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The broadnose sevengill shark (Notorynchus cepedianus) is a large, apex

predator found in temperate waters around the world. Yet data on their

distribution are limited, with reports of species occurrence typically restricted

to specific bays or estuaries where they have been historically observed in high

seasonal abundances. The Puget Sound is located in the southern portion of the

Salish Sea, a large estuary spanning the border between northwestern

Washington state, USA and southwestern British Columbia, Canada, and serves

as an economic, cultural, and ecological hub. Until recently, there was only one

verified record of broadnose sevengill sharks in the Salish Sea and none in the

Puget Sound. However, our recent multi-agency collaborative effort revealed the

presence of adult and sub-adult broadnose sevengill sharks in South Puget

Sound, extending their previously known range hundreds of kilometers and

into a new ecosystem. This work represents the first evidence of a significant

presence of these apex sharks within the Salish Sea.
KEYWORDS
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1 Introduction

Documenting spatial patterns of species occurrences is essential in explaining

ecosystem dynamics and the processes that underlie them (Rangel et al., 2007; Cagnacci

et al., 2010; Sims, 2010). As such, movement and distribution data have broad implications

in research, conservation, and management, offering numerous insights to not only the

species directly but also broader ecosystems and populations (Renshaw et al., 2023). This is
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particularly true for apex predators, as changes in their abundances

can have significant impacts on ecosystem structure and function

(e.g., Elton and Nicholson, 1942; Paine, 1969; Beschta and Ripple,

2009). Thus, improving our understanding of where predators are

found, and how they are affected by human activity and

environmental change, is critical for managing species and

maintaining ecosystem health.

In marine ecosystems, sharks often occupy key ecological

positions as higher-order predators, contributing to ecosystem

structure and stability (Heithaus et al., 2008; Ferretti et al., 2010;

Bizzarro et al., 2017). As such, there have been efforts to determine

the spatial patterns and occurrences of many shark species through

various means, such as the use of fisheries-dependent data (Holts

et al., 1998; Punt and Walker, 1998; Kai et al., 2017), genetics (Van

Houtan et al., 2020), and electronic tagging technologies (Block

et al., 2011; Queiroz et al., 2016). However, given the cost,

technological complexity, and spatial extent of such studies, the

movements of many shark species remain unknown or are

oversimplified from lack of data (Van Houtan et al., 2020).

Specific nuances such as shark habitat type use, pupping grounds,

migrations, and broader spatial and temporal patterns of

distribution are often generalized or inferred (Renshaw et al., 2023).

Broadnose sevengill sharks (Notorynchus cepedianus; BSS) are

large (up to ~3 m), generalist predators that consume a wide variety

of prey items, including crustaceans, teleosts, chondrichthyans, and

marine mammals (Ebert, 2002; Williams et al., 2012; Funes et al.,

2024). They have been reported in temperate coastal oceans around

the world (Ebert, 1996), playing significant roles in maintaining

marine ecosystems by virtue of their highly diverse diets (Last and

Stevens, 2009). However, information on their occurrence and

spatial extent, and therefore inference about their ecosystem

impact, is limited to a subset of specific regions or bays within

their presumed distributions – notably South Africa (Ebert, 1996),

Argentina (Lucifora et al., 2005), and within the western United

States in San Francisco Bay (Ebert, 1989) and Willapa Bay

(Williams et al., 2012).

In August 2021, unverified anecdotal reports indicated that

multiple (>10) BSS had been caught outside of their known

distribution – in Hammersley Inlet, a small inlet located in the

southern Puget Sound (Washington state, USA). The Puget Sound

(6,200 km2), part of the larger Salish Sea that spans the Canadian-

U.S. border, hosts over 7,000 species (Center for Biological Diversity

2005) and lucrative commercial and recreational fisheries (e.g.,

salmon, Dungeness crab, oysters; shrimp; McLeod et al., 2009;

Wargo et al., 2013; Chasco et al., 2017; Morzaria-Luna, 2022), yet

BSS are not known to be part of its marine ecosystems. Prior to

2021, the only verified record of BSS in the Salish Sea was located at

Point Roberts, WA, near the Canadian border (Pietsch and Orr,

2019) (Figure 1). Unverified records include a single acoustic

detection in the south Puget Sound of a tag attached to a BSS in

Willapa Bay, WA (Williams et al., 2012).

BSS have been shown to be ecologically important in the

habitats where they live (Lucifora et al., 2005; Funes et al., 2024).

However, because they are not thought to reside in Puget Sound

waters, BSS are conspicuously absent from ecological models there.

