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Abstract:

Since 1998, the number of active commercial and recreational whale watching activities on-scene
with the Southern Resident killer whales (Orcinus orca) (SRKWs) has increased exponentially,
leaving many to wonder how such an influx of traffic and incidents can further harm the already
dangerously endangered population and the Salish Sea habitat. This study focused on the observed
behaviors exhibited by the Southern Residents in response to reported incident types, the correlation
between the two, and the relationship between vessel traffic and incident cases. Data was collected
through continuous monitoring while I was a data intern for the Soundwatch Boater Education
Program from June-October, 2020. Soundwatch monitored for seven incident types and recorded
observed behavioral responses by the SRKWs that would later be categorized for further specificity.
All incidents and SRKW responses were recorded using ODK Collect and later uploaded to ODK
Aggregate. With support from past data, we concluded that the Southern Residents respond to
harmful vessel trends in close-proximity with short-term behavioral changes. The most alarming
consequence of these changes is the reduced time spent foraging and the resulting potential
reduction in prey consumption. Although it is unknown if these short-term behavioral changes
affect the population dynamics, it is likely that because Southern Residents are exposed to vessels
most of the daylight hours they are in inland waters, there may be biologically relevant effects at the
population level that will become more obvious as time goes on.

Furthermore, because we are seeing a steady increase in vessel traffic and with it, vessel incidents,
it is recommended that this and other supporting data be taken into consideration when drafting new
laws and regulations for boaters around the Southern Residents and in the Salish Sea to preserve
and nurture their critically endangered populations and this unique, vital habitat. All data was
submitted to the Washington Department of Fish and Wildlife (WDFW) and will be used to draft
legislation requesting that SRKW critical habitat and feeding grounds be protected under the United
States Fish and Wildlife Service and the United States National Oceanic and Atmospheric
Administration (NOAA). Data was also included in the 2020 Soundwatch Program Annual Contract
Report.

Keywords: Orcinas orca, SRKW (Southern Resident Killer Whales), foraging,
short-term behavioral changes, vessel trends, chinook salmon (Oncorhynchus
tshawytscha), boating incidents
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Introduction

The Southern Resident Killer Whales (Orcinus orca) (SRKW) are an endangered killer-whale

ecotype that inhabit the Pacific Northwest Coastline with a range from Monterey to southeastern

Alaska (NMFS 2008, Hanson et al., 2013). During the summer months of June through October, the

SRKWs are primarily found in the Salish Sea near Washington’s San Juan Islands and Victoria,

British Columbia (Hauser et al., 2007). The Salish Sea is considered a critical habitat for the

SRKWs due to the abundance of Chinook Salmon (Oncorhynchus tshawytscha), their primary food

source (Ford and Ellis 2006; Hanson et al., 2010; Ford et al., 2016).

The SRKW populations have been closely monitored for several decades. Their population peaked

at 97 whales in the 1990s and then declined to 79 whales in 2001 (Center for Whale research). In

2005, the National Marine Fisheries Service (NMFS) listed the SRKWs ecotype as endangered

under the Endangered Species Act (ESA). Three primary threats to their survival were identified as

(1) prey availability, (2) high level of contaminants in the Salish Sea, and (3) disturbance from

vessels and anthropogenic sound (Ferrara et al., 2017). As of December 2020, there were 74

SRKWs (Center for Whale Research). Since their listing, a number of studies have been conducted

in order to understand more about the threats facing the SRKWs and their habitat.

