 

Foundation, Inc. and public donations. PWWA research was funded by PWWA member companies. Sea View 

monitoring data was funded by the Canadian Department of National Defence during training operations that 

required the Marine Mammal Monitoring Program to be implemented. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: The data used in the preparation of this paper are available in the Supplemental 

Materials. 

Acknowledgments: CRC vessel surveys were conducted under NOAA-NMFS permit #20605. We would like to 

thank all the owners of the whale watch companies for supporting this effort, and all the captains and naturalists 

for submitting harbor porpoise reports. Our thanks also go out to all the community scientists who have 

submitted reports, with special thanks to Pam and Charlie Rhubart, Michelle Roy and Kim Merriman, who have 

monitored marine mammal activity from their homes overlooking South Puget Sound waters for several years.  

Gratitude is also extended to the Canadian Department of National Defence for supporting data sharing for this 

study. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Scheffer, V. B.; Slipp, J. W. The Whales and Dolphins of Washington State with the Key to the Cetaceans of 

the West Coast of North America. Am. Midl. Nat. 1948, 39 (2), 257–337. http://dx.doi.org/10.2307/2421587 

2. Everitt, R. D.; Fiscus, C. H.; DeLong, R. L. Northern Puget Sound Marine Mammals; Seattle, WA, 1980. 

3. Osmek, S.; Calambokidis, J.; Laake, J.; Gearin, P.; Delong, R. Assessment of the Status of Harbor Porpoise 

(Phocoena phocoena) in Oregon and Washington; 1996. 

4. Cowan, I. M. The Dall Porpoise, Phocoenoides dalli (True), of the Northern Pacific Ocean. J. Mammal. 1944, 

25 (3), 295–306. 

5. Pike, G. C.; MacAskie, I. B. Marine Mammals of British Columbia; 1969; Vol. 171. 

6. Hall, A. M. Seasonal Abundance and Prey Distribution of Harbour Porpoise (Phocoena phocoena) in Southern 

Vancouver Island Waters. 2004, 100. 

7. Laake, J.; DeLong, R. L.; Calambokidis, J.; Osmek, S. Abundance and Distribution of Marine Mammals in 

Washington and British Columbia inside Waters, 1996. In Marine Mammal Protection Act and Endangered 

Species Act Implementation Program 1996; AFSC Processed Report 97-10. National Marine Fisheries 

Service: Seattle, WA, 1997; pp 67–73. 

8. Evenson, J. R.; Anderson, D.; Murphie, B. L.; Cyra, T. A.; Calambokidis, J. Disappearance and Return of 

Harbor Porpoise to Puget Sound: 20 Year Pattern Revealed from Winter Aerial Surveys. Tech. Report. 

Washingt. Dep. Fish Wildl. 2016, January. 

9. Jefferson, T. A.; Smultea, M. A.; Courbis, S. S.; Campbell, G. S. Harbor Porpoise (Phocoena phocoena) 

Recovery in the Inland Waters of Washington: Estimates of Density and Abundance from Aerial Surveys, 

2013–2015. Can. J. Zool. 2016, 94 (7), 505–515. https://doi.org/10.1139/cjz-2015-0236. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 June 2023                   doi:10.20944/preprints202306.0586.v1

https://doi.org/10.20944/preprints202306.0586.v1


 10 

 

10. Elliser, C. R.; Hall, A. Return of the Salish Sea Harbor Porpoise, Phocoena phocoena: Knowledge Gaps, 

Current Research, and What We Need to Do to Protect Their Future. Front. Mar. Sci. 2021, 8 (May), 1–18. 

https://doi.org/10.3389/fmars.2021.618177. 

11. Raum-Suryan, K. L.; Harvey, J. T. Distribution and Abundance of and Habitat Use by Harbor Porpoise, 

Phocoena phocoena, off the Northern San Juan Islands, Washington. Fish. Bull. 1998, 96, 808–822. 

12. Elliser, C. R.; MacIver, K. H.; Green, M. Group Characteristics, Site Fidelity, and Photo-Identification of 

Harbor Porpoises, Phocoena phocoena, in Burrows Pass, Fidalgo Island, Washington. Mar. Mammal Sci. 2018, 

34 (2), 365–384. https://doi.org/10.1111/mms.12459. 