Updated information on their range could be relevant to both BSS
Frontiers in Marine Science 02
species management as well as the ongoing management of other

species in the Salish Sea (McLeod et al., 2009; Chasco et al., 2017;

Morzaria-Luna, 2022). Therefore, in this study, we aimed to collect

such data by verifying the presence of BSS in the Puget Sound.
2 Methods

Field work took place in Hammersley Inlet (Figure 1) in spring

and summer of 2022 and summer through winter of 2023.

Hammersley Inlet is a narrow, shallow (<15 m) body of water

which connects Oakland Bay to the rest of South Puget Sound.

Sampling periods were chosen opportunistically around slack tides,

given that Hammersley Inlet has fast currents that can prevent

fishing lines from staying in place. Fishing took place by research

vessel or from shore. Fishing was done using heavy tackle rods or

with droplines, which consisted of a floating surface buoy attached

to a vertical nylon line (test strength 1600 psi), lightly weighted at

the bottom to allow free swimming of sharks if/when hooked. Each

dropline was fitted with 2-3 wire leaders with 14/0 or 16/0 baited

circle hooks along the vertical line, arranged so at least one hook

was close to the bottom and others were suspended in the water

column. Bait consisted of farmed Atlantic salmon (Salmo salar),

Pacific herring (Clupea pallasii), or opportunistically collected

salmon (Oncorhynchus spp.) carcasses. Methods were approved

under Oregon State University Institutional Animal Care and Use

Committee protocol number 2020-0092 and Washington

Department of Fisheries and Wildlife permit number 21-273.

Baited droplines were checked every 30 minutes for presence of

sharks (either directly or for bite marks on bait) and/or to replace

bait. GPS locations were noted using the boat’s on-board electronics

system (Garmin) when fishing from boat. When caught from the

research vessel, sharks were restrained alongside the boat, securing

the animal for measurements while allowing it to remain in the

water and obtain aeration over the gills (Figure 2A). When captured

from shore, animals were brought into the shallows and secured on

top of a custom-made cradle, allowing head and gills to remain

submerged while morphometric measurements were taken

(Figure 2B). For each shark, we measured lengths in centimeters

(cm; pre-caudal, fork, and total length in natural position), sex, as

well as clasper length and rigidity (i.e., degree of calcification) in

males to determine sexual maturity. Sharks were externally marked

with individually numbered conventional tags (Floy Tag &

Manufacturing, Inc., Seattle, WA) to identify individuals if

recaptured. Hooks were removed before all sharks were released.

Photos were taken (Figures 2A, B) for verification purposes by the

University of Washington’s Ichthyology Collection at the Burke

Museum (Seattle, WA).
3 Results

We caught 9 BSS over 10 days of field sampling (Table 1).

Species were verified as BSS by the University of Washington Burke

Museum Ichthyology Collection using data and photos obtained

while in the field (catalog number UW202515; Figure 2). They were
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FIGURE 1

Map and locations of historical and recently identified broadnose sevengill shark locations in the (A) the Salish Sea between the northwest region of
Washington state, USA and southern Canada, (B). a zoomed view of the previously reported locations of BSS in the Salish Sea and (C) current
evidence in Hammersley Inlet and Oakland Bay. The yellow circle indicates the only verified record in the region prior to this study, located at Point
Roberts, WA. The white triangle represents an acoustic detection of a tag placed on a BSS in Willapa Bay, WA (Williams et al., 2012). The red star
shows new capture locations documented within this study. The black boxes indicate the area in the subsequent tile.
BA

FIGURE 2

Broadnose sevengill sharks caught in Oakland Bay from boat (A) and from shore (B) during field efforts. Species identification was confirmed using
the number of gills and the spotting pattern, and verified by the University of Washington Ichthyology Collection at the Burke Museum (catalog
number UW202515).
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positively identified by their seven paired gill slits, broad head

shape, and unique spotting pattern covering the dorsal surface of

the body (Barnett et al., 2012). All were males except for one female

caught on the first sampling day. Male total lengths ranged from

136 cm to 212 cm (n=8; mean=166; SD=28.09); the female caught

was 138 cm TL. Based on Ebert (2003) and calcification of claspers,

all individuals were considered adult or subadult; no neonates or

young-of-the-year (<120 cm) were caught. All sharks were captured

from May to August, while none were caught during sampling

efforts between September and November 2023 (Table 1). All

animals were released and swam without difficulty from the

capture site.
4 Discussion

We present verified and repeated evidence of BSS in South

Puget Sound, the southernmost portion of the Salish Sea, more than

320 km beyond their previously documented range along the outer

Washington coast. Despite the heavy anthropogenic activity in the

Puget Sound, prior to our work, there was only one verified report

of BSS in the entirety of the Salish Sea (over 200 km away), which

occurred over two decades ago (Figure 1). Thus, BSS were not

thought to occur in the Salish Sea with regularity nor are they

currently considered in management efforts there (Harvey et al.,

2012; Preikshot and Bobbi Cheney, 2015). However, our data

suggest a seasonally consistent presence far into South Puget

Sound, which has only one outlet to the north Pacific Ocean,

meaning the species must occupy waters of the central Salish Sea
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on at least a transitory basis. With their high trophic status and