It is hypothesized that vessel traffic may have contributed to the population decline, through a

variety of different mechanisms, past studies show. Collisions between vessels and killer whales

occur occasionally and result in injury or death (Ford et al. 2000, G. M. Ellis pers. comm.).
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Unburned fuel and exhaust from vessels may contribute to toxin load, anthropogenic noise from

vessels may contribute to stress (Romano et al. 2004) and mask echolocation signals, (Bain &

Dahlheim 1994, Erbe 2002), making it harder to forage. Behavioral changes in response to vessels

may result in increased energy expenditure, or disrupt feeding activity, which may reduce energy

acquisition (Bain 2002, Williams et al. 2006). Energetic mechanisms for impact are of particular

concern, since southern resident killer whales may be food limited. These past studies have

identified key ways the populations have been impacted through anthropogenic facts by vessels, but

there is still a gap of understanding regarding the behavorial adjustments that are being made by the

SRKWs themselves to accommodate for these disturbances.

Figure 1: Population size and trend of SRKWs, 1975 to 2020. Data was obtained through photo-identification surveys of three SRKW pods (J, K, and L). Data was
provided by the Center for whale research and NMFS .

Since 1998, the number of active commercial and recreational whale-watching vessels on-scene

5



with the SRKWs has increased exponentially, leading to the question how such an influx of vessel

traffic can further harm the already low SRKW population and the Salish Sea habitat. The

Soundwatch Boater Education Program was established in 1993 through the Whale Museum,

located in Friday Harbor, WA, with the mission to reduce vessel disturbance to whales and to

educate boaters on the water about new and existing state and federal regulations while also

collecting data on vessel trends and traffic in critical SRKW habitats (Seely

et al., 2017). Since its establishment, Soundwatch has used this annual

long-term data to evaluate the effectiveness of current regulations and to

recommend amendments to existing regulations and new regulations (Seely

et al., 2017). The data has also been used to promote conservation efforts

and presented in legislation requesting the protection of SRKW critical

habitat (Soundwatch, 2020). In 2005, a voluntary no-go zone for motor

boats was designated along the western shoreline of San Juan Island (figure

2). These voluntary no motor boat zones were developed by a coalition that

included the Whale Watch Operators Association Northwest, the Whale

Museum’s Soundwatch Boater Education Program, the Canadian

Marine Mammal Monitoring Program, the Canadian Department of

Fisheries and Oceans and the U.S. National Marine Fisheries Service .

In 2006, critical habitats were identified and established in the Summer Core Area in Haro Strait,

the surrounding waters of San Juan Island,  Puget Sound, and the strait of Juan de Fuca (71 FR

69054, November 29, 2006).  These efforts have been in response to an increase in boating traffic

and consequently an increase in boating incidents on-scene with the SRKWs. To try and prevent
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these incidents, a project called Be Whale Wise was created through the Whale Museum which aims

to educate boaters on the guidelines when on-scene with the SRKWs (figure 3).

there is still a lack of understanding surrounding the specific behavioral responses exhibited by the

SRKWs to vessel incidents. There are a number of This study’s purpose is to intensely analyze

short-term behavioral response by SRKWs, to test the correlation between the number of incident

cases and observed behavioral responses, and to

determine whether or not there is a relationship

between the average, maximum, and total number

of vessels on-scene with the SRKWs and the

resulting number of incidents per year.

Materials and Methods

The data for this study was collected during the summer whale-watching season lasting from June –

October 2020. Soundwatch operated vessel patrols to educate and monitor boaters and collect whale

behavior data under National Marine Fisheries Service (NMFS) research issued permit number

21114. 35-40 hours per week were spent on the water with the SRKWs and other cetacean species

mainly including humpback whales (Megaptera novaeangliae), minke whales (Balaenoptera

acutorostrata), and gray whales (Eschrichtius robustus). This study only contains data collected

from the days spent with the SRKWs.
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The on-the-water crew operated with a minimum of two and a maximum of four crew members.

Soundwatch totaled 146 days of effort, with 118 days on-the-water between June 1 and October 8,

2020, totaling 669 hours of effort on the water traveling 4,658 nautical miles throughout the

trans-boundary Salish Sea. Out of the 146 days of effort, 24 total days were spent directly

monitoring Southern Residents.

