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1 Introduction and Background

In October and December 2021, the North Pacific Fishery Management Council (Council) tasked staff to
prepare a discussion paper that provides the best available information on four topics related to Bristol
Bay red king crab (BBRKC).? The Council’s motions are responsive to an ongoing decline in the BBRKC
stock, culminating in the State of Alaska’s inability to open a directed fishery for the 2021/2022 season.
After review of this paper, the Council may request further analysis, develop alternatives to recommend
actions that fall under its authority, or initiate dialogue with other management agencies at its own
discretion. No action is required by statute and this document is not part of a mandated program or
allocation review.

Staff has reordered the four topics in the final December 2021 motion so that the information presented in
this paper flows logically and the background information provided in each section contributes to the
understanding of the following sections to the extent possible. The four topics, as ordered in this paper,
are described here in the Council’s words:

! Prepared by: Sam Cunningham (NPFMC) and Kelly Cates (NMFS AKRO SF)
2 The December 2021 motion appended a fourth topic to the previously passed October motion.

Accessibility of this Document: Effort has been made to make this document accessible to individuals with disabilities
and compliant with Section 508 of the Rehabilitation Act. The complexity of this document may make access difficult
for some. If you encounter information that you cannot access or use, please call us at 907-271-2809 so that we may
assist you.
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1. Provide the best available information on Bristol Bay red king crab molting/mating annual cycle
and how the seasonality of this overlaps with fisheries and the effects these interactions may
have.

2. Evaluate boundaries used for the BBRKC survey, stock assessment, PSC limits, and directed
fishery.

3. Provide the best available information on bottom contact by pelagic trawl gear and the impact it
may have on BBRKC stocks.

4. Summarize mechanisms used in other council managed fisheries to create flexible, responsive
spatial management measures for all gear types and how they might be applied to protect
BBRKC.

The 2021 NMFS eastern Bering Sea bottom trawl survey (“trawl survey”) results were consistent with a
trend of decreasing BBRKC biomass (Zacher et al. 2021). The 2021 mature female abundance estimate
was 25% less than in 2019. While the abundance of female red king crab (RKC) has been low in recent
years, 2021 was the first year since 1995 that the mature female abundance fell below the established
threshold in the State of Alaska’s harvest strategy to allow a directed fishery in Registration Area T (see
Figure 3-1). The length-based abundance estimate was 7.9 million mature female RKC in 2021, which is
below the threshold of 8.4 million (Zheng et al. 2021). As a result, the directed fishery was closed for the
2021/2022 season.

Estimated mature biomass increased in the mid-1970s and then decreased precipitously in the early 1980s
(Figure 1-1). Abundance increased from the mid-1980s until about 2007. Mature females were estimated
to be roughly four times more abundant in 2007 than in 1985; mature males were roughly twice as
abundant in 2007 than in 1985. Abundance has steadily declined since 2010 (Zacher et al. 2021). The
projected mature male biomass in 2021 is less than 50% of the peak value (2002) during the last 40 years.
Estimated mature female biomass has been at a low level during the four most recent years. Since 1984,
recruitment has only been above the long-term historical average in six years, with the most recent above-
average year occurring in 2005 (Zheng et al. 2021).
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Figure 1-1 Time series of mature male (2120 mm CL) and female (actual maturity) Bristol Bay red king crab
abundance by shell condition, 1975-2021 (Zacher et al. 2021).

The Council has recently reviewed several analyses related to the abundance of BBRKC. The Council
considered adjusting Bering Sea and Aleutian Islands (BSAI) groundfish trawl PSC limits for BBRKC,
snow crab, and Tanner crab in February 2021 (NPFMC 2021a), and an emergency rule request for a
northward expansion of the Red King Crab Savings Area (RKCSA) in December 2021 (NPFMC 2021b).
The Council did not pursue action following those analyses but has closely monitored the stock and
requested this discussion paper as a platform to contemplate actions that might address the fishery and its
stakeholders, as bounded by the Council’s authority. Whereas previous analyses focused on a specific
topic or action alternatives, this paper looks broadly at what information is available on several requested
topics. The topic areas include BBRKC biology, stock assessment, interaction with gear from other
fisheries and flexible management options.

2 Item 1: BBRKC Molting and Mating

Red king crab (RKC) mate when they enter shallow waters (<50 m) where males grasp females just prior
to female molting, after which the eggs are fertilized and extruded on the female's abdomen. Adult
females brood thousands of embryos (43,000 to 500,000 eggs) underneath their tail flap for 11 months
before they hatch. Hatching generally occurs in April but embryo development can be delayed in cold
years (Chilton et al. 2010).> When embryos are fully developed they hatch as swimming larvae but are
susceptible to the movements of tides and currents. Cooler water temperatures slow larval development

3 For example, colder than average bottom temperatures in 2020 may have delayed peak hatch timing to June. This
supposition is based on the fact that 2020 bottom temperatures were colder than 2006-2007 bottom temperatures
when Chilton et al. (2010) noted that survey stations sampled in May had high numbers of mature females still
brooding embryos fertilized the previous season (Fedewa et al. 2020).
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rates and can increase mortality due to spending more time in a vulnerable state and increased offshore
transport into ecosystem areas where larvae are less likely to mature to juveniles (Loher and Armstrong
2000). After feeding on plant and animal plankton for two to three months and undergoing body changes
with each molt, they settle into their benthic life stage. Young-of-the-year crab occur at depths of 50m or
less. They are solitary and need high relief habitat or coarse substrate such as boulders, cobble, shell hash,
and living substrates such as bryozoans and stalked ascidians. Between the ages of two and four years
there is a decreasing reliance on habitat and a tendency for the crab to form pods consisting of thousands
of crabs. Podding generally continues until four years of age (about 65 mm carapace length (CL)) when
the crab move to deeper water and join adults in the spring migration to shallow water for spawning, and
then to deep water for the remainder of the year. Mean age at recruitment into the fishery is 8-9 years
(Crab FMP), though “adult phenology” is described as 5-6+ year (Fedewa et al. 2020%).

King crab molt multiple times per year through age-3 after which molting is annual. At larger sizes, king
crab (especially males), may skip molt as growth slows. Females grow more slowly and do not become as
large as males. In Bristol Bay, 50% maturity is attained by males at 120 mm CL and by females at 90 mm
CL (about 7 years). Within days to weeks after molting, RKC shells begin to harden. RKC are particularly
vulnerable during their molting phase where it takes 74.2 days for the carapace to reach 90% of maximum
hardness (Stevens, 2009). During this time, RKC are at increased risk of predation and harm from contact
with fishing gear. Molting crab are not feeding so they do not enter baited pots.

Specific to BBRKC, the best information available to the analysts indicates that the mating season
primarily occurs from January to March for primiparous (individuals bearing first offspring) RKC
females and from April to June for multiparous RKC females. Mating occurs at the same time as molting
for mature females. Molting times for mature males are not as well described as for mature females.
Mature males are thought to molt once during the March to May period, whereas juvenile crab may molt
several times per year as they grow and can molt at different times during a year. Large juveniles
generally molt during the spring. Overall, the molting period for BBRKC ranges from January to June
(Pers Comm J. Zheng, ADFG; see also Table 2a in Fedewa et al. 2020).

Larval advection is an important process for recruitment in benthic invertebrates as the supply of
settlement-competent larvae to a given area typically depends upon larval hatch that occurs elsewhere.
For species with long larval pelagic duration, substantial transport distances may occur before reaching
the settling stage (Shanks 2009). As such, variable rates of connectivity and retention can result in large-
scale population trends. Recent studies have assessed how predicted settlement success varied through
changes in larval pelagic duration and oceanographic circulation patterns, demonstrating that shorter
advective distance was associated with warmer conditions, causing higher rates of local retention relative
to cold conditions (Daly et al. 2018 & 2020). This is contrary to earlier models which presumed that most
larvae hatched in southwest Bristol Bay were advected offshore away from good habitat whereas larvae
hatched in central and nearshore Bristol Bay were retained in or advected to good habitat along the
Alaska Peninsula. These results suggest that contemporary spatial distributions can supply settlement-
competent larvae to nurseries along the Alaska Peninsula and that, under certain conditions, larvae may
reach the Pribilof Islands when hatched from southwest Bristol Bay. Larvae released from regions other
than the western Unimak area did not reach the Pribilof Islands in the Daly et al. (2020) study, suggesting
disconnection of the Pribilof Islands from the present-day Bristol Bay red king crab population.

Recruitment variability is not fully understood for Bering Sea crab stocks. The nearshore area in
southwest Bristol Bay was hypothesized as having historically (i.e., prior to 1980) been the most
important spawning ground for BBRKC. More recently the nearshore grounds north of Unimak Island
and the Black Hills have been hypothesized as the population's most important hatching ground for

4 A useful summary of red king crab biology and the Bristol Bay ecosystem is provided in the most recent
Ecosystem and Socioeconomic Profile of BBRKC (Fedewa et al. 2020).
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supplying recruits to the population because the predicted location of settling post-larvae after dispersal
corresponds with favorable nearshore benthic habitat (Armstrong et al. 1986; Armstrong et al. 1993;
Evans et al. 2012; Haynes 1974; Hebard 1959; Hsu 1987; Loher 2001). Additional areas of BBRKC
preferred habitat are in the RKCSA and the Nearshore Bristol Bay Trawl Closure Area (NBBTCA),
which was created to protect juvenile RKC. These closures were first established under emergency rules
in 1995 (60 FR 4866) and then implemented under BSAI Groundfish FMP Amendment 37, effective in
1997 (61 FR 65985). The Secretarial Review Draft of the EA/RIR for Amendment 37 notes that the 1996
RKCSA closure, adopted by NMFS’s inseason authority to run from January 1 through March 31, was
extended through June 15 “to protect red king crab during the molting and mating period” (NPFMC
1996) The RKCSA is currently in effect year-round, but the Agency’s rationale at the time was a
documented acknowledgement of the molt/mate season as it was then understood.

RKC distributions vary over both seasonal and interannual time scales due to ontogeny (speed of
development from egg to adult), seasonal reproductive cycles, and variable environmental factors (Zacher
et al. 2018). Decadal-scale temperature trends can also lead to shifts in distribution of benthic species,
including RKC (Mueter and Litzow 2008). The Bering Sea oscillates between warm and cold temperature
regimes, largely driven by sea ice extent (Stabeno et al. 2012). In cold years, with greater sea ice extent
and later ice retreat in the spring, a pool of cold bottom water (< 2°C; called the "cold pool") persists in
the southeastern Bering Sea throughout the summer and into fall until vertical mixing occurs (Stabeno et
al. 2012). In contrast, the cold pool is farther north in warm years, and bottom waters in the southeastern
Bering Sea are several degrees warmer (Mueter and Litzow 2008; Stabeno et al. 2012). Cold and warm
years can affect both the recruitment success for BBRKC and the area to which they recruit. Northerly
shifts in stock distribution are generally associated with both warmer temperatures and high Pacific
Decadal Oscillation values during the summer (Loher and Armstrong, 2005; Zheng and Kruse, 2006).
Fall distributions during the BBRKC fishery tend to contract to the center of Bristol Bay during warm
years (Zacher et al. 2018). The effect of variable recruitment areas and seasonal distribution may
influence which crab are available to the parts of the eastern Bering Sea summer trawl survey that are
used in the stock assessment (see Section 3, “Boundaries”). A tagging study on the winter movements of
BBRKC is currently underway and is described in Section 3 (see Figure 3-8).

3 Item 2: BBRKC Boundaries

The Council requested an evaluation of four specific boundaries that pertain to BBRKC. Those are the
boundaries that define: (1) the sampling areas used in the NMFS summer eastern Bering Sea trawl survey,
(2) the areas used to develop the BBRKC stock assessment, (3) the area within which groundfish trawl
bycatch accrues to the Zone 1 red king crab PSC limit, and (4) the ADFG registration area that bounds the
directed fishery for BBRKC (Area T). Depending on the management or assessment purpose that is being
pursued, these boundaries might be synonymous or slightly offset due to the ADFG/NMFS co-
management of crab and the difference in ADFG statistical areas and NMFS reporting areas (see
Appendix 1).

This paper uses map overlays where possible to describe how boundaries are used, where there is
consistency across purposes, and what adjustments are made when there is not consistency.® Because the

> Appendix 1 shows the EBS trawl survey grid stations overlaid on ADFG statistical areas. The survey grid is 20 nm
x 20 nm squares. ADFG areas are based on latitude and longitude, thus their size/area change lightly with latitude.
ADFG areas are roughly 30 nm x 30 nm in the Bering Sea.

¢ This paper is responsive to SSC comments from February 2021: “Stock areas used in the assessment do not align
with the crab PSC management areas. The implication is that crab caught as bycatch from outside of the stock area
(area used in the stock assessment) would accrue towards the PSC limit but would not explicitly be included in total
removals in the assessment. These amounts are likely small and are likely more of an issue for BBRKC than Tanner
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RKC PSC limit boundary (Zone 1) is part of this Council request, this section is the place where staff
have included historical data on PSC, PSC rates, and groundfish basis catch.

The context for this Council request is the coincidence of lower survey abundance data for red king crab
in the Bristol Bay stock assessment area, the State of Alaska’s inability to open a directed BBRKC fishery
for the 2021/2022 season, and preliminary survey evidence that red king crab are moving north into areas
that are not included in the BBRKC assessment and directed fishery management.

The purpose of this section is strictly informational and does not presuppose that the Council is looking to
recommend changes to boundary lines — the direct authority over which lies with other management
entities with the exception of the Zone 1 PSC boundary. For example, the State of Alaska has authority
over directed fishery management boundaries; any changes to Registration Area T would require action
by the State. The Crab FMP currently adopts the State management areas and stock definitions used in the
BBRKC assessment. Even though the Crab FMP gives authority to the State, it should be noted that
Federal regulations describe where BBRKC individual fishing quota can be harvested (§ 680 Table 1).
Having consulted with NMFS and NOAA OLE staff, the analysts’ current understanding is that if the
State establishes different boundary lines but the Federal government does not modify regulations then
BBRKC IFQ could not be retained outside of the area currently defined for the rationalized fishery.

This section also describes various Council-established boundaries that are not listed in the Council’s
motion but affect where and/or when various types of groundfish trawl fishing may occur. Those include
the RKCSA, the Red King Crab Savings Subarea (RKCSS; also known as the “10-minute strip” on the
southern end of the RKCSA), the NBBTCA, and the Northern Bristol Bay Trawl Area (also referred to as
the Togiak subarea) that lies within the NBBTCA but is open to trawling for part of the spring.

Finally, this section informs the Council about timely cooperative crab tagging research on the location of
RKC outside of the time-window of the EBS Trawl Survey. That work will supplement the crab and
groundfish-bycatch fishery data that currently augment the survey to better understand seasonal stock
distribution.

31 Survey and Assessment Boundaries

The NMFS EBS trawl survey has been conducted annually since 1968. Haul-level data for BBRKC are
available back to 1975, which is the point at which the assessment model originates. The trawl survey is
used to collect data on the distribution and abundance of RKC.” Surveyed mature female abundance and
effective spawning biomass are used for stock assessment, setting Zone 1 trawl PSC limits (described
below), and the State of Alaska’s determination of a directed BBRKC fishery. In general, the assessment
is based on data from Area T.

The BBRKC stock assessment incorporates data from the trawl survey as it overlaps Area T, retained and
discarded catch in the Area T directed fishery, and crab PSC in Bering Sea groundfish fisheries. Figure
3-1 overlays the trawl survey grid on ADFG Area T, showing 2021 survey estimates of RKC. The
inclusion of crab PSC data from groundfish fisheries in the assessment is complicated by the fact that
NMES reporting areas and ADFG statistical areas are not identical (see Appendix 1). AKFIN has

or snow crab, given the smaller stock area relative to the fishery footprint. To clarify this issue, the SSC
recommends a map be added that overlays the stock areas used in the assessment, crab PSC areas, and state
management areas.”

" There are four identified stocks of red king crab: Bristol Bay, Pribilof Islands, Norton Sound, and Western
Aleutian Islands. Stock assessments are done annually for Bristol Bay and Norton Sound, and triennially for Pribilof
Islands and Western Aleutian Islands.
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provided the assessment authors with approximated crab PSC data occurring within the State
management boundary dating back to 1991.

RKC PSC in groundfish fisheries is estimated in two ways: one to inform the stock assessment and the
other to monitor the Zone 1 PSC limit. The PSC estimation that is used to monitor the groundfish trawl
limit is denominated in the number of crab and is drawn from the NMFS reporting areas that comprise
Zone 1. While the Zone 1 PSC limit was established to protect the BBRKC stock, the areas that accrue to
the limit are not synonymous with the BBRKC stock area as defined in the assessment (Figure 3-1). The
PSC estimation that informs the stock assessment is denominated in weight and is based on catch in
ADFG statistical areas, and thus is more aligned with the State’s management boundary (Area T);
however, this requires a data adjustment for statistical areas on the northern and southern borders of the
State area.

When setting the BBRKC harvest limit, the State of Alaska uses both the raw area-swept abundance
estimates from the trawl survey and model-based estimates that account for parameters like recruitment,
growth, and gear selectivity. Including additional trawl survey stations in the assessment would affect
both raw area-swept data and create a new set of model-based estimates.

1!8; W '-]’EI' w '\i'4l" W '\1’2; w STUI" W 16&: Wy 165;‘ w

184" W 182" W 160° W/
i

60° N+

58" N+

58° N+

2021 RKC mature female
abundance

10,000
S4'N1 @ 100,000

. 1,000,000

T T T T T T T T T
1T W 172" W 170°'W 168" W 166° W 1847 WY 162" W 160" W 158" W

-56° N

Figure 3-1 Mature female 2021 survey area-swept estimates. Grid corresponds to eastern Bering Sea
summer bottom trawl survey stations; green line is the ADFG Bristol Bay management district
(Area T). Survey stations included in the BBRKC stock assessment indicated by pink; survey
stations included in the Pribilof Islands RKC assessment indicated by blue. Crab in white boxes
are classified as “unstratified” and do not get included in any stock assessment. (Source: B.
Daly, ADFG. February 2022)
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Figure 3-2 illustrates where the pollock trawl fishery has occurred in recent years and overlays that data
on where RKC were encountered in the region of the 2021 EBS trawl survey that is used in the BBRKC
stock assessment. The analysts focus on the pollock fishery because the Council specifically requested
information about the interaction of pelagic gear trawling and RKC, which is further explored in the
following section. The survey CPUE data shown in the figure reflect the 2021 trawl survey. Survey
CPUE - e.g., high value of 3,307 — is given in units of the estimated number of crab per square nautical
mile (total number of crab in a survey haul divided by area swept by the haul). The stock assessment
extrapolates survey results over the entire management area to estimate the total abundance of the
BBRKC stock, but the figure shown here has no extrapolation.®

| . Average Annual PTR Pollock Catch; 2018-2021
Less than 1,000 mt
1,001 mt - 5,000 mt

5,001 mt - 10,000 mt

524 A | 10,001 mt - 25,000 mt

I 25,001 mt - 50,000 mt
- Greater than 50,000 mt

Red King Crab Survey CPUE; 2021
pon High - 3307

Low: 0

Figure 3-2 2021 EBS trawl survey red king crab CPUE (red scale) overlaid on average annual Bering Sea
pelagic trawl pollock catch (by ADFG statistical area; purple scale), 2018-2021 (Source: J.
Keaton, NMFS AKRO; NMFS Catch In Areas Database, March 2022)

8 NMFS has resurveyed portions of the BBRKC area in certain years to better assess mature female abundance. In
1999, 2000, 2006-2012, and 2021 NMFS resurveyed the northern portion of the survey area about six weeks after
the standard survey because a high proportion of females had not yet molted or mated when sampling initially
occurred. More large females were found in the resurveys, presumably because mature females were not available to
the standard survey (Zheng et al., p.12).
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3.2 Red King Crab Distribution

The most recent available survey data suggest that the distribution of RKC could be shifting to the north.
Slides 27-32 of an AFSC presentation to the Council’s Crab Plan Team given in September 2021
identifies a “Northern District” that lies outside of the area included in the BBRKC assessment (Litzow et
al., 2021).

The science on RKC in this area is not settled as to whether those unstratified crab contribute to the
Bristol Bay or Norton Sounds stocks. The 2021 surveyed abundance estimates for the Northern District
were largely influenced by one survey station (Figure 3-1). Relative to the past, the annual estimate of
immature males in the Northern District was the second highest since 1975 and mature females in that
area were at a peak. Figure 3-3 shows a marked increase in Northern District mature females in 2021;
mature female estimates were up in 2014 as well but the 2021 increase was different because it occurred
in the context of lower estimates overall. Legal male abundance in the Northern District was not
remarkable but the survey stations with the highest legal male density were towards the north of the area
shown in pink in Figure 3-1 (Litzow et al., 2021).

Litzow et al. plot the center of the surveyed stock distribution (centroid) for BBRKC in 2021 compared to
all years since 1975 (Slides 31-32, referenced above). The 2021 center of distribution for both males and
females of the combined Bristol Bay and Northern District was at or near the most northern latitude
observed since 1975, whereas the directed fishery catch center of distribution has remained relatively
stable (Figure 3-4). While some evidence suggests population distribution occurs farther north at lower
population abundance levels (Figure 3-5), distribution is likely linked to environmental conditions such as
temperature, with crab moving north when temperatures are higher (Figure 3-6; Loher and Armstrong
2005). As noted below, finding more crab in the Northern District does not necessarily mean that the crab
have migrated there. Chilton et al. (2010) found that colder bottom temperatures (i.e., strong cold pool
years) moved the location of larval release closer to shore. Nearshore larval release has been associated
with dispersal to the north and release around Amak Island has been associated with dispersal and
recruitment in Bristol Bay.

The signal that the center of distribution is farther north could be reflecting any of several different
stories: crab in the southern portion of the BBRKC assessment area are doing less well — for whatever
reason — or the crab are moving northward in response to environmental factors. The stock could be
shifting north because the crab are physically moving, because larvae dispersal is occurring in areas that
advect to more northern latitudes, or because the crab in the southern portion of the area are dying and
thus are not available to the survey. Figure 3-4 shows that the directed BBRKC fishery has tended to
remain in place in terms of latitude, likely due to proximity to ports and processing facilities. The Council
may consider whether incorporating additional crab into the assessment — via the inclusion of northern
survey stations — might increase local exploitation on the southern end of the stock that is either depleting
or fleeing. There are uncertainties about whether the mature female crab surveyed in the Northern District
are genetically contributing to the population in the southern portion of the BBRKC management area.
From a management perspective, the Council should also consider the fact that these unstratified crab
could be a part of one fishery that is rationalized (Bristol Bay) and one that is not (Norton Sound).
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Figure 3-6 Legal male weighted center of distribution latitudes by mean summer bottom temperature for
EBS summer bottom trawl survey data (Bristol Bay and Northern District combined). Each point
represents one year of trawl survey data.

3.3 Other Boundaries

The RKCSA is closed to non-pelagic trawling year-round. The RKCSS is a 10 nm strip on the southern
boundary of the RKCSA that NMFS may be open to non-pelagic trawling if a GHL fishery for BBRKC
has been established for the crab season leading into that NMFS calendar fishing year.” The RKCSS was
originally established to allow for productive rock sole fishing in years when the RKC biomass is
sufficient. The subarea is limited by a subapportionment of the total Zone 1 RKC PSC limit that is set
annually in harvest specifications and may not exceed 25% of the Zone 1 PSC limit. The RKCSA/SS
were fully implemented as year-round areas in 1997 after having been in place as partial-year closures
under emergency rule in the prior year (BSAI FMP Amendment 37; 61 FR 65985, Dec. 1996). At its
inception, the area closure was designed to protect the stock and habitat during molting and mating
periods. The final EA/RIR for Amendment 37, referencing data from 1993 to 1995, stated that the
RKCSA would cover 40% of males and 30% of mature females in the BBRKC stock, with the western
portion of the area composed almost entirely of males (NPFMC 1996). For the context of this discussion
paper, the reader should note that pelagic trawl gear is allowed within the closure areas. As discussed in
the following section of this paper, pelagic gear is known to contact the seafloor.

® See BSAI Groundfish FMP Section 3.5.2.1.3 and § 679.22(a)(3) for RKCSA; § 679.21(e)(3)(ii)(B) for RKSSA.
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The NBBTCA is closed to all trawling year-round, except for a subarea near Togiak that is open to
trawling from April 1 through June 15 each year (Figure 3-7).'° The rationale for closing this area to trawl
gear is the protection of juvenile RKC habitat. The subarea that is open in the spring is prosecuted for
flatfish by non-pelagic trawl vessels, as evidenced by the lack of pelagic trawl impacts mapped in Figure
4-1 through Figure 4-3. Under a voluntary agreement with the Togiak community, the non-pelagic trawl
sector ceases fishing in the subarea one week earlier than the regulatory closure (June 7) to minimize

interactions with halibut.

i

314

R;suicted Zones for Protection of Red King Crab

o P | =24 | NMFS Reporiing Area
i g —

iy NMFE Reporting Atea 516
Bweateh Limitatian Zone 1

Nearshore Bristol Bay Trawl Closure

e aE || RedKing Crab Savings Area
R ¥ [ | Red King Crab Savings Subarea
Marnhern Bristel Bay Trawl Area

Figure 3-7 Bycatch limitation Zone 1 and trawl closure areas in the Bristol Bay region. NBBTCA includes
the areas east of NMFS Area 516. Orange box denotes the “Togiak” area that is open to trawling

from April 1-June 15.
Another area designation that affects when certain types of trawling can occur is the Catcher Vessel
Operational Area (CVOA).!! Unless directed fishing for CDQ pollock, catcher/processor vessels may not
fish in the CVOA during the pollock B Season (June 10 through November 1). The CVOA overlaps
Bycatch Limitation Zone 1 by two degrees of longitude (between 165 W and 163 W) and south of 56 N

latitude (see Figure 2 to Part 679). Given that only non-CDQ CP vessels are restricted, this time/area
closure does not preclude interactions between trawl gear and RKC.

10°'See FMP Section 3.5.2.1.4 and § 679.22(a)(9).
1'See FMP Section 3.5.2.1.5 and § 679.22(a)(5).
14
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3.4 Zone 1 Red King Crab Trawl PSC Management and Historical Data

Table 3-1 and Table 3-2, below, report the trawl PSC limits and PSC estimates for RKC in Zone 1.'? The
Zone 1 PSC limit for RKC is set in harvest specifications based on criteria established in regulation at

§ 679.21(e)(1)(1) and is described in Section 3.6.2.1.1 of the BSAI Groundfish FMP (Zone 1 depicted in
Figure 3-18 of the FMP, and elsewhere in this paper). The criteria are the estimated abundance of mature
females and the effective spawning biomass. The total Zone 1 PSC limit is 197,000 crab if the number of
mature females is greater than 8.4 million and the effective spawning biomass is greater than or equal to
55 million Ibs. The limit is 97,000 crab if mature females are greater than the 8.4 million threshold and
the effective spawning biomass is between 14.5 and 55 million Ibs. The limit is 32,000 crab if mature
females are below the 8.4 million threshold or effective spawning biomass is less than or equal to 14.5
million Ibs. The Zone 1 PSC limit was reduced from 197,000 to 97,000 in 2012 as a result of effective
spawning biomass falling below the 55 million lbs. threshold. The number of mature females also went
down in 2012, but did not fall below 8.4 million. The Zone 1 PSC limit remained at 97,000 from 2012
until 2022. This year, based on 2021 survey data, the PSC limit is 32,000 crab. Mature female abundance
was estimated at 6.432 million crab and effective spawning biomass was estimated at 25.120 million Ibs.
(87 FR 11641). The reduction in the PSC limit is the result of falling below the mature female abundance
threshold of 8.4 million crab.

Each year, the total Zone 1 PSC limit is apportioned to the CDQ PSQ reserve (10.7% of the limit), the
Amendment 80 sector (A80), and the BSAI Trawl Limited Access sector (TLAS). CDQ PSQ can be used
for directed fishing with any gear type. Part of the total limit that would have been apportioned to A80 is
not apportioned to any sector or gear and remains unused; this was part of the designed implementation of
the Amendment 80 program. The TLAS limit applies to all trawling by non-A80 vessels, including both
pelagic and non-pelagic gear. The TLAS limit is subapportioned to three directed fishery categories for
purposes of in-season PSC monitoring and management: yellowfin sole, Pacific cod, and a combined
category consisting of pollock, Atka mackerel and “other” species (‘“other” includes skates, sharks and
octopuses). That third fishery category generally encompasses the fishing that occurs with pelagic trawl
gear.

When a Zone 1 RKC PSC limit is reached (see Table 3-1), NMFS closes directed fishing with non-
pelagic trawl gear for that species category. For example, if TLAS reaches the PSC limit for the Pacific
cod directed fishery (2,954 crab in 2021; 975 crab in 2022) then Zone 1 would be closed to non-pelagic
trawling in the directed fishery for Pacific cod. Pacific cod could still be retained up to the MRA when
fishing with non-pelagic gear in the directed fishery for yellowfin sole. If TLAS reaches the PSC limit for
the pollock/Atka/other category (197 crab in 2021; 65 crab in 2022) the directed fishery for that category
is closed for non-pelagic trawl gear. This closure may not directly impact where vessels fishing for
pollock can fish because pollock vessels use pelagic gear, Atka mackerel are not targeted in Zone 1, and
directed fishing for “other species” (skates/shark/octopus) is never open. The pollock fishery is treated
differently — i.e., it is already not permitted to use non-pelagic gear and thus it is effectively not subject to
non-pelagic trawl closures. This specific handling of the pollock/Atka/other category went into effect
under FMP Amendment 57. The Council’s purpose and need for Amendment 57 was focused on bycatch
minimization and the action also included PSC limit reductions for halibut, RKC, opilio crab, and Tanner
crab.

12 Though different than a PSC limit, and thus not directly requested as part of this discussion paper, the analysts
note a different limit on trawl catch of crab in the BSAI and GOA pollock fisheries. Regulations at 679.7(a)(14)(i)
define the BSAI Trawl Gear Performance Standard. This regulation makes it unlawful for a vessel participating in
the directed fishery for BSAI pollock to have 20 or more crabs with a carapace width of more than 1.5 inches
(38mm) at any particular time. This regulation can be enforced by the NOAA Office of Law Enforcement (OLE).

BBRKC Info Paper, April 2022 15



D1 BBRKC Info Paper
APRIL 2022

Comparing Table 3-1 and Table 3-2, it is evident that the Zone 1 PSC limits in place prior to 2022 have
not been reached. However, the lower limits in place for 2022 would have been reached in some of the
years since 2010, resulting in an area closure for non-pelagic trawl gear. Examples are A80 in all years
except 2015 and 2018, CDQ in 2020, and TLAS Pacific cod in 2011. The TLAS pollock/Atka/other
category — which best aligns with the Council’s motion as it regards pelagic trawl gear — would not have
met the 2022 Zone 1 PSC limit of 65 RKC in any year. Sixty-five animals is a small number of any
species in the context of trawling, and it is easy to imagine that this limit could be met but, as noted
above, reaching the limit would not directly require vessels targeting pollock to move out of Zone 1.

The groundfish basis weights for the Zone 1 PSC estimates shown in the TLAS Pollock/Atka/Other
column of Table 3-2 ranged from 88,000 mt to 513,00 mt during the 2010 through 2021 period, meaning
that the number of estimated RKC PSC per ton of groundfish is near to zero. Groundfish basis weight is
the denominator used to calculate a PSC rate (number of crab per metric ton of groundfish). In terms of
groundfish production in that segment of the TLAS, harvest within Zone 1 averaged roughly 277,000 mt
annually for the whole period, and roughly 427,000 mt annually for the five most recent years (range of
343,000 to 513,000 mt). Zone 1 harvest in other fishery categories was lower in volume than the pelagic
trawl sector. The A80 sector averaged 84,000 mt of groundfish annually since 2010 (54,000 mt in the five
most recent years), and the non-pelagic TLAS category (Pacific cod, yellowfin sole, and other flatfish)
averaged 21,000 mt (22,000 mt in the five most recent years). The A80 sector’s PSC rate was around 0.30
to 0.40 RKC per mt of groundfish, and the rate for the non-pelagic portion of the TLAS category was
around 0.06 to 0.10 RKC per mt.

