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Introduction: 
Marine Protected Areas (MPAs) are an increasingly common and ubiquitous strategy for 
reducing disturbance and promoting recovery of the marine environment (Blampied et al., 2022; 
Selig & Bruno, 2010). The static nature of an MPA lends itself to protecting benthic organisms 
and ecosystems such as coral reefs and kelp forests (Strain et al., 2019; Caselle et al., 2015), 
however MPAs have been implemented with success in protecting and promoting the recovery 
of large mobile species as well (Conners et al., 2022). Even highly transitory and/ or migratory 
cetaceans can benefit from static MPAs if their placement is strategic, targeting ecologically and 
culturally significant locations within the population’s critical habitat. For example, the Northern 
Resident Killer Whale (NRKW) population uses a small area called Robson Bight within 
Johnstone Strait in Canada for a culturally important activity known as “pebble rubbing” (Ford, 
2006). Robson Bight is a small (1,248 ha of foreshore), yet effective protected area due to its 
strategic placement and well-managed regulations. The Moray Firth Special Area of 
Conservation (SAC) in northeast Scotland has been identified and protected for its role as 
critical foraging grounds for the ‘resident’ population of bottlenose dolphins (Cheney et al., 
2018). Focusing on important, seasonal and/or year-round aggregations of highly mobile 
cetaceans and creating a network of protected areas within their critical habitat areas has the 
greatest chance in promoting target species recovery (Conners et al., 2022; Carr et al., 2017). 

There are two sympatric populations of killer whale (Orcinus orca) that are frequently observed 
in the shared inland waters of Canada and the United States (Ford et al., 2000): the fish-eating 
‘resident’ ecotype and the marine mammal-eating ‘transient’ or ‘Biggs’ ecotype. These are 
distinct ecotypes or groupings within the species that have adapted to have differing diets and  
social structure, with no evidence of interbreeding (Morin et al., 2010; Hoelzel & Dover, 1991).  

The Southern Resident Killer Whale (SRKW) population is comprised of three distinct pods (J, 
K, & L), which range from the central coast of California to Southeast Alaska (Ford et al., 2000). 
The historical core summer and autumn habitat of the SRKW are the inland waters of 
Washington State and British Columbia known as the Salish Sea (Figure 1; Olsen et al., 2018; 
Hauser, 2006;Ford et al., 1998). These waters extend from the Strait of Georgia in the north to 
the Puget Sound in the south, and include the Strait of Juan de Fuca in the west, which 
connects the Salish Sea to the outer Pacific coast. During the spring and summer months, 
SRKW have traditionally entered the Salish Sea through the Strait of Juan de Fuca, traveled 
north through Haro Strait, and continued north to the Strait of Georgia via either Active Pass or 
Boundary Pass (Olsen et al., 2018; Shields et al., 2018). The SRKW use these waterways to 
transit between key foraging areas (the south and west coasts of San Juan Island, the mouth of 
the Fraser River in Vancouver, Canada, and areas throughout the Strait of Juan de Fuca near 
Race Rocks, Sooke, and Swiftsure Bank) during the spring and summer Chinook salmon runs 
(Thornton et al., 2022; Hanson et al., 2021; Hanson et al., 2010; Ford & Ellis, 2006; Ford et al., 
1998). The Fraser River in British Columbia (B.C.) supports the greatest Chinook salmon runs in 
these inland waters. Prey analyses conducted on SRKW after foraging events have revealed 
that most inshore Chinook samples come from the Fraser River stock (Ford et al., 2010; 
Hanson et al., 2010; Ford & Ellis, 2006). In the autumn, chum salmon originating from rivers in 
Puget Sound become a predominant prey source and members of the SRKW consequently 
spend more time in the southern inland waters later in the year (Ford & Ellis, 2006; Krahn et al., 
2002). 