Equipment utilized in 2020 consisted of a 17’ American Eagle rigid hulled vessel, R/V Raydiance

and a 19’ Safe Boat rigid hulled vessel, R/V L-98, operated as a secondary vessel. Funding for this

secondary vessel was provided by the National Fish and Wildlife Foundation’s Killer Whale

Conservation and Research Grant. Both vessels were fully equipped with safety equipment, VHF

radios, and chart plotters. The radar unit on R/V L-98 was utilized for accurate distance calculations

of vessels and navigation on poor weather condition days. R/V Raydiance was not equipped with a

radar, but did have a Raymarine GPS unit.

We located SRKWs with the help of reports by whale-watching vessels, acoustical detection by

hydrophones monitored by Jeanne Hyde at Lime Kiln Lighthouse and also through sightings from

land, reported mainly by civilians.

All data was collected using a program called ODK collect, an open-source Android app that

replaces paper forms used in survey-based data gathering. All data was then uploaded to ODK

Aggregate, an open-source Java application that stores, analyzes, and presents Xform survey data
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using ODK collect. From here, data was downloaded and imported into Microsoft Excel where the

incidents (table 1) and behavioral responses (table 2) were categorized.

Vessel Counts and Types

All vessels within one half-mile of all known whale activity were counted every half-hour using a

digital (ODK) Soundwatch Vessel Count/Whale Survey data sheet (Appendix A). Soundwatch staff

and volunteer crews recorded vessel data using a set of standardized vessel type and vessel activity

definitions agreed upon by U.S. and Canadian cetacean researchers (2004 NOAA SRKW

workshop) (Appendix B). Counts were taken by confidence level. An ‘A count’ was highest

confidence and included the Soundwatch vessel in the count and a ‘B count’ was still reliable

enough to count, but with less confidence and did not include the Soundwatch vessel in the count.

Each observed vessel within the count range is categorized according to a vessel type and a specific

best-fit vessel activity to describe what the vessel was engaged in (Appendix A). Vessel activity

categories include transiting (moving through the area within one half mile); whale oriented

(moving or stationary whale watching); fishing (moving or stationary with poles or nets in the

water); research (engaged in any type of research, including cetology); enforcement (enforcement

vessel in pursuit or engaged with a vessel at the time of the count); acoustic (outside of the count

range one half mile, but in acoustic/visual range); or other (which must be described, such as a

rescued vessel in tow, etc.).

The area of known whale activity is variable and not limited to a half-mile, but rather represents the

core of individual whales or groups of whales in the immediate area that can range up to one mile.
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Often the whales are spread greater than one mile. When visibility and conditions were good, a

secondary count was made for a group of vessels and whales beyond one mile from the Soundwatch

vessel, provided crew could reliably record beyond the primary count.

In total, U.S. EcoTour vessels were observed 72 days and in 475 vessel counts, Recreational

(private motor, private sail) 67 days and 494 counts, Canadian EcoTour 29 days and 79 counts,

Research 30 and 117 counts, Monitoring/Enforcement (including Soundwatch presence) 71 days

and 467 counts, Commercial Fishing 54 days and 136 counts, and kayaks (ecotour and recreational)

17 days and 28 counts.

Monitoring for and Recording Incidents

Vessel incidents, observations of vessels operating contrary to current voluntary guidelines and

regulations, are recorded using standard definitions. Descriptions of guidelines and regulations,

along with the incident codes used to record incidents of regulation and guideline violations can be

found in Appendix C. Incidents were recorded opportunistically as they are observed using a Vessel

Incident datasheet (Appendix D). We were conservative in recording incidents.

We focused on monitoring for 7 specific incidental categories (table 1) based on past Soundwatch

data that identified the most common incidents reported in past years (Soundwatch Annual Report,

1993-2019). An incident is defined as an act by a boater or vessel that goes against Be Whale Wise

(figure 3) guidelines and regulations.