Table 3-1  Zone 1 red king crab prohibited species catch limits for trawl gear, 2010-2022

A80 Not TLAS TLAS Pacific TLAS

vear  ABOLIMIt  pocated  “PQ pollock/Atka/Other Cod Yellowfin  -AS Total  Total
2010 98,920 23,204 21,079 400 6,000 47,397 53,797 197,000
2011 93,432 28,692 21,079 400 6,000 47,397 53,797 197,000
2012-2021 43,293 16,839 10,379 197 2,954 23,338 26,489 97,000
2022 14,282 5,555 3,424 65 975 7,700 8,739 32,000

BBRKC Info Paper, April 2022 16



D1 BBRKC Info Paper

APRIL 2022
Table 3-2  Zone 1 red king crab prohibited species catch estimates for trawl gear, 2010-2021
Year coQ’ PoIIock}rktAkSa/Other e~ velowin | pathen. | T

2010 54,479 779 22 0 0 0 55,280
2011 31,304 3,634 0 1,971 1,366 0 38,276
2012 24,164 2,605 3 0 102 123 26,996
2013 22,537 2,425 15 0 69 140 25,186
2014 26,586 1,457 0 85 92 0 28,220
2015 12,615 62 0 51 6 20 12,754
2016 21,442 430 6 547 842 58 23,325
2017 27,143 3,722 39 280 3,626 245 35,055
2018 9,799 1,936 14 199 778 12 12,739
2019 20,775 2,051 18 466 1,604 119 25,033
2020 32,474 6,301 9 175 3,034 762 42,755
2021 16,397 1,867 17 25 892 0 19,198

Source: NMFS Alaska Region Catch Accounting System, data compiled by AKFIN in Comprehensive_PSC.

T CDQ red king crab PSC is reported for trawl gear only.

Note: “TLAS Other Flatfish” shows PSC that occurred on trips (CV) or hauls (CP) where the target assigned by NMFS CAS based
on predominant species caught does not fit the three categories for which a PSC limit is apportioned (e.g., rock sole, flathead sole,
plaice). These CAS “targets” likely occur in the directed fishery for yellowfin sole. Accruing this crab PSC to an apportioned limit has
not previously been an issue due to the large gap between historical TLAS yellowfin sole PSC limits and use, but with lower limits in
effect in 2022 NMFS could reasonably accrue this PSC to the yellowfin sole category. NMFS would use its knowledge of the fishery
and the activity of the vessels on which PSC occurred to accrue PSC accurately.

The amount of PSC that can be taken by non-pelagic trawl gear in the Red King Crab Savings Subarea
(RKCSS; shown in Figure 3-7) is restricted by a limit set annually in harvest specifications that cannot
exceed 25% of the total Zone 1 limit (§ 679.21(e)(3)(ii)(B)(2)). From 2012 through 2021, for example,
this meant that non-pelagic gear could not take more than 24,250 RKC in the RKCSS (limit set at 25% of
97,000). However, when the BBRKC stock is insufficient for the State of Alaska to establish a GHL
fishery in the previous year NMFS and the Council will not specify a PSC limit for the RKCSS and thus
NMES closes the subarea to directed fishing with non-pelagic gear. This is the case for 2022."3

For comparison to trawl bycatch of RKC in Zone 1, Table 3-3 reports estimated crab discard mortality in
the directed fishery for BBRKC that takes place in State Registration Area T. ADFG estimates total
discards by summing estimated catch of females and males based on fishing effort multiplied by sex-
specific observer catch-per-unit-effort (CPUE) data. All female catch is discarded and male discards are
estimated as the remainder after subtracting retained catch from total male catch. Most discarded males
are of sublegal size, though some legal-size males are discarded due to shell condition or if they are very
close to the legal size threshold. Estimated discard mortality is calculated by applying a 20% “handling
mortality rate” to total discards.'* Reliable discard estimates are available back to 2005 when the fishery
was rationalized and observer data improved. The table shows that total discards are greater than retained
catch in most years, but not all. On average, retained catch was about 80% of the number of discarded
crab, though the annual range varied from 42% (2018) to 185% (2012). In the three most recently
reported years when there were fewer crab retained (2018-2020), discards outweighed retained catch by a
greater margin, perhaps reflecting that the fishery was sorting through a higher relative proportion of
sublegal males.

13 See final rule for implementing 2022/23 BSAI harvest specifications: Table 15 in 87 FR 11626, March 3, 2022.
14 The 20% handling mortality rate for red king crab within the directed fishery is lower than mortality rates applied
to red king crab caught in the Tanner crab fishery (25%), fixed-gear fisheries (50%), and trawl fisheries (80%).
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Table 3-3  Estimated discards, discard mortality, and retained catch (number of animals) in the directed
BBRKC fishery, 2005-2020 (Source: B. Daly, ADFG. March 2022. Pers. Comm.)

dFi:z:::Ies Male discards Total discards rr?;ﬁ:;;gy ?raelé :::etgl;
2005 1,682,031 3,181,024 4,863,056 972,611 2,763,147
2006 221,623 1,572,174 1,793,797 358,759 2,502,786
2007 731,651 3,498,460 4,230,111 846,022 3,162,287
2008 662,313 3,772,206 4,434,519 886,904 3,066,286
2009 350,730 3,118,571 3,469,302 693,860 2,556,645
2010 470,492 2,321,052 2,791,545 558,309 2,409,952
2011 118,511 1,338,976 1,457,486 291,497 1,298,023
2012 46,511 590,033 636,545 127,309 1,175,752
2013 409,457 908,106 1,317,563 263,513 1,272,273
2014 275,901 1,704,433 1,980,333 396,067 1,525,581
2015 801,260 1,107,517 1,908,777 381,755 1,526,974
2016 432,824 946,875 1,379,699 275,940 1,281,194
2017 233,063 730,783 963,846 192,769 997,214
2018 591,898 910,903 1,502,801 300,560 629,907
2019 151,967 813,686 965,653 193,131 548,516
2020 64,575 662,986 727,561 145,512 455,262
Average 452,800 1,698,612 2,151,412 430,282 1,698,237
Median 380,094 1,223,246 1,648,299 329,660 1,411,802

3.5 Stock Distribution: Logbook and Tagging Studies

The Alaska Fisheries Science Center, ADF&G, and the Bering Sea Fisheries Research Foundation
(BSFRF) have collaborated to develop and test tagging techniques for BBRKC that will contribute to the
understanding of stock distribution and movement patterns outside the summer trawl survey period.
These methods have included the use of pop-up satellite tags, traditional spaghetti tags'> and acoustic
tags. Each tagging method has different strengths in terms of cost, deployment duration, recovery method,
and tag retention through the molt. Initial efforts focused on mature males, examining crab movement
from summer into fall, when the directed crab fishery begins. Tagging results are currently being
analyzed and prepared for publication. Thus far, results for males show similar patterns in fall distribution
compared with fishery-derived data. One published study of fishery data utilized logbooks to track legal
males in the fall months of 2005 through 2016 (Zacher et al., 2018). The purpose of the logbook study,
and winter tagging studies that are ongoing, is to fill the information gap on where RKC are distributed
outside of the summer survey season. Zacher et al. found that, on average, roughly 60% of commercially
caught BBRKC were harvested in areas that are closed to all trawling (e.g., NBBTCA) or non-pelagic
trawling (RKCSA) but that percentage fluctuated based on temperature regime. RKC were found farther
south, towards the Alaska Peninsula, in cold years but tended to cluster in the middle of Bristol Bay in
warm years. The study authors noted that “it is difficult to evaluate the placement of no-trawl zones,
because most crab bycatch occurs in trawl fisheries during winter when crab distributions are unknown.”

More recent tagging efforts have focused on the winter and early spring when BBRKC distributions are
less well understood. The winter/spring period is of particular interest because of increased expected
interactions with trawl fisheries at the same time that crab are mating and molting. In November 2021,

15 “Spaghetti tags™ are a piece of tough plastic that is attached to an animal. The tag has an identification code that a
person can report when the tag is retrieved.
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pop-up satellite tags were placed on both mature male and female RKC in Bristol Bay. Tags released
from male crab in January 2022 and will release from females later in spring 2022, which is set to
approximate the timing of larval hatch and mating. The timing on both releases is required to ensure tags
release before crabs molt and either before/after sea ice is expected in Bristol Bay. Figure 3-8 shows the
movement of male crab from fall into winter based on the first pop-up satellite tag results from the
ADFG/NMFS/BSFREF study.
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Figure 3-8 Fall-to-winter 2021/22 male red king crab tagging results in Bristol Bay (Source: B. Daly, ADFG.
March 2022. Pers. Comm.)

4 Item 3: Bottom Contact by Pelagic Trawl Gear

The Council asked staff to provide the best available information on bottom contact by pelagic trawl
(PTR) gear and the impact it may have on the BBRKC stock.!® This is a complex topic on which the best
available science continues to progress. For the following discussion, the analysts stipulate two facts that

16 “pelagic trawl” gear is defined in regulation (679.2) as a trawl that has no discs, bobbins or rollers, which are
elements of non-pelagic trawls that elevate gear off the seafloor. Pelagic trawls cannot have chafe protection gear
attached to the footrope or other lines. The physical aspects of the gear, as is noted by onboard observers or
enforcement officers, is what determines whether a vessel may directed fish for pollock or trawl in areas closed to
non-pelagic gear (e.g., RKCSA). The term “pelagic” is sometimes used informally to describe the midwater pollock
target in NMFS Catch Accounting System (CAS) data as it relates to catch/bycatch estimation. This paper strictly
adheres to the definition of pelagic that describes the physical gear, thus the data included reflects all pollock
trawling regardless of whether classified in CAS as midwater or bottom pollock targets.
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are known to fishery participants and are documented in work reviewed by the SSC: pelagic trawl gear
contacts the seafloor, and pelagic trawling is synonymous with the pollock fishery.!” The fact that pollock
trawls in the eastern Bering Sea contact the seafloor is not surprising given that the area is relatively
shallow, flat, and has the type of substrates that trawl gear can generally withstand — as compared to areas
off the shelf, around the Aleutian Islands, or in the Gulf of Alaska. Also, trawl operators may fish close to
the bottom of the water column at times to minimize bycatch of salmon species that are higher up or to
increase pollock catch rates if the target fish are near the bottom, thus reducing the total towing time
required to meet the harvest target.

The Council’s request entails two questions that are highly related but not identical. The first question —
where and how often pelagic trawl gear is contacting the seafloor in the Bering Sea — can be, and has
been, studied empirically. That work builds upon earlier estimates that were based on the conventional
wisdom of gear designers and vessel operators; much of that work was done in service of the Essential
Fish Habitat (EFH) EIS which itself has undergone iterative reviews and refinements for several decades.
Nevertheless, PTR is the most complex gear for which to estimate bottom contact and event-level data are
in relatively short supply. As a result, the best efforts to quantify area-wide bottom contact are model-
based, using contact parameters that are estimated for types of fishing events that are being described at
increasingly specific levels as work progresses. The second question — what impact pelagic gear
contacting the seafloor has on BBRKC — requires a connection to be made between gear-on-bottom and
both the benthic habitat of RKC and bycatch (observed and unobserved). That connection is the crux of
the issue and will not be fully answered here. The best available information can accurately capture where
PTR has occurred since 2003 but the ability to draw a conclusion about stock impacts would require the
knowledge of where RKC were during the trawl season and the shell condition of those crab as it relates
to the molt/mate cycle.

The analysts wish to make clear that the direct and indirect impacts of PTR, or trawl gear in general, is
not presumed to be the sole driver of the decline in the BBRKC stock that has been ongoing since around
2007 (Figure 1-1) and has recently come to a head with the closure of the 2021/22 directed fishery.
Trawling that contacts the seafloor is assuredly one of the factors that challenge the BBRKC stock; other
factors to account for include directed crab fishing, the effect of other groundfish gear types, and BBRKC
stock dynamics as influenced by the changing ecosystem. Ecosystem factors and their effects, as currently
understood, were described in the two previous sections of this document (see also Fedewa et al. 2020).

The end of this section acknowledges that other modes of fishing could impact BBRKC and the stock
area (Section 4.5), but this paper is largely focused on pelagic trawling to be responsive to the Council’s
request. A more expansive look at the effects of fishing would be found in the Council’s EFH review
documents, where cumulative fishing effort across all gear types is mapped while accounting for dynamic
changes in the ocean environment (the most recent update on this work is found in Olson et al. 2022; Feb.
2022 SSC Agenda Item D5).

17 From 2010 through 2021, 99.98% of groundfish caught with pelagic trawl gear was in the pollock “target” fishery
as classified by NMFS Catch Accounting System. Catch by the pelagic gear sector in other targets — Atka mackerel,
Pacific cod, rockfish, flathead sole, rock sole, and yellowfin sole — accounted for only 3,725 out of roughly 15.2
million metric tons over the entire period. Those instances in the CAS likely result from outlier events or perhaps
test fishing.

The Gear Limitations section of regulations (679.24(b)(4)) specifies that non-pelagic trawl gear may not be used to
engage in directed fishing for pollock in the BSAI). The amount of time that a trawl footrope may be in contact with
the seabed is restricted in any pelagic-trawl-only portion of the Gulf of Alaska (no more than 10% of any tow), but
no such limitation is specified for the BSAI.
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41 Estimated Bottom Contact

In responding to the Council’s request, this paper presents novel outputs that were produced using the
data that underlie the Fishing Effects (FE) model, though in a different application. The FE model uses
spatially-explicit data (gear tracks) dating back to 2003 to estimate cumulative impacts on benthic habitat
while accounting for the nature of the seafloor substrate and its ability to regenerate (Smeltz et al., 2019).
FE utilizes parameters that translate gear tracks to estimated bottom contact; these parameters have been
reviewed by the SSC, most recently in February 2022 (see Appendix 2 in Olson et al. 2022). Here, the
same Vessel Monitoring System (VMS) pelagic trawl tracks that inform FE are plotted to give the best
possible accounting for where pelagic trawl gear contacts the seafloor in the Bristol Bay region. The
reader should note that estimated bottom contact is not directly equivalent to RKC bycatch or impacts on
the ability of BBRKC to reproduce and recruit into the fishery.

Figure 4-1 through Figure 4-4 were produced by the Fisheries, Aquatic Sciences & Technology (FAST)
Lab at Alaska Pacific University (APU).!® Figures FR1 through FR3 depict the nominal area swept by
PTR gear as modified by the bottom contact parameters that are used in the FE model, described below
the figures. The base unit of measure is the monthly area swept per 5-kilometer grid cell, which has been
averaged across years (Figure 4-1) or across seasons annually (Figure 4-2 and Figure 4-3). Estimated PTR
bottom contact is cumulative. For instance, a hypothetical grid cell that registers 25 km? of swept area
does not indicate that every square kilometer in the cell was subject to bottom contact by PTR; rather, that
cell would indicate that cumulative total estimated bottom contact on a monthly basis amounted to more
than 25 km?. A grid cell that registers 20 km? of swept area also does not indicate that 80% of the grid cell
was contacted; in many cases, vessel tracks are overlapping.

Figures Figure 4-2 and Figure 4-3 depict 19-year seasonal averages for what is, approximately, the
pollock A and B seasons. Figure 4-2 includes January through May and Figure 4-3 includes June through
November. The darker color scale in those figures relative to Figure 4-1 is a function of averaging
seasonal totals versus monthly totals. FR1 plots the 19-year average of all months’ (Jan-Nov) total swept
area from 2003-2021 (e.g. 11 monthly averages over 19 years). Figure 4-2 and Figure 4-3 take the
seasonal value of swept area in each year and average those values across years — in other words, each
Jan-May or June-Nov time period is a unit that is then averaged over 2003-2021. The reader should focus
on the story that the maps tell about where the pollock fishery occurs seasonally, in the context of other
information known about the BBRKC stock, rather than the absolute values depicted.

A selection of year/month-specific maps using the same methodology is attached as Appendix 2. Though
more intensive to interpret due to the number of months in the analyzed period, those maps allow the
interested reader to see past the effect of averaging across years or seasons over a period of many years.

Figure 4-4 shows estimated PTR bottom contact by area (directed BBRKC fishery area, PSC Zone 1,
RKCSA, and RKCSS) in relation to the BSAI pollock seasons. Seasonal bottom contact data are of
interest because RKC are understood to be molting and mating during the A Season, though their specific
location relative to the PTR fishery is uncertain. The time step for each plotted point on the x-axis is one
month so, whereas the first three figures show monthly or seasonal averages compressed over years,
Figure 4-4 allows the reader to look at swept-area estimates for individual months in isolation. In most
years, the peak of estimated swept-area occurs at the beginning of each season (left hand side of
grey/white vertical bands); this accords with a general understanding of when the pollock fishery is most
heavily prosecuted.

18 F. Restrepo, APU FAST Lab. March 2022. Personal Communication.
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Figure 4-1 Estimated pelagic trawl swept area (SA) in the eastern Bering Sea. 5 km grid cells represent SA
by month, averaged across all pollock fishery months (Jan-Nov) in available years, 2003-2021.
(Source: APU FAST Lab)
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Figure 4-2 Estimated pelagic trawl swept area (SA) in the eastern Bering Sea. 5 km grid cells represent SA
by pollock “A season” (Jan-May), averaged across all available years, 2003-2021. (Source: APU
FAST Lab)
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Figure 4-3 Estimated pelagic trawl swept area (SA) in the eastern Bering Sea. 5 km grid cells represent SA
by pollock “B season” (June-Nov), averaged across all available years, 2003-2021. (Source: APU
FAST Lab)
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Swept Area Over Time, by Region
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Figure 4-4 Estimated pelagic trawl swept area within four management areas of interest, by month (x-axis),
2003-2021. Grey and white vertical bands represent the pollock “A season” (Jan-May) and “B
season” (June-Nov). Note the difference in y-axis scale across the four areas. (Source: APU
FAST Lab)

The bottom contact for each trawl tow used to estimate fishing intensity in the FE model itself is
calculated by multiplying the distance fished by an estimate of the width of trawl/seafloor contact.
Contact width estimates used in these plots break down individual pelagic trawl events by fishery, the
target assigned by NMFS Catch Accounting System (CAS) — e.g., midwater-pollock versus bottom-
pollock/all others — FMP area, season (A/B), vessel type (CP/CV), vessel length (partly as a proxy for
horsepower or other towing characteristics), and ocean depth in the grid cell where the tow occurred. Both
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trawl width during operation (nominal width) and the proportion of that width in contact with the seafloor
(contact adjustment) vary across fishing situations. Maximum trawl width was derived based on direct
input from gear manufacturers. Nominal widths were calculated as a proportion of maximum trawl width
for each vessel class and then further adjusted for event-level effects that can affect net spreading — e.g.,
depth, season, and day vs. night. Finally, the adjusted nominal width is multiplied by the contact
adjustment that is indexed for trawl height values estimated from fishing depths and seafloor depths as
recorded in vessel logs.

The contact adjustment for a Bering Sea pelagic trawl CV tow is drawn from a range spanning 0.2 to 0.6
with a median of 0.4. In other words, actual bottom contact would be estimated at a value between 20%
and 60% of the raw area swept, where raw area swept is a function of tow length and adjusted nominal
width. The contact adjustment for pelagic CPs is drawn from a higher range. During the A Season the
contact adjustment for CPs is drawn from 0.7 to 0.9, reflecting an assumption that pelagic gear is on
bottom at least 70% of the time. During the B Season the range is from 0.8 to 1.0.

The adjustment parameters were developed by the FE model authors in consultation with trawl fleet
representatives prior to the model’s use in the 2016 Essential Fish Habitat (EFH) analysis. Contact
adjustments do not assume that the on-bottom trawl path is the entire width of the trawl’s wing-tip spread.
In the absence of direct measurement of contact width during fishing operations, the investigators
estimated the bottom-contacting proportion of the net by augmenting industry knowledge with data on
bycatch of benthic species at different times in the year (as correlates to the depth of area-fished) and
trawl height (distance between the headrope and the ocean depth, reported by observers). Bycatch
presence and trawl height reports are imprecise measures of the proportion of pelagic trawl widths
contacting the seafloor, but it was noted that bycatch increased and trawl height decreased from the A
season to the B season and as ocean depth increased. The investigators noted several reasons that nominal
width might vary with fishing depth, seasons, or times, and thus result in a higher or lower bottom contact
estimate — holding trawl height and fishing depth the same. Trawl nets being fished deeper require longer
lines so the cables do not restrict the width as much as they would if the net is fishing closer to the sea
surface. Fishing in harsher conditions (e.g., A season) may also put more tension on cables and thus
restrict spreading. Also, vessels fishing at night might be more likely to keep the net off the bottom and
thus would use less line and allow for less spread.

Another source of the distinction in bottom contact percentages estimated for CVs and CPs came from the
proportion of tows where the trawl height was at a level where contact with the seafloor was low,
medium, or highly probable based on the estimates of the normal vertical operating opening of the pelagic
trawl nets used in each fleet. In other words, CPs had a greater percentage of tows where the distance
between the headrope and the seafloor was such that bottom contact had a greater probability (C. Rose.
Personal communication, Jan. 2022).

4.2 Related Research: Ecosystem Indicators

Alaska Fisheries Science Center researchers have reached out to the authors of this paper to note that data
products similar to the swept-area estimates shown above could support the development of a fishing
effects indicator for inclusion in the Bristol Bay RKC Ecosystem and Socioeconomic Profile (ESP)." The
most recent BBRKC ESP — September 2020 — is available as Appendix E to the BBRKC SAFE Report.
The ESP is a useful reader reference for summary information on the relevant ecosystem conditions, stock
dynamics, fishery participation, production, and market values.

A quantification of the spatiotemporal overlap of RKC populations and fishing gear could provide an
indicator that highlights potential RKC vulnerabilities and communicates stock-specific concerns to

19E. Fedewa. 2022. Personal communication.

BBRKC Info Paper, April 2022 26


https://meetings.npfmc.org/CommentReview/DownloadFile?p=ea0403bc-6544-4241-bf8c-b9c7a8ebf17d.pdf&fileName=App_E_BBRKC_ESP_2020.pdf

D1 BBRKC Info Paper
APRIL 2022

managers and stakeholders. Future refinement of a fishing effects indicator could, for example, assess the
impact of multiple gear types, and utilize ongoing BBRKC satellite tagging efforts to characterize spatial
overlap between winter fisheries and BBRKC distributions during the molt-mate season.

4.3 Related Research: Bottom Contact for Pelagic Trawl Gear

This subsection briefly summarizes two master’s thesis projects conducted at Alaska Pacific University’s
FAST Lab.

Zagorski (2016) addresses the pollock industry’s ability to develop trawl gear that complies with
regulations prohibiting the use of the elevating discs, bobbins and rollers that are common in non-pelagic
trawls while efficiently capturing pollock near the seafloor, avoiding salmon, crab, and halibut, and
minimizing adverse impacts on benthic habitats. The author cites previous work noting that adult pollock
aggregate on or near the seafloor — particularly during the daytime — that pelagic trawls are not optimal
for capturing pollock near the seafloor, and that variable seafloor contact increases the potential for
benthic impacts. The North Pacific Research Board (NPRB)-funded field research partnered FAST Lab
with NOAA and AFSC to quantify the benthic impact of six modified footrope configurations: one that
complies with pelagic gear regulations and five that do not. Raised footropes were achieved using floating
line material (as opposed to chains) and a range of spacing, weights, and bobbins. Results were gathered
with bottom contact sensors on the footrope, cameras, and imaging sonar to assess measures of benthic
impact like trawl tracks and downed sea whips. The study found that modified footropes were effective at
elevating the groundgear resulting in reduced impact of pelagic gear on benthic organisms. Some of the
tested modifications could be implemented under current regulations while others (e.g., bobbins) would
require changes. Additional work would be required to understand whether these modifications would be
effective for capturing target species while avoiding bycatch (e.g., non-pollock groundfish, halibut, and
crab). The final report for this project entitled “Assessment of the benthic impacts of raised groundgear
for the eastern Bering Sea pollock fishery” was submitted to the NPRB in August 2016.%°

King (2019) evaluated methods to quantify the footrope-seabed interactions of pelagic trawls. Building on
the Zagorski (2016) work, this effort focused on developing technological and analytical tools to gather
event-level information on bottom contact and seafloor clearance of pelagic trawls. During a NMFS-
AFSC conservation engineering research charter, contact and clearance data were gathered at 1 or 5
second intervals by multiple accelerometer-based tilt sensors placed at 5 points across the footrope span.
The investigators found that (1) bottom contact was less than expected by the vessel master, (2) contact
was highly variable along and across the tow path even when the vessel operator was attempting to keep
the gear “hard on the bottom” for the purpose of the experiment, and (3) the center of the footrope had
higher clearance (less contact) than the inner and outer wings. This study shows that a technological
solution to collect more granular data and estimate bottom contact of the footrope is possible but there are
complications that remain to be resolved. Namely, the tilt sensors must be attached and removed from the
gear during set and haul back to avoid damage to the sensors and the net thereby limiting their broad use
during commercial operations. The analyses employed in this study are currently being refined for
submission to a peer-reviewed journal. In general, this work demonstrates that if practical for broad
deployment, bottom contact sensors could enhance assessments of fishing impact on benthic habitat and
species by providing within-tow data on ground contact and clearance including its variability. Currently,
estimates of contact are made at the gear-level (i.e. proportion of nominal swept area by gear type) and
rely on assumptions based on key, isolated studies and perceptions of fishery participants. The state of
knowledge on bottom contact is such that gains can be made even if the technology is deployed without
full fleet coverage or precision estimates. One substantial advancement that could be made is better

20 Rose C.S., Harris B., Zagorski S., Hammond C., Sethi S. and McEntire S. 2016. Assessment of benthic
impacts of raised footrope for the Eastern Bering Sea pollock fishery. NPRB Project 1319 Final Report.

60pp.
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understanding the variability of bottom contact within and between tows. As noted in the description of
the gear parameters used in the Fishing Effects model and the PTR area-swept estimates provided in this
paper, bottom contact estimates are based on adjustment parameters that cover a broad range of fishing
events that fall within a certain category (e.g., CP/CV, target, season, vessel size). As noted throughout
this discussion paper, estimated bottom contact is a key component of quantifying fishing impacts on the
benthos but estimated contact is not synonymous with the amount of impact to crab or the level of
adversity posed.

44 Unobserved Crab Mortality from Trawl Gear

Fishing activities lead to crab mortality in ways that are not directly observed. This includes both post-
release mortality of discarded crab (which is estimated through a discard mortality rate) and crab that are
never captured by fishing gear but die due to gear interactions or sustained damages that cause delayed
mortality. The potential for unobserved mortality of crabs that encounter bottom trawls but are not
captured has long been a concern for the management of groundfish fisheries in the Bering Sea (Witherell
and Pautzke, 1997; Witherell and Woodby, 2005). Unobserved mortality is not accounted for in crab
stock assessments and is not accrued towards trawl PSC limits.

Rose (1999) — in a paper studying the injury rates of RKC that passed under non-pelagic trawl footropes —
provided the following introductory statement: “The inability to accurately estimate unaccounted
mortality does not preclude its consideration in management and fishing decisions. Unfortunately, the
lack of information on unaccounted mortality means that those participating in such decisions have to
combine and weigh a mixture of related knowledge, opinions, and suppositions to substitute for
conclusive facts. This can be a source of considerable dispute and reservations about the ultimate
decisions.” A short overview of research on unobserved crab mortality by non-pelagic gear is provided
later in this subsection. Since the time of that writing, the Council has taken action to address crab
mortality by raising non-pelagic trawl gear off the seafloor in a variety of ways. However, those tools are
not available under the pelagic gear specifications in Federal regulation that apply to all Bering Sea
pollock trawls. Unobserved mortality impacts for pelagic gear remain in the realm of informed
supposition based on related knowledge.

The topic of unobserved mortality was most recently addressed in a Council analysis when crab PSC
limits for trawl fisheries were reviewed in February 2021 prior to taking no action (see Section 3.4.6 and
Appendix 4 in NPFMC 2021a). The SSC’s February 2021 report noted that including any future
estimation of unobserved crab mortality (from both groundfish and directed crab fishing) in a stock
assessment would require extensive evaluation to understand how the assessment’s parameters for factors
like catchability, natural mortality and reference points would be affected. The SSC noted that
“unobserved mortality is a source of both assessed and unassessed uncertainty throughout the history of
the assessments (e.g., currently attributed to natural mortality), and that the ABC/TAC buffers in place are
an appropriate process to account for sources of uncertainty that cannot be explicitly described in the
assessment.” Finally, the SSC supported further research on the topic by industry and NMFS and
encouraged consideration of this source of uncertainty when setting harvest buffers.

The trawl PSC limit analysis (NPFMC 2021a) identified improving the understanding of the seasonal and
spatial distribution of crab, crab bycatch, and crab in various shell conditions as important pieces to a
better understanding of the unobserved impact of gear interactions. The PTR area-swept maps provided in
this paper — Figure 4-1 through Figure 4-4 — do not allow for an estimation of unobserved mortality — just
as they do not allow for an enhanced estimation of observed mortality — because they are not mapped onto
seasonal crab distribution and shell condition. Nevertheless, as noted above relative to a potential ESR
indicator, this new work advances the effort by showing where PTR is likely contacting the seafloor in the
Bristol Bay region during the pollock A and B seasons.

BBRKC Info Paper, April 2022 28


https://meetings.npfmc.org/CommentReview/DownloadFile?p=24dad3b9-00e9-4f74-94f3-8ac9984eef68.pdf&fileName=SSC%20DRAFT%20Full%20Report.pdf

D1 BBRKC Info Paper
APRIL 2022

Appendix 4 to the trawl PSC limit analysis (NPFMC 2021a) includes a sensitivity analysis conducted by
the BBRKC stock assessment author in response to the Crab Plan Team’s request to better understand
potential stock impacts from theoretical unobserved fishing mortality levels. The author recreated the
preferred 2020 stock assessment model but increased the input level of trawl and fixed-gear bycatch
biomass by amounts ranging from 100% to 1,000%. The author found that the model’s terminal mature
male biomass (MMB) and OFL levels did not change much if bycatch biomass was doubled or increased
by a lesser amount (decrease < 3% of MMB compared to no change in bycatch). Increasing the bycatch
biomass by 500% reduced the model’s terminal MMB to decrease by 14% or more, with the author
noting that the change could be much larger in some years throughout the model’s run.

Published studies on the impacts of trawl gear on crab have generally focused on non-pelagic gear,
including studies in the Bering Sea and in the shrimp fishery off the east coast of Canada. Studies have
utilized bottom and wing recapture nets to collect impacted crab that would not have ended up in the trawl
net, cameras to visualize crab that were avoiding the trawl net, and even submersible camera-equipped
vehicle dives to compare damage to crabs before and after trawling in an area. The obvious limitation of
referencing studies of non-pelagic gear is that the studies were assessing mortality reduction tools that are
not permitted the pelagic trawls that are specified in regulations for the Bering Sea pollock fishery.

Rose (1999) cites an earlier study (Donaldson 1990) as a “preliminary estimate” of the rate of unobserved
crab injuries, wherein RKC were tethered to the seafloor, a trawl net was towed over the area, and divers
attempted to recover the crab. Of 169 crab, 21% were captured in the net, 46% were recovered by the
divers, and 33% could not be located. While only two of the 78 recovered crabs were injured, Rose noted
the ambiguity posed by the fate of the unrecovered crabs relative to the sample size. An unpublished
video study (Rose 1995) found that sweep diameter was the main factor in whether crab could escape
over the sweep (note that sweeps were not elevated during this period). The study was not able to
determine the frequency, nature, or severity of injuries to crabs that went under the sweep. The Rose
(1999) study in Bristol Bay used a recapture net to assess injury rates to crab that pass under different
types of footrope. Eight experimental tows yielded injury rates of between 5% and 10% of the recaptured
crab.

Subsequent work by Rose et al. (2013) provided estimates of the unobserved mortality rates of crabs
swept over by trawl gear common to bottom trawl fisheries in the Bering Sea. This research demonstrated
that mortality rates varied by crab species (red king, Tanner, and snow) but depended mainly on that part
of the trawl system crab encountered. Additionally, reduction of crab mortality rates by altering specific
gear designs showed that gear modifications, such as raised sweeps, can mitigate unobserved mortality.
The finding was that mortality was much higher for crab that passed under the footrope (particularly the
wing section) than for crab that were struck by the sweeps that herd flatfish. One supposition was that
effective herding can reduce overall crab mortality because it reduces the amount of footrope-swept area
needed to catch the same number of flatfish. This study used an assessment method?' onboard the vessel
to predict the delayed mortality of recaptured crab that would have been impacted by the trawl but not
captured by normal fishing. The study also evaluated crab caught in a control net where they did not
encounter the trawl gear (footrope, sweeps) to adjust observed mortality rates for the effects of capture
and handling. The study results were that the experimental trawls produced more mortalities of RKC than
either snow or tanner crab, which was expected due to their larger, less flat body shape. The raw mortality
rate for RKC that passed under the footrope wing was the highest, at 32%. The study concluded that RKC
estimated unobserved mortality rates, adjusted for the area swept by each trawl component (i.e., footrope
center, wing, and sweep) were reduced to 6% when sweeps were elevated, which is now required for
BSAI non-pelagic trawls.