In 1995, the SRKW population peaked at the highest known contemporary population count of 
98 individuals (Center for Whale Research, 2022). It has since been declining and SRKW were 
designated as “Endangered” by the Canadian authorities in 2003 through the Species At Risk 
Act (SARA), followed by the United States in 2005 through the Endangered Species Act (ESA) 
(COSEWIC, 2008; National Oceanic and Atmospheric Administration, 2005). The decline in the 
population has been attributed to three primary factors: reduction of prey availability, high levels 
of stored contaminants, and underwater noise and vessel disturbance (National Oceanic and 
Atmospheric Administration, 2021; Department of Fisheries and Oceans Canada, 2018;; Lacy et 
al., 2017; Ford et al., 2010).  Lacy et al. (2017) emphasize the importance of both increasing 
foraging opportunities and decreasing noise disturbance in order to achieve the desired 
recovery of the SRKW population.   

The volume of large vessels like container ships and ferries contributes to a loud underwater 
environment throughout the SRKW core summer habitat (MacGillivray et al., 2016). The Salish 
Sea also sees a spike in recreational vessels and commercial whale watch vessels in the 
summer months as well, adding both physical and auditory disturbances in the area. Auditory 
disturbances in the aquatic environment have shown to significantly alter the behavior and 
negatively affect foraging frequency in all odontocetes (Erbe et al., 2019), which highlights the 
importance of creating spaces where the SRKW can forage with the least impact from vessels. 
MPAs have potential to offer positive results for both of these challenges and some measures 
have already been implemented to address the disturbance caused by vessel noise in the 
Salish Sea. Several protective strategies exist, from reduced speed zones where vessels are 
asked to slow down in certain areas or around whales to full-exclusion zones, where vessels are 
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Figure 1. Locations of the (a) Pender Island ISZ and the (b) Saturna Island ISZ within the greater 
Salish Sea study area. Major shipping lanes as well as ferry routes were included, which highlights 
the importance of this area, not only for SRKW but for commercial business as well.  



not allowed to enter a geographical area (can be year-round or short-term). In 2017, the 
Vancouver Fraser Port Authority in Canada launched the Enhancing Cetacean Habitat and 
Observation (ECHO) program, which asked large commercial and government vessels to 
reduce their speed through Haro Strait and Boundary Pass from June 1 - September 30 in order 
to reduce noise disturbance in SRKW core summer habitat. In 2020, ECHO expanded to 
include the critical foraging site at Swiftsure Bank at the mouth of the Strait of Juan de Fuca. In 
2022, Washington State is following suit in this slow down measure through a trial “Quiet Sound” 
program, running from October 24 - December 22, asking vessels to reduce their speed 
between 30-50% in Puget Sound, a critical fall SRKW foraging site. Additionally, Washington 
has a year-round, voluntary “no-go” zone around the southern and western coastlines of San 
Juan Island (SJI) due to its known importance as a SRKW foraging site (Thornton et al., 2022; 
Ashe et al. 2010; Krahn et al. 2004). Boaters are asked to avoid near-shore waters in this area 
as a way of reducing disturbance and boater impacts.  

In 2020, Department of Fisheries and Oceans Canada (DFO) designated two Interim Sanctuary 
Zones (ISZ) in the Canadian Gulf Islands, similar to the “no go” zone around SJI. Most vessels 
including recreational and commercial whale watch vessels are required to stay out of these 
designated areas. These two areas become full exclusion zones between June 1 - November 
30 each year. Similar to the Washington State voluntary “no-go” zone, the reason for the area-
closure is cited as being to “reduce acoustic and physical disturbance from vessels in key 
portions of Southern Resident killer whale foraging areas” (Department of Fisheries and Oceans 
Canada, 2022). The Pender Island ISZ is located off the southern coast of North Pender Island 
and the Saturna Island ISZ is located off the eastern tip of Saturna Island (Figure 1). Nearly 
three years have passed since the implementation of these ISZs, therefore review of their 
effectiveness in aiding conservation action for SRKW is worth assessing as part of the adaptive 
management process. 

The purpose of this study was to analyze the recent (in the last five years) sightings of SRKW 
during the ISZ implementation months throughout their core Salish Sea range and assess 
whether the current location of the Gulf Island ISZs are located in ideal areas and/ or are 
achieving their desired purpose. 

Methods:  
Study Area: 
The study area is based on the historical core summer habitat of the SRKW (Figure 1). 
Consistent and reliable sightings data are limited by observer effort to the inland water areas 
east of Sooke, B.C. and south of Nanaimo, B.C., however additional sightings outside of this 
area were also included (Figure 1; also see Table 1 in the Appendix). 