A Going over 7 knots within half a mile of SRKWs

B Within 400 yards and in the path of SRKWs*
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C Within 300 yards of SRK

D Vessel in the San Juan Island NO-GO zone

E Within 200 yards of SRKWs while under motor power*

F Within 100 yards of SRKWs while under motor power*

G Fishing within 200 yards of SRKWs

Table 1: Most commonly observed incidents reported by Soundwatch over the past 26 years of operation. Incidents with an asterix* are listed as federal and state
regulations punishable by fine and citation through WDFW (Soundwatch Annual Report, 1993-2019).

When an incident occured, the boat name, registration, and

port were recorded and photos were taken of the incident in

action. During the 2020 field season, Soundwatch recorded a

total of 749 incidents, 184 of which were on-scene with the

SRKWs. The locations of these observed incidents in the

vicinity of the SRKWs were recorded and plotted (figure 4) to

better understand the areas where the most incidents were

occurring and investigating why.

Monitoring for Short-Term Behavioral Responses Exhibited
by SRKWs to Observed Incidents

Upon arrival to the scene with the SRKWs, similar to vessel

counts, an initial whale behavior survey was conducted and then taken in 30-minute increments on

the hour and every half-hour using a set of whale attributes agreed upon by U.S. and Canadian

cetacean researchers (2004 NOAA SRKW workshop) (Appendix E & F). For this study, my

primary focus was on the exhibited responses by the SRKWs when provoked by the recorded

boating incidents. Constant monitoring when an incident was observed was required. The whales
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were immediately localized and watched for the duration of the incident and an additional five

minutes afterwards. Pictures were also taken for later inspection. During this observation period,

key behavioral changes were identified and written down in the notes of the incident ODK collect

form where it would later be accessed, sorted (table 2), and analyzed.

The most commonly observed changes were used to specify 4 different behavioral categories (table

2) exhibited in response to a recorded incident. The noted key behavioral changes exhibited by a

SRKW during an incident were used to sort that case into one of the below categories (table 2)

(Williams et al., 2002a, Bain et al., 2006; Williams et al., 2009). A change in behavior is defined as

a clear disruption of the natural actions of the SRKWs. All behavioral changes listed are short-term.

A Changes in foraging behavior (hunting and feeding strategies, and foraging pod
structure)

B Changes in travel behavior (speed and direction)

C Changes in dive behavior (dive time and dive angles)

D Changes in social behavior (above-water acoustics, breaching, and spy-hops)

Table 2: The 4 most commonly observed behavioral changes during the 2020 summer whale-watching season.

Due to certain conditions such as inclement weather, lack of visibility, view obstruction, or

otherwise, behavioral responses were recorded whenever possible, so there ended up being an

abundance of unknown and unusable data.

Statistical Analysis

We tested for the correlation between the number of recorded incidents and the resulting number of

SRKW behavioral change cases observed. We also utilized data from past Soundwatch Annual
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Report Updates (2013-2019) on the total yearly vessel incidents, maximum number of vessels, and

average number of vessels on-scene with the SRKWs that year to see if there was any correlation

between vessel traffic and the resulting number of incidents. The year 2020 was not included in this

correlation due to it being an abnormal traffic season because of the COVID-19 Pandemic.

Results

Vessel Counts and Trends

We calculated that the 2020 annual maximum number of total vessels counted with whales within a

half-mile was 39 (figure 6), which is a slight increase from 2019’s maximum of 29 total vessels.

The daily average of boats with whales was 11 (figure 7 & 8), ending a consistent downward trend

since the peak of a daily average of 18 in 2014. We also found that the most common vessel types

to be accompanying the SRKWs were commercial, recreational, and kayaks (figure 8). The most

common among those three were both commercial and recreational vessels, with an average of 3

vessels each time accompanying the SRKWs (figure 8).

Figure 6: Maximum number of vessels within one half-mile of killer whales in the Salish Sea by vessel category from 1998-2020.