ecosystem impact in other locations, these findings may suggest a

need to revise our understanding of ecological dynamics in the

Salish Sea. Moreover, our work has broader implications for our

understanding of BSS movements globally, highlighting the value of

further exploration into the range of this species.

The lack of observations of BSS in the Salish Sea prior to this

study makes it difficult to determine whether BSS presence is a

new development, or if they have been simply missed from surveys

and fishing efforts in this area. Previous efforts to observe sharks in

the Puget Sound noted other elasmobranch species, but not BSS.

For instance, thousands of trawl surveys spanning decades,

completed by the Washington Department of Fisheries and

Wildlife, found other shark species but never a single BSS

(Quinnell, 1991; Palsson et al., 2002, Palsson et al., 2003; Blaine

et al., 2020). Additionally, the nearby Seattle Aquarium aimed to

specifically assess shark presence in the area using baited remote

underwater video cameras (BRUV), deployed at night every other

month for over 12 years (2002-2005, 2008-2015) from under the

aquarium in downtown Seattle (Griffing et al., 2014). This work

successfully recorded >250 observations of bluntnose sixgill

sharks (Hexanchus griseus), but no BSS. Both bluntnose sixgill

sharks and BSS scavenge for carrion (Ebert, 1991, Ebert, 1994) and

can co-occur at the depth range of these surveys since both species

move into shallower waters at night (Andrews et al., 2009; Barnett

et al., 2010); therefore, it is reasonable that extensive nighttime

BRUV efforts capturing bluntnose sixgill sharks would have also

observed BSS had they been in the area. No bluntnose sixgill

sharks were taken as bycatch during BSS target fishing for this
TABLE 1 Dates of targeted broadnose sevengill shark (BSS) fishing, hook soak times (field hours x # of hooks), and total number of BSS caught
each day.

Date
Hook
soak times

# BSS caught Sex PCL (cm) TL (cm) Est. maturity

2022

5/23 12.75 hrs 2
M 152 212 A

F 94 138 I

7/7 40.25 hrs 2
M 140 195 I

M 131 185 I

2023

6/8 13 hrs 1 M 115 165 I

6/14 32 hrs 2
M 103 151 I

M 99 145 I

8/11 28 hrs 1 M 100 139 I

8/15 8.5 hrs 1 M 94 136 I

9/15 5 hrs 0 No individuals captured

10/6 50 hrs 0 No individuals captured

11/29 32.5 hrs 0 No individuals captured

11/30 2.5 hrs 0 No individuals captured
Information on individual BSS caught include sex (M, male; F, female), pre-caudal length (PCL) and total length (TL) in centimeters, and estimated sexual maturity. Sexual maturity estimates
(A, sexually mature 446 adult; I, immature sub-adult) are based on previous work by Ebert (2003) and degree of clasper calcification for males (mature = rigid, immature = non-rigid) and total
length for females (mature 447 = >250 cm TL, immature = 120-250 cm). No neonates or young-of-the-year individuals (<120 cm TL) were captured.
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study, likely due to their deeper depth preferences during the day

compared with broadnose sevengill sharks (Andrews et al., 2009;

Barnett et al., 2010). However, annual presence of pinnipeds, a key

prey species for BSS (Lucifora et al., 2005; Funes et al., 2024), has

steadily increased in this region since the 1990s. Carretta et al.

(2016) hypothesized that natural pinniped predators, such as

orcas, may increase their presence in this region with this

increasing prey abundance. It is therefore possible that BSS

presence in this region may be the result of a recent

distributional shift in response to changes in local prey resources.

Regardless of the persistence or novelty of BSS in South Puget

Sound, our findings emerge at a timely junction in the management

of the Puget Sound’s resources. Given the importance of apex

predators in ecosystem regulation, studies of ecosystem and

resource management should expand to include sharks such as

BSS in the Puget Sound. To support this management, future

research efforts should focus on better defining the ecological

role of BSS here specifically. By assessing BSS population

abundance, identifying their fine- and large-scale movements,

exploring patterns of seasonal presence, connectivity with other

populations, and examining BSS foraging ecology within Puget

Sound and the Salish Sea at large, we can better quantify the impact

they are likely having in this productive region.
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