Study Time Frame:  
We analyzed sightings data collected from June-November over the last five years (2017-2021), 
representing the time period that the Saturna and Pender Island ISZs were in effect. The decline 
of Chinook salmon stocks along the west coast has driven changes in SRKW habitat usage in 
the summer months (Shields et al., 2018; Gustafson et al., 2007) For this reason, we chose to 
only look at more recent data (2017-2021) in order to assess current SRKW area-usage. 
  
Sightings Data: 
Sightings reports were compiled daily by the Orca Behavior Institute (OBI) from reports to the 
Pacific Whale Watch Association (PWWA), Orca Network, and other community sightings 
networks. First and last locations were noted each day with coordinates, time of day, and 
direction of travel. Any relevant details of travel route between first and last sightings were also 
noted. All reports were confirmed to be SRKW either visually or acoustically by OBI. If 



identification to ecotype (either resident or transient) was not possible, the sighting was 
discarded. 

Analysis: 
Sightings data were recorded with coordinates as track lines in Google Maps and loaded into 
QGIS version 3.22.4 as KMZ track line files.  

For this analysis, we used a polygon grid made up of 8x8km grid cells and the extent of the 
polygon grid was calculated from the SRKW sightings track layer. The original grid layer was 
comprised of 510 cells. Land-only grid cells and those that had no sightings in them in the last 
five years were eliminated from the study. In total, 359 grid cells were eliminated from the study, 
leaving 151 cells that included SRKW track data from the last five years.  

Using the “Intersection” feature in QGIS, a spatial join analysis was performed to combine 
features of the track lines layer to the polygon grid (MacLeod, 2015). Once the polygon grid and 
the track lines were combined into a new joined layer, we could use the “$length” function in the 
Field Calculator to add the field “Length” (in meters) to the intersected layer. The outputted 
length values corresponded to each line segment in each grid cell. 

Figure 2. SRKW sightings frequency throughout the study area within the Salish Sea. Graduated colors 
refer to sightings densities, measured as total track length per 8x8km grid cell. The darkest blue 
indicated the areas where total track length calculated was between 228km and 1,461km. The lightest 
blue indicated areas where total track length calculated was between <1km and the other 6.7km.  



Using the “Sum Line Lengths” function, we calculated the total length (recorded in meters and 
converted to kilometers for reporting) of track line per grid cell (MacLeod, 2015). In the resulting 
map, sightings frequency per grid cell was visualized using a graduated color scheme made up 
of six classes, broken up in an “Equal Count (Quantile)” fashion and computed from the 
“Length” value found in the “Intersection” calculation above. Shading of grid cells corresponds to 
total length of track line per grid cell was measured; grid cells with the highest total track length 
are indicated by the darkest shade of blue, while the lowest track line lengths per grid cell are 
indicated by the lightest shade.  

Results: 

Of the original 510 grid cells produced, there were 151 cells that contained at least one track 
line and therefore were used for analysis. The resulting map highlights the areas in the Salish 
Sea that were utilized by SRKW from June-November 2017-2021 (Figure 2). The greatest 
length of track measured in one 8x8km grid cell was 1460.73km, while the least length of track 
per grid cell was only 70.5m. The count of track lines per grid cell ranged from 2 to 407 separate 
tracks.  
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Figure 3. Highlighted are the (a) top 10% of SRKW sighting densities in the Salish Sea: (b) Haro Strait 
and the south and west coast of San Juan Island, (c) central Puget Sound, (d) the Strait of Juan de 
Fuca in areas off East Sooke (left), Race Rocks (center), and Victoria (right), (e) the Strait of Georgia 
near the mouth of the Fraser River, and (f) Active Pass.  



The results of this study show that of the areas with the top 10% sightings frequency (15/151 
grid cells) are nearly all located in the primary foraging locations (Figure 3). The one area that is 
included in the top 10% of sightings track density that is not a known foraging location is through 
Active Pass (Figure 3f). Active Pass is a known transitory area with little to no evidence of 
foraging when the whales are sighted there (Thornton et al., 2022; Olsen et al., 2018; Ashe et 
al., 2010; Heimlich-Boran, 1988). 