21 Reflex Action Mortality Predictor (RAMP); see Davis and Ottmar (2006) and Stoner et al. (2008).
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The remote-video study of shrimp trawl interactions with snow crab off St. Mary’s Bay in southeastern
Canada only assessed areas swept by the trawl footrope (Dawe et al. 2007). The study did not collect a
large sample of direct post-trawl observations but did not report any dead crab in the trawl corridor or
crab with carapace damage. The authors note that the study area has a soft mud substrate and that a
similar early study (Schwinghamer et al. 1998) did observe dead crab in a dense sand substrate on the
northern Grand Bank. The study did not find a reduced density of snow crab in the trawled bays after
trawling occurred. However, the study concluded that intensive trawling could increase crab leg-loss by
about 10%.

A trawl-mounted video study in the same part of Canada looked at how snow crab physically reacted to
shrimp bottom trawls (Nguyen et al. 2014). This study was also limited to the footrope portion of the
trawl, and concluded that about 54% of observable crab interacted with the footgear (e.g., elevating discs,
spacers, or chains). The majority of video-observed crabs actively responded to the approaching trawl and
tried to escape. The study was unable to estimate the severity or likelihood of mortality after passing
under footgear. This study, and references to herding in Rose et al. (2013), highlights the relevance of
crab shell condition to susceptibility to unobserved trawl mortality. In a time/area where crab are likely to
be in a soft-shell condition and less mobile, unobserved mortality rates could be higher than the ranges
estimated in the studies available.

The primary reason for the decline in the BBRKC stock, if there is one, is not clearly understood. While
there are likely many interacting factors including crab movement and environmental shifts (including
shifts identified prior to the BBRKC decline in the late 1970s), some researchers have highlighted
unobserved trawl mortality — historically if not currently (Dew and McConnaughey 2005; Dew 2010).
Those researchers contend that the BBRKC brood stock had a high site fidelity to an area in southwest
Bristol Bay that was the region’s first no-trawl zone, known as the Bristol Bay Pot Sanctuary, but that
subsequent management measures allowing trawl gear in that area resulted in high unobserved mortality.
Further, relatively low numbers of trawl BBRKC bycatch today could be the result of historical mortality.
Researchers with different views note that BBRKC crab abundance declined precipitously before trawl
gear was permitted in the Pot Sanctuary (i.e., prior to 1982; see Witherell and Pautzke, 1997). While it is
not possible to make a definitive conclusion and whether or not one believes that trawling was the
principal cause of the BBRKC stock decline dating to the late 1970s, it remains possible that trawling
could have impacted RKC rebuilding over the decades since then.?

4.5 Bottom Contact by Other Gear Types

Though it is not part of the Council’s direct request, this paper briefly acknowledges that types of gear
other than pelagic trawls contact the seafloor and may affect BBRKC in ways that are not captured by
observed crab bycatch mortality data. The nominal gear width values in the gear parameter table of Olson
et al. (2022) provides a measure by which to compare gears. However, similar to the information
presented about PTR, those parameters are intended for the study of habitat disturbance and do not tell the
reader anything about the time/area collocation of these gear types and BBRKC.

The nominal gear widths for trawls in the BSAI and GOA range from 50 m to 259 m. BSAI pelagic
trawls ranged from 50 m to 175 m and BSAI non-pelagic trawls ranged from 90 m to 259 m. GOA
pelagic trawls ranged from 50 m to 100m and GOA non-pelagic trawls ranged from 55 m to 193 m.
Certain categories of non-pelagic trawling have bottom contact adjustments of 1.0 (assumed bottom
contact) but others, where trawl sweeps are raised and fishing gear is elevated by bobbins, have contact
adjustments as low as 0.27 (27% of nominal area swept being contacted).

22 J. Zheng (ADFG). 2022. Personal Communication.
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By comparison, the nominal widths used in the FE model for pot gear and hook-and-line gear is listed at
5.6 and 6 meters, respectively. The benthic impacts of fishing gears other than trawl and dredges (i.e.,
scallop gear) has been less studied. When updating the gear parameter table in 2022, Olson et al. cited a
hook-and-line longline study from Australia (Welsford et al. 2014) and a sablefish longline-pot study
from British Columbia, Canada (Doherty et al. 2017). The hook-and-line study identified line shear and
hooking that could impact structure-forming invertebrates. Such impacts might relate to crab as they rely
on structure for safety after molting. The average lateral line movement in Welsford et al. was 6.2 meters,
and virtually all lateral movement occurred during deployment or retrieval. The documentation behind the
FE gear parameter table noted that lateral line movement can result from currents or from captured fish.
Bycatch of sessile benthos (e.g., sponges, corals) are sometimes observed in the Alaska longline fishery
so it is known that seafloor interactions do occur. The longline-pot study (Doherty) noted that hauling
speed and direction, combined with environmental factors like depth, slope, and current affects a pot’s
footprint. The BC pot study was assessing conical pots that are significantly smaller than most Bering Sea
crab pots but similar to smaller groundfish pots (e.g., sablefish). Doherty estimated the mean bottom-
contact area for a 54-inch pot at 53m?, or roughly 36 times its static footprint of 1.47 x 1.47 meters. The
longline-pots were observed to drag for between 0.4 and 5.9 minutes when hauling. For comparison,
Doherty et al. specifically cites Alaska king crab pots as having a roughly 2.4 x 2.4 meter size. The
analysts note that the effect of pot dragging would greatly depend on hauling conditions and also note that
less dragging would be expected for pots that are not connected to one another by a groundline.

Alaska weathervane scallops are fished with towed dredges that directly impact the seafloor. There is only
one scallop area in the Bering Sea; it is relatively small and lies directly north of Unimak Island, which
places it inside the boundaries of interest in this paper (i.e., ADFG Area T, trawl PSC limit Zone 1, and
the parts of the summer trawl survey that are included in the BBRKC stock assessment. The Bering Sea
scallop area has not been widely fished in recent years due to a parasite that emerged during the 2014/15
season. A small amount of scallop fishing occurs occasionally but only as part of the parasite and stock
monitoring efforts that the scallop cooperative undertakes. No scallop fishing occurred in the area in the
2020/21 season due to the quality impacts of the parasite, high fuel costs, and the logistical impacts of
COVID-19. The primary scallop vessel that had fished the area in past years is reported to be geared for
other fisheries.?

5 Item 4: Flexible Spatial Management Measures

Fishing for groundfish by U.S. vessels in the U.S. Exclusive Economic Zone (EEZ) of the BSAI is
managed by NMFS according to the FMP for the Groundfish Fishery of the Bering Sea and Aleutian
Islands Management Area (BSAI FMP). The BSAI FMP was prepared by the Council under the
Magnuson-Stevens Fishery Conservation and Management Act (16 U.S.C. 1801, et seq.) (Magnuson-
Stevens Act), and is implemented by regulations governing the U.S. groundfish fisheries at 50 CFR part
679.

The FMP for the Commercial King and Tanner Crab Fisheries (Crab FMP) in the BSAI was approved by
the Secretary of Commerce on June 2, 1989. The FMP establishes a state/federal cooperative management
regime that defers crab management to the State of Alaska with federal oversight. State regulations are
subject to the provisions of the FMP, including its goals and objectives, the Magnuson-Stevens Act
National Standards, and other applicable federal laws.

Various management measures have been implemented in the Bering Sea to protect RKC. These
measures consist of PSC limits and area closures, such as the RKCSA and the NBBTCA. In the
December motion, the Council asked for an exploration of available flexible spatial management

23 Sources for this paragraph: Scallop FMP Figures 3 & 4 (pp.29-30), and R. Woodruff, ADFG (2021).
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measures that may benefit BBRKC. The analysts examined management options within Alaska, as well
as from other regions. The options examined fell into three primary categories: inseason management,
incentive approaches, and time and area closures. The following discussion will consider each of these
categories and offer examples of possible strategies under each. The analysts also offer several examples
of management considerations that might benefit BBRKC but are not “spatial” in nature.

51 Inseason Management

Federal regulations provide NMFS with the authority to make inseason management adjustments for
directed groundfish fishing (679.25(a)). Inseason adjustments can include season closures, extensions or
openings in all or part of a management area; modification of the allowable gear in all or part of a
management area; adjustment to TAC or PSC limits; or interim closures of statistical areas to directed
fishing for specific groundfish species. The authority for these actions is reiterated in BSAI Groundfish
FMP Section 3.8.1 "Flexible Management Authority -- Inseason Adjustments". The FMP text makes clear
that inseason interventions by NMFS are a necessary tool to manage groundfish harvest or PSC limits that
were specified based on the best available information at the time but may be subject to changes in the
state of the fishery or a prohibited species that become known from events within the fishery as it
proceeds or from new scientific survey data. If a groundfish harvest or PSC limit was set too high or too
low prior to the fishery commencing, then prescribed closures could lead to conservation concerns or
forgone economic benefits. The FMP states: "The Council finds that inseason adjustments are
accomplished most effectively by management personnel who are monitoring the fishery and
communicating with those in the fishing industry who would be directly affected by such adjustments."
The FMP lists the types of information that NMFS must consider in determining whether an inseason
adjustment is required.

That said, the FMP goes on to acknowledge that NMFS managers are constrained in their choice of
management response in several ways. First, data on catch/bycatch rates might not be timely enough to
implement effective closures or to determine whether a rate-spike is reflecting natural variability or "dirty
fishing". Second, NMFS is subject to procedural requirements to consider "least restrictive" measures and
then -- in most cases -- go through the process of publishing notice of proposed adjustments in the Federal
Register with a comment period. And third, when applicable, NMFS must coordinate inseason
adjustments with the State of Alaska to assure uniformity of management in State and Federal waters. In
recognition of some of the limitations of NMFS's ability to take inseason action on bycatch, the FMP
allows for the Secretary of Commerce -- after consultation with the Council -- to implement measures that
provide incentives to individual vessels to reduce PSC, with the intended effect of increasing the
opportunity to harvest groundfish TACs before PSC limits are reached (BSAI Groundfish FMP Section
3.6.4).

5.2 Incentive Approaches

One example of an incentive approach in the BSAI, albeit with a complex history that is not likely to be
duplicated, is the management of salmon bycatch in the BSAI pollock trawl fishery. Chinook and chum
salmon bycatch in the pollock fishery was managed by triggered area and/or time closures that predate the
Congressional implementation of the American Fisheries Act (AFA). In 2001 and 2002 AFA participants
began voluntarily implementing a flexible management approach to chum and Chinook salmon bycatch,
respectively, known as the "rolling hotspot system" (RHS, described below). Participants utilized RHS to
reduce the likelihood that area closures would be triggered, having noted that CDQ pollock fishing —
which was not subject to the same area restrictions — was finding clean fishing in times/areas for which
non-CDQ vessels were often finding themselves barred. In 2006 and 2007 exempted fishing permits
issued by NMFS allowed RHS participants to fish in the triggered-closure areas. Starting in 2008, NMFS
has approved Inter-Cooperative Agreements (ICA) that exempt RHS participants from chum/Chinook
closure areas.
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The purpose of the RHS exemption (Amendment 84) was to reduce bycatch through the RHS while other
management measures were being developed. Through subsequent actions (Amendments 91 and 110),
triggered closure areas were effectively replaced by Incentive Plan Agreements (IPA) under which
participating cooperative members utilize real-time third-party spatial catch/bycatch data management
and internal accountability measures to minimize bycatch with dynamic tools while remaining under
various forms of an overall PSC cap on Chinook salmon. IPA participation, which currently covers the
entire AFA fleet, alleviates the need for static spatial boundaries based on historical survey and fishery
data that can be difficult to manage responsively. A triggered closure area for chum salmon still exists as
a back-stop but, because the pollock fleet entirely operates under IPAs, closed areas are not currently the
foundation of salmon bycatch minimization.

The RHS works by monitoring bycatch rates at the AFA-cooperative or vessel level and comparing them
to a base rate. Basing performance on a rate is meant to incentivize bycatch avoidance at all levels relative
to a PSC cap. Poor performers may be restricted in their fishing options and internally penalized, while all
vessels benefit from timely information on areas with high bycatch rates so that they can fish productively
under the cap (or their allocation of the cap). Fishing cooperatives may impose temporary area closures
on their members. The efficacy of the program is reviewed annually by the Council. Figure 5-1 shows an
example of a pollock cooperative’s salmon bycatch monitoring that was presented to the Alaska House of
Representatives Fisheries Committee in March 2017.

The Council will want to consider the extent to which a dynamic hotspot strategy could apply to RKC as
it applies to salmon. Crab may not move throughout the ocean or commingle with target species in the
same way that salmon do but the relative lack of knowledge about crab distribution throughout the year —
and their susceptibility to bycatch mortality, i.e., molting and mating — might resemble the uncertainty
that a trawl captain has when setting a net under a salmon cap or cooperative performance standard. A
potential weakness of this approach lies in the incentives. The Zone 1 trawl PSC limit does not close the
pollock fleet out of fishing areas. Given the low number of observed RKC bycatch in the pollock fishery
(see Table 3-2), the incentive to implement a hotspot strategy through cooperatives might stem from
social pressure more so than from the potential loss of directed fishing opportunities. While recent
historical BBRKC PSC in the pollock fishery can be called “very low”, the limit in harvest specs is also
quite low — less than 100 crab. That is a reachable cap under any circumstances, and so it is conceivable
that the pollock fleet would be willing to invest in additional measures if they believe those measures to
be both necessary and effective.

The premise of a dynamic hotspot strategy is that static area closures can be sticky (difficult to change)
and ineffective/inefficient if the closure set in regulation becomes out of step with the current state of the
stock distribution. If event-level bycatch encounter rates are sufficiently uncertain, real-time data become
very valuable and vessel operators pay more attention to predicting and interpreting bycatch than they pay
to a closure area on a map.
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Note: “Sea State” refers to a pollock cooperative’s third-party data manager.

Figure 5-1 Example of rolling hot spot monitoring: “High bycatch areas identified by Sea State” — from
pollock industry presentation to Alaska House of Representatives Fisheries Committee,
3/9/2017. (Source: http://www.akleg.qov/basis/get documents.asp?session=30&docid=13337)

Other incentive-based measures to minimize effects on bycatch species in Alaska tend to be structured
around annual hard caps where performance to a low level of bycatch in one year provides an insurance-
like buffer in the following year. One example of this is the Chinook salmon PSC limit for non-pollock
and Rockfish Program trawl vessels in the GOA. The incentive to achieve a certain standard is closely
linked to the economic penalty of having a season shortened or a PSC limit reduced. As noted above, the
BS crab PSC limit for pelagic trawling does not directly entail a similar penalty. Moreover, the pelagic
trawl sector’s subapportionment of Zone 1 crab PSC is set in harvest specifications and can be modified
by NMFS under inseason authority; it is not a hard cap set in regulations and/or the FMP. Finally, while
the effect of these GOA incentive structures is expected to be dynamic responses by the groundfish fleet —
as left to their own individual or cooperative decisions — there is nothing about them that directly
incentivizes spatial responses. A vessel operator could fish under this incentive-structured hard cap
without changing where they fish, generally. In that sense, if the Council is hoping to keep certain gear
types out of areas — with the areas themselves being the dynamic aspect — then this sort of example may
miss the mark.

In the U.S. Pacific region, the Pacific Council and NMFS took steps to transition contour-based area
closures protecting salmon from static zones to “routine inseason management tools” based on triggered
thresholds. The offshore whiting fishery (CPs and motherships) uses a third-party data manager to
disseminate catch and bycatch data at a fine spatial scale. Similar to the RHS program in Alaska, vessels
voluntarily move away from bycatch and alert other vessels. Council action was required to institute
spatial flexibility and transform bycatch hard caps to soft caps with reserves that can only be accessed
when vessels participate in co-management through a Salmon Mitigation Plan process. One key to
making this transition acceptable was providing publicly accessible data on catch and salmon bycatch in
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the whiting fishery (through PACFIN/PSMFC), as opposed to providing public information
retrospectively through end-of-year reports.

Existing examples of incentive-based approaches to change fishing behavior that rely on real-time
communication can be thought of as partnership approaches. As a category, they rely on collaboration,
iteration, and trust. In most cases, it seems, the effectiveness of these programs depends on the existence
of bycatch caps or triggered area closures that would restrict the fishery that needs to minimize bycatch.
An example that turns the Bristol Bay fish/shellfish bycatch relationship on its head is the Atlantic scallop
fishery off the U.S. east coast. The Atlantic Scallop FMP includes gear modifications and time/area
closures to try to mitigate flatfish bycatch — specifically of yellowtail and windowpane flounder — in
scallop dredges. In addition to bycatch limits and time/area closures, the scallop fishery partnered for
several years with UMass-Dartmouth’s School for Marine Science and Technology (SMAST) to develop
a bycatch avoidance plan. The plan involved distributing flatfish and scallop survey data to the fleet prior
to the fishery and then facilitating real-time communication to avoid flounder hotspots.

5.3 Time and Area Closures

Permanent Area Closures

Several permanent area closures already exist in the Bering Sea aimed at protecting RKC, such as the
RKCSA to protect mature adult BBRKC and the NBBTCA to protect juvenile BBRKC habitat
(December 16, 1996, 61 FR 65985). While the Council asked for flexible spatial management strategies
and permanent area closures are by no means flexible, the Council may consider examining existing
closure areas and deciding whether these areas should remain in the correct location, whether they should
be moved, or if new closure areas are warranted.

Permanent closures are commonly used across U.S. regions to protect habitat or recovering stocks.
Closures might apply to all fishing, certain gears, or vessels of a certain size. Closure areas might have
exceptions. For example, the many closure areas of the New England region’s Northeast Multispecies
(groundfish) FMP — a trawl gear fishery — include “access areas” that allow the scallop fishery to access
the scallop resource during specified seasons. The permanent closures are described here. The Western
Pacific region is dominated by Marine National Monuments (under the Antiquities Act) and coral refuges,
marine mammal protection areas, and permanent closures that apply only to certain gears or vessel sizes
(under the Magnuson-Stevens Act). A map illustrating these closed areas is found here.

Seasonal Closures

Unlike permanent closures, seasonal closures seek to protect vulnerable species at strategic times during
the year. Seasonal closures can be instituted for a variety of reasons including avoidance of times and
areas with high bycatch, to prevent interference with recreational and subsistence practices, and to protect
species during important biological times. Permanent area closures for RKC based on areas of high
abundance of mature adult RKC and important habitat for juvenile RKC have already been instituted,
therefore the analysts have focused this section on examples of seasonal closures to protect species during
important biological times.

In Alaska, Area 516 of Zone 1 is closed to trawl gear from March 15 through June 15 (50 CFR
679.22(a)(2)). The seasonal extension of the closed area is intended to provide additional protection to
RKC, especially females during molting and mating when their shells are soft and more vulnerable to
damage by trawl gear. This measure is based on a 1988 scientific survey of RKC distribution, which
indicates a significant movement of RKC, especially mature female animals into this area (May 4, 1989,
54 FR 19199).
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In New England, the New England Northeast Multispecies FMP includes areas that are seasonally closed
to protect groundfish. Those closures also prohibit fishing by non-groundfish gears that are capable of
catching groundfish — i.e., scallop dredges. Examples include the Winter Massachusetts Bay Spawning
Protection Area (Nov-Jan), the Spring Massachusetts Bay Spawning Protection Area (April 15-30), and
the Gulf of Maine Cod Spawning Protection Area (April-June). Full details on those seasonal closures
and exception categories are available here.

The analysts also offer an example of seasonal management that, while not a closure, does take into
account biologically important times for a vulnerable species. Ensuring a steady supply of prey for a
recovering population is important for a variety of reasons, especially for adult females with dependent
young. For Steller sea lions winter is an especially demanding metabolic period and obtaining an adequate
supply of food is critical to ensuring successful pregnancies. In order to maintain a consistent amount of
prey, seasonal apportionments of important prey species such as Atka Mackerel and Pacific cod were
created (May 8, 2003, 68 FR 203).

One might consider triggered-closures to be a subset of seasonal closures (although sometimes a season
can be the remainder of the calendar year). In Alaska, hard cap PSC limits could be considered triggered
closures. A management area could be closed to all fishing by a certain gear type or for a certain directed
fishery. Examples include Chinook salmon PSC limits in the Gulf of Alaska pollock and non-pollock
trawl fisheries (the pollock PSC limit is apportioned by management subarea), or the closure of BBRKC
Zone 1 to non-pelagic trawl gear for certain directed fisheries. Non-trawl fisheries can be closed based on
observed takes of protected seabird species. South of the Main Hawaiian Islands, there is a Southern
Exclusion Zone that prohibits “deep-set” longline fishing after a certain number of interactions with False
Killer Whales is met. The Western Pacific also has hard caps for interactions with sea turtles, seabirds,
and Oceanic Whitetip sharks that trigger area closures. Some of those triggered area closures apply only
to a certain part of the fishery, analogous to a gear type; for example, sea turtle interactions close the
“shallow-set” component of the longline fishery.

In discussion of seasonal closures, it may also be worth consideration of seasonal openings. Seasonal
openings can strike a balance between protection of one species while allowing full prosecution of
fisheries during times when disturbance and bycatch would be at a minimum. An example in Alaska of a
seasonal opening is in the NBBTCA where a portion of the closure area is open to trawling from April 1st
to June 15th (December 16, 1996, 61 FR 65986). Harvest information indicates that allowing trawling in
this area yields high catches of flatfish and low bycatch of other species. The April 1 to June 15 time
period is allowed as a way to reduce bycatch rates of halibut, which move into the nearshore area in June.
Sea ice generally prevents fishing operations in northern Bristol Bay before April 1.

Effective seasonal closure areas for BBRKC, would likely be most effective if applied to mature BBRKC
females during molting and mating. A seasonal closure area could be based on summer trawl survey
results that would indicate where large groupings of mature females are located. The weakness of that
approach is the disconnect between the survey period, the fisheries, and molt/mate period. A different
approach might use data on catch/bycatch in the first few weeks of a fishery to place a closure area. That
approach may lack timeliness and could still subject crab in need of protection to a period of heavy
fishing with gear that contacts the bottom. A third approach would be to set a fixed seasonal closure area
using historical data on where mature females occurred. That approach would essentially be repeating the
process that led to the RKCSA (which itself was a seasonal closure at first) and would also require an
improved understanding of where crab are during the relevant fishing seasons and during molt/mate
periods. As noted elsewhere in this paper, fixed-area closures are difficult to change once implemented,
and they are not particularly responsive to stock distribution changes that might be predictable but occur
on a slow scale (e.g., related to temperature regime shifts like the decadal oscillation) or that might be less
predictable (e.g., the less well understood effects of climate change).
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Rotational Area Closures

Rotational closures are area closures that shift spatially dependent on input data or predetermined criteria.
These closures target specific vulnerable species, generally for a specific demographic of the population.
One example of a rotational area closure is for Atlantic scallops, where juvenile scallops are protected
with rotational closures in the Northeast and Midatlantic U.S. regions. Based on data from both NMFS
and industry-led surveys, abundance, distribution and size of scallops are mapped in the Northeast
Atlantic. Areas of predominantly smaller scallops are closed to directed fishing for scallop in order to
allow these scallops the time to grow into a commercially valuable size. These closures are focused on
protecting the scallop stock by restricting the scallop fishery itself rather than restricting other fisheries
that may impact scallops.

If a similar strategy were used in the BS for BBRKC, the results of the BSAI NMFS Trawl Survey could
be used to identify areas of vulnerable populations, which for BBRKC would likely be mature adult
females. Additionally, efforts could be made to develop an industry-led survey that could improve the
type and resolution of data collected on the spatial distribution of RKC in data deficient times of year,
such as Fall/Winter. A winter survey would be particularly beneficial if sampling protocols were capable
of finding molting crab, which do not typically enter pots and can be missed or damaged by trawl survey
gear.

A different approach to rotational closure is to close an entire management area in alternating time
periods — e.g., single or multiple years. Since 1978 the State of Hawaii has used rotational closures of one
to two years in the Waikiki-Diamond Head Fishery Management Area (FMA) on Oahu, Hawaii to protect
coral reef fish stocks. The effects were studied in 2006 (Williams et al.) and found that time-rotational
closures were not effective, whereas stocks did improve in a neighboring permanent closure even though
reefs were being overtaken by alien algae in both areas. The success of a species protected by a rotational
closure likely has much to do with its life history characteristics and non-fishing impacts on the habitat
(e.g., recreation tourism, which is not an issue in the Bering Sea).

Temperature Closures

Temperature closures can go into effect when temperature thresholds are surpassed and conditions are
unsafe for certain species. These closures can go into effect to protect species when air or water
temperatures are outside of normal thermal thresholds. Several examples of temperature closures are
described below.

The first example was implemented by the Texas Parks and Wildlife Department and resulted in a
temporary closure to saltwater fishing along parts of the Texas coast due to freezing weather conditions.
In addition to killing game fish in shallow bay waters, a hard freeze can also cause surviving fish to
congregate in a few deeper areas where they become sluggish and prone to capture, which was the main
justification for implementing the closure. The second example occurred in Yellowstone National Park,
when the park closed fishing to anglers, in order to protect fish that were experiencing unprecedented heat
exposure and low river levels.

Another example of dynamic temperature-based fishery management is the TurtleWatch tool, created by
Pacific Island Fisheries Science Center and available through NOAA OceanWatch.?* No fishery closures
are enacted through TurtleWatch but an up-to-date map tool is provided online that helps fishermen avoid
ESA-listed loggerhead sea turtles. Most interactions with loggerheads occur during the longline swordfish
fishery north of the Hawaiian Islands during the first three months of the year. The map provides a sea
surface temperature contour in terms of latitude and longitude that shows areas to avoid. The warmer end

24 See https://www.fisheries.noaa.gov/resource/map/turtlewatch; and
https://oceanwatch.pifsc.noaa.gov/turtlewatch.html.
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of the band indicates the southern boundary of the turtles’ preferred temperature habitat (65.5°F) and the
cooler end of the band (63.5°F) marks the northern edge of the temperature range in which more than half
of observed fishery interactions have occurred. The data that inform the turtles’ preferred habitat were
gathered through capture-tag-release studies.

In Alaska, it is known that when air temperatures are very low, snow crab can instantly freeze and lose
legs when hauled on deck. For crab that are brought on deck as bycatch, even though they are technically
still alive and can regrow legs, this loss of legs would likely increase discard mortality rates. Not much is
known about how freezing air temperatures affect RKC. The Alaska Bering Sea Crabbers (ABSC)
industry group informed the analysts that they have submitted a preliminary proposal to NOAA’s Bycatch
Reduction Engineering Program (BREP) to place water temperature sensors on crab pots (as well as some
more sophisticated data loggers that record water salinity and pH). The goal of the study is to do
statistical analysis of retained and discarded crab under certain conditions; presumably, air temperatures
could be recorded for each pot haul as part of the study protocol if viability is being assessed on deck.

54 Non-Spatial Management Considerations

The Council motion was specific in its request that options for flexible spatial management measures be
examined. In exploring available options, the analysts noted management options that did not fit in the
realm of spatial management but may be of interest to Council. The analysts did not do an in-depth
analysis of these options; a brief summary is provided for each method.

Gear Maodifications or Changes

Floating pots — Studies have been conducted on the feasibility of using floating pots to reduce bycatch of
crab species. Studies conducted for cod fisheries have shown that floating pots greatly reduce bycatch of
crab species and in some cases increased catch of targeted cod (Furevik et al. 2008. Marcella et al. 2016,
Ovegard et al. 2011).

Slinky pots — Slinky pots are a lightweight, collapsible mesh pot that is easily stacked onboard vessels
and is primarily used in Alaska waters to reduce depredation by marine mammals. Bycatch of crab in
slinky pots has yet to be analyzed, although it has been theorized that due to how much the pots move,
that crab may be deterred from entering the pot.

Modification of pots — Collaboration among several research groups has focused on cod pot modification
to reduce RKC bycatch in recent years. The output of this collaboration has indicated several promising
avenues to reduce bycatch. The lab and field results for RKC and pot cod trials so far support the concept
that pot tunnel, ramp, and entry elements can change the way that cod and RKC are able to pass through
gear panels and enter a pot. There were two gear variants that were expected to reduce crab bycatch, the
‘sock’ and the ‘slick ramp’ and both showed reduced passage for crab in lab results. However, there was
evidence of lower cod CPUE and logistical challenges with the ‘slick ramp’ in field trials. The ‘slick
ramps’ caught less cod in contrast to control pots and were not resilient on deck (tearing with use) and
were omitted from further consideration after field trial reporting. Preliminary project results to date
reflect lab and field summaries that support the use of ‘socks’ or ‘sock variants’ as the best likely method
for reducing crab bycatch.?

Fisheries Executed in Tandem

Fisheries that require similar gear types and overlap spatially can be fished in tandem in order to reduce
discards for each fishery. An example of this strategy in Alaska is how the opening date of the halibut

25 Source: Comment letter provided to the Council by Bering Sea Fisheries Research Foundation, Alaska Bering Sea
Crabbers, and Natural Resource Consultants, Inc. January 28, 2022.
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season is taken into account when determining the opening date for sablefish. The stated purpose is to
reduce bycatch and regulatory discards in the two fisheries (50 CFR 679.23(g)(1)).

This strategy may prove more challenging when dealing with RKC as there are additional layers of
regulation involved. All BS rationalized crab fisheries have the same opening date (October 15) but have
different regulatory closure dates set by the State for biological reasons. The crab fleet has previously
asked the Board of Fish for the ability to retain multiple species of crab on the same trip citing less
mortality of species they have [FQ/CDQ for, but little action has occurred mainly due to issues with
processing capabilities, State catch accounting, and gear specifications for each crab fishery. That said,
there are currently incidental catch allowances of Western Bering Sea Tanner crab, Bering Sea snow crab
and Eastern Bering Sea Tanner crab in some other directed crab fisheries. When keeping incidental
amounts of Tanner and snow crab in other directed crab fisheries, the vessel operator must have available
IFQ/CDQ and the directed fishery for those incidental species must be open. There is currently no
BBRKC retention allowed in other directed crab fisheries, likely due to the fact that legal sized RKC are
not able to enter snow crab or Tanner crab pot gear because of RKC excluder devices. In addition,
BBRKC directed fishery closes by State regulation on January 15 while Tanner and snow crab remain
open. Any changes to the incidental catch allowances of crab in directed crab fisheries would need to be
made by the Alaska Board of Fisheries. There is currently nothing in federal regulation to prohibit the
retention of incidental crab species while directed crab fishing as long as there is available IFQ or CDQ.

An additional possibility that the Council may wish to consider is the retention of BBRKC while pot
fishing for Pacific cod. That approach would face many regulatory challenges but might ultimately reduce

discard mortality rates.
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Appendix 1: Overlay of EBS trawl survey grid, ADFG statistical areas, and ADFG
Registration Area T (BBRKC)

Figure shows EBS trawl survey stations in blue, ADFG statistical areas in red, and ADFG Registration
Area T in green.
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Appendix 2: Month-by-month mapping of estimated swept area for pelagic trawl
gear (attached separately)
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ARTICLE INFO ABSTRACT
Keywords: A temperature and salinity hydrographic profile climatology is assembled, evaluated for data quality, and
Pacific arctic analyzed to assess changes of the Bering and Chukchi Sea continental shelves over seasonal to century-long time

Chukchi sea scales. The climatology informs description of the spatial distribution and temporal evolution of water masses

?::;i riftire over the two shelves, and quantification of changes in the magnitude and throughput of heat and fresh water. For
Trend the Chukchi Shelf, linear trend analysis of the integrated shelf heat content over its 1922-2018 period of record
Heat flux finds a significant summer and fall warming of 1.4 °C (0.14 + 0.07 °C decade™); over 1990-2018 the warming
Climate rate tripled to 0.43 + 0.35 °C decade ™. In contrast, the Bering Shelf’s predominantly decadal-scale variability
Change precludes detection of a water column warming trend over its 1966-2018 period of record, but sea surface
Sea ice temperature data show a significant warming of 0.22 + 0.10 °C decade ™! over the same time frame. Heat fluxes
Budget over 1979-2018 computed by the European Centre for Medium-Range Weather Forecast (ECMWF) ERA5

reanalysis exhibit no record-length trend in the shelf-wide Bering surface heat fluxes, but the Chukchi Shelf
cooling season (October-March) has a trend toward greater surface heat losses and its warming season
(April-September) has a trend toward greater heat gains. The 2014-2018 half-decade exhibited unprecedented
low winter and spring sea-ice cover in the Northern Bering and Chukchi seas, changes that coincided with
reduced springtime surface albedo, increased spring absorption of solar radiation, and anomalously elevated
water column heat content in summer and fall. Consequently, the warm ocean required additional time to cool to
the freezing point in fall. Fall and winter ocean-to-atmosphere heat fluxes were anomalously large and associated
with enhanced southerly winds and elevated surface air temperatures, which in turn promoted still lower sea-ice
production, extent, and concentration anomalies. Likely reductions in sea-ice melt were associated with positive
salinity anomalies on the Southeast Bering Shelf and along the continental slope over 2014-2018. Negative
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salinity anomalies during 2014-2018 on the central and northern Bering Shelf may be related to a combination
of 1) long-term declines in salinity, 2) an increase of ice melt, and 3) a decline of brine production. We hy-
pothesize that freshening on the Bering Shelf and in Bering Strait since 2000 are linked to net glacial ablation in
the Gulf of Alaska watershed. We show that the heat engines of both the Bering and Chukchi shelves accelerated
over 2014-2018, with increased surface heat flux exchanges and increased oceanic heat advection. During this
time, the Chukchi Shelf delivered an additional 5-9 x 101°J yr’1 (50-90 EJ yr’l) into the Arctic basin and/or
sea-ice melt, relative to the climatology. A similar amount of excess heat (60 EJ yr’l) was delivered to the at-
mosphere, showing that the Chukchi Sea makes an out-sized contribution to Arctic amplification. A conceptual
model that summarizes the controlling feedback loop for these Pacific Arctic changes relates heat content, sea
ice, freshwater distributions, surface heat fluxes, and advective fluxes.