13



Figure 7: Average number (of recreational, EcoTour (commercial)) and total of all vessels with killer whales in the last twenty years
in Haro Strait Region (May-September 1998-2016, 2018-2019 and *June-September 2017 and June-October 2020) (Soundwatch,
2020)

Figure 8: Average number of vessels by vessel category within one half-mile of killer whales from 1998- 2020 in the Salish Sea

Incidents
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The most common incident recorded during the summer 2020 season was over 7 knots within a

half-mile at 30% of all occurences, followed by 400 yards in-the-path at 12%, within 300 yards at

10%, within 200 yards at 9%, SJI no-go zone at 7%, within 100 yards under power at 5%, and

fishing within 200 yards at 4% (figure 9.1). 72% of all recorded boating incidents from the summer

of 2020 were committed by private motors, followed by ecotours at 10%, kayaks at 9%, private

sails at 6%, and commercial fishing at 2% (figure 9.2)

The most incidents out of the total observed occurred immediately on the West side of San Juan

Island out into Haro Strait, a vital habitat for the SRKWs, especially near Lime Kiln Lighthouse due

to the prime hunting grounds available to them (figure 10).
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Figure 10: 2020 Vessel incidents involving SRKWs by zones, with lighter colors having fewer total incidents than zones in darker
colors. Locations can be multiple violations, N=184 incidents.
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There is an apparent trend that as the maximum and average number of vessels on scene with the

SRKWs increases, so does the total number of vessel incidents, suggesting that if the influx of

vessels in the Salish Sea continues, the more incidents there will be per year (figure 11).

Figure 11: Average, Maximum, and Total number of vessels on scene with killer whales plotted with number of vessel incidents from
May-September 2013-2019 observed in the Salish Sea by Soundwatch. Data from 2020 was not included in this plot as it was an
abnormal traffic year due to the COVID-19 Pandemic.

SRKW Behavioral Responses

For each vessel incident, it was determined how many of the behavioral response cases resulted in a

change in behavior, no change in behavior, or unknown (figure 12). In the majority of cases, it is

unknown whether or not there was a behavioral change, as it could not be observed due to

extenuating circumstances. Despite this, we can still infer that a behavorial response was observed

more often than no response as the number of observed cases in which there was a behavorial

change is consistently more than the number of observed cases in which there was not a behavioral

change.
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For observed incident A: Going over 7 knots within half a mile of SRKWs

60% of behavioral response cases resulted in unknown change, 25.45% resulted in a change in

behavior and 14.54% resulted in no change in behavior (figure12). Changes in travel behavior was

the most observed response, happening in 42.86% of cases (figure 13).

For observed incident B: Within 400 yards and in the path of SRKWs

46.15% of behavioral response cases resulted in unknown change, 46.15% resulted in a change in

behavior and 7.69% resulted in no change in behavior (figure 12). Changes in foraging behavior

was the most observed response, happening in 44.44% of cases (figure 13).

For observed incident C: Within 300 yards of SRK

52.78% of behavioral cases resulted in a change in behavior, 38.89% resulted in unknown change,

and 8.33% resulted in no change in behavior (figure 12).  Changes in foraging behavior was the

most observed response, happening in 47.36% of cases (figure 13).

For observed incident D: Vessel in the San Juan Island NO-GO zone

33.33% of behavioral response cases resulted in unknown change, 33.33% resulted in a change in

behavior and 33.33% resulted in no change in behavior (figure 12). Changes in foraging and social

behavior were the most observed responses, each happening in 50.00% of cases (figure 13).

For observed incident E: Within 200 yards of SRKWs while under motor power
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61.11% of behavioral response cases resulted in unknown change, 33.33% resulted in a change in

behavior and 5.56% resulted in no change in behavior (figure 12). Changes in dive behavior was the

most observed response, happening in 50.00% of cases (figure 13).