There is a relatively high sightings frequency in the around the Saturna and Pender Island ISZs 
(Figure 4). Out of 151 total grid cells, the five that contain parts of the ISZs rank 18th, 23rd, 
29th, 36th, and 37th for overall sightings density. These are not among the top 10% of sightings 
densities for SRKW during the June-November time frame that the ISZs are enforced. 

Discussion: 
The plight of the SRKW population has long been a topic of local conversation and concern, 
both in and out of the policy-realm. It is paramount that the decisions made by both the US and 
Canadian governments reflect the ESA and SARA mandates for the protection and restoration 
of SRKW critical habitat. This includes assuring that SRKW have access to available prey 
sources, decreased disturbance by vessels in critical habitat, and decreasing toxin levels in their 
environment (National Oceanic and Atmospheric Administration, 2021; Williams et al., 2021; 
Department of Fisheries and Oceans Canada, 2018; Lacy et al., 2017; Ford et al., 2010).  

Management decisions, like implementing vessel speed reduction zones through the ECHO and 
Quiet Sound programs or requesting vessel exclusion zones like off the south and west coast of 
SJI, seek to protect areas identified as “key foraging grounds for SRKW” (Fisheries and Oceans 
Canada, 2022; Robertson & Smith 2022; Washington Department of Fish and Wildlife, 2018). 
This could be beneficial by providing reduced acoustic disturbance in these areas, allowing the 
SRKW to have more success in prey capture with positive benefits to their overall health (Lacy 
et al., 2017; Wasser et al., 2017). 

There is a wide range of vessel management options for areas chosen for the whales’ benefit, 
from strict “no-go” zones during certain periods of the year to voluntary “go-slow” and/ or “no-go” 
zones (Fisheries and Oceans Canada, 2022; Robertson & Smith 2022; Washington Department 

Figure 4. Sightings density in the 8x8km grid cells that contain at least part of either Pender (left) or 
Saturna (right) Island ISZ. Though there are two areas (to the eastern part of Pender Island ISZ and 
the southwestern part of Saturna Island ISZ) classed among the highest density 
(228,375-1,460730m of track sightings), there are no grid cells in the highest 10% of sightings 
frequencies.



of Fish and Wildlife, 2022). All of these would require sufficient funding and education in order to 
enforce the spatial and temporal restrictions. 

Based on this study, we suggest that the areas chosen off North Pender and Saturna Islands do 
not have the highest impact potential for protection of SRKW foraging grounds in their summer 
core habitat area. While there has been some evidence that foraging occurs at a low rate off  
Pender Island (Scott-Hayward et al., 2015; Ashe et al., 2010), no such evidence exists in the 
literature around Saturna Island. In recent years (2017-2022) there has been no evidence of 
foraging behavior around either of these two sites (Orca Behavior Institute, unpublished data). 
Similarly to the Robson Bight (Michael Bigg) Ecological Reserve (RBMBER), the Pender and 
Saturna Island ISZs are extremely small (Pender Island ISZ is ~8.5km2 and Saturna Island ISZ 
is ~3.35km2). Unlike the RBMBER, which has specific cultural significance in its relatively small 
area, the two Gulf Island ISZs do not reflect the foraging ecology of SRKW, which involves 
spreading out up to 10km2 and actively foraging for up to 2-3 hours (Wiles, 2004). This study 
provides evidence that the Pender and Saturna ISZs are not the best available candidates for 
the purpose that they were originally intended in “reducing acoustic and physical disturbance 
from vessels in key portions of Southern Resident killer whale foraging areas” (Department of 
Fisheries and Oceans Canada, 2022). 