1. Introduction

Oceanic and atmospheric transport of heat from low to high latitudes
contributes to global thermal regulation (Trenberth et al., 2009), but
greenhouse warming regionally perturbs heat content and fluxes
(Stocker et al., 2013), causing the earth’s climate system and biological
systems to adjust in response. These adjustments include alterations to

sea ice (Stroeve et al., 2005; Perovich et al., 2008), permafrost (Oster-
kamp and Romanovsky, 1999), precipitation (Groves and Francis,
2002), and many components of both terrestrial and marine ecosystems
(Walther et al., 2002; Doney et al., 2011). At high latitudes in the
Northern Hemisphere, reinforcing feedback loops induce faster rates of
atmospheric warming than elsewhere, resulting in the “Arctic amplifi-
cation” of global climate warming (Serreze and Francis, 2006; Hansen
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et al., 2010; Overland and Wang, 2010; Screen and Simmonds, 2010;
Serreze and Barry, 2011). In this study, we quantify recent (years) and
long-term (decades to century) changes in shelf temperatures, salinities,
and air-sea heat exchanges over the Bering and Chukchi continental
shelves (Fig. 1), examining the local manifestation and consequences of
Arctic amplification within the context of the prior period of record.

Marine ecosystems of the Bering-Chukchi shelves encompass
economically important fishing grounds (Van Vorhees and Lowther,
2010), productive benthos (Grebmeier et al., 2015), and subsistence
resources for Indigenous coastal communities (Suydam et al., 2006), all
of which derive fundamental structure from the regional environmental
conditions (Hare and Mantua, 2000; Benson and Trites, 2002; Hunt
et al., 2011). For example, oceanic heat content (Walsh et al., 2018) is
important to sea-ice extent and duration (Woodgate et al., 2010; Frey
et al., 2015; Danielson et al., 2017; Polyakov et al., 2017), which in turn
affect trophic exchanges (Coyle et al., 2011), prevalence of harmful algal
blooms (Natsuike et al., 2017), and species distributions (Mueter and
Litzow, 2008). Temperature is by itself an important control on growth
rates (Eppley, 1972) and oxygen respiration (Ikeda, 1985, 2001). A
better understanding of ongoing and past environmental change is a first
step to exploring how bottom-up forcing may propagate through the
Arctic ecosystem in the future.

In the 2013/2014 winter, the North Pacific experienced surface and
subsurface warming that resulted from a persistent atmospheric block-
ing ridge located over western North America (Bond et al., 2015) and
meridional modes of atmospheric teleconnections that directed heat
away from the tropics (Di Lorenzo and Mantua, 2016). This was fol-
lowed by a strong 2015 El Nino (McPhaden, 2015) and additional at-
mospheric blocking patterns that extended the marine heat wave. The
Bering Sea also experienced previously undocumented and unprece-
dented high sea surface temperatures in 2014 (Stabeno et al., 2017),
which by sea surface temperature (SST) and heat content metrics have
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continued to persist into 2018 (Thoman et al., 2020) and 2019 (Corn-
wall, 2019; Stabeno and Bell, 2019). The upper ocean heat content
(0-300 m integration) for the eastern Bering Sea exhibited warm
anomalies that were correlated with SST variations (Walsh et al., 2018).
The recent warm anomalies are superimposed upon longer term
warming trends previously identified for the Bering and Chukchi seas
(Steele et al., 2008; Woodgate et al., 2010; Woodgate et al., 2012;
Tokinaga et al., 2017).

Recent weather patterns and sea ice conditions in the northern
Bering and southern Chukchi seas are challenging long-held under-
standing of what constitutes winter norms. The two Diomede Islands, in
the past connected by shorefast ice through the winter months (suffi-
cient to support commercial airline service on an ice runway), were
exposed in January and February 2018 to long fetch open water and
unconsolidated sea ice that allowed massive waves to roll ashore in a
late February 2018 storm (Fig. 2). Mid-winter conditions of 2019
brought similarly low sea-ice extents to the region (Cornwall, 2019).
These unprecedented observations are illustrative of conditions at the
epicenter of Arctic amplification over the Pacific sector: sea ice loss over
the Bering-Chukchi shelves.

The broad eastern Bering and Chukchi Sea continental shelves,
connected by the narrow (~85 km) Bering Strait, comprise the shallow
expanse (average < 70 m) across which Pacific waters carrying heat,
fresh water and nutrients are transported into the Arctic (Coachman and
Aagaard, 1966; Stigebrandt, 1984; Walsh et al., 1989). Based on
oceanographic mooring data, the annual mean volume flux northward
through Bering Strait is thought to be approximately 1 Sv (1 Sv = 106 m®
s™1) (Woodgate, 2018), having increased to this level from roughly 0.8
Sv in the 1990s and early 2000s (Roach et al., 1995; Woodgate et al.,
2005a, 2015; Woodgate, 2018). The increasing volume transport (~0.2
Sv decade™!) and a weakly increasing trend in the observed temperature
(0.27 + 0.23 °C decade ) both contribute to an increasing trend in the

Little Diomede Island
20 February 2018

20-Jan-201 8 20-Feb-201 8

20-Mar-2018 20-Apr-2018

Fig. 2. Open water seen in late January (top left) and February (top right) 2018 from Little Diomede Island, which was historically located far north of the ice edge at
this time of year. Satellite-derived ice edge locations (bottom) show the 1979-2018 climatological (blue) and 2018 (red) 15% concentration contours for the 20th of
January, February, March, and April. Corresponding ice edges for all years over 1979-2017 are shown with gray contours. The 200 m isobath (black contour) shows
the shelf break location. Photographs by O. Ahkinga (left) and F. Ozenna (right). (For interpretation of the references to color in this figure legend, the reader is

referred to the Web version of this article.)
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northward heat flux (Woodgate, 2018). Measurements also document a
modest freshening of ~0.14+0.10 decade™! over 1991-2015 that
together with the increasing transport have increased the Pacific origin
freshwater flux into the Arctic by ~40% or more (Woodgate, 2018). It is
worth noting that the Bering Strait throughflow is the only oceanic
inflow to the Arctic showing significant change in volume transport over
1993-2015 but the trend magnitude in Bering Strait is smaller than the
trend uncertainty of other inflow pathways (Usterhus et al., 2019),
leaving the system-wide balance unclear. In the absence of wind forcing,
vorticity constraints confine much of the Bering Strait inflow to an
advective pathway that circumscribes the Gulf of Anadyr in a clockwise
fashion and enters the Bering Strait region via Anadyr Strait (Kinder
et al., 1986), leaving the bulk of the eastern Bering Sea shelf as a sec-
ondary feed to the Bering Strait throughflow via Shpanberg Strait, east
of St. Lawrence Island (Danielson et al., 2012a). Variations in these
currents can alter Pacific-Arctic exchanges and the seasonal evolution of
sea ice and water properties.

Processes that perturb the mean circulation and spatial distributions
of water properties vary temporally and regionally across these shelves.
For example, on interannual and longer time scales, variations in the
Bering Strait throughflow have been ascribed to a combination of local
wind stress (Aagaard et al., 1985; Woodgate et al., 2012; Danielson
et al., 2014; Woodgate, 2018), wind stress over the adjoining basin and
adjoining shelves (Danielson et al., 2014), variability in regional pres-
sure gradients, especially in relation to the western Chukchi and East
Siberian Sea (Danielson et al., 2014; Peralta-Ferriz and Woodgate, 2017;
Okkonen et al., 2019), and thermohaline variations (Aagaard et al.,
2006). Regional wind and buoyancy forces drive the seasonally warm
Alaskan Coastal Current (ACC) (Paquette and Bourke, 1974; Ahlnas and
Garrison, 1984; Gawarkiewicz et al., 1994; Wiseman and Rouse, 1980;
Woodgate and Aagaard, 2005) and the cool but fresh Siberian Coastal
Current (Weingartner et al., 1999), which is present only in some years
in the Chukchi Sea. Both coastal currents are near-shore and low-salinity
features of the high latitude riverine coastal domain continuum (Car-
mack et al., 2015). Baroclinically unstable fronts separating ice-melt
plumes from denser and warmer shelf waters (Lu et al., 2015) may be
important to ocean-ice-atmosphere feedbacks and the seasonal
melt-back of the Chukchi sea ice. Energetic eddies in the Bering Slope
Current (Ladd, 2014), tidal energy fluxes (Foreman et al., 2006) and
wind-driven exchanges, especially upwelling within shelfbreak canyons
(Bourke and Paquette, 1976; Woodgate et al., 2005b; Danielson et al.,
2012b) may impact cross-slope exchanges.

Although all consequences of thermal, haline, and advective varia-
tions over the Bering and Chukchi shelves are not well understood,
under a warming climate it is reasonable to anticipate altered lateral and
vertical property gradients that in turn will impact local and down-
stream habitats and potentially feed-back on the processes mentioned
above. The Bering Shelf is downstream of heat and fresh water on the
Gulf of Alaska shelf via Unimak Pass (Weingartner et al., 2005a). The
Canada Basin is downstream of the Chukchi Shelf, which, in turn, is
downstream of the Bering Sea via Bering Strait. The flows connecting
these two shelves do not drain all parts of the Bering Sea shelf equally (e.
g. Danielson et al., 2012a, 2012b), nor are all parts of the Chukchi
uniformly flushed (e.g. Weingartner et al., 2005b; Woodgate et al.,
2005¢; Lin et al., 2019). The fate of Pacific-origin heat and fresh water is
important to the Arctic Ocean’s thermohaline structure (Aagaard et al.,
1981; Shimada et al., 2005; Woodgate et al., 2012; Timmermans et al.,
2014, 2018); the thickness of sea ice (Kwok and Untersteiner, 2011) and
the timing with which it forms and melts (Steele et al., 2008; Jackson
et al., 2012; Woodgate et al., 2010; Serreze et al., 2016); and the Arctic
atmospheric heat budget (Serreze et al., 2007). Ice-related processes are
critically dependent on the local heat balance so alterations to advective
heat fluxes carry the potential for profoundly reorganizing the
ecosystem. Given these roles for the Bering Strait throughflow in rela-
tion to a changing Arctic, an important goal for this paper is to develop
an improved understanding of long-term changes in the Bering and
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Chukchi Seas’ heat and freshwater budgets.

For the present study, we compiled temperature and salinity hy-
drographic profiles for the Bering and Chukchi shelves from 1922 to
2018, from which we estimate changes in heat content and freshwater
content. Atmospheric reanalysis model outputs from the European
Centre for Medium-Range Weather Forecast (ECMWF) ERA5 model
(Copernicus Climate Change Service (C3S), 2017) provide estimates of
surface heat fluxes from 1979 to 2018, and we use oceanographic
mooring data from Bering Strait (Woodgate, 2018) from 1990 to 2016 to
constrain oceanic advective heat fluxes from the Bering Shelf into the
Chukchi Sea. Gridded surface air temperature (SAT) (Lenssen et al.,
2019) and sea surface temperature (SST) (Huang et al., 2017) datasets
give alternate multi-decadal perspectives of thermal conditions.

2. Data and methods
2.1. Geography

The soundings-based Alaska Region Digital Elevation Model
(ARDEM; Danielson et al., 2015) provides seafloor depths on a ~1 km
grid across the Bering and Chukchi shelves (Fig. 1). Using the ARDEM
grid and ETOPO1 (Eakins and Sharman, 2010) digital elevation model
results, we compile geographic statistics (Table 1) that summarize our
primary domains of interest and are used to scale area-averaged surface
fluxes, heat content, and freshwater anomaly estimates. The ARDEM
depth estimates are also used to help validate hydrographic profiles and
form full water column estimates of fresh water and heat contents.

2.2. Hydrography

The archive of water column profile data covering the largest num-
ber of years (first samples taken in 1922 in the Chukchi Sea and in 1966
in the Bering Sea) and providing the largest number of conductivity-
temperature-depth (CTD), bottle and profiling float soundings is the
National Centers for Environmental Information (NCEI) World Ocean
Database 2018 (WOD18) (Boyer et al., 2018). Additional profiles come
from US oceanographic expeditions in recent years for which the hy-
drographic data are not yet incorporated into WOD18, and archives
from non-US institutions. These include data from the US National
Oceanographic and Atmospheric Administration (NOAA) Pacific Marine
Environmental Laboratory (PMEL) and NOAA Alaska Fisheries Science
Center (AFSC) hydrographic databases, the University of Alaska Fair-
banks Institute of Marine Science (UAF IMS) hydrographic database, and
CTD data compiled by the Synthesis for Arctic Ocean Research (Moore
et al., 2018). Additional data come from archives at the Russian Federal
Research Institute of Fisheries and Oceanography (TINRO), the Fisheries
and Oceans Canada’s Institute of Ocean Sciences (IOS) and the Japan
Agency for Marine-Earth Science and Technology (JAMSTEC). Temporal
and spatial coverage of these data are shown in Fig. 3.

A data reduction scheme was implemented to minimize platform-
associated bias and maximize consistency in handling profiles
collected by discrete bottle casts, shipboard CTDs, tow-yo CTD systems,
and autonomous float and glider profilers. Only profile data from the
Chukchi and eastern Bering continental shelves were used, confined to
stations located in less than 200 m water depth. Data locations were
screened for position and depth errors, and data from stations with

Table 1

Regional depth, area, and volume statistics for the Eastern Bering Sea shelf (i.e.
the shelf region shown in Fig. 1) and the Chukchi Sea continental shelf. Shelves
are defined here as the region with depths less than 200 m.

Average Depth (m) Surface Area (kmz) Volume (km®)

Arctic Ocean 1205 15,558,000 18,750,000
Chukchi Shelf 57 553,842 31,478
Bering Shelf 66 915,385 60,423
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Fig. 3. Temporal and spatial coverage of gridded hydrographic profile data. The map shows the number of years represented within each grid cell. Thick black

contours denote the 200 m isobath.

coordinates on land were presumed to have erroneous positions and
discarded. Station data having measurements deeper than 140% of the
local ARDEM bottom depth were discarded, again signaling a possible
location error (errors in the ARDEM grid could also lead to spurious data
discards especially in regions of steep bottom slopes). Rejecting partial
profiles, we required that measurements extend at least 75% of way to
the seafloor from the surface. Casts were also discarded if their shal-
lowest measurements were from deeper than 10 m depth. Temperature
data were constrained to a range of —2 to +25 °C and salinities to a
range of 0-38. Any station having salinity of less than 20 at 75 m depth
or deeper was assumed to be spurious and was discarded. We computed
the freezing point for all data and removed casts showing data that were
supercooled by more than 0.1 °C (suggesting problems with sensor
calibration). Data profiles that included vertical density gradient in-
versions greater than 0.5 kg m~* were also discarded. Following this
initial screening and identification of usable profiles, we then linearly
interpolated all profiles to 1 m depth intervals, extrapolated data from
the deepest measurement depth to the shallower of the seafloor or 200
m, and extrapolated data from the shallowest measurement depth to the
surface. Throughout, we employ the Practical Salinity Scale, using the
dimensionless practical salinity units (PSU) for reporting all salinities.

The resulting data screened as described above were then gridded
monthly from 1922 to 2018 on a 1° latitude by 2° longitude grid
spanning 55 °N to 74 °N and 179 °E to 152 °W. Grid cells on the shelf
containing fewer than 5 years of data were excluded from the clima-
tology and analysis. In total, we reduced 69,224 hydrographic profiles
into 6235 gridded profiles for an average of about 11 data points per
resolved grid cell. Approximately 1600, 4500, and 27,000 of the profiles
were taken from profiling floats, discrete bottles, and gliders,
respectively.

At each grid cell, we evaluated the mean monthly temperature, heat
content, salinity and density for the near-surface (0-10 m) layer, and for
the near-bottom layer (within 10 m of the shallower of the bottom or
200 m depth). Following Woodgate et al. (2006) and others, we selected
—1.9 °C (approximately the freezing point of Pacific Arctic waters) as a
reference for heat content computations. Stratification was assessed by
differencing water density between the near-bottom and near-surface
levels. Recognizing a strong bias toward open water (summer) data
collections, we generated monthly and seasonal climatological averages
with winter, spring, summer and fall means created by combining data

from January to March, April to June, July to September and October to
December, respectively.

2.3. Moorings

Mooring data from the Bering Strait climate monitoring mooring A3
(Woodgate, 2018) have been shown to give a useful measure of the mean
water properties of the flow through the Bering Strait. This site (66.7 °N,
171.5 °W) is located ~100 km north of the Diomede Islands. The in-
struments record hourly temperature, salinity and velocity approxi-
mately 15 m above the bottom. From these data, estimates of volume,
heat flux and freshwater flux are calculated (Woodgate, 2018). As sen-
sors are located near the seafloor, alone these measurements underes-
timate heat and freshwater fluxes. Thus, simple corrections are made
based either on sea surface temperature data or climatological estimates
of stratification to include the effects of the seasonally present warmer
surface layer and the Alaskan Coastal Current (Woodgate, 2018). The
Bering Strait mooring period of record begins in 1990, missing many
known cooler years during the 1970s (e.g. Overland et al., 2012).
Mooring data from more recent extremely warm years from mid-2016
through 2018 are not available yet. For this reason, our initial heat
budget estimates using the Bering Strait mooring data provide lower
bound estimates of changes to the shelf heat budgets.

2.4. Gridded surface temperatures

For another perspective on temperature changes through time, we
use the reconstructed sea surface temperature (ERSST) (Huang et al.,
2017) version 5 and the NASA Surface Temperature Analysis (GISTEMP)
version 4 (Lenssen et al., 2019) datasets. These compilations also pro-
vide an opportunity to examine changes over the Bering and Chukchi
shelves relative to changes over larger spatial domains. The ERSST is a
coarsely gridded (2° x 2°) global monthly mean SST dataset that com-
bines historical and recent ocean surface temperature records. GISTEMP
is a globally and monthly gridded dataset that provides estimates of land
and ocean surface temperatures (using ERSST v5 over the ocean) based
on other compilations of historical and recent weather and ocean plat-
form data. Both datasets extend to the mid-1800s; we restrict our ex-
aminations to 1900-2018. Missing data in each compilation are replaced
using statistical methods; in high latitudes records of sea-ice cover help
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constrain SST estimates (Huang et al., 2017). Many early ERSST ob-
servations are based on ships logs. In the Bering and Chukchi seas, sea
ice and temperature observations were commonly made from 19th and
early 20th century whaling ships and patrol vessels such as those of the
U.S. Revenue Cutter Service (Freeman et al., 2017).

We average the ERSST and GISTEMP data over four integration do-
mains: the whole globe, the Arctic (latitudes > 66 °N), the Chukchi Sea
(66 °N < latitudes < 74 °N, 180 < longitudes < 156 °W), and the eastern
Bering Sea (55 °N < latitudes < 66 °N, 180 < longitude < 160 °W).
Selecting a reference baseline common to the profile data coverage on
both shelves, we compute annual anomalies relative to the half-century
covering 1966-2016.

2.5. Surface heat fluxes

We use the ECMWF ERA5 (Copernicus Climate Change Service
(C3S), 2017) dataset to assess surface heat fluxes and provide supporting
wind, ice cover, and air temperature data. ERA5 is a recent version
release and due to higher spatial resolution, a better data assimilation
scheme, and other improvements (Haiden et al., 2017), we anticipate
accuracy and precision improvements relative to the prior version,
ERA-Interim (Dee et al., 2011). We are unaware of an Arctic-focused
assessment of ERA5 performance but evaluation of seven reanalysis
products in the Arctic found that ERA-Interim was one of the three best
performing reanalyses, with this product consistently scoring well for
surface precipitation, shortwave and longwave fluxes, bias of air tem-
perature at 2 m above the surface, and both temperature and wind speed
correlations (Lindsay et al., 2014). Seasonally, bias in individual heat
flux terms can be as large as 20-40 W m 2 but in aggregate the net heat
flux bias was found to be < 2 W m~2 relative to the Lindsay et al. (2014)
analyzed models’ median. Many of the heat flux analyses in our study
are based on differencing seasonal means that are aggregated across
multiple years. For such analyses, the differencing procedure removes
much of the stationary bias and we think that the resulting anomalies
primarily reflect alterations in the heat exchange balance rather than
nonstationary bias.

The net surface heat flux (Qy) is computed as Qn = Qsw + QLw + Qru
+ Qgp. Terms include the net shortwave (Qsw), net longwave (Qrw),
latent (Qry) and sensible (Qsy) fluxes. Because our main focus is the
ocean, we assign a sign convention such that positive heat fluxes
represent oceanic heat gain and negative fluxes denote oceanic heat loss.

2.6. Computation of anomalies and trends

Our results are not very sensitive to the differing climatological base
periods amongst the various datasets because alternate options for
multi-decade baselines of the hydrography appear more similar to each
other than to the mean conditions observed over the 2014-2018 period.
An advantage of including extra decades (prior to the start of the ERA5
integration or the Bering Strait mooring record) within the hydrographic
baseline is that it facilitates building a more robust hydrographic
climatology to help ameliorate sparse data limitations.

We compute time series anomalies relative to long-term means to
facilitate unbiased assessments of change across space or time where
different data subsets have differing means or variances. At each grid

R __j=12
cell these include monthly anomalies X =X — X;| . where the long
lj=

term (climatological) monthly mean 7] for each month (je [1...12]) is
subtracted from the monthly mean parameter X to create monthly
anomaly X’ time series with mean zero. The monthly standard anomaly

12
computationX; = (X —X;)/oj| . normalizes each monthly anomaly by
j=

its corresponding monthly standard deviation o, creating a time series
with zero mean and unity variance. Anomalies retain units of parameter
X and standard anomalies are non-dimensional.

Temporal trend analyses are based on linear regression of anomalies
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and standard anomalies versus year of observation, with error estimates
representing the 95% confidence interval. Statistical significance of
trends that are statistically distinguishable from zero is ascribed for p-
values < 0.05.

3. Results

Below, we describe the mean thermohaline structure over the two
shelves and quantify changes in heat and freshwater contents over
seasons and interannually. This is followed by assessment of surface heat
fluxes, and finally heat budgets for the two shelves. To assess changes
since the onset of the recent North Pacific marine heat wave (Bond et al.,
2015), the half-decade of 2014-2018 is compared to the period of record
prior to 2014.

3.1. Hydrography: climatology

We begin with temperature and salinity data, constructing a coarsely
gridded seasonal climatology of the vertical profiles (Figs. S1 and S2)
using water mass definitions (Table 2) that apply to both shelves and all
four seasons (Fig. 4). The gridding and averaging operations smooth out
spatial and temporal extremes and numerous small-scale features but
nevertheless capture much of the basic hydrographic structure and its
seasonal evolution, depicted with maps of water mass distributions
(Fig. 5). Examinations of water masses on the Bering and Chukchi
shelves typically take one of two approaches to classification. Either
they follow the standard nomenclature provided by Coachman et al.
(1975) describing Anadyr Water (AnW), Bering Sea Water (BSW) and
Alaskan Coastal Water (ACW), or they develop an alternate classifica-
tion, often necessitated by the large swing in salinities from one year to
the next, that is more closely tuned to a particular dataset compilation or
thermal/haline processes under consideration (e.g. Pisareva et al., 2015;
Gong and Pickart, 2016; Danielson et al., 2017; Lin et al., 2019; Pickart
et al., 2019). In this manuscript we develop a minimal set of classifica-
tions that can be applied across both shelves and in all seasons (but again
the classification resolution lacks ability to distinguish many water mass
sub-classes). We deviate from the Coachman et al. (1975) water mass
designations because for the large shelf regions under consideration and
our multi-season perspective the classifications BSW and ACW do not
describe all water mass residence locations or natal formation regions.
For example, fresh waters of the riverine coastal domain may well be
termed ACW along the Alaskan coast but not in the Gulf of Anadyr. We
distinguish between warm Coastal Water (wCW) and cool Coastal Water
(cCW) because properties in the coastal domain vary greatly over the
course of the year and alternately reflect the impact of runoff, heating,
cooling, melting and freezing processes. Similarly, our warm Shelf Water

Table 2
Water mass definitions (see also Fig. 4 and the color scheme in Fig. 5).
Water Mass Abbreviations ~ Temperature Salinity
Range Range

Anadyr Water AnW 0<T<3 325<S<
33.8

Ice Melt Water & cool IMW cCW -2<T<3 22 <S<

Coastal Water 30.8

cool Shelf Water cSW 0<T<3 308 <S<
325

warm Coastal Water wCW 3<T<14 18<S<
30.8

warm Shelf Water wSW 3<T<14 308 <S<
33.4

Modified Winter Water MWW -1<T<0 308<S<
33.8

Winter Water wWw —2<T< -1 30.8<S<
35

Atlantic Water & Bering AtIW & BBW -1<T<3 34<S<35

Basin Water 3<T<5 33.8<S<

35
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Fig. 4. Seasonal climatology T-S distributions for the Chukchi Shelf (top) and the Bering Shelf (bottom). Water masses shown in Fig. 5 are outlined by black lines and
definitions are given in Table 2. The freezing point curve is marked with a dashed line. Sigma-t contours are labeled in the lower left panel. Abbreviations include
wCW = warm Coastal Water; wSW = warm Shelf Water; IMW = Ice Melt Water; cCW = cool Coastal Water; cSW = cool Shelf Water; AnW = Anadyr Water; WW =

Winter Water; AtIW = Atlantic Water; BBW = Bering Basin Water.

(WwSW) and cool Shelf Water (cSW) designations encompass the BSW
category of Coachman et al. (1975).

Winter months are the most sparsely sampled and many grid cells
lack any profiles at all. For those cells containing data, most show Winter
Water (WW) characteristics with temperatures close to the freezing
point (T < —1 °C), although modestly elevated temperatures (—1.0 °C <
T < 1.0 °C) are found at depth along the outer Bering Shelf and near the
Chukchi Slope, including some waters at the edge of the Arctic basin
below 150 m depth that exhibit contributions of Atlantic Water (AtIW).
The southernmost few grid points in the Bering Sea have the warmest
waters in winter (T > 2.0 °C), suggesting heat entering the Bering Shelf
via advection up Bering Canyon from the North Aleutian Slope Current
(Stabeno et al., 2009) or coming through Unimak Pass (Stabeno et al.,
2002, 2017). Relatively high salinities (>32.5) are observed in or near to
known dense water formation regions, including over much of the
southern Chukchi Sea and near the St. Lawrence Island polynya (Dan-
ielson et al., 2006). In winter, riverine influence (CCW) is detected in
Norton Sound and along the Chukchi Siberian coastline (Fig. 5). We note
that cold and fresh coastal runoff is not readily distinguishable from Ice
Melt Water (IMW) or the cold fresh water of the SCC in summer
(Weingartner et al., 1999) using only temperature and salinity tracers
but isotopic tracers can separate them readily (e.g. Cooper et al., 2005).

Spring data show that cSW is prevalent in the upper portion of the
water column on both shelves due to the combined effects of seasonal
warming and freshening from ice melt. IMW is found at some stations
near coasts, but low salinity ice-melt plumes (e.g. S < 28) are not
generally observed across the middle of either shelf in spring. The latter
point suggests that ice melt (S ~ 7) quickly mixes and is diluted by
mixing with ambient shelf waters, or possibly that interannual vari-
ability in the ice extent combined with the climatology averaging ob-
scures the ice melt signal. We detect little IMW in the Bering Sea in the
climatology, but it is a dominant surface water mass across the northern
and northwestern Chukchi Sea in summer and fall. The Bering Shelf

upper water column at this time of year mostly contains wSW except for
low-salinity wCW of the riverine coastal domains, especially within the
large river-fed embayments: the Gulf of Anadyr, Bristol Bay, Norton
Sound and Kotzebue Sound. Possibly shunted offshore by winds or ba-
thymetry, wCW is also found offshore south of St. Lawrence Island and
relatively far offshore in the northeast Chukchi Sea.

Low temperature waters (<2 °C) of the Bering Sea cold pool extend
from the northwest portion of the eastern Bering Shelf along the mid-
shelf region (e.g. along the 70-m isobath), past the Pribilof Islands,
and into the southern reaches of the southeast Bering Sea in years with
extensive ice cover (Takenouti and Ohtani, 1974). The cold pool region
contains near-bottom waters classified as WW or cSW through all sea-
sons. These temperature-salinity characteristics also occupy the lower
portion of the water column across much of the northern and north-
eastern Chukchi Shelf in summer.

Following the main pathway of nutrient-rich currents feeding the
highly productive portions of the Pacific Arctic, saline (S > 32.5) AnW
can be traced from the upper Bering slope counter-clockwise around the
Gulf of Anadyr, into Chirikov Basin and through Bering Strait (orange
color in Fig. 5). AnW can be found close to the seafloor at many stations
in the western Chukchi Sea in summer and fall months, showing that at
least some of the high-nutrient AnW entering the Pacific Arctic is not
strongly mixed with the lower-salinity shelf and coastal waters in the
energetic Anadyr Strait, Chirikov Basin, and Bering Strait mixing zones.
However, the high level of nutrients characteristic of AnW entering
Bering Strait may not be retained as the AnW crosses the Chukchi Shelf
because nutrient draw-down can occur from the surface to the seafloor
on this shallow shelf. It should be noted that south of the Gulf of Anadyr
the orange color indicates basin/slope dichothermal water (Miura et al.,
2002) having temperature and salinity characteristics close to AnW. In
the future, AnW should be separated from the dichothermal water by
nutrient parameters. The AnW flow pathway has been modeled in many
studies (Kinder et al., 1986; Overland and Roach, 1987; Clement et al.,
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Fig. 5. Perspective view of the water seasonal climatology water mass distribution on the Bering and Chukchi shelves for winter (upper left), spring (upper right),
summer (lower left) and fall (lower right) using data from before 2014. The AtIW water mass is mostly hidden behind the seafloor of the northward-facing Chukchi
slope due to the perspective view. Seafloor topography (gray shading) is shown only for depths shallower than 200 m. Latitude and longitude markings are associated
with the —200 depth level. Abbreviations include wCW = warm Coastal Water; wSW = warm Shelf Water; IMW = Ice Melt Water; cCW = cool Coastal Water; cSW =
cool Shelf Water; AnW = Anadyr Water; WW = Winter Water; AtIW = Atlantic Water; BBW = Bering Basin Water. Note that water mass colors do not correspond to
the colors of the flow field shown in Fig. 1. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

2005; Danielson et al., 2012b, 2014) but direct observations of the
Anadyr Current are few (Coachman and Shigaev, 1992; Overland et al.,
1996). Our climatology supports prior diagnoses of this pathway loca-
tion because the near-bottom waters flowing through Bering Strait have
relatively high summer salinities (S ~ 32.5) (Woodgate, 2018), while
cold pool waters and waters farther east are for the most part consid-
erably fresher (S < 32) (Fig. S2). Hence, the fresher waters of the cold
pool cannot be the source for the high-salinity component of the flow
field entering Bering Strait. Although moorings (Danielson et al., 2006)
and shipboard data (Grebmeier and Cooper, 1995) show the presence of
a mean west-to-east current on the south side of St Lawrence Island,
AnW does not appear in the climatology here, suggesting that eastward
advection of AnW in the St. Lawrence Current is diluted by
westward-flowing low salinity surface waters from the Alaskan coastal
domain (Danielson et al., 2006, 2012a).