For observed incident F: Within 100 yards of SRKWs while under motor power

50.00% of behavioral response cases resulted in unknown change, 37.50% resulted in a change in

behavior and 12.50% resulted in no change in behavior (figure 12). Changes in foraging behavior

was the most observed response happening in 66.67% of cases (figure 13).

For observed incident G: Fishing within 200 yards of SRKWs

47.62% of behavioral cases resulted in a change in behavior, 42.85% resulted in unknown change,

and 9.52% resulted in no change in behavior (figure 12). Changes in travel behavior was the most

observed response, happening in 34.25% of cases (figure 13).
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Figure 12: Total percentage of specific incidents resulting in a change in behavior (orange), no change in behavior (grey), and
unknown or unobserved change in behavior (yellow).

* Federal/State Vessel Regulations
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Figure 13: Total percentage of categorized behaviors in response to specific incidents. Behaviors were sorted into four categories: (1)
Change in foraging behavior (orange) (2) Changes in travel behavior (grey) (3) Changes in dive behavior (yellow) and (4) Changes
in social behavior (blue).

*Federal/State Vessel Regulations

Overall, the most common behavioral change observed in 4 out of the 7 cases was changes in

foraging behavior, suggesting that this is one of the most impacted SRKW behaviors by harmful

vessel trends (incidents) (table 3).

Incident % of cases resulting in behavioral
change

Most common behavioral
change observed

(a) Over 7 knots within half mile 25.45% Travel

(b) 400 yards in the path 46.15% Foraging

(c) Within 300 yards 52.78% Foraging

(d) SJI No-go-zone 33.33% Foraging and Social

(e) Within 200 yards under power 33.33% Dive
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(f) Fishing within 200 yards 37.50% Foraging

(g) Within 100 yards under power 47.62% Travel

Table 3: The reported incident, the percent of incident cases that resulted in a behavioral response, and the most common behavioral
change observed in response to each specific incident.

Correlations Between Behavioral Change and Incidents

We found that there was a positive correlation between the number of cases of observed behavioral

change in response to the number of recorded incidents. The R² value is equal to 0.708, which

means that 70.8% of the cases of observed behavioral changes can be explained by vessel incidents.

Figure 14: A positive correlation between the number of recorded incidents and the resulting observed behavioral responses. R² =
0.708.
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Discussion

This year’s vessel counts showed a slight uptick in the maximum (39, figure 6) and average (11,

figure 7) number of vessels counted within a half-mile of the Southern Resident Killer Whales,

which is likely due to an influx of recreational boaters observed later in the season (figure 6). The

average value of 11 contradicts the previous downward trend since the average of 18 in 2014. The

observed average increase in total vessel traffic around orcas during the summer of 2020 may be

due to increased use of the Salish Sea as a result of boating being permitted as a suitable

socially-distanced activity. The increase could also be linked to presence of orcas during events of

increased vessel activity, such as the September fishing season. Average number of commercial

vessels accompanying orcas specifically continues to trend downward since 2017 while the average

number of recreational boaters has remained at around 3. The Pacific Whale Watchers Association

(PWWA) does suggest a limit of the maximum number of EcoTour vessels around a single group of

orcas. This limit was codified into law by WDFW’s Commercial Whale Watch Licensing Program

(CWWLP), instated along with other regulations in January 2021. This observed decrease in the

average EcoTour vessels with the whales since 2017 could be linked to increased dispersion of

SRKW in particular. During the 2020 season, recreational boating was the only category to see a

slight increase from 2.6 to 2.7 (Figure 8). Recreational vessels had the greatest presence around

whales during the peak season months of July, August, and September. Overall vessel activity

around whales saw a sharp increase after the month of June, likely due to the lifting of certain

COVID-19 restrictions in the region.