Studies such as Lacy et al. (2017) highlight the importance of both increasing foraging 
opportunities for SRKW and reducing noise disturbance, particularly in their foraging grounds. If 
these two conservation goals can be met, the SRKW population has a much greater chance of 
recovery. Increasing the Chinook salmon stock and foraging opportunities for SRKW have been 
identified as the primary solutions for population growth in these whales (Lacy et al., 2017; 
Wasser et al., 2017). Based on this study and on the foraging ecology of SRKW, we suggest 
that areas around the mouth of the Fraser in the Strait of Georgia (see Figure 3e) and in the 
Strait of Juan de Fuca around East Sooke, Race Rocks, or south of Victoria (see Figure 3d) 
should be considered for protected areas in Canada’s inland waters. Foraging events have 
been witnessed in these places and this investigation supports previous core habitat studies 
that highlight the importance for SRKW foraging of Haro Strait, central Puget Sound, in the 
Strait of Georgia near the mouth of the Fraser River, and on the Canadian side of the Strait of 
Juan de Fuca near East Sooke, Race Rocks, and Victoria (Hanson et al., 2021; Olsen et al., 
2018; Ashe et al. 2010; Hanson et al., 2010; Ford and Ellis, 2006; Krahn et al. 2004; Heimlich-
Boran, 1988). Since these areas are widely used by various stakeholders we do not believe that 
they are good candidates for full exclusion zones, but should be managed in more adaptive and 
responsive manners, according to the SRKW presence in the immediate area. 

Due to the high vessel presence from cargo shipping, transportation, commercial activities, and 
recreational activities in the Salish Sea, reducing vessel noise impacts through distance from 
the whales and travel speed through critical foraging areas will be crucial. For this reason, we 
believe that protected areas should not only reflect the foraging ecology of SRKW in their 
location, but should be sufficient in size so as to reduce noise pollution in the whales’ foraging 
grounds. Williams et al. (2015) found that the summer core habitat of SRKW is one of the 
noisiest in the shared Washington State-British Columbia coastline. However, in the study by 
Houghton et al. (2015) speed of vessels is the predominate factor in underwater noise: The 
faster the vessel travels, the louder the received noise by the SRKW. This study also found that 
vessel count was not correlated with received noise (Houghton et al., 2015). As the Salish Sea 
is widely used in the summer months not only by the whales, but by many recreational and 
commercial vessels, a solution should aim to accommodate boating traffic, while also protecting 
the whales in their critical foraging habitat. In order to best reduce the noise in important 
foraging spaces, implementing a speed reduction zone rather than a full exclusion zone would 
be appropriate both for the SRKW and for relevant stake holders. 



Conclusion: 
According to this study the Pender and Saturna Island ISZs are not the best available 
candidates for the purpose that they were originally intended. Their sizes are too small to be 
relevant to the foraging ecology of SRKW and their geographic positioning are not in areas that 
the literature cites as highly valuable for foraging. This study has also found that these areas are 
not among the top 10% of areas that SRKW spend their time in during the ISZ enforcement 
period (June-November). 

We have identified several areas throughout the Salish Sea that would be more appropriate as 
sites for a protected zone including areas near the mouth of the Fraser River in the Strait of 
Georgia and in areas near Sooke, Race Rocks, and Victoria in the Strait of Juan de Fuca. 
These areas not only have high significance in terms of sightings frequency, as evidenced by 
this study, they are also historically important foraging areas for SRKW and likely are still areas 
they forage in currently. However, since these areas are also highly significant to a variety of 
stakeholders, more adaptive management should be considered, such as “slow go” zones 
(setting a speed limit for the area) or considering a “no go” zone only if the SRKW are present. 

Adaptive management will be critical in moving forward with the protection of SRKW. High 
vessel traffic (commercial and recreational) in the Canadian Gulf Islands and US San Juan 
Islands means that management should be focused not only on physical spaces important to 
SRKW ecology, but also on the whales themselves.   
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Appendix I: Additional Figures and Tables

The waters off Saturna Island bounded by a line
beginning at 48º47.150’N 123º02.733’W

then to 48º47.367’N 123º02.915’W

then to 48º47.617’N 123º02.483’W

then to 48º47.473’N 123º01.975’W

then to 48º46.558’N 123º03.147’W

then to 48º46.333’N 123º03.805’W

then to 48º46.350’N 123º05.150’W

then to 48º46.683’N 123º05.150’W

then to 48º47.150’N 123º02.733’W

The waters off Pender Island bounded by a line
beginning at 48º45.817’N 123º19.300’W
then to 48º46.217’N 123º18.867’W
then to 48º44.167’N 123º13.917’W
then to 48º44.153’N 123º15.517’W
then to 48º45.817’N 123º19.300’W

Table 1. Coordinate references to the locations of the Saturna Island and Pender Island ISZs (Transport 
Canada, 2022). 