The seasonal evolution of the water masses on these shelves (Figs. 4
and 5) reveals a few fundamental differences between the Bering and
Chukchi shelves and their adjoining slope regions. In the summer and
fall, Bering Shelf WW exists in the climatology only as remnants in the

northern portion of the cold pool but can be found in significant quan-
tities year-round in the northern Chukchi Sea. IMW is prevalent in the
Chukchi Sea but nearly absent from the Bering Shelf year-round. High
salinity (>34) basin waters exist at shallower depths along the upper
Chukchi Slope than along the Bering Sea Slope (not shown). Our ex-
amination of the seasonal climatology provides an assessment of typical
water mass characteristics and locations through the year but any in-
dividual year may look considerably different (Coachman et al., 1975).
To better understand temporal variations, we turn to anomalies relative
to this climatology.

3.2. Hydrography: anomalies and trends

Using our long-term climatology as a reference and motivated by our
interest in placing recent conditions into the context of the prior record,
we examine spatial and temporal variations of the water column hy-
drography. Warming is evident throughout the water column of most
grid cells in the 2014-2018 average summer conditions (Fig. 6, left
panel). There is less extensive sampling coverage in spring and fall, but a
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similar warming is also found at most grid cells sampled in these seasons
(not shown). Even in the presence of top-to-bottom warming (Fig. 6), a
few locations depict a mid-depth cool anomaly, reflective of a thermo-
cline shoaled relative to the climatology. We also observe enhanced
warming in the upper water column. Strong wind-induced mixing
generally resets shelf stratification with water column homogenization
to a depth of at 70-100 m in winter (e.g. Kinder and Schumacher, 1981;
Stabeno et al., 1998), although data from recent years suggest that the
maximum depth of winter mixing may be declining (Stabeno and Bell,
2019). Lower water column properties are set annually prior to the
spring onset of ice melt and surface heating that forms the characteristic
two-layer Bering Shelf hydrographic structure, in which the lower water
column is relatively isolated from direct atmospheric exchange
(Coachman, 1986). Together, these observations suggest that the deeper
warm anomalies are in place before summer stratification sets in and
that heat gains through the surface during spring and summer months
subsequently reinforce the surface warm anomaly.

The distribution of salinity anomalies is more complex than for
temperature but they exhibit organized spatial structure (Fig. 6, right
panel). We find a slight freshening (negative salinity anomaly) in the
southernmost portion of the Bering Sea. A positive salinity anomaly
extends from inner Bristol Bay to the outer slope in the band of latitudes
from 57 to 59 °N and then continues to the northwest along the conti-
nental slope. Freshening exists from ~60 °N northward through Bering
Strait and across much of the nearshore Alaskan Chukchi Sea. In
contrast, farther offshore in the northeast, central, and southwest por-
tions of the shelf, near-surface salinities are considerably higher than in
the climatology. Despite somewhat sparse data in any given year, ex-
amination of monthly anomalies suggests that the seasonal mean de-
pictions of Fig. 6 are not artifacts of the gridding or uneven sampling
efforts.

Seasonally aggregated monthly standard anomalies (Fig. 7) and
annually averaged monthly anomalies (Fig. 8) of temperature and
salinity integrated through the water column and across each shelf
reveal that the two shelves do not change in tight temporal synchrony,
despite being advectively linked via Bering Strait. Each shelf forms its
own set of thermohaline balances consistent with its local thermohaline
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inputs, sinks, and property modifications.

The Bering Shelf exhibits a record-length (1966-2018) summer
freshening of —0.13 + 0.13 (Fig. 7), which contrasts with a 1990-2018
0.08 4+ 0.07 decade™! salinization of the Bering Shelf (Fig. 8), a
1991-2015 increase of freshwater transport through Bering Strait (260
+ 170 km? decade’l) (Woodgate, 2018) and a 1991-2015 decline in the
Bering Strait salinity of —0.14 + 0.10 decade™! (Woodgate, 2018).

The Bering Shelf thermal anomaly is dominated by approximately
decadal-scale variability of alternating warm and cold intervals (Sta-
beno et al., 2012). Many of the warm/cold transitions align with qual-
itatively similar decadal scale alternating warm and cold atmospheric
conditions in the Bering Sea (Overland et al., 2012) but a full under-
standing of the causes of transition between the two phases is lacking.
We note that from the 1990s to the present the amplitude of each suc-
cessive warm interval peak has increased (Fig. 8) and that the
2014-2018 warm interval duration of five years has matched the pre-
vious warm phase duration maximum. Continued warm conditions in
2019 suggest that the warm phase will extend at least into a sixth
consecutive year for the first time since the beginning of the Bering Sea
hydrographic profile record.

Both shelves show indications of warming over their record length
but the linear trend is only significant in the Chukchi Sea, where we
compute a 1922-2018 summer season increasing temperature trend of
0.14 + 0.07 °C decade L. This rate increased to 0.43 + 0.35 °C decade
starting in 1990, the first year of the Bering Strait mooring deployment.
Over 1991-2015 the Bering Strait mooring shows a temperature in-
crease of 0.27 + 0.23 °C decade! (Woodgate, 2018). During
2014-2018, each shelf shows anomalies that lie 1-2 standard deviations
higher than the mean, corresponding to shelf-wide monthly average
temperature anomalies of up to 3 °C. Relative to the climatology for the
Chukchi, we find 2014-2018 mean monthly anomalies for spring,
summer and fall of 3.2, 0.5 and 0.7 °C. In the Bering, corresponding
anomalies for these three seasons are 1.3, 1.1 and 1.2 °C. The mean
annual temperature anomaly over 2014-2018 for the two shelves
combined is 1.2 °C. The highest observed 5-year average spring anom-
alies in the Bering Sea occurred in 2014-2018. On an annually aggre-
gated basis, seven of the warmest ten Chukchi Shelf years have occurred

-1.0-0.75-0.5-0.25 0 0.25-0.50.75 1.0
s

Fig. 6. Perspective view showing profiles of summer season temperature anomalies (T’; left) and salinity anomalies (S', right) for 2014-2018 relative to data
collected prior to 2014. Seafloor topography (gray shading) is shown only for depths shallower than 200 m.
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Fig. 7. Seasonally-aggregated monthly normalized temperature and salinity anomaly time series of the vertically integrated gridded profile data for the Chukchi and
Bering shelves. From top to bottom, rows show seasonal aggregations for winter, spring, summer and fall, respectively. Large red dots depict 5-year averages. The
standard deviation (o) for each parameter and season is given in the lower-left corner of each panel. For records longer than 20 years that exhibit significant long-
term linear trends at the 95% confidence level, the regression p-value, slope (b) and record-length change (A) are given. (For interpretation of the references to color

in this figure legend, the reader is referred to the Web version of this article.)

since 2007 (Fig. 8), which at the time was a record-low sea-ice extent
year for the Arctic as a whole (Lindsay et al., 2009). In contrast, the ten
coldest anomalies are fairly evenly distributed between 1922 and 1999.
We note that especially for the Chukchi Shelf, sampling is generally
biased to open water areas.

There exist many more records of SST and SAT than water column
profiles, so for additional context we compare our gridded temperature
profile data to the gridded ERSST (Huang et al., 2017) and GISTEMP
(Lenssen et al., 2019) datasets, averaging over the eastern Bering Sea,
the Chukchi Shelf, the Arctic, and the globe (Fig. 8 and Supplementary
Table S1). Linear trend analysis shows that all four of the integration
regions and time frames have significantly increasing SST and SAT
trends over each of the selected integration intervals. Over 1900-2018,
the SST trend for the Bering, Chukchi, Arctic and globe are 0.10 + 0.0,
0.08 £ 0.02, 0.05 + 0.01, and 0.07 =+ 0.01 °C decade?, respectively.
Over 1990-2018, these four regions exhibit SAT trends of 0.34 + 0.28,
0.35 4 0.14, 0.27 & 0.05, and 0.13 + 0.03 °C decade ", showing that in
recent decades the Pacific Arctic is warming both in the atmosphere and
the ocean more quickly than the globe as a whole.

Water column thermal anomalies are correlated (p < 0.05) with SST
variations for both shelves, with correlation coefficients of r = 0.52 and
0.63, respectively, for the Chukchi and Bering shelves (Fig. 8). A trend
from 1922 to 2018 of an increase of 0.14 + 0.07 °C decade™! for the
summer/fall water column average temperature for the Chukchi Sea
(Fig. 8) is consistent with the 0.11 + 0.02 °C decade ! ERSST trend over
the same period. By comparison, the Bering Sea SST trend is 0.13 + 0.04
°C decade™! over 1922-2018, lending support to the notion that the
Bering Sea heat content is likely increasing significantly but that decadal
scale variability obscures the long-term trend.

Anomalies of data restricted to only July through October (Fig. 9)
bear close resemblance to the annually averaged anomalies shown in
Fig. 8. For the three extremely warm recent years of 2015, 2017 and
2018, the mean July through October temperature anomaly of 1.80 +
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0.19 °C stands 2.26 °C higher than the average anomaly, —0.46 + 0.24
°C, for these months in all sampled years prior to 2000. These three years
are 2.86 °C higher than the average anomaly of the cold 1970s decade
(=1.06 £+ 0.72 °Q).

To summarize, trend analyses show warming of the Chukchi Shelf
over the last 96 years (Figs. 7-9), and the rate of warming has increased
in recent decades. This contrasts with the decadal scale variability
characteristic of the Bering Shelf, which mostly masks a likely long-term
warming trend in water column average temperature over 1966-2018,
although the 1922-2018 Bering Sea SST record does depict a warming
trend. The Pacific Arctic is warming faster than the globe as a whole and
the half-decade of 2014-2018 brought previously unobserved high
temperatures to both shelves that were associated with a significantly
altered sea ice regime and with this, alterations to salinity distributions
(Fig. 6).

3.3. Surface heat fluxes

The shelf temperature anomalies described in Sections 3.1 and 3.2
motivate us to better understand the role of atmospheric heat fluxes in
setting the temperature, salinity and sea ice anomalies described above.

The Bering and Chukchi both function as high-latitude oceanic ra-
diators, but surface heat exchanges are not spatially or temporally uni-
form. For the region shown in Fig. 10a, four oceanographically distinct
zones of heat loss emerge in the annual averages: the central Chukchi
Shelf, the Gulf of Anadyr, the eastern Bering Sea outer shelf and slope,
and the Aleutian Basin (the Bering Sea Basin). Both shelves are oceanic
sources of heat to the atmosphere for six months of the year and oceanic
heat sinks for about four months, gaining heat from the atmosphere in
spring and summer and losing heat to the atmosphere in fall and winter.
April and September are transitional months, with net cooling at higher
latitudes often coincident with net warming at lower latitudes. Hence,
we aggregate months into quarterly and semi-annual seasonal averages.
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Comparing the climatological (1979-2013) surface heat fluxes on a
quarterly basis (Table 3), we note strong seasonality in magnitude and
sign and note that the Bering and Chukchi shelves have statistically
different mean rates of heat exchange with the atmosphere in all sea-
sons. Our primary focus is on the continental shelf regions but the deeper
Aleutian Basin is also important to the regional heat balance so we begin
there. On a per square meter basis, the Aleutian Basin is the North Pacific
sub-region responsible for the greatest oceanic heat loss to the atmo-
sphere during fall and winter months. Factors that contribute to this
characteristic include the deep-water column, low winter air tempera-
tures (Rodionov et al., 2005), energetic wind (Moore and Pickart, 2012)
and tidal (Foreman et al., 2006) mixing, and the Bering Slope Current’s
continual advective supply of warm waters from the south (Johnson
et al., 2004; Ladd, 2014). While ice is regularly advected over the
northern portion of the basin and along the Kamchatka Shelf in winter,
these factors keep the Aleutian Basin mostly ice-free. Open water and
thin ice allow ocean-atmosphere heat exchange to occur much more
readily than from a water column covered with even a few tens of
centimeters of ice (Maykut, 1978; Wettlaufer, 1991; Martin et al., 2004),
so Aleutian Basin waters effectively transfer available heat to the at-
mosphere in winter months. Despite lower air temperatures over the
Chukchi through winter, the Bering Shelf loses more heat to the atmo-
sphere in winter (—94 W m~2) than the Chukchi (—43 W m~2) because of
the Bering’s higher heat content at the start of fall and lower average
winter ice concentrations and thicknesses. Similarly, the Bering Shelf
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gains more heat from the atmosphere in spring and summer, a conse-
quence of higher solar angle and because the Bering maintains a lower
average surface albedo, so a larger fraction of the incoming shortwave
radiation is absorbed.

By differencing the mean surface heat fluxes before and after 2013,
we find that the northern Chukchi Shelf in the last half-decade lost
appreciably more heat to the atmosphere than in years past, and the
Bering Sea lost less heat (Fig. 10b and Table 3). The Chukchi Shelf
increased its net cooling by ~25% (from —14 to —18 W m™~2 on annual
average), while the Bering Shelf remained essentially unchanged (—20
to —18 W m™2) and the Aleutian Basin lost nearly 20% of its net cooling
(—27 to —22 W m~2). The potential of these changes to alter cyclo-
genesis, surface moisture transport, and other important meteorological
processes is unclear but worthy of further investigation. The Chukchi
Shelf and Aleutian Basin mean heat fluxes over 2014-2018 both lie
outside of the 95% confidence interval for the mean of the 1979-2013
annual means. The changes over the two shelves do not balance, sug-
gesting that the system is not just redistributing heat gains and losses
and that net warming, cooling, and/or oceanic advective contributions
must be significant. To the extent that some of the regional ocean-
atmosphere heat exchange was effectively redistributed from the sub-
Arctic Aleutian Basin into the Arctic Chukchi Sea, this represents a
mechanism whose impact in part likely promotes reduced latitudinal
gradients in air temperature.

Differences in the seasonal net surface heat fluxes (Fig. 11 and
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Fig. 9. Annually averaged July through October thermal (top) and haline (bottom) anomalies over the Chukchi (left) and Bering (right) continental shelves. Error bar

whiskers depict 95% confidence limits on the mean for each year’s anomaly.
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Fig. 10. (a) Mean annual surface heat flux for 1979-2013 and (b) the difference between 2014-2018 and the earlier interval, computed as the latter interval minus
the earlier. Note different color bar scaling for the two panels. Edges of the continental shelves (200 m depth) are marked with a black contour. Chukchi Shelf, Bering
Shelf, and Aleutian Basin integration zones discussed in the text are marked in panel (a) with blue, green and red dashed lines, respectively. (For interpretation of the
references to color in this figure legend, the reader is referred to the Web version of this article.)

Table 3) for 2014-2018 relative to the climatology reveal spatial
structures and temporal evolutions not apparent in the annually aver-
aged fields, including large (often > 5 W m~2) and significant changes in
the mean seasonal surface heat exchanges. With the exception of sum-
mer for the Bering Shelf and Aleutian Basin, all three integration regions
had 2014-2018 surface flux means that exceeded the 95% confidence
limits of the 35-year climatological mean.

Over 2014-2018 the fall Chukchi heat loss increased by 30% to
—129 + 15 W m ™2, a consequence of the delayed onset of ice cover and
higher oceanic heat content in the fall. Given typical rates of heat loss for
the ice-free ocean in fall (Table 3), a warming of about 1.3 °C for the
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Bering and Chukchi shelves would require an additional month to cool
the water column to the freezing point. Hence, the Chukchi Shelf now
requires more time to cool to the freezing point because the shelf begins
the cooling season (near the fall equinox) with a higher heat content
(Section 3.2). Furthermore, the southern Bering Shelf shows a positive
heat flux anomaly in the recent years that manifests in fall and winter.
Diagnosis of this signal (not shown here) suggests that it is tied to de-
creases in the sensible and latent heat fluxes, reflecting reconfigured
balances between the air-sea temperature gradient, wind speeds, and the
relative humidity.

In winter, the Chukchi Shelf shows modest yet statistically significant
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Table 3

Mean ERAS5 net surface heat fluxes (W m~2) for seasonal and year-long aver-
aging intervals for 1979-2013 and 2014-2018 over the three integration regions
denoted in Fig. 10. Limits denote 95% confidence limit on the mean for the
respective interval. Positive values denote oceanic heat gain from the atmo-
sphere; negative values are oceanic heat loss. Bold type shows when the
2014-2018 mean value lies outside of the 95% confidence interval for the
1979-2013 mean. Non-overlapping 95% confidence intervals are shown in
italics.

Region Interval Winter Spring Summer Fall Annual
JFM AMJ JAS OND Mean
Chukchi 1979-2013 —43 + 31+3 53+2 —-99 + -14+1
Shelf 1 5
2014-2018 36 + 44 + 49+ 8 -129 —18 +
4 11 +15 4
Bering 1979-2013  -94 + 96 + 3 67 £+ 2 —146 -19+3
Shelf 7 +5
2014-2018  —102 111 + 64 +7 —146 -18+6
+15 7 +11
Aleutian 1979-2013  —-138 95+ 2 77 £2 —144 —27+3
Basin +7 £5
2014-2018 —-116 101 + 79 £ 2 —154 —22 +
+15 6 +16 8

(—43 to —36 W m™~2) reduction of heat loss during 2014-2018 relative to
the 1979-2013 base period. Note that the Aleutian Basin loses much less
heat in winter compared to previous years (—138 to —116 W m™2).
Examination of the individual heat flux terms for this case shows that the
difference is driven primarily by anomalous sensible heat fluxes, with
additional contributions from latent and longwave fluxes.

In spring, both the Bering and Chukchi shelves exhibited strong
positive surface heat flux anomalies during 2014-2018, a consequence
of lower ice concentrations (e.g. Fig. 2) that directly led to lower average
surface albedo and greater oceanic shortwave heat absorption (see also
correlations in Supplementary Tables S2-S5). In the northernmost rea-
ches of the analysis domain (e.g. north of about 72 °N) the spring ice
cover has not changed greatly, nor have the ocean-atmosphere heat
fluxes changed there in the spring season.

Semi-annually aggregated surface heat flux trends over 1979-2018

Winter
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show that the Bering and Chukchi shelves follow contrasting trajectories
through time (Fig. 12). The Chukchi Shelf shows significant trends (p <
0.05) whereby in recent years more heat is gained in the heating season
and more heat lost in the cooling season, and the cooling season stan-
dard anomaly is nearly twice larger in magnitude. These trends provide
additional evidence that the Chukchi Shelf heat engine is accelerating,
consistent with faster rates of transition from winter to summer ice cover
conditions as identified by Danielson et al. (2017). In contrast, the
Bering Shelf does not exhibit a significant trend at either time of year, in
part because different portions of the Bering Shelf exhibit contrasting
responses in surface heat fluxes during times of warm water and low ice,
such as over 2014-2018 (see Fig. 10b).

Cross-correlations between the two shelves’ seasonally averaged
heat fluxes provide insights into drivers and responses. Heating season
anomalies over the Chukchi Sea are correlated (r = 0.49, p = 0.001) with
heating season anomalies in the Bering Sea, reflecting in part the fact
that Pacific Arctic atmospheric pressure systems have typical decorre-
lation length scales of many hundreds or thousands of km. More
importantly, surface flux anomalies of the Chukchi Sea cooling season
are inversely correlated to both Chukchi (r = —0.67, p < 0.001) and
Bering (r = —0.45, p = 0.003) anomalies of the prior heating season,
showing that heat loss follows accumulated heat gain. In contrast,
cooling season surface flux anomalies are not good predictors (p > 0.05)
for the following summer season’s heat flux because the freezing point
provides a nearly invariant lower temperature re-set each winter.

The ERAS reanalysis reports a 2017 October to December heat flux
anomaly for the Chukchi Shelf of about 41 W m~2, or nearly 200 EJ (1
EJ = 10'® J) integrated over three months. For a typical atmospheric
heat capacity of 1 J g! °C’\, this massive heat exchange would be suf-
ficient to warm the entire Arctic troposphere by more than 1 °C. The
Chukchi Shelf occupies only about 3% of the Arctic Ocean area
(Table 1). This scaling shows how, through ice cover mediated feed-
backs of spring heat gain and fall heat loss, the Chukchi Sea delivers an
out-sized contribution to Arctic amplification. The trends of Fig. 12
show increasing frequency of large surface heat losses from the Chukchi
Sea, with five of the most recent eight years exhibiting an annually
averaged anomalous flux of greater than one standard deviation away

Spring

Fig. 11. Seasonal surface heat flux anomalies (W m~?) for 2014-2018 relative to 1979-2013. Edges of the continental shelves (200 m depth) are marked with a

black contour.
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Fig. 12. Seasonally (left) and annually (right) averaged ERA5 surface heat flux anomalies for the Chukchi (top) and Bering (bottom) shelves, computed relative to a
1979-2018 record length baseline. Red bars and trend lines denote the heating spring and summer months (April-September); blue is used for the cooling fall and
winter months (January—-March plus October-December of the same year). Corresponding mean, standard deviations (¢) and linear trend p-values are shown at the
bottom of each panel. Note different axis scales for the annual and seasonal plots. (For interpretation of the references to color in this figure legend, the reader is

referred to the Web version of this article.)

from the mean (1 standard deviation = 4 W m~2=70EJ yr’1 for the
year).

In summary, we find statistically significant trends over the
1979-2018 period of record in the ERAS seasonal surface heat fluxes
over the Chukchi Shelf, whereby spring months are absorbing more
shortwave energy, and with the lack of sea ice and a warmer ocean, fall
and winter months exhibit accelerated heat losses. In contrast, the
Bering Shelf does not show temporal trends in the surface heat fluxes
over the last 40 years, but recent winters have lost anomalously large
amounts of heat and recent spring months have absorbed more heat. The
Aleutian Basin also exhibits large anomalous heat fluxes seasonally, and
in recent years has delivered considerably less heat to the atmosphere
than in years past. Increased heat losses to the atmosphere from the
Chukchi Sea are large enough to contribute appreciably to Arctic
amplification.

3.4. Bering and Chukchi Shelf heat budgets

In this section, we apply estimates of heat content, surface heat flux,
and oceanic heat transport through Bering Strait to form balanced heat
budgets for the Chukchi and Bering shelves. For the spring and fall, data
coverage is fairly sparse so we conservatively estimate heat content
changes by starting with gridded observations from 2014 to 2018 and
then inserting the previously computed climatological hydrography at
grid cells lacking data. Hence, heat content changes for these seasons
represent a lower bound because the computation is biased toward the
climatology at many grid points. We are unable to make reliable esti-
mates for the 2014-2018 winter heat content due to lack of observations
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at this time of year.

A steady state solution is obtained by integrating heat fluxes over the
course of the year (Table 4 and Fig. 13). The annual integration allows us
to neglect ice formation, ice melt, and the work of seasonally changing
oceanic heat content because integration through one climatological (or
2014-2018 mean) calendar year exhibits zero net change in ice cover or
temperature. The surface heat exchanges shown in Fig. 13 come from
the annual time integrations of the ERA5 net surface heat flux shown in
Table 4. The heat flux through Bering Strait is based on Bering Strait
mooring A3, adjusted for instrument depths and dropouts and the mean
transport in Alaskan Coastal Current transport of heat assuming a 15 m
surface mixed layer (Woodgate, 2018).

The steady-state solution (Fig. 13) exhibits characteristics consistent
with the heat content and surface heat flux changes described in Sections
3.1-3.3. Heat loss over the Bering Shelf exceeds that of the Chukchi by
about a factor of two, primarily a consequence of the Bering Shelf’s
greater surface area (Table 1). The Bering Shelf is a large (~900 EJ) sink
for advectively sourced heat in the North Pacific. The Chukchi Sea net
surface heat flux removes from the ocean a sizeable majority (two-thirds
to three-quarters) of the heat transported northward through Bering
Strait.

The analysis residual represents two heat budget contributions that
we cannot separate from one another: oceanic sensible heat fluxed onto
or off of the shelf and the contribution of net sea ice advection - because
import of sea ice to the shelves represents a potential heat sink. Lacking
adequate data about changes in the sea ice flux, if we want to assess
changes in sensible heat flux to the adjoining basin we are forced to
assume that the advection of sea ice onto the shelf has not appreciably
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Table 4
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Seasonal and annual estimates of heat content and surface heat exchanges for the Bering and Chukchi continental shelves, and the northward heat flux through Bering
Strait over 2014-2018, the prior period of record for each dataset, and differences between the two time periods. Annual summaries are given as net values for the
fluxes and means for the heat contents. We were unable to make estimates of the winter heat content for the recent interval so conservatively assume no change.

Winter Spring Summer Fall Annual Mean
Oceanic Heat Content (EJ) Chukchi Shelf 1922-2013 60 130 210 200 180
2014-2018 60 140 260 210 200
Difference 0 10 50 10 20
Bering Shelf 1960-2013 520 920 1200 1200 980
2014-2018 520 1000 1500 1300 1090
Difference 0 120 300 100 110
Winter Spring Summer Fall Annual Net
Bering Strait Heat Advection (EJ) Bering Strait 1990-2013 0 60 220 70 350
2014-2016 0 80 290 100 460
Difference 0 20 70 30 120
Ocean-Atmosphere Heat Exchange (EJ) Chukchi Shelf 1979-2013 —180 130 240 —430 —250
2014-2018 —160 190 220 —570 -310
Difference 20 60 -20 -130 70
Bering Shelf 1979-2013 —670 690 480 —1100 —-560
2014-2018 —730 800 470 —1100 -520
Difference —60 110 -10 0 40
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Fig. 13. Steady-state solution to the heat balance for the Bering-Chukchi Shelf system. Residual terms at the lateral shelf boundaries represent the sum of net basin-
shelf sensible heat exchanges and heat budget contributions from advected sea ice. Orientation is such that the Gulf of Alaska and the Aleutian Basin are located to
the left, the Canada Basin to the right and the atmosphere/ocean interface is at the top. All values reported in EJ.

changed over time. This assumption is assuredly invalid for some years
so the approach has limitations but it is a useful starting point. The
Chukchi Shelf annual heat budget residual is ~100 EJ, suggesting that in
past decades the amount of heat fluxed off the shelf and directed into
melting imported ice comprised about one quarter of the heat input
northward through Bering Strait. Whether the Chukchi Shelf is a source
or sink of ice varies seasonally and interannually (Howell et al., 2016)
and this term is difficult to estimate. Ice can enter the Chukchi Shelf from
Bering Strait (Woodgate and Aagaard, 2005), Long Strait (Weingartner
et al., 1999), across the Chukchi Slope (Hutchings and Rigor, 2012) or
from the Beaufort Shelf (Petty et al., 2016; Weingartner et al., 2017). In
addition to the potentially significant impact of sea ice advection on the
Chukchi heat budget, warm waters exiting Barrow Canyon (Itoh et al.,
2015) may at times be carried back onto the Chukchi Shelf in summer
and fall months, examples of which are shown with satellite tracked
drifter observations by Danielson et al. (2017). Heat sourced farther
offshore in the Beaufort Gyre may also be carried onto the NE Chukchi
Shelf. Over the Bering Shelf, the typical ice volume near winter’s end is
~1.3x 102 m® (Zhang et al., 2010), representing 400 EJ of extracted
heat, or two-thirds of the Bering heat loss from summer to winter. If only
10% of the Bering ice is advected northward through Bering Strait, its
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latent heat of fusion would represent a 40 EJ heat sink in the Chukchi
Shelf, a relatively minor term in this shelf’s heat budget, but a large
fraction of the annual residual. The net export of ice through Bering
Strait is estimated at ~100 km?> yr*l (Woodgate and Aagaard, 2005); we
lack any good estimate of the ice transport through the other
boundaries.

Relative to the earlier time interval, during 2014-2018 the Bering
Strait northward heat flux increased by 30% (110 EJ), the Chukchi Shelf
net (outgoing) surface heat flux increased by 25% (60 EJ) and the net
heat flux residual increased by 50% (50 EJ). Simultaneously, the Bering
Shelf surface heat loss diminished by 7% (40 EJ) and the advective
contribution to the Bering Shelf increased (70 EJ). This advective in-
crease represents two-thirds of the observed increase in the northward
Bering Strait oceanic heat flux. Hence, the heat budget shows that the
remaining 1/3 of the Bering Strait heat flux increase over 2014-2018
derives from the net decrease in the Bering Shelf surface heat exchange.

We note that the 110 EJ yr™! increase of the Bering Strait heat flux
during 2014-2018 is a likely lower bound for this value because the
mooring record used here misses 2017 and 2018, two of the warmest
years on each shelf. Using the relation Q = C,*AT*V*p*dt for typical
annual average values of heat capacity (C, = 4000 J kg °cl), density
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(p = 1025 kg m~>) Bering Strait transport (V = 1 Sv), and from Fig. 8 the
average annual temperature anomaly (AT = 1.2 °C) for the two shelves
over 2014-2018, we estimate a more probable Chukchi throughput in-
crease of 150 EJ for an annual mean of 500 EJ. The impact on the annual
heat budget would be an increase in the 2014-2018 Bering Shelf and
Chukchi Shelf residuals to 1020 EJ yr—* and 190 EJ yr?, respectively.
This estimate could grow further if the Bering Strait throughflow during
these years continues its increasing trend (Woodgate, 2018).

The steady state approach obscures numerous potentially important
factors so we turn to a seasonally explicit solution (Fig. 14). In this
analysis, we separately balance the heating season and cooling season,
maintaining continuity for each season at Bering Strait. Because the
seasonal heat content changes (from spring to fall and then fall to spring)
are approximately equal and opposite, any change in the seasonal
amplitude of shelf temperatures triggers a commensurate adjustment in
the residual terms. The heat balance shows that during the cooling
season the warm ocean acts as a heat source, buffering the advective
supply of heat and surface heat losses. In the heating season, the large
heat capacities of these expansive shelves act as heat sinks. The
2014-2018 data do not show a significant change in the spring-to-fall
temperature amplitude for either shelf relative to the climatology,
showing that changes in heat throughput dominate over changes in heat
content. This balance also shows that oceanic and atmospheric contri-
butions to the Chukchi Shelf heat content in the heating season are
similar in magnitude, but dominated by the atmospheric contribution,
and that the oceanic input over 2014-2018 increased twice as fast as the
atmospheric increase.

The Bering Shelf balance suggests that the increased northward heat
flux through Bering Strait comes from both increase in heat gain through
the ocean surface during the heating season and increase of heat sup-
plied via advection during the cooling season. In addition to radiating
advectively sourced heat, the Bering Shelf supplies a significant amount
of heat (~600 EJ) back into the Aleutian basin during the heating
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season. For a 100 m winter mixed layer and the whole of the Aleutian
Basin (~2 x 10° km?), 30 EJ - the increase of Bering Shelf heat export to
the basin — represents a potentially significant 0.30 °C decade ! Aleutian
Basin upper water column warming. While removed from the Bering
Shelf at least in the short term, this heat may have another opportunity
to influence the Bering Shelf heat budget if it is eventually advected back
onto the eastern Bering Sea shelf. In contrast, oceanic heat delivered to
the Arctic through Bering Strait is lost subsequently from the Bering Sea
system for many centuries.

The seasonal heat balance findings suggest that the heating season
advective heat loss from the Chukchi Shelf increased by 120 EJ relative
to the prior climatology. This value, more than twice the magnitude of
the steady state balance increase (50 EJ), is dependent upon the
magnitude of the spring-to-fall change in heat content and the influence
of summer ice advection onto the Chukchi Shelf from elsewhere.
Nonetheless, both heat balances describe a Chukchi Sea advective
throughput that has increased appreciably. Note that Timmermans et al.
(2018) document a 2014-2017 increase of heat content in the Beaufort
Gyre thermocline of ~150 EJ relative to observations made over
1987-2002.

A cross-correlation analysis of the time series assembled above can
provide insight into the relations between the heat fluxes, shelf tem-
peratures and salinities, and the Bering Strait mooring data. Correlation
matrices (Supplemental Tables 2-5) show the tightly interlinked nature
of the various variables and the manner in which these relations evolve
with the passing seasons and their adjusting heat budget balances. For
example, the Chukchi ice concentration most closely co-varies with the
latent heat flux in winter, the net surface heat flux in spring, and the air
temperature and latent fluxes nearly equally in fall. The correlation
between Chukchi latent heat flux and the ice concentration anomaly has
a very high coefficient of regression in fall (> = 0.71, p < 0.01) and
winter (r2 =0.79, p < 0.01). The winter Bering ice concentration is most
strongly correlated with the inverse of air temperature and shortwave

Bering
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Chukchi Shelf

Bering

70

Chukchi Shelf

Fig. 14. Semi-annual solution of the Bering-Chukchi Shelf heat budget for the two integration intervals. Light and dark arrows denote heating and cooling season
fluxes, respectively. Values in the central white boxes show the seasonal change in oceanic heat content across the heating and cooling seasons (from spring to fall
and vice-versa). Figure orientation is such that the Gulf of Alaska and the Aleutian Basin are located to the left, the Canada Basin is to the right, and the atmosphere/

ocean interface is at the top. All values reported in EJ.
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radiation fluctuations. The Bering Sea spring ice concentration is posi-
tively correlated with the Bering Strait mooring salinity, showing that
years with high ice concentrations exhibit higher salt flux to the Chukchi
Sea, presumably due to enhanced brine production. The Chukchi ice
concentration is negatively correlated with the Bering Strait heat flux.