Over 7 knots with a half mile had the highest rate of incidents, occurring 30% of the time. In the

Path incidents had the second highest incident rate of 12%, followed by 300 yards under power and
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shutdown at a rate of 10% (figure 9.1). The higher incident rate in less than 200 yards of whales

incident category may be attributed to operators staying in close proximity to the whales and

shutting down their engines versus attempting to remain at a greater distance by engaging their

engines. This is important to note since in 52.78% of incident cases (figure 12) where vessels came

within 300 yards of SRKWs, the whale(s) changed its (their) behavior. We noted EcoTour operators

announcing over VHF radio they were shutting down their engines when killer whales were less

than 200 yards from their vessel in efforts to reduce engine noise, but vessel operators should

consider turning off their engine prior to being within 300 yards of the SRKWs to prevent further

disturbance to the habitat.

Our data also suggests that private motors are responsible for 72% of the total reported incidents

(fig. 9.2), suggesting that non-commercial boaters are not well-versed in the knowledge of federal

laws and regulations surrounding the SRKWs, there is not enough enforcement on-scene with the

whales, or a combination of both.

Looking at the categorical data, we can see that a majority of whether there was or was not a

behavioral response is unknown. Variations in incident and behavioral response data are likely due

to annual variation in whale presence, social cohesion, and awareness. These factors can reduce the

number of incidents recorded by Soundwatch. Soundwatch operations are limited by time,

resources, weather, and other research or education activities on-the-water. Therefore, incident

numbers and observed responses recorded by Soundwatch are not a full representation of the whale

watching scene on the water over the course of the season and could be a source of explanation for

the high volume of unknown observations. One thing to also take into consideration is the extreme
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circumstances of this summer. Due to the COVID-19 pandemic, it was difficult to collect data in a

truly natural setting with regular boat traffic and SRKW sightings. Despite the majority unknown,

we can still infer that a behavioral response was observed more often than no response (figure 12)

as the number of observed response cases is consistently more than the number of no-response

cases.

Looking more specifically (figure 13), out of the cases where a response was recorded, foraging

behavior is the most impacted, followed by travel behavior, dive behavior, and finally social

behavior (table. 1). This is concerning for many reasons, but especially because a multitude of past

projects have highlighted the increasing difficulty for the SRKWs to hunt and survive in the Salish

Sea due to the rapidly decreasing Chinook salmon populations (Ferrara et al., 2017). If foraging is

being further impacted by vessel incident traffic, it is imperative that we have measures drafted to

protect one of last and most vital hunting grounds (Lusseau et al., 2009) for the SRKWs. More

troubling, in 70.80% of cases, an observed behavioral change can be explained by a boating

incident (figure 14) which means that we can assume that if the number of recorded incidents

increases with vessel traffic (figure 11), we can expect to see in the coming years more behavioral

changes made by the SRKWs and maybe even see them start to avoid the habitat altogether.

Long-term trends show declines in average number of vessels with the whales and some reductions

in incidents and incident rates (figure 11), however, ongoing noncompliance demonstrates the

continued need for the continuation and expansion of shore and water-based boater education and

outreach efforts. Increased efforts and funding for additional enforcement patrols and enforcement

action are vital to the success of Southern Resident killer whale protection and recovery.

25



Sustainable funding for education, monitoring and enforcement may also become a critical issue

due to economic impacts of COVID-19 and the availability of this information to the general

public.

We can conclude with support from past data that Southern Resident killer whales respond to

harmful vessel trends in close-proximity with short-term behavioral changes. The most alarming

consequence of these changes is the reduced time spent feeding and the resulting potential reduction

in prey consumption. Although it is unknown if these short-term behavioral changes affect the

population dynamics, it is likely that because Southern Residents are exposed to vessels most of the

daylight hours that they are in inland waters, there may be biologically relevant effects at the

population-level that will become more obvious as time goes on. Furthermore, because we are

seeing a steady increase in vessel traffic and with it, vessel incidents, it is recommended that this

and other supporting data be taken into consideration when drafting new laws and regulations for

boaters around the Southern Residents in the Salish Sea in order to preserve and nurture their

critically endangered populations and this unique, vital habitat.
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