13. Leatherwood, S.; Reeves, R. R. Bottlenose Dolphin Tursiops Truncatus and Other Toothed Cetaceans. In 

Wild mammals of North America, Biology, Management, Economics; Chapman, J. A., Feldhamer, G. A., 

Eds.; John Hopkins University Press: Baltimore, MD, USA, 1982; pp 368–414. https://doi.org/1. 

14. Hoek, W. An Unusual Aggregation of Harbor Porpoises (Phocoena phocoena). Mar. Mammal Sci. 1992, 8 (2), 

152–155. 

15. Butler, R. W.; MacVicar, R. S.; Hollick-Kenyon, S.  Observation of A Super Pod of Pacific Harbor Porpoises 

(Phocoena phocoena vomerina) In the Salish Sea . Northwest. Nat. 2017, 98 (2), 137–138. 

https://doi.org/10.1898/nwn-17-05.1. 

16. Hall, A. Foraging Behaviour and Reproductive Season Habitat Selection of Northeast Pacific Porpoises, 

The University of British Columbia (Vancouver), 2011. 

17. Neave, D. J.; Wright, B. S. Seasonal Migrations of the Harbor Porpoise (Phocoena phocoena) and Other 

Cetacea in the Bay of Fundy. J. Mammal. 1968, 49 (2), 259–264. https://doi.org/10.2307/1377982. 

18. Koschinski, S. Current Knowledge on Harbour Porpoises (Phocoena phocoena) in the Baltic Sea. Ophelia 2001, 

55 (3), 167–197. 

19. Chivers, S. J.; Hanson, B.; Laake, J.; Gearin, P.; Muto, M. M.; Calambokidis, J.; Duffield, D.; McGuire, T.; 

Hodder, J.; Greig, D.; Wheeler, E.; Harvey, J.; Robertson, K. M.; Hancock, B. Additional Genetic Evidence 

for Population Structure of Phocoena phocoena off the Coasts of California, Oregon, and Washington; La 

Jolla, California, 2007. 

20. Hanson, M. B. Seasonal Movements and Habitat Use of Dall’s and Harbor Porpoises in the Inland and 
Coastal Waters of Washington State as Determined by Radiotelemetry. NOAA Tech. Memo. NMFS-F/SPO-

82 2007, 53–54. 

21. Keener, W.; Webber, M. A.; Szczepaniak, I. D.; Markowitz, T. M.; Orbach, D. N. The Sex Life of Harbor 

Porpoises (Phocoena phocoena): Lateralized and Aerial Behavior. Aquat. Mamm. 2018, 44 (6), 620–632. 

https://doi.org/10.1578/AM.44.6.2018.620. 

22. Ramos, E. A.; Santoya, L.; Verde, J.; Walker, Z.; Castelblanco-Martínez, N.; Kiszka, J. J.; Rieucau, G. Lords 

of the Rings: Mud Ring Feeding by Bottlenose Dolphins in a Caribbean Estuary Revealed from Sea, Air, 

and Space. Mar. Mammal Sci. 2022, 38 (1), 364–373. https://doi.org/10.1111/mms.12854. 

23. Wiley, D.; Ware, C.; Bocconcelli, A.; Cholewiak, D.; Friedlaender, A.; Thompson, M.; Weinrich, M. 

Underwater Components of Humpback Whale Bubble-Net Feeding Behaviour. Behaviour 2011, 148 (5–6), 

575–602. https://doi.org/10.1163/000579511X570893. 

24. Vaughn, R.; Würsig, B.; Packard, J. Dolphin Prey Herding: Prey Ball Mobility Relative to Dolphin Group 

and Prey Ball Sizes, Multispecies Associates, and Feeding Duration. Mar. Mammal Sci. 2010, 26 (1), 213–
225. https://doi.org/10.1111/j.1748-7692.2009.00317.x. 