Low ice anomalies in the Chukchi Sea appear to generate southerly
wind anomalies (wind blowing anomalously from the south to the north)
that could potentially advect ice and/or oceanic heat northward in a
positive feedback relation (Tachibana et al., 2019). Thus, we examine
regional wind field anomalies for 2014-2018 and correlations between
monthly wind anomalies and our other variables of interest (Supple-
mental Tables 2-5). For the Chukchi Sea, we find that the 2014-2018
anomalous heat fluxes of winter were associated with southerly wind
anomalies (Fig. 15). The net Chukchi Sea surface heat flux variations are
significantly correlated (r> = 0.45, p < 0.01) with the meridional wind
component in winter and weakly, but still significantly correlated, in fall
= 0.08, p < 0.05). The surface heat flux versus meridional wind
relation in the Bering Sea is significant in both fall (r? = 0.42, p < 0.05)
and winter (2 = 0.33, p < 0.05). Furthermore, the correlation analysis
shows that southerly wind anomalies are significantly correlated to
northward flow anomalies in Bering Strait. These findings are all
consistent with the hypothesis proposed by Tachibana et al. (2019);
namely, that low sea ice concentrations and excess ocean-to-atmosphere
heat fluxes in the Pacific Arctic are associated with wind anomalies that
also help promote reduced ice cover. Stabeno and Bell (2019) identify
southerly winds in conjunction with the positive air temperature
anomalies advected by these winds as key factors in driving the low ice
concentrations of recent years.

In this section, we documented altered heat exchanges between these
shelves, the overlying atmosphere, and the adjacent basins over
2014-2018 relative to the prior 35-year climatology. We found that the
Chukchi Shelf heat engine significantly accelerated over this time, with
larger heat gains in spring, larger heat content in summer in fall, and
greater heat throughput to the high Arctic (110-150 EJ yr™!). Anoma-
lously high heat content of the shelves entering fall results in high
oceanic heat loss to the atmosphere in fall and winter, triggering
southerly wind anomalies that in turn advect warm air northward and
drive water and sea ice northward.

Spring_
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4. Summary and discussion

Our results provide evidence for recent acceleration of the Pacific
Arctic heat engine and show that the ocean plays multiple roles in the
ocean-ice-atmosphere feedback loop, which are depicted schematically
in Fig. 16. Relative to prior decades, the 2014-2018 heat balance is one
in which the shelves absorbed more heat in the spring because of low ice
concentrations and lost more heat in the fall because they begin the fall
warmer and thus must lose more heat in order to reach the freezing
point. Chukchi Sea surface heat fluxes trigger southerly wind anomalies
that in turn promote northward advection of ice, water, and warm air,
all of which lead to further reductions in winter and spring ice cover. The
year-round shelf heat content has increased and the advective
throughput of heat has increased. These changes are all consistent with
recent observations of low ice concentrations, warm North Pacific and
Pacific Arctic waters, and unusual winter storms in the northern Bering
Sea. Some of these process changes were anticipated recently but have
been obscured in the noise of interannual variability (see Stroeve et al.
(2012) for a detailed discussion). The changes documented here help
explain why the rate of warming in the Pacific Arctic has increased in
recent decades, and why the Arctic is warming faster than the globe on
average.

We think that some of the haline anomalies of Fig. 6, both fresh and
salty, are mechanistically linked to an altered sea-ice regime, although
some of the freshening is also likely due in part to the long-term decline
of salinity recorded by the Bering Strait moorings (Woodgate, 2018). In
the past, advection from the north carried ice southward across the
Bering Sea shelf each winter and its subsequent melt at the edge of the
ice pack represented a significant freshwater contribution to the shelf in
water depths greater than about 70 m and especially between latitudes
56-60 °N (Zhang et al., 2010). We suggest that in recent years, the
diminished southward advection effectively removed this freshwater
input, resulting in the positive salinity anomalies seen near 57-59 °N.
We find a typical water-column salinization of ~0.4 on the mid-shelf
here (in ~70 m of water), which represents a freshwater deficit of
~0.9 m and appears reasonable relative to the expected accumulation of
~1.5 m of ice melt in a three-month winter season predicted by Zhang
et al. (2010). In the northern Bering Sea and possibly the Chukchi Sea,
we speculate that compounding factors likely account for the observed
freshening: reduced brine production due to reduced sea-ice growth and
extent (Fig. 2), and sea-ice melt along the leading (southern) ice edge
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Fig. 15. Differences of seasonally averaged ERA5 wind vector components U (top row) and V (2014-2018 minus 1979-2013), units of m s-1. Note the fall and winter

wind V anomalies over the Bering and Chukchi seas.
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Fig. 16. The ocean-ice-atmosphere feedback loop for the Pacific Arctic’s role in contributing to the Arctic amplification of air and ocean temperatures. The
approximate seasonal sequence of events is shown with the inner loop (black). Physical consequences of the altered heat balances (black) include both local and
remote impacts. The feedback loop promotes cascading effects on the regional physical system; not depicted here are equally important consequences for the
ecosystem, for biogeochemical cycles, and for climate teleconnections that may influence weather far from the Pacific Arctic.

occurring farther north than in years past (in association with a
northward-displaced freezing isotherm). Farther north, the positive
salinity anomaly found near the surface in the northeast Chukchi Sea
may result from at least two sources. Thinner arctic sea ice (e.g. Kwok
and Rothrock, 2009; Zhang et al., 2018) would contribute less fresh
water upon melting in summer. A positive saline anomaly could also
develop in the ice edge plume region if the relative orientation between
the winds and the ice edge is altered to promote northward ice advec-
tion. Lu et al. (2020) finds that winds from the southwest, south or east
should trigger positive salinity anomalies in the meltwater plumes
associated with the Chukchi marginal ice zone, so a salinization of the
meltwater plume is consistent with observations of enhanced polar
easterlies (e.g. Pickart et al., 2013). Further diagnosis of the sea-ice
regime in relation to the shelf salinity field is clearly warranted.
Warming permafrost, outflow timing, and other hydrological
changes are impacting Yukon River discharges into the Bering Sea and
increasing winter season discharge rates, but annual discharge trends
have not been well established for this river (Brabets and Walvoord,
2009). Since 2000, the Yukon has discharged on average 209 km® yr!:
an increase of 3 km® yr~!, or 1.5% above the period of record mean
(Holmes et al., 2018). On the other hand, temperate glaciers around the
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northern and eastern rim of the Gulf of Alaska are rapidly losing 57 + 11
km® yr*1 of volume (Hill et al., 2015), a rate maintained since at least
the early part of this century (Jacob et al., 2012; Hill et al., 2015).
Long-term declines in salinity have been identified in the coastal Gulf of
Alaska (Royer and Grosch, 2006) and oceanic realms of the North Pacific
(Freeland, 2013). The magnitude of net glacier melt represents more
than a quarter of the annual Yukon River outflow and more than 15% of
all river systems that discharge onto the eastern Bering Sea shelf
(Aagaard et al., 2006). Might the glacier melt in the Gulf of Alaska be
partially responsible for the 2000 to present freshening observed in
Bering Strait (Woodgate, 2018) and over the shelf?

We can estimate the Gulf of Alaska glaciers’ potential contribution to
declining Bering Shelf salinity since 2000 with the relation Sgr =
(Ss*Vs)/(Vs + Vg), where Sgr is the shelf salinity under the influence of
glacial freshening, Sg and Vs are the unfreshened shelf salinity and shelf
volume, and Vg is the volume of glacial melt. Given the volume of the
Bering Shelf (Table 1) and a typical shelf salinity of ~32, if only one-
quarter of the Gulf of Alaska net glacial ablation were to enter the
Bering Sea shelf via Unimak pass, we can account for a shelf-wide
freshening of 0.015 + 0.003 yr~! (or about five times greater than the
amount of freshening that the Yukon River appears to be contributing).
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We conclude that the freshening signal observed in Bering Strait is at
least consistent with a terrestrial discharge source from Gulf of Alaska
glacial ablation.

Altered latitudinal atmospheric temperature gradients and the
changing Arctic ice cover may play a role in triggering baroclinic per-
turbations to the atmospheric polar vortex, and with it, alterations to
mid-latitude weather (Serreze and Francis, 2006; Francis and Vavrus,
2012). While a complete understanding and description of mid-to-high
latitude ocean-atmosphere-climate-weather linkages is still needed,
the concept is supported by theoretical considerations and evidence
derived from observations, reanalysis hindcast models, and idealized
process-oriented models (e.g. Holland and Bitz, 2003; Johannessen
et al., 2004; Taylor et al., 2018). Very likely, when these linkages are
fully resolved, our understanding will hinge on the roles played by sea
ice, heat content, and heat fluxes within and between both the ocean and
the atmosphere.

Tachibana et al. (2019) propose that the very presence of severely
reduced ice cover over the Chukchi Shelf triggers a flow of warm
southerly wind over the Bering Sea, a reinforcing feedback mechanism.
Their focus was on winter, but our analysis suggests that this component
of the feedback loop may be just as important in fall when the surface
heat flux anomalies are the largest over the Chukchi Sea. Such feedbacks
may be particularly difficult to disrupt once strongly established. As the
fall warm ocean conditions become more common in a warmer world,
we speculate that such winds could provide a potentially important
control on the phase of polar vortex meanders (Serreze and Francis,
2006; Francis and Vavrus, 2012). If so, then improved understanding of
this mechanism could lead to better predictability of atmospheric
weather systems beyond the Pacific Arctic.

Only time will tell if these recent conditions represent a “new
normal” as the data record shows that decadal scale variability exerts a
fundamental influence. Our results suggest that to return to the pre-2014
heat balances, the cycle of low spring ice concentrations and associated
low albedos must be interrupted. The heat balance suggests that such an
interruption could result from advection of cooler waters onto the
Bering Sea Shelf and/or winters having particularly strong and cold
northerly winds. We have not determined exactly how the system
entered the present state; it may have been a combination of both
oceanic advection of warm waters and anomalously large surface heat
fluxes.

There are physical limits to how much additional solar radiation the
ocean can absorb as ice diminishes: the maximum addition available is
the difference between that absorbed under current ice conditions and
that reflected. As the system approaches the limit, the incoming short-
wave radiation influence on the rate of change now observed in the
Pacific Arctic will slow. However, continued atmospheric warming will
continue to impact the oceanic heat content, latent, longwave, and
sensible surface heat fluxes, and the regional heat balances. Thoman
et al. (2020) find that the anomalously sparse winter sea ice conditions
of 2018 will likely become the norm by the 2040s, suggesting that the
2014-2018 conditions will become increasingly common and eventually
expected in any given year.
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Abstract: Indigenous communities on the Pribilof Islands have longstanding cultural and economic
ties to their marine ecosystem and, in particular, to laaqudan (in Unangam Tunuu) or northern
fur seals (NFS; Callorhinus ursinus). Indigenous and Local Knowledge holders from the Pribilof
Islands have long expressed concerns about declines in NFS abundance, and research increasingly
suggests that nutritional limitation is a key factor in the decline. Using a co-production of knowledge
approach, we explore perceptions of NFS ecology and commercial fishery interactions in the Pribilof
Islands Marine Ecosystem (PRIME). We synthesize results from community surveys and analyses of
commercial pollock (Gadus chalcogrammus) fishery catch data from 2004-2018 relative to documented
NFS foraging areas. Community survey results highlighted ecosystem changes and nutritional
limitation as primary drivers of recent declines in Pribilof Islands NFS. Consistent with these results,
pollock catch data indicate there are concentrated areas of pollock harvest over time near the Pribilof
Islands where female NFS forage. These results reinforce the value of considering Indigenous and
Local Knowledge and western science together to better understand ecosystem interactions. Our
findings also support the consideration of Indigenous and Local Knowledge-based approaches in
combination with spatiotemporal management to mitigate NFS nutritional limitation and Pribilof
Islands NFS declines.

Keywords: knowledge systems; Indigenous Knowledge; Local Knowledge; northern fur seals;
Pribilof Islands; pollock commercial fishery

1. Introduction
1.1. The Pribilof Islands Marine Ecosystem (PRIME)

Coastal areas in the Bering Sea are home to more than 70 Alaska Native communities of
the Ifiupiat, Central Yup’ik, Cup’ik, St. Lawrence Island Yupik, and Unangan Peoples [1,2],
diverse fish, seabird and marine mammal populations [3], as well as some of the world’s
largest commercial fisheries [4]. The region surrounding the Pribilof Islands includes a
unique hydrographic domain that is oceanographically distinct from the surrounding
Bering Sea shelf waters and is key to the overall structure and function of the broader
Bering Sea marine ecosystem [5-7]. Primary production associated with the bathymetry and
oceanographic fronts around the Pribilof Islands provides enhanced feeding opportunities
for higher trophic level species that support traditional activities such as hunting and
harvesting [7-10]. In this study, we define this productive region as the “Pribilof Islands
Marine Ecosystem (PRIME)”. The minimum extent of the PRIME is an area encompassing
100 nautical miles (nm; ~185 km) around the islands. This boundary is based on Indigenous
Knowledge (IK-held exclusively by Indigenous Peoples; see Section 2.2), Local Knowledge
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(LK-held by Indigenous and/or non-Indigenous individuals; see Section 2.2), physical
oceanography, and ecosystem modeling [6-9,11-13] (Figure 1).

17500 170°W 16500

| Vvt &5 _
175°W 170°W 165°W

Figure 1. Map showing northern fur seal (NFS) outermost boundary of all meta-home ranges (MHRs)
as defined by Robson et al. (2004) around St. George and St. Paul Islands, Alaska (black dashed
polygon), and the 0-50 nm and 50-100 nm subzones of the Pribilof Islands Marine Ecosystem (PRIME,
black solid polygons). The Pribilof Islands Habitat Conservation Zone (PIHCZ) is shown as a solid

white line.
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The eastern Bering Sea (EBS), including the PRIME, is experiencing biotic and abiotic
changes at unprecedented rates. IK and LK holders from the Pribilof Islands have described
changes in terms of extremes: warmer summers, reduced sea ice extent, longer and colder
winters, stronger storms in winter, major declines in NFS, and changes in the distribution
of fish species [12,13]. Winter sea ice extent in the Bering Sea in 2018 and 2019 was at
the lowest levels on record, and the region exhibited warming trends not predicted to
occur by regional climate models for another 10-15 years [14]. These exceptional warming
conditions are impacting species at all trophic levels and are occurring at an order of
magnitude capable of reorganizing ecosystems [6,15,16].

While climate change has been directly linked to changes in distribution, abundance,
and body condition of some fish species, seabirds, and marine mammals [16-20], these
linkages are not as well-established for NFS, a cultural keystone species for Pribilof Islands
Unangan [21]. The Eastern Pacific stock of NFS is declining [22], and the current breeding
population is estimated to be roughly one quarter of the historic maximum [22,23]. Ongoing
NFS declines in the Pribilof Islands have significantly impacted the communities on St.
Paul and St. George, which remain inextricably connected with marine resources as a
cornerstone of UnangaX culture, economy, and subsistence ways of life.

The EBS (which encompasses the PRIME) supports large- and small-scale commercial
fisheries and small-scale subsistence fisheries. In addition to flatfish, crab, and Pacific cod
(Gadus macrocephalus) fisheries, the EBS is home to the walleye pollock (Gadus chalcogram-
mus) fishery, the largest trawl fishery in the world. The pollock fishery has an expansive
footprint in the EBS, and pollock first wholesale value (first sale after initial processing)
averaged $1.34 billion annually from 2015-2018 [24]. From 2004-2018, an estimated total of
18.8 million tons (t) of pollock were harvested in the EBS (annual average 1.25 million t) [24].
The annual pollock fishery is divided into two seasons: the A-season, running from 20 Jan-
uary into April; and the B-season, running 10 June to 1 November. B-season harvests, which
coincide with the NFS breeding season on the Pribilof Islands, account for approximately
55% of total annual pollock harvests [24].

In this study, we use a co-production of knowledge (CPK) approach to provide a more
integrated understanding of factors contributing to the NFS decline over time, potential di-
rect and indirect stressors to NFS and Pribilof Islands communities, and impacts on broader
ecosystem function and health. Specifically, we consider: (1) survey results from Pribilof
Islands community members; and (2) spatial analyses of pollock fishery data in the context
of NFS foraging areas defined by Robson et al. (2004) and PRIME boundaries [6-9,11-13].
The combination of methodologies provides context for observed trends and patterns
by evaluating multiple ways of knowing (IK, LK, western scientific data) to investigate
complex ecosystem-level concerns in the EBS.

1.2. Pribilof Islands Communities and Laaqudan (Northern Fur Seals)

Historically, the Pribilof Islands were not inhabited but were used by Unangan as
marine mammal and seabird hunting grounds [21]. In 1787, 137 UnangaX hunters were
forcibly removed from their permanent villages in the Aleutian Islands and relocated to the
Pribilof Islands to harvest NFS pelts as a source of income for the Russian government [21].
The U.S. purchased Alaska from Russia in 1867, and the federal government continued
operating the commercial NFS harvest, relying on UnangaX laborers, until commercial
activities ceased in 1974 on St. George and in 1984 on St. Paul [25].

The present-day communities of St. Paul and St. George remain reliant on NFS for
food, crafts, and as a central element of cultural and community health and wellbeing.
Traditional hunting (with a firearm) and harvesting (without a firearm) are conducted
pursuant to formal co-management agreements between the National Marine Fisheries
Service (NMFS) and the Tribal Government of St. Paul [26] and the Traditional Council of St.
George Island [27], respectively. The Ecosystem Conservation Office (ECO) on each island
organizes and manages hunting and harvesting activities and works with community
volunteers and experienced sealers to support traditional activities related to NFS. The



J. Mar. Sci. Eng. 2022, 10, 467

4 of 28

Tribal co-managers also conduct NFS research in collaboration with federal, state, and
academic scientists.

The Eastern Pacific stock of NFS once numbered more than 2 million animals [28,29].
Commercial harvests of NFS during the 18th to 20th centuries, including directed culling
of females, contributed to long-term fluctuations in the abundance of the Pribilof Islands
segment of the NFS population [29-32]. After a brief period of stability and recovery from
the early 1980s to the mid-1990s, the population entered a new period of decline that
continues today and remains largely unexplained and unmitigated by current management
measures [23,33]. The stock was listed as depleted under the Marine Mammal Protection
Act (MMPA) in 1988 after declining to less than 50% of historic population levels [28,29].

The portion of the Eastern Pacific stock breeding on the Pribilof Islands is currently
estimated to be approximately 458,500 animals [22,23]. In recent decades, declines in pup
production have continued on St. Paul Island, but no significant trend has been observed
across St. George rookeries since approximately 2002 [22]. The designation as depleted
required development and implementation of a conservation plan. That plan was originally
created in 1993 and last updated in 2007; it has thus far failed to halt and reverse the
decline of the population. The only relevant conservation measure currently in place
within the PRIME is the Pribilof Islands Habitat Conservation Zone (PIHCZ; Figure 1);
it was established in 1995 to the north and east of the Pribilof Islands to protect areas
that are biologically important to certain crab stocks and, as a secondary objective, to
reduce potential fishery interference with seabird and marine mammal populations [34].
The PIHCZ has not been formally evaluated since its implementation to determine if any
conservation benefits have been realized.

During the winter months, adult NFS are generally pelagic and spend as much as
80% of their time at sea [35]. During the summer breeding season, NFS are central place
foragers [36,37]. Females give birth to a single pup at terrestrial breeding rookeries (the
central place), typically in July and August, and then undertake foraging trips at sea,
interspersed with regular visits to the central breeding site on land to nurse their dependent
offspring [38—44]. This central place foraging behavior continues from July to November
annually, at which time most NFS begin overwintering migrations to the broader North
Pacific [39].

NFS satellite tracking and diet studies conducted on the Pribilof Islands suggest that
“rookery complexes” associated with distinct at-sea foraging areas exist on the western
and eastern coasts of St. Paul Island, and to a lesser extent on the northern and southern
coasts of St. George Island [38,40,41,44]. Zeppelin and Ream (2006) used a primary prey
frequency of occurrence analysis to summarize scat samples of NFS across rookeries from
1987-2000 and found that NFS diets were dominated by walleye pollock at all rookery
complexes. Pollock accounted for 68-74% of NFS diets at rookeries along the western side
of St. Paul Island. Conversely, southern St. George rookeries were relatively less reliant on
pollock, which constituted 43-48% of NFS diets [40,45]. Although juvenile pollock (age 0-2)
was the most common prey item, adult pollock (e.g., age 3-5+) were also found in both
NFEFS scat and spew (regurgitation) samples at all locations [40]. Gudmundson et al. (2006)
also found that larger (i.e., older) pollock and gonatid squid are relatively more common in
spew versus scat samples, indicating that sample-type is an important consideration when
evaluating the species and size composition of NFS diets.

2. Materials and Methods
2.1. Co-Production of Knowledge Approach

In the development and execution of this research, the authors were guided by princi-
ples of co-production of knowledge (CPK). While a full description of the ways in which
we sought “true partnership and equity, to enhance, learn, and create new understand-
ings” [46] is beyond the scope of this article, some explanation is warranted. Initially,
the research that led to this manuscript was borne out of a series of conversations and
collaborations through which the authors and others in their organizations and community
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identified common concerns and a desire to better understand them. Published litera-
ture [12,13], known community needs, and an evaluation of available skills and capacities
led to a narrowed focus on spatial analyses as understood by quantitative description
and community knowledge understood by qualitative description. From that point, the
methodology was co-developed, and the research completed.

The process was not seamless, and there were many difficult conversations and
misunderstandings. It was not always apparent whether the quantitative analysis or
community dialogue might be overly directive; nor was it a straightforward process to
identify ways to interrelate the analyses. Even once a methodology was defined, the
words used to describe both the project and the collaboration were not always easy to find.
Several other authors have proffered descriptions or definitions of the term “co-production
of knowledge” and the ways in which it can be pursued [46-51]. We do not offer an opinion
about whether this project “counts” as defined in those or other documents and echo the
sentiment that “it is far more important to do co-production than it is to talk about it or
label things as it” [46].

2.2. Knowledge Systems

For purposes of this project, we define IK as,

A body or system of knowledge that any Indigenous person has. This is in contrast
to Traditional Knowledge which is specialized knowledge, with a strong connection to
heritage, on a topic or topics. Indigenous Knowledge is a broader term, which encompasses
Traditional Knowledge as well as other forms of knowledge. All Indigenous Peoples have
Indigenous Knowledge, but only some of them have Traditional Knowledge [52,53].

We define LK as,

The knowledge of Indigenous or non-Indigenous individuals obtained through experiential
engagement with a place. LK may encompass language, systems of classification, resource
use practices, social interactions, ritual, and spirituality [54].

Pribilof Islands community members represent a unique coalescence of different
knowledge systems (IK, LK and western science). Ways of knowing in the Pribilof Islands
are interconnected, based on community members’ interactions with one another and with
western science and information. This diversity and these linkages in knowledge systems
in the Pribilof Islands lend themselves to layered and meaningful analyses of community
knowledge and experience.

2.3. Community Surveys

All community members of St. Paul and St. George were invited to complete a
15-question survey (Supplementary Materials Survey S1) via a Google form during July
to October 2020. Respondents who did not have access to the online survey were invited
to participate over the phone so that their answers could be transcribed into the Google
form by the project team and incorporated into the study. Prior to dissemination to the
communities, questions were reviewed and approved by a board of St. Paul Tribal members.
The sampling method was non-random [55] and targeted all residents on both islands. All
participants reviewed a consent form that included the background, goals, objectives, and
risks of the study before completing the survey; each participant provided free, informed,
and prior consent before completing the survey form, consistent with the ethical standards
of human subjects research.

Basic demographic data were collected for each respondent. For instance, a respondent
had the option to identify Residency Status (i.e., a community member currently living
on St. Paul, “St. Paul Resident”, versus a community member currently living off island,
“St. Paul Non-Resident”), Tribal Affiliation, Age, Gender. “Non-Resident” individuals
currently live off-island but historically resided on-island and spent the majority of their
lives living on-island. Tribal Affiliation denotes community members currently identified
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as Tribal Members (not all community members are directly affiliated with the Island’s
Tribe). Results from the demographic data are summarized in Appendix A Table A1.

In addition to collecting basic demographic information, survey questions were fo-
cused around three primary themes: (1) perceived reasons for NFS declines; (2) personal
and community impacts as a result of NFS declines; and (3) the relative importance of the
0-100 nm zone around the islands (defined as the PRIME). Survey question formats in-
cluded Likert scales, multiple choice, and open-ended questions [56-58]. Survey responses
were compiled and uploaded into Atlas.ti (Atlas.ti Scientific Software Development GmbH,
Berlin, Germany). Survey data were inductively coded in Atlas.ti using a grounded theory
approach to understand participant perceptions [59,60]. Grounded theory techniques are
used to develop codes (Table A2), which can be grouped based on inter-relationships and
organized into broader themes [59,61]. Code frequency and co-occurrence were analyzed
to identify code and theme commonalities across community respondents. Likert scale
responses were evaluated for statistical differences in distribution between demographic
groups (e.g., age, sex, residency status) using a non-parametric rank-based Kruskal-Wallis
test [62,63]. Due to the complex and integrated nature of the knowledge systems consid-
ered in this research (IK, LK), the authors did not attempt to identify the specific type of
knowledge associated with each respondent based on demographic information.

2.4. Spatial Extent of the PRIME Relative to NFS Foraging Dynamics

The minimum extent of the PRIME is defined as an area extending 100 nm (107,754 km?)
from a point located at approximately the center of the Pribilof Islands (57° N,
170° W) [6-9,11]. We subdivided the PRIME into a 0-50 nm sub-region (26,938.4 km?)
that is broadly representative of the hydrographically defined Pribilof Domain [7] and a
surrounding 50-100 nm sub-region (80,815.6 km?) that supports the additional energetic
requirements of central place foraging species such as NFS and seabirds that breed on the
Pribilof Islands [11]. Within the larger 0-100 nm area, the Pribilof Domain [7], approximated
by the 0-50 nm sub-region of the PRIME, is uniquely characterized by the clockwise flow
of currents around the Pribilof Islands, heightened primary and secondary productivity,
and increased advection and mixing of the water column [5,7,11]. The 0-100 nm spatial
extent of the PRIME also coincides with the median foraging trip distance of lactating
female NFS [11,38,64] and was proposed by Ciannelli et al. (2004) as the minimum extent
of the PRIME based on ecosystem energetics. The maximum extent of the PRIME may be
indicated by the full extent of female NFS foraging distance (Figure 1).

We additionally subdivided the PRIME into at-sea foraging areas associated with
distinct breeding populations. Robson et al. (2004) used satellite telemetry to examine
spatial segregation of foraging habitats among lactating female NFS during the 1995 and
1996 breeding seasons. A 95% fixed kernel home-range model [65] was used to calculate a
Meta-Home Range (MHR) area as a spatial measure of habitat use among NFS from each
breeding area, in which there is more overlap among members of each MHR than among
members of different MHRs (Figure A1). Foraging areas associated with rookery complexes
and islands have remained relatively consistent over time [41,44], and subsequent satellite
tracking studies have shown markedly consistent patterns of spatial segregation within and
between islands during periods of differing environmental conditions [41] and continued
declines of the Pribilofs NFS population [44]. The size and location of foraging areas
identified in previous studies vary according to methodology, sample size, and natural
variability. We consider the MHRs from Robson et al. (2004) as an approximation of the
foraging area for associated breeding colonies.

2.5. Commercial Pollock Harvest Data

Pollock catch data from 2004 to 2018 were obtained from the National Marine Fisheries
Service (NMFS) Catch Accounting System. To preserve vessel confidentiality, NMFS
aggregates vessel and catch data into hexagons measuring approximately 20 km by 20 km
(346 km?). B-season pollock landings (tons, t) were summed per hexagon for a given date
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(standardized as the average of recorded fishing start and end times). Some catch data were
excluded due to data confidentiality requirements, including motherships, which comprise
a relatively small portion (<10%) of reported pollock catch overall. Pollock catch data
during the B-season were analyzed within: (1) the 0-50 nm and 50-100 nm sub-regions;
and (2) the entire EBS fishery management area. Within the PRIME, catch data were
aggregated by both NFS MHRs and sub-region. For reference to the original Ecopath model
by Ciannelli et al. (2004), pollock harvest data for 100-150 nm zone were calculated and
reported when appropriate.

Pollock catch data in the PRIME were assessed using three primary approaches:
(1) evaluation of temporal pollock harvest (t) trends in MHRs; (2) estimation of average har-
vest intensity (t/ km?) in MHRs; and (3) identification of pollock catch hotspots. Temporal
trends in pollock harvests (t) by PRIME sub-regions and MHRs were evaluated using a lin-
ear modeling (LM) framework in R Statistical Software (R version 3.3.2 [31 October 2016]):

log(tons per hexagon) ~ Bo+ B1(year) + ¢

The response variable, pollock catch aggregated by hexagon grid (tons per hexagon),
was log-transformed: By denotes the intercept; 51 denotes the linear trend in the explanatory
variable (year); and e denotes the error [66]. Total pollock landings (t) were also summed by
MHRs and PRIME sub-regions and area-standardized (t/ km?) to allow for comparative
evaluations of “harvest intensity” in smaller areas relevant to NFS rookery complexes and
to local communities.

Pollock harvest “hotspots” over time within the PRIME were identified using the
ArcGIS Emerging Hot Spot Analysis Tool [Space Time Pattern ArcGIS Pro 2.8.3]. With this
approach, data are aggregated into space—time bins and packaged into a NetCDF file (a file
format for storing multidimensional scientific data). Space-time cubes enable analyses
of catch data in three dimensions with the positions represented on the x and y axes and
the years represented on the z axis [67]. Space-time cubes were analyzed using the Getis
Ord Gi statistic (ESRI 2019), which considers the value of each bin within the context of
neighboring bins and the Mann—Kendall test which compares each bin value with that
of previous years [67,68]. Emerging Hot Spot Analysis accounts for the consistency and
intensity of each time step in the classification of a significant hotspot. Three categories
of hotspots were classified based on the ESRI (2021) classification scheme: (1) “persistent”
(a location that has been a statistically significant hotspot for 90% of the time-step intervals
with no discernible trend indicating an increase or decrease in the intensity of clustering
over time), (2) “intensifying” (a location that has been a statistically significant hotspot
for 90% of the time-step intervals, including the final time step and intensity of clustering
of high counts in each time step is increasing overall and that increase is statistically
significant), or (3) “variable” (a location that is an on-again, off-again hotspot; none of the
time-step intervals have been statistically significant cold spots) [68]. Five-year intervals
were used for neighborhood time steps for adjacent spatial neighbors [68].

3. Results
3.1. Community Surveys

Thirty-eight surveys were completed either online or with assistance from the project
team for those without access to the internet. Forty-five percent (45%) of respondents were
younger than 35, 34% were between 35 and 55 years old, and 21% were over 55 years old.
The majority of respondents were St. Paul residents and St. Paul Tribal members (Table A1),
consistent with the differing population sizes of the two islands (395 people currently reside
on St. Paul Island, and 76 people currently reside on St. George Island) [69]. Differences in
responses based on age group, Tribal affiliation, residency, and gender were not statistically
significant for Likert survey questions (Kruskal-Wallis test; p > 0.05), thus we generally
provide results compiled across all demographic groups.

Forty-five codes were identified and refined through iterative thematic coding of
the surveys (Table A2). Results are presented in accordance with three primary identified
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themes, according to the organization of survey questions and dominant responses received:
(1) reasons for the NFS decline; (2) importance of the 0-100 nm PRIME to NFS; and
(3) personal and community/cultural impacts of the NFS decline. Additional code co-
occurrence relationships are explored within the three overarching themes identified.

3.1.1. Reasons for the NFS Decline

In response to the open-ended survey question, “Why do you think NFS are declining?”
the most stated reason was nutritional limitation (Table 1A). Nutritional limitation as an ulti-

v

mate cause co-occurred with changing “NFS foraging areas/distribution of prey”, “compe-
tition for prey”, “trawling”, “unspecified or general ecosystem changes/impacts”, “impacts
to mothers and pups”, “fisheries-related ecosystem changes/impacts”, and “climate-related
ecosystem changes/impacts” (Table 1B).