25. Gallagher, C. A.; Stern, S. J.; Hines, E. The Metabolic Cost of Swimming and Reproduction in Harbor 

Porpoises (Phocoena phocoena) as Predicted by a Bioenergetic Model. Mar. Mammal Sci. 2018, 34 (4), 875–
900. https://doi.org/10.1111/mms.12487. 

26. Wisniewska, D. M. M.; Johnson, M.; Teilmann, J.; Rojano-Doñate, L.; Shearer, J.; Sveegaard, S.; Miller, L. A. 

A.; Siebert, U.; Madsen, P. T. T. Ultra-High Foraging Rates of Harbor Porpoises Make Them Vulnerable to 

Anthropogenic Disturbance. Curr. Biol. 2016, 26 (11), 1441–1446. https://doi.org/10.1016/j.cub.2016.03.069. 

27. Rojano-Donãte, L.; McDonald, B. I.; Wisniewska, D. M.; Johnson, M.; Teilmann, J.; Wahlberg, M.; Højer-

Kristensen, J.; Madsen, P. T. High Field Metabolic Rates of Wild Harbour Porpoises. J. Exp. Biol. 2018, 221 

(23). https://doi.org/10.1242/jeb.185827. 

28. Nichol, L. M.; Hall, A. M.; Ellis, G. M.; Stredulinsky, E.; Boogaards, M.; Ford, J. K. B. Dietary Overlap and 

Niche Partitioning of Sympatric Harbour Porpoises and Dall’s Porpoises in the Salish Sea. Prog. Oceanogr. 
2013, 115, 202–210. https://doi.org/10.1016/j.pocean.2013.05.016. 

29. Smith, G. J. D.; Gaskin, D. E. The Diet of Harbor Porpoises (Phocoena phocoena (L.)) in Coastal Waters of 

Eastern Canada, with Special Reference to the Bay of Fundy. Can. J. Zool. 1974, 52, 777–782. 

30. Elliser, C. R.; Calambokidis, J.; D’Alessandro, D. N.; Duffield, D. A.; Huggins, J. L.; Rice, J.; Szczepaniak, I.; 
Webber, M. Prey-Related Asphyxiation in Harbor Porpoises (Phocoena phocoena) along the U.S. West Coast: 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 June 2023                   doi:10.20944/preprints202306.0586.v1

https://doi.org/10.20944/preprints202306.0586.v1


 11 

 

Importance of American Shad (Alosa sapidissima) on Adult Female Harbor Porpoise Mortality. Oceans 2020, 

1 (3), 94–108. https://doi.org/10.3390/oceans1030008. 

31. Penttila, D. Marine Forage Fishes in Puget Sound. Prep. Puget Sound Nearshore Partnersh. 2007, 23 pgs. 

32. Quinn, T.; Krueger, K.; Pierce, K.; Penttila, D.; Perry, K.; Hicks, T.; Lowry, D. Patterns of Surf Smelt, 

Hypomesus pretiosus, Intertidal Spawning Habitat Use in Puget Sound, Washington State. Estuaries and 

Coasts 2012, 35 (5), 1214–1228. https://doi.org/10.1007/s12237-012-9511-1. 

33. Morgan, C. A.; Beckman, B. R.; Weitkamp, L. A.; Fresh, K. L. Recent Ecosystem Disturbance in the Northern 

California Current. Fisheries 2019, 44 (10), 465–474. https://doi.org/10.1002/fsh.10273. 

34. Holser, R. R.; Keates, T. R.; Costa, D. P.; Edwards, C. A. Extent and Magnitude of Subsurface Anomalies 

During the Northeast Pacific Blob as Measured by Animal-Borne Sensors. J. Geophys. Res. Ocean. 2022, 

127 (7), 1–21. https://doi.org/10.1029/2021JC018356. 

35. Duguid, W. D. P.; Boldt, J. L.; Chalifour, L.; Greene, C. M.; Galbraith, M.; Hay, D.; Lowry, D.; McKinnell, 

S.; Neville, C. M.; Qualley, J.; Sandell, T.; Thompson, M.; Trudel, M.; Young, K.; Juanes, F. Historical 

Fluctuations and Recent Observations of Northern Anchovy Engraulis mordax in the Salish Sea. Deep. Res. 

Part II Top. Stud. Oceanogr. 2019, 159 (August 2017), 22–41. https://doi.org/10.1016/j.dsr2.2018.05.018. 

36. Burger, M.; Sandell, T.; Fanshier, C.; Lindquist, A.; Biondo, P.; Lowry, D. Findings of the 2016-17 Southern 

Salish Sea Acoustic Mid-Water Trawl Survey; 2020. 

37. Quinn, T. P.; Losee, J. P. Diverse and Changing Use of the Salish Sea by Pacific Salmon, Trout, and Char. 

Can. J. Fish. Aquat. Sci. 2022, 79 (6), 1003–1021. https://doi.org/10.1139/cjfas-2021-0162. 

38. D’alessandro, D. N.; Duffield, D. A. Salmonid Passive Integrated Transponder Tags and Coded Wire Tags 
Found in the Forestomach of a Harbor Porpoise (Phocoena phocoena) in Southwestern Washington. Fish. 

Bull. 2019, 117 (4), 303–307. https://doi.org/10.7755/FB.117.4.3. 

39. Maupin, S. Market Squid, Loligo opalescens, in the Northeastern Pacific. Species synopses life Hist. Sel. fish 

Shellfish Northeast Pacific Bering Sea 1988, 83–93. 

40. Webber, M. A.; Keener, W.; Wahlberg, M.; Elliser, C. R.; MacIver, K. H.; Torres Ortiz, S.; Jakobsen, F.; 

Hamel, H.; Rieger, A.; Siebert, U.; Dunn, H.; Anderson, D.; Hall, A. M.; Birdsall, C.; Pielmeier, K.; Paiu, R.-

M.; Boege Tobin, D. D.; Orbach, D. N. Sexual Behavior and Anatomy in Harbor Porpoises. In Sex in 

Cetaceans: Morphology, Behavior and the Evolution of Sexual Strategies; Würsig, B., Orbach, D. N., Eds.; 

Springer Nature: Cham, Switzerland, 2023. 

41. Flaherty, C.; Stark, S. Harbor Porpoise (Phocoena phocoena) Assessment in “Washington Sound”.; Seattle, 
WA, 1982. 

42. Fink, B. D. Observation of Porpoise Predation on a School of Pacific Sardines. Calif. Fish Game 1959, 45 (3), 

216–217. 

43. Torres Ortiz, S.; Stedt, J.; Midtiby, H. S.; Egemose, H. D.; Wahlberg, M. Group Hunting in Harbour 

Porpoises (Phocoena phocoena). Can. J. Zool. 2021, 99 (8), 511–520. 

44. Cosentino, M.; Nairn, D.; Coscarella, M.; Jackson, J. C.; Windmill, J. F. C. I Beg Your Pardon? Acoustic 

Behaviour of a Wild Solitary Common Dolphin Who Interacts with Harbour Porpoises. Bioacoustics 2022, 

31 (5), 517–534. https://doi.org/10.1080/09524622.2021.1982005. 

45. Sørensen, P. M.; Wisniewska, D. M.; Jensen, F. H.; Johnson, M.; Teilmann, J.; Madsen, P. T. Click 

Communication in Wild Harbour Porpoises (Phocoena phocoena). Sci. Rep. 2018, 8 (1), 1–11. 

https://doi.org/10.1038/s41598-018-28022-8. 

46. Ford, J. K. B.; Ellis, G. M.; Kenneth C. Balcomb. Killer Whales: The Natural History and Genealogy of 

Orchinus orca in British Columbia and Washington, 2nd ed.; UBC press: Vancouver, BC, 2000. 

47. Stern, S. J.; Keener, W.; Szczepaniak, I. D.; Webber, M. A. Return of Harbor Porpoises (Phocoena phocoena) 

to San Francisco Bay. Aquat. Mamm. 2017, 43 (6), 691–702. https://doi.org/10.1578/AM.43.6.2017.691. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 June 2023                   doi:10.20944/preprints202306.0586.v1

https://doi.org/10.20944/preprints202306.0586.v1