Of the 38 responses discussing reasons for the NFS decline, 19 respondents (50%)
included the word “food”, referring to NFS experiencing a food shortage, lack of access
or difficulty finding food, searching longer and farther for food, or competition with
commercial fisheries for food. Responses were interconnected, reflecting the multifactorial
nature of both direct and indirect factors contributing to the NFS decline. For example,
respondents noted that climate change-related ecosystem impacts that result in changes
in prey distribution were a driver for NFS declines: “I think they’re [NFS] traveling further
north than they used to because of the warming waters causing the fish to move north”. One
respondent linked ecosystem-level changes (i.e., prey distribution) to competition for prey
(i.e., large-scale fishing activities): “Access to prey and change of distribution of prey is impacted
by large fisheries. This leads to reduced [food] availability [for NFS]. Pollock fisheries take their
[NFS] main food source, walleye pollock, while maintaining a presence disturbing their habitat”.
Another stated, “I believe the factory trawlers chasing pollock are competing directly with the NFS,
especially [during] the summer season”.

Regarding fisheries-related factors, respondents were specifically asked about “vessel
impacts on NFS” as they related to both vessel presence and fishing activities. “Vessel
impacts on NFS” co-occurred with fisheries-related factors such as “competition for prey”,
“trawling”, “bycatch” or “acoustic disturbance” (Table 1C). Of the responses that related
the NFS decline specifically to impacts from vessel presence and fishing activities, many
statements contained multiple explanations, such as, “Fishing the seals’ food, noise, possible
debris”, and, “Vessels pollute the water, fish for the seals’ resources, and can even harm the seals’
bodies”. One respondent explained, “[Vessels are] introducing chronic pollution that can lead to
entanglement and ingestion of microplastics”.

3.1.2. Importance of the 0-100 nm Pribilof Islands Marine Ecosystem (PRIME)

Nearly all respondents, irrespective of age, Tribal affiliation, or residence status ranked
the PRIME as important for NFS (26 responded with a Likert Scale 5, indicating “critically
important to NFS”; 10 responded with a Likert Scale 4, indicating “more important than
other areas”; Table A3). The PRIME commonly co-occurred with other factors including

7

“essential NFS foraging habitat”; “impacts to mothers, pups, or breeding ecology”; “NFS

”ou

site fidelity”; and “changing NFS foraging areas or distribution of prey”, “nutritional limita-
tion”, “unspecified /general ecosystem-level changes/impacts”, and “need for conservation
or protection” (Table 1D). In an open-ended follow-up question, respondents highlighted
the PRIME as the “range of feeding” for NFS, “the area [NFS] reside and feed in”, and “the ideal
place for seals to find food.” The consistency across responses to this open-ended question

suggested broad agreement that this area has been important for NFS over time.
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Table 1. Co-occurrence frequency for four themes explored in community surveys: (A) “Reasons for the northern fur seal (NFS) decline”, (B) “Nutritional limitation”,
(C) “Vessel impacts on northern fur seals (NFS)”, and (D) “Importance of the 0-100 nm Pribilof Islands Marine Ecosystem (PRIME)”.

(A) Reasons for the NFS Decline

(B) Nutritional Limitation

(C) Vessel Impacts on NFS

(D) Importance of 0-100 nm (PRIME)

e o Changing NFS foraging - Essential NFS foraging
Nutritional limitation 18 areas, Distribution of prey 14 Competition for prey 21 habitat 23
Ecosystem -, . Impacts to mothers/pups;
impacts—Climate-related 1 Competition for prey 1 Trawling 1 e.g., fecundity, survival 13
Ecosystem . L el
impacts-Fisheries-related 6 Trawling 8 Acoustic disturbance 8 Site fidelity 10

. Ecosystem impacts—General Ecosystem Changing NFS foraging
Trawling 6 or Unspecified 6 impacts—Fisheries-related 8 areas/Distribution of prey 10
Impacts to mothers/pups; Ecosystem Changing NFS foraging - e
e.g., fecundity, survival > impacts—Fisheries-related > areas/Distribution of prey 7 Nutritional limitation >

o Ecosystem . .
Competition for prey 5 impacts—Climate-related 4 Fish 7 Trawling 3

L1 Impacts to mothers/pups; Ecosystem impacts—General
Overfishing 3 e.g., fecundity, survival 6 Bycatch 6 or Unspecified 3
Predation on NFS 2 Esse.ntlal NFS foraging 2 Nutritional limitation 6 Ecosystem . 2

habitat impacts—Fisheries-related
Ecosystem impacts—General Ecosystem
or Unspecified 2 Entanglement 4 impacts—Climate-related !
Traditional activities/foods 2 Pollution 4 Conservation/protection 2
request
Contaminants 1 Marine debris 3 Competition for prey 2
Marine debris 1 Pollock 3
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Responses discussing the changing NFS foraging areas or distribution of prey most
often referred to NFS having to forage further than the boundary of the PRIME more often
because less food is available closer to the islands (i.e., within 0-100 nm). For example,
one respondent stated, “[NFS] pup mortality may be based on the mothers [that] have to venture
further and longer for food, leaving the pup alone without nourishment for longer periods. They
[NFS pups] have to travel out to open water in the fall, and if malnourished, less will live”. Another
stated, “They [vessels] are too close to the island taking away all the resources they [NFS] would
have close, [seals] have to travel far now” .

3.1.3. Community/Cultural and Personal Impacts of NFS Decline

Regarding impacts to the community, most respondents (26) ranked the NFS decline
as either having “some impact (Likert Scale 4)” or “significant or major impact (Likert
Scale 5)”(Table A3). Respondents 35 years old or younger were more likely to respond with
a “neutral” or “some impact” response (mean score of 3.6), while respondents older than
35 were more likely to respond with “some impact” or “significant or major impact” (mean
score of 4.1).

Thirty-four respondents related the NFS decline to “community /cultural impacts”,
and 21 respondents related the NFS decline to “personal impacts”. “Community/cultural
impacts” and “personal impacts” also co-occurred frequently, indicating the strong linkage
between individual and community and culture. “Community/cultural impacts” most
often co-occurred with “traditional activities/food”, “NFS as a food resource”, “food se-
curity”, and “ecosystem impacts” (Figure 2). Responses included concern for cultural
continuity across younger generations, as reflected in an earlier quotation (“I'm worried
about the new generation not being able to subsistence hunt ... ”) and, “I worry for my children’s
connection to the island—fur seals are a foundation of our [Unangan] relationship to St Paul”. Re-
spondents discussed declining access to NFS as a traditional food impacting food security;
for example, one respondent stated, “[There are] limited seals to fill freezers, especially with so
many that are dependent on [NFS]”.

Iraditional
activities/fioods

NFES as a feod
resource

Food security

General or Unspecified
Climate-related el
Fisheries-related

Figure 2. Sankey diagram depicting the co-occurrence frequency of “personal impacts” and “commu-
nity /cultural impacts” with aspects of the NFS decline in the Pribilof Islands, Alaska. Numbers in
and size of black circles denote the frequency of co-occurrences between codes.

Impacts to community and culture associated with NFS declines were a common concern
among respondents. One respondent stated, “NFS is a traditional food source and a cultural focus
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(clothes were made from seals, stories are told about seals). With the decline of the seal population there
has also been a decline in people eating fur seal, . .. the loss of any traditional food resource is tragic
for the community”. Other respondents discussed how traditional activities are changing, “It's
tougher to find the ‘desired” age and size seals that we want to harvest. Also just hard for folks like me
who have seen the decline happen over the last 30 years;” and, “[The NFS decline] is impacting the
culture and the nutrition of our people. An animal that used to be the main staple of our diets is now
treated as a delicacy, and it’s becoming a race to get seal during the summer”.

Respondents who made the connection relating “personal impacts” and “commu-
nity/cultural impacts” of the NFS decline to “ecosystem changes/impacts” (Figure 2)
emphasized the significance of the health of the Bering Sea to local well-being. For example,
one respondent stated, “It’s been a clear decline over the decades of seeing the rookeries dwindling.
If their [NFS] complete loss here [The Pribilof Islands] happens that will be detrimental to our
subsistence status and the Bering ecosystem”. Another stated, “The fur seal decline is a visible
example of climate change in my town”, highlighting how some respondents linked the NFS
decline to observed climatic changes.

3.2. Spatial Catch Data for EBS B-Season Pollock Harvests, 2004-2018

B-season pollock harvests (t) in the EBS annually averaged approximately 659,000 t
from 2004-2018 and were relatively stable, with the exception of low harvests in 2008-2010
due to pollock biomass declines. B-season pollock harvests were highest in the EBS in July
and August each year. Total estimated B-season harvests in the PRIME MHRs 2004-2018
averaged 121,342 t annually (total overall 1.82 million t) and accounted for approximately
18.4% of overall B-season EBS harvests. Pollock fishery data in the PRIME were evaluated
at three levels: (1) temporal trends in MHRs (LMs); (2) average harvest intensity (t/ km?)
in MHRs; and (3) identification of pollock catch hotspots in the PRIME (ArcGIS Emerging
Hotspot Analysis).

3.2.1. Temporal and Harvest Intensity Trends in the PRIME

Annual B-season pollock harvests from 2004-2018 within MHRs showed no significant
trend over time in the 0-50 nm sub-region (LM; p > 0.05; Figure 3; Table 2A), with an average
catch of 39,252 t/year (range = 3045-80,120 t/year). In contrast, annual harvests increased
significantly in the 50-100 nm sub-region over time (LM; p < 0.05; Table 2B; Figure 3),
averaging 82,090 t/year (range = 19,771-162,195 t/year). Total B-season pollock harvests
within the 0-50 nm and 50-100 nm sub-regions accounted for approximately 6.0% and
12.5% of total B-season EBS removals, respectively. Refining in scale to MHRs, several
MHRs experienced increasing annual catch over time within the 50-100 nm sub-region
including the “All”, “St. George” and “SW St. Paul” MHRs (LM; p < 0.05, Table 2B).

Highest harvest intensity (t/km?) occurred in July and August for all MHRs. The
highest harvest intensities occurred within the 0-50 nm sub-region in “SW St. Paul” and
“St. George” MHRs (Table 2A). High harvest intensities were also observed during the
study period in the 50-100 nm sub-region where “All” MHRs overlap inshore of the Pribilof
Canyon (Table 2B, Figure 4).

3.2.2. Pollock Catch Hotspots in the PRIME

Pollock harvests were evaluated to identify commercial fishery hotspot areas in the
PRIME. Hotspots in this analysis are represented by adjacent and clustering hexagon
grid cells that met ESRI-defined hotspot criteria [68]. There were three distinct hotspot
areas of B-season pollock removals observed over the study period (Figure 5). There were
two hotspots southwest and southeast of the Pribilof Islands spanning the 0-50 nm and
50-100 nm sub-regions. The third, smaller hotspot occurred west-northwest of the Islands
in the 50-100 nm sub-region. Together the three hotspot areas encompass 10,392 km? and
account for 41.3% of total PRIME and 7.6% of total EBS B-season catch. Consistent with
relative harvest intensity values (Table 2; Figure 5), hotspots occurred in the “SW St. Paul”,
“St. George”, “SW St. Paul & St. George” and “All” MHRs in the PRIME (Figure 4).
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Pollock harvest (t)
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Figure 3. Annual B-season pollock harvests for MHRs within the 0-50 nm sub-region, 50-100 nm
sub-region, and 100-150 nm zone (outside the PRIME) from the Pribilof Islands, 2004-2018.

3.2.3. Pollock Catch outside the PRIME

From 2004-2018, there was substantial pollock catch within NFS MHRs and immedi-
ately outside the PRIME (100-150 nm from the centroid of the islands; Figure 3), annually av-
eraging 106,962 t and accounting for 16% of overall B-season catch (Figure 4). Total harvests
in the 100-150 nm sub-region exhibited no trend during the study period (LM; p > 0.05).
Two zones of high pollock catch outside the PRIME were evident in the B-season pollock
fishery (catch within 0-100 nm is addressed in Section 3.2.1). The first zone occurred north-
west of the Pribilof Islands running parallel to the continental shelf around 57° N-59° N
and 174° W-177° W in the vicinity of Zhemchug Canyon (Figure 4). The second area of
high pollock catch outside the PRIME occurred north of Unalaska Island, north-northwest
of Unimak Pass and False Pass around 54° N-56° N and 164° W-166° W (Figure 4).
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Table 2. Area (km?) that encompasses each meta-home range (MHR) and harvest intensity (average annual tons (Avg t) pollock harvested per km?) for: (A) 0-50 nm

and (B) 50-100 nm MHR sub-regions. Percentage change represents linear model (LM) coefficients and confidence intervals, and p-values for each sub-region. MHR

sub-regions with statistically significant p-values (p < 0.05) are shaded gray. * Indicates MHR sub-regions with statistically significant p-values (p < 0.05).

(A) 0-50 nm Sub-Region

(B) 50-100 nm Sub-Region

Meta-Home Range 2 2 Model Coefficient g Meta-Home Range 2 2 Model Coefficient R
(MHR) Area (km?) Avg t/km % Change (CI) p-Value (MHR) Area (km?) Avg t/km % Change (CI) p-Value
SW St. Paul 6018 3.48 3.4% (—2.0-9.2%) 0.223 SW St. Paul 29,035 1.08 9.0% (4.9-13.4%) <0.001 *
SW St. Paul & St. o o SW St. Paul & St. —1.44%
George 4890 2.00 4.9% (—3.5-14.0%) 0.262 George 1389 1.36 (—17.4-17.6%) 0.870
St. George 2060 3.56 2.9% (—4.6-10.9%) 0.459 St. George 13,475 2.35 5.06% (0.33-10.0%) 0.036 *
All 2359 0.97 —3.3% (—14.1-8.8%) 0.581 All 3462 3.29 11.24% (3.5-19.6%) 0.004 *
SW & NE St. Paul 8475 0.08 15.3% (—2.4-36.1%) 0.099 SW & NE St. Paul 10,063 0.40 7.4% (—1.2-16.7%) 0.096
NE St. Paul & St. na 0 - ; NE St. Paul & St. 1341 1.00 11.9% (—4.0-30.6%) 0.157
George George
NE St. Paul 2875 0 - - NE St. Paul 21,124 0.02 31.5% (—7.4-86.7%) 0.150
Total 0-50 nm 26,667 1.47 3.4% (—0.5-7.4%) 0.091 Total 50-100 nm 79,889 1.08 7.7% (5.0-10.5%) <0.001 *
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Figure 4. 2004-2018 B-season pollock harvest (t) showing meta-home ranges (MHRs) for lactating
female northern fur seals (NFS) overlaid, and showing pollock harvest (t) for the entire eastern Bering
Sea (inset). SW SNP = MHR representing southwest St. Paul rookeries, NE SNP = MHR representing
northeast St. Paul rookeries; STG = MHR representing St. George rookeries; All = MHR representing
overlapping use area from all rookeries. Gray circles are labeled at the 50 nm and 100 nm zones
around the Pribilof Islands, and the Pribilof Islands Habitat Conservation Zone (PIHCZ) is pictured.
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Figure 5. Three hotspot areas, categorized as intensifying, persistent, and variable, identified in the
Pribilof Islands Marine Ecosystem (PRIME). The Pribilof Islands Habitat Conservation Zone (PIHCZ)

is pictured.

4. Discussion

Weaving together multiple ways of knowing enables communities and western sci-
entists to better understand the ecological and socio-cultural implications of the changing
PRIME ecosystem for Pribilof Island communities, NFS, and the broader EBS. Overall, St.
Paul and St. George Tribal and community members pointed to climate- and fishery-related
ecosystem changes (both of which are indirect effects leading to nutritional limitation and
were often specifically linked by respondents to competition with large-scale industrial
fisheries), as primary drivers of NFS population declines on the Pribilof Islands. Impacts
to food security and traditional activities, such as harvesting of NFS and other wildlife
resources in the Bering Sea, were predominant within the community and personal impact
themes from the surveys. Consistent with community perceptions of fishing activity in
proximity to the islands, harvest intensity (t/km?) was high and persistent in three regions
of the PRIME. The importance of the PRIME to NFS foraging during the breeding season
has been well-documented in scientific literature [11,38,41,44,70,71] as well as by IK and LK
holders in the Pribilof Islands [12,13]. High pollock harvests in July and August, combined
with IK and LK related to NFS behavior and demographics, reinforce the linkages between
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pollock catch as an indicator of prey removal and indirect effects contributing to NFS
nutritional limitation [13,32,71].

4.1. Nutritional Limitation and Climate Change-Related Ecosystem Changes/Impacts

Nutritional limitation was the most commonly identified driver of NFS declines in
community surveys and was often linked to competition for prey with fisheries. Nutritional
limitation was also linked to depletion of prey resources due to climate-related or general
ecosystem changes/impacts, including reduced prey abundances and/or shifting prey
distribution. Nutritional limitation can result from reduced access to prey due to localized
depletion or disturbance of fish stocks and /or reduced abundance of preferred prey species
that results in either the quantity or quality of food being insufficient for the recovery or
maintenance of a population [72]. NFS nutritional limitation can be manifested directly as
starvation and/or indirectly as reduced reproductive success or increased susceptibility to
disease [73].

Climate change-related ecosystem changes/impacts were the second most common
reason for the NFS decline articulated by community members. One community member
stated, “Ocean temperatures and environments are changing and affecting the seals’ food source.
They're not finding enough food to survive”. Pollock is a key component of NFS diets on the
Pribilof Islands [64,70,74,75]. Research suggests pollock distribution and productivity has
been and will continue to be impacted by climate change [76-78]. In addition to changing
distributions, the EBS is projected to continue warming [17,79-81], and simulations under
two future emissions scenarios predict unfished pollock spawning stock biomass in the
EBS could decline by as much as 47-70% by 2100 [82]. During periods of reduced pollock
availability or abundance due to poor year-class survival and/or poor body condition,
alternate prey resources may be insufficient to replace pollock in NFS diets, especially
in rookery complexes in which NFS consistently consume a high proportion of pollock
over time [8,42]. Predicted reductions in pollock productivity and/or biomass [82] during
successive warm years could have longer-term negative implications for central place for-
agers constrained by the need to provision dependent offspring, thus negatively impacting
lactating female NFS and their pups [40,42,75]. If prey availability is consistently low in
the future, NFS may continue to experience long-term declines due to reduced survival of
young NEFS resulting from diminished ability of post-parturient females to obtain sufficient
food [42,71].

Community concerns associated with shifting or declining species due to climate-related
changes/impacts also extended to other marine resources important to the Pribilof Islands
communities. For example, fishermen from St. Paul have indicated that chagiX, or Pacific
halibut (Hippoglossus stenolepis), an important traditional resource and focus of a small-scale
commercial fishery in the Pribilof Islands, are traveling farther north because it is too warm
for them under current conditions near the Pribilof Islands [13,83]. Community surveys,
although focused on impacts to NFS, included answers concerning climate change- and
fisheries-related impacts to a wide range of species, including birds, fish (Flatfish spp., Pacific
halibut, Pacific herring [Clupea pallassi], Salmon spp.) and the “entire food chain” of the
EBS. These concerns reflect how intertwined the future of Pribilof Islands Unangan is with
the health and biodiversity of the marine ecosystem and show that climate change- and
fisheries-related ecosystem impacts extend well beyond single species impacts or concerns.

4.2. Fisheries-Related Ecosystem Changes/Impacts and Competition for Prey Resources

Community respondents linked NFS nutritional limitation to commercial fishery im-
pacts regionally. More than half of the survey respondents discussed nutritional limitation
in conjunction with “overfishing”, “trawling”, and/or “competition for prey”. One respon-
dent noted, “Because of the trawlers around here, they [NFS] have to swim farther away to get
their food”. As noted above, another respondent stated, “Pollock fisheries take their [NFS]
main food source, walleye pollock, while maintaining a presence disturbing their habitat”. The

body of scientific evidence in support of this view is growing [32,71,84]. Short et al. (2021)
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characterized the pollock fishery as “a major new predator” introduced into the EBS ecosys-
tem that directly competes with NFS for high-density aggregations of pollock and leaves
fragmented and dispersed schools of pollock in their wake.

The occurrence of hotspots observed in this study implies that the pollock fishery
functions in a manner similar to NFS by returning inter-annually to predictable high-density
prey aggregations. Data analyses confirm the presence of three distinct hotspot areas of
intense localized pollock harvests in the PRIME (Figure 5). The first hotspot occurs in
the 0-50 nm sub-region where “St. George” and “southwest St. Paul” MHRs (and their
overlapping areas) occur. The additional two hotspot areas primarily occur in the 50-100 nm
sub-region, southeast of the Pribilof Islands in the “All” and “St. George” MHRs, and
northwest of the Pribilof Islands in the “southwest St. Paul” MHR (Figure 4, Table 2). Pollock
harvests remained relatively stable in the 0-50 nm sub-region and generally increased in the
50-100 nm sub-region of the PRIME over the study period (Figure 3, Table 2).

Relatively high localized harvest intensities could result in reduced foraging efficiency
for females [32,84-86]. Smaller marine mammals, such as pinnipeds, are the most likely to
experience negative effects of localized resource depletion as a result of fishery harvests
because smaller species acutely balance energy needs, such as nursing, on a shorter time
scale and in smaller areas when compared with larger more pelagic marine-mammal
species, such as baleen whales [86]. It is possible that localized prey depletion associated
with commercial fishery hotspots could differentially impact NFS rookery complexes
based on relative reliance on pollock in their diet. For example, the highest frequencies of
occurrence of pollock were found in samples from rookeries along the western side of St.
Paul Island, where pollock comprised as much as 68-74% of diet [40]. These rookeries have
also exhibited some of the steepest declines in pup production since 2004 [23]. Conversely,
St. George rookeries exhibit some of the lowest frequencies of occurrence of pollock in
diet (43—-48%) [40]. Thus, NFS foraging overlap with commercial fishery hotspots in the
St. George MHR may be less impactful to St. George Island pup production, which has
been relatively stable since 2002 [23]. While this study intentionally focuses on the PRIME,
significant pollock harvests in NFS foraging areas outside the PRIME (>100 nm) could also
negatively impact prey availability and metabolic demands for lactating NFS.

This study’s analyses focused on NFS interactions with the commercial pollock fishery
during the B-season due to identified community concerns and the overlap of the pollock
commercial fishery in space and time with lactating female NFS foraging areas [24,32,71,84].
There is, however, the potential for additional NFS-fishery interactions during the A-season
(January-May) when NFS are in their pelagic phase, which can extend throughout the
Bering Sea as far south as California [35]. While NFS distribution is more dispersed during
the winter months, it is possible that remaining adult and/or juvenile NFS in the EBS could
be impacted by pollock fishery operations through prey dispersal or reductions in total
available prey biomass [32]. The impacts of NFS-fishery interactions during the A-season
are likely to be less acute than B-season interactions, especially for central place foraging
female NFS provisioning their offspring in July and August.

Recent studies suggest that NFS may have hit a “metabolic ceiling” early in their recent
decline (mid-1990s), and reductions in pup production may be a result of this long-term
prey limitation [71,84]. Consistent with views expressed by survey respondents, research
suggests that high metabolic costs associated with longer foraging trips reduce the energy
available for lactation and also likely preclude females from accumulating fat reserves to
compensate for periods of poor foraging success [71]. McHuron et al. (2020) concluded that
increases in localized prey densities are the most feasible mechanism to reduce maternal
foraging effort and consequently increase pup growth rates. Increasing catches in the
50-100 nm sub-region and hotspots of pollock catch documented in the study area suggest
that management measures designed to increase prey availability in closer proximity to the
rookeries might be considered to reduce foraging trip distance and duration as longer trips
adversely impact pup growth [71].
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Short et al. (2021) inferred a significant inverse correlation between NFS pup births and
total annual pollock catch within a broadly defined NFS foraging area within approximately
300 km (~162 nm) of the Pribilof Islands. Drawing on the bioenergetic modeling from
McHuron et al. (2019, 2020), Short et al. (2021) propose that the reduced foraging efficiency
of females results in low pup growth rates and lower mass at weaning, leading to reduced
first year survival and causing subsequent declines in the Pribilof NFS population. Short
et al. (2021) further hypothesize that the pollock fishery catch reduced female NFS foraging
efficiency through repeated trawling through high density aggregations of pollock, which
effectively reduces the size of pollock schools and disperses prey patches within NFS
foraging habitat. The occurrence of persistent hotspots within the PRIME lends support to
this hypothesis.

In a management context, competition for prey between upper trophic level predators
and commercial fisheries is usually characterized as an “indirect effect”. Indirect effects
are typically difficult to prove through western scientific research, and they are identified
as possible explanations for species declines by community members who rely on these
species for traditional harvesting. This dichotomy highlights the need to better understand
and address the indirect effects of commercial fisheries, especially in combination with
ongoing changes to marine ecosystems due to climate change.

4.3. Other Considerations in the NFS Decline

In addition to climate and ecosystem-level changes/impacts, survey respondents men-
tioned a number of direct and indirect factors that contribute to the NFS decline, including:
acoustic disturbance, contaminants and pollution, marine debris and entanglement, and
predation on NFS [29,87]. These additional direct and indirect factors likely compound
the primary factors identified by community surveys and spatial data presented here (e.g.,
ecosystem changes/impacts, prey competition); the relative contribution of these additional
direct and indirect factors to the overall decline of NFS remains undetermined [28,29].

Traditional harvests of NFS (i.e., harvests after the cessation of commercial operations
in the Pribilof Islands) by Tribal members are not considered a factor in the broader Eastern
Pacific NFS stock decline. Local harvests exclusively target juvenile males and male pups,
and harvest levels have remained well below the potential biological removal (PBR) level
as defined by the MMPA and established annually by NMFS [22]. Conversely, the long
term NFS population decline is considered to be at least partially responsible for declines
in the number of NFS traditionally harvested in recent years as tribal members self-limit
consumption and opportunities to access NFS become less abundant. For example, one
respondent stated, “With the decline in the seal population there has also been a decline in people
eating fur seal, too. I don’t know if the two declines are related or are people eating less seal because
there are fewer seals, or for other reasons? But the loss of any traditional resource is tragic for a
community”. Another predicted, “[We have enough seal] for now but will get worse, the local
people [will] not be able to subsistence hunt and collect meat for the winter”.

4.4. Importance of the PRIME to NFS

It is important to note several points regarding the 100 nm boundary of PRIME. First,
the boundary is approximately equal to the median foraging distance (97 nm) for lactating
NEFS during 1995-1996 [38,64]. Second, the circular shape of the PRIME used by Ciannelli
et al. (2004) for computational convenience was used in this analysis for consistency with
existing scientific information and IK and LK. However, Ciannelli et al. (2004) noted that
NFS foraging distances are measured from the rookery of origin, and therefore the actual
median foraging distance may slightly exceed the 100 nm boundary. In this regard, an
elongated shape defined by the combined circular boundaries measured from the centroid
of both St. Paul and St. George Island may better represent the area defined as the PRIME.
Importantly, Ciannelli et al. (2004) also noted that the full foraging range of the most
distant central-place foragers (e.g., NFS) may better indicate the maximum spatial extent
of an open marine ecosystem. The mean maximum distance for foraging trips during the
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1995-1996 study was 130.4 nm (~241.4 km), indicating that lactating NFS spent considerable
time foraging outside of the 100 nm boundary of the PRIME [11,64]. The mean maximum
foraging trip distance reported by Kuhn et al. (2014) for lactating NFS tracked during 2010
was 133.7 nm (247.7 km), a remarkably similar result despite the fact that the population
was 1.8 times greater in 1995-1996 than in 2010 [44]. The consistency in foraging distance
over time indicates the importance of both the PRIME and more distant foraging areas and
may also serve as a useful metric for evaluating measures that may be implemented to
increase the allocation of NFS foraging effort closer to the breeding rookeries [71].

Irrespective of age, Tribal affiliation, and gender, survey respondents consistently
expressed that the PRIME provides essential foraging habitat for NFS. One respondent
noted, “Fur seals haul out and breed on the Pribilof Islands. Once pups are born, mothers need to
return to the waters for food to feed themselves and their newborns. The waters 0-100 miles off the
coasts of the Pribilofs are critically important because the ideal place for a seal to find food is nearby”.
As a species with a remarkable history of management research and experimentation, NFS
provide a unique opportunity to develop novel spatio-temporal management approaches.

When coupled with existing literature about the potential nutritional limitations on
NEFS, the results of the present study indicate that the significant amounts of pollock
harvested annually in close proximity to the Pribilof Islands may contribute to the long-
term decline at some NFS rookeries. Measures to address the concentration of this catch
and including NFS in multi-species stock assessment models for the EBS as recommended
by McHuron et al. (2020) should be considered as part of efforts to stabilize the Pribilof
Islands NFS population and begin to reverse the population decline.

4.5. Community/Cultural and Personal Impacts

Studies that use detailed community input and the documentation of IK and LK are
invaluable when addressing complex ecosystem interactions. Results from the community
survey highlighted the community /cultural and personal impacts that the NFS decline has
had on food security, traditional activities, and other wildlife resources in the PRIME. The
observed pattern in responses is not surprising given the deep interconnectedness among
biophysical, spiritual, and emotional health and wellbeing experienced by engaging in
traditional activities such as hunting and harvesting or preparing and sharing a traditional
meal with family and friends. The dominance of “traditional activities”, “NFS as a food
resource”, and “food security” based on co-occurrence frequencies in relation to “commu-
nity /cultural and personal impacts” underscores the importance of NFS to maintaining
food security and cultural continuity in the Pribilof Islands.

The relationship between the overall NFS population decline and the decline of
traditional harvest opportunities is complex, as described in survey responses. For example,
one respondent described warming waters from climate change and bycatch from trawl
fisheries as compounding reasons for the NFS decline and linked the population decline to
a reduction in traditional harvests, which has negatively impacted the transfer of IK in the
community. Another Tribal member noted that global warming and overharvest of fish
was impacting “not only the seals, but the entire food chain,” and expressed a desire to remove
seal from their diet to reduce impacts to NFS. These comments highlight the potential for a
food security crisis in the Pribilof communities in relation to the decreased availability of
NEFS and other traditional food resources.

Access to traditional, culturally preferred foods through engaging in traditional har-
vesting and hunting is especially important in remote areas where access to imported foods
(e.g., from the local grocery store) may be limited due to long flight times and distances,
canceled flights, and high prices. Even with access to imported foods, traditional foods are
central to culture and identity and are critical to achieve food security, as defined by the
Inuit Circumpolar Council [88] and the Aleut Community of St. Paul Island (M. Merculieff,
pers. comm.). Thus, the decline of NFS has resulted in a myriad of spiritual, emotional,
cultural, and non-consumptive impacts, as well as reduced availability of a nutrient-dense
traditional food resource. Conservation and recovery of the NFS population on the Pribilof
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Islands is critical to mitigate these observed impacts as well as future potential individual,
community, and cultural impacts.

5. Conclusions

The body of IK and LK reflected in community surveys is consistent with the spatial
analyses of pollock harvest presented here and in recent scientific literature [32,44,71,78],
and indicates the need to evaluate dynamic (spatiotemporal) management solutions within
the PRIME in order to reduce competition for prey with lactating female NFS in close
proximity to the Pribilof Islands rookeries. Survey results also highlight the value of IK-
and LK-based approaches when evaluating relationships between discrete and diffuse
indicators, such as reproductive failure and decreased foraging success, over a period of
multiple decades.

There are opportunities for Indigenous and non-Indigenous groups and agencies
interested in cooperative management approaches to evaluate linkages between pollock
catch and NFS population status. For example, explicit inclusion of NFS predation in multi-
species stock assessment models [71], in combination with reductions in spatial harvest
intensity within 100 nm of the Pribilof Islands, may result in increased prey abundance
closer to rookeries. This, in turn, could result in shorter travel distances and trip durations,
and therefore less energy expenditure for lactating NFS. In the short term, this may result
in increased pup weights at weaning, which has been shown to be a factor contributing to
increased over-winter survival [89]. In the long-term, higher pup survival could result in
overall population increases [32].

This study also highlights the need to further investigate the effects of fisheries and
climate change impacts on NFS in the context of a changing Bering Sea ecosystem and food
web to enhance food security in the Pribilof Islands. These linkages could be evaluated
in conjunction with synergistic factors, including competition for prey with fisheries (de-
scribed above) to develop NFS conservation and recovery strategies designed to address
issues of food insecurity and ensure cultural continuity for generations to come.

As one St. Paul resident communicated, “Emotionally, I feel sad to see noticeably less fur
seals each year and I have lived here five years but it’s apparent. As a citizen, I wonder why better
alternatives or ways are not more part of our culture as humans. I feel like we, as humans, could
do so much better”. Survey respondents also discussed the need for conservation measures,
such as, “We need to know what threatens seals and their food sources in these waters [0-100 miles]
and take steps to protect these waters for the fur seals’ sake” .
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Appendix A

Table Al. Community survey respondent general demographics.

Demographics Summary

(A) Age Category
18-24 years old 2
25-35 years old 16
36—45 years old 6
46-55 years old 6
56-65 years old 5
66-75 years old 3
(B) Tribal Status
St. George Tribal Member 5
ACSPI Tribal Member 23
Non-Tribal Member 8
Prefer Not to Say 2
©) Residency Status
St. George Resident 5
St. Paul Resident 30
St. Paul Non—Resident 3
(D) Gender
Female 23

Male 15
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Table A2. Code groups/themes, code names and definitions for Atlas.ti Codes.

Code
Groups/Themes

Codes

Definition of Code

Possible reasons for
NFS decline

Climate change-related ecosystem-level impact or
change

Discussion of climate change and/or warming conditions in the region

Fisheries-related ecosystem-level impact or change

Discussion of fisheries-related impacts to the larger ecosystem in the region

General /unspecified ecosystem-level impact or change

Discussion of changing environmental conditions generally in the region

Contaminants

Reference to contaminants impacting NFS declines

Entanglement

Reference to entanglement of NFS in human-made/synthetic materials

Marine debris

Reference to marine debris or garbage impacting NFS declines

NFS emigration

Reference to NFS permanently leaving Pribilof Islands rookeries

NFS winter habitat

Habitat where NFS spend time at sea excluding summer breeding season

Nutritional limitation

Negative impacts to NFS due to lack of food availability

Pollution

Reference to materials or chemicals that contribute to pollution of the environment

Predation on NFS

Mortality of NFS by other animal predators, such as killer whales and Steller sea lions

Decline of shelf forage species (junk food hypothesis)

Reference to reduced prey quality and abundance of shelf forage species

Acoustic disturbance

Anthropogenic sounds in the ocean that negatively impact NFS

Personal and

Personal impacts of the NFS decline

Perceived impacts to individuals on St. Paul and/or St. George due to declining abundance of NFS in the Pribilofs.

Community/cultural impacts of the NFS decline

Perceived impacts to the community well being of St. Paul and/or St. George due to declining abundance of NFS in the Pribilofs OR
perceived impacts to the cultural continuity or ability to participate in traditional and cultural ways of life on St. Paul and/or St.
George due to declining abundance of NFS in the Pribilofs. Community and cultural impacts are interdependent and thus combined
for the purpose of analysis.

commgnlty/ tcultul'al NFS as a food resource Descriptions of NFS consumption and use it community / cultural diets
1mpacts o - Refers to any activities that are part of traditional and customary way of life for UnangaxX including aspects of traditional foods and
Traditional activities /foods : g
diet, subsistence harvests, etc.
Food securit Statements associated with food security as defined by the Aleut Community of St. Paul Island, including the availability of, or lack
y of available, preferred resources (including NFS) to tribal members on St. Paul/St. George
Community impacts of vessel activity Perceived impacts of vessel presence and/or activity around the Pribilof Islands on the community
Vessel impacts on NFS Perceived impacts of fishing vessel presence and/or activity on NFS (individual or population level)
Impacts of Overfishing Perceived impacts of overharvest of targeted or non-target species specifically or overfishing in general
vesselsl/\lf;s; ng on Trawling Statements specifically citing trawling or dragging fishery operations

Competition for prey

NFS competing with commercial fisheries for access to prey resources

Bycatch

Impacts to NFS associated with non-target species catch in commercial fisheries
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Table A2. Cont.

Code N
Groups/Themes Codes Definition of Code
Impacts to mothers or pups, e.g., fecundity, survival Consideration of mother and/or pup nutrition and impacts
Changing NES foraging areas or distribution of prey Changes to NFS primary foraging areas due to environmental c}alerlgag:s or moving food resources that force NFS to forage in different
NFEFS diet Perceived diet composition or dietary preferences for NFS
NES ecology Importance of 0-100 nm Perceived importance of the 0-100 nm area around the Pribilof Islands.

Essential NFS foraging habitat

Areas identified as key foraging areas important to NFS foraging

Site Fidelity

Consistency in NFS key foraging habitat over time

Deep sea forage

Perceived NFS habitat preference of deep-sea areas

Local fisheries and

Local fisheries

Refers to small scale local halibut fisheries in the Pribilof Islands

revenue

Local revenue (fishing, tourism, other)

Statements associated with local revenue considerations or opportunities

Additional research explanation or need

Areas for additional research needed.

Research and

Need for conservation or protection

Requests to conserve, protect, limit activities in certain zones as an environmental conservation measure

conservation

Long—term observations

Long—term observations (decades plus) regarding the ecosystem or NFS

Fish general

Fish generally as a perceived dietary preference of NFS

Flatfish

Flatfish as a perceived dietary preference of NFS

Mollusks/cephalopods

Mollusks or cephalopods as perceived dietary preferences of NFS

Pacific cod

Pacific cod as a perceived dietary preference of NFS

Perceived dietary

preferences of NFS Pollock Pollock as a perceived dietary preference of NFS
Salmon Salmon as a perceived dietary preference of NFS
Shellfish general Shellfish as a perceived dietary preference of NFS
Small forage Small forage general as a perceived dietary preference of NFS
Seabirds Seabirds Text referencing seabirds
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Table A3. Likert questions and response frequency from community surveys
Question Likert Category
1 2 3 4 5
Please rate on a scale of 1-5, is this area (0-100 nautical miles) important to
northern fur seals? [1 = Not Important at all, 2 = Less important than other 1 0 1 10 2%
areas 3 = No different than other areas, 4 = More Important than other
areas, 5 = Critically important to fur seals.]
Please rate on a scale of 1-5 what impact has the decline of northern fur
seals had on our community? [1 = Not at all, 2 = Not much, 3 = Neutral, 0 3 9 15 11
4 = Somewhat, 5 = Significant/major impact to our community.]
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— ABSTRACT: Recent precipitous declines in western Alaska chum salmon (Oncorhynchus keta) returns followed
unprecedented warming in the northern Bering Sea ecosystem. To better understand the role of anomalous events on
| THEME SECTIONS juvenile chum salmon early marine ecology in the northern Bering Sea, we utilized time-series observations over a 17 yr
period (2003-2019) of juvenile chum salmon size (length and weight), diet, energy density, relative abundance, and of the
sea surface temperature (SST). Particular attention was paid to more recent (2014 to 2019) years that had unprecedented

loss of sea ice in the northern Being Sea in comparison to previous warm (2003 to 2005) and cold (2006 to 2013) periods.
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Our findings indicate significant correlations between SST and juvenile chum salmon relative biomass (positive) and energy
¥ Twitter density (negative). We found that juvenile chum salmon were larger during warm periods than during cold periods; however,
M RSS there was no significant difference in their length and weight between the warm periods. Juvenile chum salmon fed on lower
quality prey during warm periods when compared to during cold periods, with an increase in the proportion of lower quality
prey during the recent warm period. Consequently, energy density of juvenile chum salmon was also lower during warm
periods than during cold periods, with the lowest values occurring during the recent warm period (2014 to 2019). These

results identify a shift in energy allocation and/or prey quality of juvenile Chum salmon with temperature and illustrate how

marine ecosystems have altered the nutritional condition of juvenile Chum salmon prior to winter when energy reserves are
considered critical to survival.
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Alaskan fishermen feel threatened by a trawling industry they say is destroying the oceans with wasted
bycatch. | Nathaniel Wilder for POLITICO
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HOMER, Alaska — The late 1990s and early 2000s were boomtimes for
halibut fishermen in Alaska. Over 80 million pounds of the flatfish were being
harvested annually. Deckhands could earn $250,000 a season. The small boat
harbor in the southcentral city of Homer, known as the “halibut capital of the

world,” was bustling.

Advertisement

Erik Velsko, 39, was one of those fishermen. He started buying annual shares
in 2001 when the halibut population was at near historic highs. But within a

few years, the stock plummeted by more than half and the quotas for
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commercial fishermen were slashed accordingly. Velsko’s share has gone from
12,000 pounds annually to less than 4,000 pounds. His brother-in-law, who

also fishes out of Homer, has had his quota cut from about 90,000 pounds to
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“That whole dock was all long liners, you know, 15 years ago,” Velsko told me
last year, pointing to a row of idled boats in the harbor. “It’s two or three now.

My brother-in-law and another one.”



Captain Erik Velsko on his boat "Kaia" in Homer, Alaska. Velsko sits on the Alaska Bycatch Review Task Force. | Nathaniel Wilder for
POLITICO

Halibut wasn’t the only so-called directed fishery to experience such a
catastrophic drop. The crab fleet — made famous in the reality show “Deadliest
Catch” — has been mostly stuck in port for two years after the near total

collapse of the snow crab population and the decades long decline of red king



crab. This year both fisheries were closed, a major blow to many of Alaska’s
coastal communities, who rely on related industries, including processing, to
float their economies. At the same time, subsistence and sport salmon fishing
on the state’s two largest rivers has been shut down because of dwindling

salmon runs.

There is one fishing industry that has not suffered.
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The fleet of nearly 250 trawl boats that catch groundfish (species such as
pollock and yellowfin sole that congregate on or near the ocean floor), have
recorded banner seasons — permitted to bring in between 3 and 4 billion
pounds of fish annually for worldwide distribution. What makes this inequity
especially jarring for the captains of halibut, crab and salmon boats is that the
trawlers, some as long as a football field, which drag vast nets along the sea
bottom, also scoop up millions of pounds of species they don’t actually want,
and they throw most of it overboard no matter how valuable it might otherwise

be.
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It’s called bycatch. Roughly two-thirds of the total halibut caught in the Bering
Sea since 2006 has been bycatch taken in trawler nets most of which is
dumped. In 2021, when subsistence fishermen were prohibited from fishing for
chinook and chum salmon on the Yukon River, pollock boats swept up more
than half a million individual salmon from the Bering Sea. And while red king
crab and snow crab fisheries have been shuttered this year, the trawl industry
has still been permitted to discard up to 4.3 million individual snow crab and

32,000 red king crab though they don’t always reach their cap.

The reasons for the crash of the halibut, crab and salmon populations — a
collective disaster that has sucked hundreds of millions of dollars from the
Alaskan economy — have been hotly debated for years. The Bering Sea, which
has long been one of the world’s most productive marine ecosystems, accounts
for nearly 40 percent of all seafood caught in the United States, generating

billions in revenue and tens of thousands of jobs. But evidence is growing from
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government agencies including the National Oceanic and Atmospheric
Administration, conservation groups and fisheries scientists that the trawl
industry is causing greater damage to marine habitat than previously assumed
and that the removal of vast quantities of pollock, an important source of food
for other species such as fur seals and Steller sea lions, is causing disruptions to
the larger ecosystem. At the same time, the groundfish fishery, which accounts
for roughly 80 percent of the annual catch in Alaska, has come to dominate the
regulatory system that sets fishing quotas for all species, Velsko says. In some
ways, conflicts of interest are built into federal fisheries management and have
become entrenched. Industry representatives or commercial operators with
ties to the trawl fleet frequently serve on the North Pacific Fishery
Management Council, the regional NOAA body which regulates the industry,

and vote on policy that affects their sector.
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The trawl industry is causing greater damage to marine habitats than previously assumed. | Nathaniel Wilder for POLITICO

“It should’ve been more obvious two decades ago,” said Jim Balsiger, who
served as NOAA’s top fisheries official in Alaska for 20 years before retiring in
2021. “Removing three to four billion pounds of fish from the Bering Sea every

year for four decades is not a benign activity.”

Advertisement

But, in the case of halibut and the other recently closed sectors, it has been the
directed and subsistence fisheries that have had to limit their quotas to help
restore depleted populations. The trawlers on the other hand have been
allowed to maintain at or near the same levels of wasted bycatch for certain


https://adclick.g.doubleclick.net/aclk?nis=4&sa=l&ai=C7Br98iOWZeKcPLjb998PqKSVgAPHjKeVdcPVzL6PEpu7y5yDFxABIJPosyxgyYaAgOSjpBegAaHAmPEoyAEJ4AIAqAMByAPLBKoEjgNP0PZ-PUyNh3tkIjFOQ9RYpwtYUbQsxeuTlZXX3IsLEfoY0SEt1TFJVN639qloUFFMB8xpxlLHkuGPSwmEirZ5Cm-zqxP6Dra9m_C2FPBBSJWc2VUlrIWk-u0dyHRU3neYEFieI3OUJ5bG6X_hnyOd4MIWogrBOXXO6dwWB-0qrnQ7AbLI-5Og0RxbpBvfm-lzEFJQpWjHeUEwKfrq8CgZIeJePZ-cMlYaSAFpX_dA6XVzgxSAo6hAVzk_YFCJ3MOupf6oklcOaoXliJddMuLD5Sk-eCCSVvwUYIYAXAFyRP3VwbfYs1rD98i5pU0nCxg6nmr9gDe4XYfF07d5om8wVI148BEOdvgyLku6T3v2w2MtTtxeQJin1FKjp1lL6KUeb_oUeM9R1vntYVYbhQTnnrr6CDzzoYc7q7aaQKBgVoNRLEEVGIMb2XVyJR1Q-0huOzHk5GPvA-ZqkBubTsJMXKI-sk-zsRSbWzC62maiMrtyfscJg7yh7I3y0E6gOGV_TkF2yZyL0aF4pnl-PsAElcbagMIE4AQBiAW3tcCsTfoFBgglEAEYAKAGLoAHl9-3ngSoB9m2sQKoB47OG6gHk9gbqAfulrECqAf-nrECqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgHg62xAqgH_56xAqgH35-xAqgHyqmxAqgH66WxAtgHAMAIAdIIKAiA4aBgEAEYHTIE24KADjoJn9CAgYCABJBASL39wTpY-JeosOPCgwOACgOQCwOYCwHICwGADAGiDBgqFgoU5LSxAu61sQK1uLECrLqxAru7sQLaDBAKChCAw--X5PuP9yMSAgEDqg0CVVPIDQHiDRMIgcWosOPCgwMVuO39BR0oUgUw2BML0BUB-BYBgBcB&ae=1&ase=2&gclid=EAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASABEgKUA_D_BwE&num=1&cid=CAQSPAAvHhf_S-0xFVdtTK7I7yBn12UBAxOSGB-hcmLYx_wvJ4mwSkVSOpPyn38DTN46DUl8s2HS0CU-KhglZhgB&sig=AOD64_3ngnNmSPsnqBgCWF8fzpZUNz-sDA&client=ca-pub-8279698647515158&nb=19&adurl=https://www.temu.com/ul/kuiper/un3.html%3F_bg_fs%3D1%26subj%3Ddpa-un-dal%26_p_jump_id%3D1028%26_x_vst_scene%3Dadg%26goods_id%3D601099513648474%26sku_id%3D17592197578615%26adg_ctx%3Da-68ecfdaf~c-6a8267f5%26_x_ads_sub_channel%3Dfeed%26_p_rfs%3D1%26_x_ns_prz_type%3D5%26locale_override%3D211~en~USD%26_x_ns_sku_id%3D17592197578615%26_x_ads_channel%3Dgoogle%26_x_ns_chnl_prz%3D1%26_x_gmc_account%3D703036889%26_x_login_type%3DGoogle%26_x_bg_adid%3Dgd1987370-2%26topic_classify%3D124%26_x_ads_account%3D8919100347%26_x_ads_set%3D20762860215%26_x_ads_id%3D155157177109%26_x_ads_creative_id%3D680582210861%26_x_ns_source%3Dd%26_x_ns_gclid%3DEAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASABEgKUA_D_BwE%26_x_ns_placement%3Dwww.politico.com%26_x_ns_match_type%3D%26_x_ns_ad_position%3D%26_x_ns_product_id%3D%26_x_ns_target%3D%26_x_ns_devicemodel%3D%26_x_ns_wbraid%3D%7Bwbraid%7D%26_x_ns_gbraid%3D%7Bgbraid%7D%26_x_ns_targetid%3D%26gclid%3DEAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASABEgKUA_D_BwE
https://adclick.g.doubleclick.net/aclk?nis=4&sa=l&ai=C7Br98iOWZeKcPLjb998PqKSVgAPHjKeVdcPVzL6PEpu7y5yDFxABIJPosyxgyYaAgOSjpBegAaHAmPEoyAEJ4AIAqAMByAPLBKoEjgNP0PZ-PUyNh3tkIjFOQ9RYpwtYUbQsxeuTlZXX3IsLEfoY0SEt1TFJVN639qloUFFMB8xpxlLHkuGPSwmEirZ5Cm-zqxP6Dra9m_C2FPBBSJWc2VUlrIWk-u0dyHRU3neYEFieI3OUJ5bG6X_hnyOd4MIWogrBOXXO6dwWB-0qrnQ7AbLI-5Og0RxbpBvfm-lzEFJQpWjHeUEwKfrq8CgZIeJePZ-cMlYaSAFpX_dA6XVzgxSAo6hAVzk_YFCJ3MOupf6oklcOaoXliJddMuLD5Sk-eCCSVvwUYIYAXAFyRP3VwbfYs1rD98i5pU0nCxg6nmr9gDe4XYfF07d5om8wVI148BEOdvgyLku6T3v2w2MtTtxeQJin1FKjp1lL6KUeb_oUeM9R1vntYVYbhQTnnrr6CDzzoYc7q7aaQKBgVoNRLEEVGIMb2XVyJR1Q-0huOzHk5GPvA-ZqkBubTsJMXKI-sk-zsRSbWzC62maiMrtyfscJg7yh7I3y0E6gOGV_TkF2yZyL0aF4pnl-PsAElcbagMIE4AQBiAW3tcCsTfoFBgglEAEYAKAGLoAHl9-3ngSoB9m2sQKoB47OG6gHk9gbqAfulrECqAf-nrECqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgHg62xAqgH_56xAqgH35-xAqgHyqmxAqgH66WxAtgHAMAIAdIIKAiA4aBgEAEYHTIE24KADjoJn9CAgYCABJBASL39wTpY-JeosOPCgwOACgOQCwOYCwHICwGADAGiDBgqFgoU5LSxAu61sQK1uLECrLqxAru7sQLaDBAKChCAw--X5PuP9yMSAgEDqg0CVVPIDQHiDRMIgcWosOPCgwMVuO39BR0oUgUw2BML0BUB-BYBgBcB&ae=1&ase=2&gclid=EAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASABEgKUA_D_BwE&num=1&cid=CAQSPAAvHhf_S-0xFVdtTK7I7yBn12UBAxOSGB-hcmLYx_wvJ4mwSkVSOpPyn38DTN46DUl8s2HS0CU-KhglZhgB&sig=AOD64_3ngnNmSPsnqBgCWF8fzpZUNz-sDA&client=ca-pub-8279698647515158&nb=9&adurl=https://www.temu.com/ul/kuiper/un3.html%3F_bg_fs%3D1%26subj%3Ddpa-un-dal%26_p_jump_id%3D1028%26_x_vst_scene%3Dadg%26goods_id%3D601099513648474%26sku_id%3D17592197578615%26adg_ctx%3Da-68ecfdaf~c-6a8267f5%26_x_ads_sub_channel%3Dfeed%26_p_rfs%3D1%26_x_ns_prz_type%3D5%26locale_override%3D211~en~USD%26_x_ns_sku_id%3D17592197578615%26_x_ads_channel%3Dgoogle%26_x_ns_chnl_prz%3D1%26_x_gmc_account%3D703036889%26_x_login_type%3DGoogle%26_x_bg_adid%3Dgd1987370-2%26topic_classify%3D124%26_x_ads_account%3D8919100347%26_x_ads_set%3D20762860215%26_x_ads_id%3D155157177109%26_x_ads_creative_id%3D680582210861%26_x_ns_source%3Dd%26_x_ns_gclid%3DEAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASABEgKUA_D_BwE%26_x_ns_placement%3Dwww.politico.com%26_x_ns_match_type%3D%26_x_ns_ad_position%3D%26_x_ns_product_id%3D%26_x_ns_target%3D%26_x_ns_devicemodel%3D%26_x_ns_wbraid%3D%7Bwbraid%7D%26_x_ns_gbraid%3D%7Bgbraid%7D%26_x_ns_targetid%3D%26gclid%3DEAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASABEgKUA_D_BwE
https://adclick.g.doubleclick.net/aclk?nis=4&sa=l&ai=CwLGS8iOWZeKcPLjb998PqKSVgAPHjKeVdcPVzL6PEpu7y5yDFxABIJPosyxgyYaAgOSjpBegAaHAmPEoyAEJ4AIAqAMByAPLBKoEjgNP0PZ-PUyNh3tkIjFOQ9RYpwtYUbQsxeuTlZXX3IsLEfoY0SEt1TFJVN639qloUFFMB8xpxlLHkuGPSwmEirZ5Cm-zqxP6Dra9m_C2FPBBSJWc2VUlrIWk-u0dyHRU3neYEFieI3OUJ5bG6X_hnyOd4MIWogrBOXXO6dwWB-0qrnQ7AbLI-5Og0RxbpBvfm-lzEFJQpWjHeUEwKfrq8CgZIeJePZ-cMlYaSAFpX_dA6XVzgxSAo6hAVzk_YFCJ3MOupf6oklcOaoXliJddMuLD5Sk-eCCSVvwUYIYAXAFyRP3VwbfYs1rD98i5pU0nCxg6nmr9gDe4XYfF07d5om8wVI148BEOdvgyLku6T3v2w2MtTtxeQJin1FKjp1lL6KUeb_oUeM9R1vntYVYbhQTnnrr6CDzzoYc7q7aaQKBgVoNRLEEVGIMb2XVyJR1Q-0huOzHk5GPvA-ZqkBubTsJMXKI-sk-zsRSbWzC62maiMrtyfscJg7yh7I3y0E6gOGV_TkF2yZyL0aF4pnl-PsAElcbagMIE4AQBiAW3tcCsTfoFBgglEAEYAaAGLoAHl9-3ngSoB9m2sQKoB47OG6gHk9gbqAfulrECqAf-nrECqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgHg62xAqgH_56xAqgH35-xAqgHyqmxAqgH66WxAtgHAMAIAtIIKAiA4aBgEAEYHTIE24KADjoJn9CAgYCABJBASL39wTpY-JeosOPCgwOACgOQCwOYCwHICwGADAGiDBgqFgoU5LSxAu61sQK1uLECrLqxAru7sQLaDBAKChCAw--X5PuP9yMSAgEDqg0CVVPIDQHiDRMIgcWosOPCgwMVuO39BR0oUgUw2BML0BUB-BYBgBcB&ae=1&ase=2&gclid=EAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASACEgKt4fD_BwE&num=1&cid=CAQSPAAvHhf_S-0xFVdtTK7I7yBn12UBAxOSGB-hcmLYx_wvJ4mwSkVSOpPyn38DTN46DUl8s2HS0CU-KhglZhgB&sig=AOD64_3fgq_yxUW-B5QkJ3W4OT7DYbeAXA&client=ca-pub-8279698647515158&nb=9&adurl=https://www.temu.com/moon_subject/un3.html%3F_bg_fs%3D1%26subj%3Ddpa-un-dal%26_p_jump_id%3D644%26_x_vst_scene%3Dadg%26goods_id%3D601099514908342%26sku_id%3D17592211866957%26adg_ctx%3Da-2dd6bfdf~c-00d4711a%26_x_ads_sub_channel%3Dfeed%26_p_rfs%3D1%26_x_ns_prz_type%3D5%26locale_override%3D211~en~USD%26_x_ns_sku_id%3D17592211866957%26_x_ads_channel%3Dgoogle%26_x_ns_chnl_prz%3D1%26_x_ns_lan%3Den%26_x_gmc_account%3D703036889%26_x_login_type%3DGoogle%26_x_bg_adid%3Dgd1987370-2%26topic_classify%3D124%26_x_ads_account%3D8919100347%26_x_ads_set%3D20762860215%26_x_ads_id%3D155157177109%26_x_ads_creative_id%3D680582210861%26_x_ns_source%3Dd%26_x_ns_gclid%3DEAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASACEgKt4fD_BwE%26_x_ns_placement%3Dwww.politico.com%26_x_ns_match_type%3D%26_x_ns_ad_position%3D%26_x_ns_product_id%3D%26_x_ns_target%3D%26_x_ns_devicemodel%3D%26_x_ns_wbraid%3D%7Bwbraid%7D%26_x_ns_gbraid%3D%7Bgbraid%7D%26_x_ns_targetid%3D%26gclid%3DEAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASACEgKt4fD_BwE
https://adclick.g.doubleclick.net/aclk?nis=4&sa=l&ai=CalBC8iOWZeKcPLjb998PqKSVgAPHjKeVdcPVzL6PEpu7y5yDFxABIJPosyxgyYaAgOSjpBegAaHAmPEoyAEJ4AIAqAMByAPLBKoEjgNP0PZ-PUyNh3tkIjFOQ9RYpwtYUbQsxeuTlZXX3IsLEfoY0SEt1TFJVN639qloUFFMB8xpxlLHkuGPSwmEirZ5Cm-zqxP6Dra9m_C2FPBBSJWc2VUlrIWk-u0dyHRU3neYEFieI3OUJ5bG6X_hnyOd4MIWogrBOXXO6dwWB-0qrnQ7AbLI-5Og0RxbpBvfm-lzEFJQpWjHeUEwKfrq8CgZIeJePZ-cMlYaSAFpX_dA6XVzgxSAo6hAVzk_YFCJ3MOupf6oklcOaoXliJddMuLD5Sk-eCCSVvwUYIYAXAFyRP3VwbfYs1rD98i5pU0nCxg6nmr9gDe4XYfF07d5om8wVI148BEOdvgyLku6T3v2w2MtTtxeQJin1FKjp1lL6KUeb_oUeM9R1vntYVYbhQTnnrr6CDzzoYc7q7aaQKBgVoNRLEEVGIMb2XVyJR1Q-0huOzHk5GPvA-ZqkBubTsJMXKI-sk-zsRSbWzC62maiMrtyfscJg7yh7I3y0E6gOGV_TkF2yZyL0aF4pnl-PsAElcbagMIE4AQBiAW3tcCsTfoFBgglEAEYAqAGLoAHl9-3ngSoB9m2sQKoB47OG6gHk9gbqAfulrECqAf-nrECqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgHg62xAqgH_56xAqgH35-xAqgHyqmxAqgH66WxAtgHAMAIA9IIKAiA4aBgEAEYHTIE24KADjoJn9CAgYCABJBASL39wTpY-JeosOPCgwOACgOQCwOYCwHICwGADAGiDBgqFgoU5LSxAu61sQK1uLECrLqxAru7sQLaDBAKChCAw--X5PuP9yMSAgEDqg0CVVPIDQHiDRMIgcWosOPCgwMVuO39BR0oUgUw2BML0BUB-BYBgBcB&ae=1&ase=2&gclid=EAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASADEgLjEfD_BwE&num=1&cid=CAQSPAAvHhf_S-0xFVdtTK7I7yBn12UBAxOSGB-hcmLYx_wvJ4mwSkVSOpPyn38DTN46DUl8s2HS0CU-KhglZhgB&sig=AOD64_3TEQByn_rqMAF_aUgtyGpwytxNKA&client=ca-pub-8279698647515158&nb=9&adurl=https://www.temu.com/moon_subject/un3.html%3F_bg_fs%3D1%26subj%3Ddpa-un-dal%26_p_jump_id%3D644%26_x_vst_scene%3Dadg%26goods_id%3D601099514157724%26sku_id%3D17592218222177%26adg_ctx%3Da-abda24b1~c-0093db6a%26_x_ads_sub_channel%3Dfeed%26_p_rfs%3D1%26_x_ns_prz_type%3D5%26locale_override%3D211~en~USD%26_x_ns_sku_id%3D17592218222177%26_x_ads_channel%3Dgoogle%26_x_ns_chnl_prz%3D1%26_x_ns_lan%3Den%26_x_gmc_account%3D703036889%26_x_login_type%3DGoogle%26_x_bg_adid%3Dgd1987370-2%26topic_classify%3D124%26_x_ads_account%3D8919100347%26_x_ads_set%3D20762860215%26_x_ads_id%3D155157177109%26_x_ads_creative_id%3D680582210861%26_x_ns_source%3Dd%26_x_ns_gclid%3DEAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASADEgLjEfD_BwE%26_x_ns_placement%3Dwww.politico.com%26_x_ns_match_type%3D%26_x_ns_ad_position%3D%26_x_ns_product_id%3D%26_x_ns_target%3D%26_x_ns_devicemodel%3D%26_x_ns_wbraid%3D%7Bwbraid%7D%26_x_ns_gbraid%3D%7Bgbraid%7D%26_x_ns_targetid%3D%26gclid%3DEAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASADEgLjEfD_BwE
https://adclick.g.doubleclick.net/aclk?nis=4&sa=l&ai=C-iCD8iOWZeKcPLjb998PqKSVgAPHjKeVdcPVzL6PEpu7y5yDFxABIJPosyxgyYaAgOSjpBegAaHAmPEoyAEJ4AIAqAMByAPLBKoEjgNP0PZ-PUyNh3tkIjFOQ9RYpwtYUbQsxeuTlZXX3IsLEfoY0SEt1TFJVN639qloUFFMB8xpxlLHkuGPSwmEirZ5Cm-zqxP6Dra9m_C2FPBBSJWc2VUlrIWk-u0dyHRU3neYEFieI3OUJ5bG6X_hnyOd4MIWogrBOXXO6dwWB-0qrnQ7AbLI-5Og0RxbpBvfm-lzEFJQpWjHeUEwKfrq8CgZIeJePZ-cMlYaSAFpX_dA6XVzgxSAo6hAVzk_YFCJ3MOupf6oklcOaoXliJddMuLD5Sk-eCCSVvwUYIYAXAFyRP3VwbfYs1rD98i5pU0nCxg6nmr9gDe4XYfF07d5om8wVI148BEOdvgyLku6T3v2w2MtTtxeQJin1FKjp1lL6KUeb_oUeM9R1vntYVYbhQTnnrr6CDzzoYc7q7aaQKBgVoNRLEEVGIMb2XVyJR1Q-0huOzHk5GPvA-ZqkBubTsJMXKI-sk-zsRSbWzC62maiMrtyfscJg7yh7I3y0E6gOGV_TkF2yZyL0aF4pnl-PsAElcbagMIE4AQBiAW3tcCsTfoFBgglEAEYA6AGLoAHl9-3ngSoB9m2sQKoB47OG6gHk9gbqAfulrECqAf-nrECqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgHg62xAqgH_56xAqgH35-xAqgHyqmxAqgH66WxAtgHAMAIBNIIKAiA4aBgEAEYHTIE24KADjoJn9CAgYCABJBASL39wTpY-JeosOPCgwOACgOQCwOYCwHICwGADAGiDBgqFgoU5LSxAu61sQK1uLECrLqxAru7sQLaDBAKChCAw--X5PuP9yMSAgEDqg0CVVPIDQHiDRMIgcWosOPCgwMVuO39BR0oUgUw2BML0BUB-BYBgBcB&ae=1&ase=2&gclid=EAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASAEEgKB__D_BwE&num=1&cid=CAQSPAAvHhf_S-0xFVdtTK7I7yBn12UBAxOSGB-hcmLYx_wvJ4mwSkVSOpPyn38DTN46DUl8s2HS0CU-KhglZhgB&sig=AOD64_0YHoDoftW6QttDizxAK9vJa2kKbQ&client=ca-pub-8279698647515158&nb=9&adurl=https://www.temu.com/moon_subject/un3.html%3F_bg_fs%3D1%26subj%3Ddpa-un-dal%26_p_jump_id%3D644%26_x_vst_scene%3Dadg%26goods_id%3D601099514488574%26sku_id%3D17592203271199%26adg_ctx%3Da-1ba2c324~c-bddd0989%26_x_ads_sub_channel%3Dfeed%26_p_rfs%3D1%26_x_ns_prz_type%3D5%26locale_override%3D211~en~USD%26_x_ns_sku_id%3D17592203271199%26_x_ads_channel%3Dgoogle%26_x_ns_chnl_prz%3D1%26_x_ns_lan%3Den%26_x_gmc_account%3D703036889%26_x_login_type%3DGoogle%26_x_bg_adid%3Dgd1987370-2%26topic_classify%3D124%26_x_ads_account%3D8919100347%26_x_ads_set%3D20762860215%26_x_ads_id%3D155157177109%26_x_ads_creative_id%3D680582210861%26_x_ns_source%3Dd%26_x_ns_gclid%3DEAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASAEEgKB__D_BwE%26_x_ns_placement%3Dwww.politico.com%26_x_ns_match_type%3D%26_x_ns_ad_position%3D%26_x_ns_product_id%3D%26_x_ns_target%3D%26_x_ns_devicemodel%3D%26_x_ns_wbraid%3D%7Bwbraid%7D%26_x_ns_gbraid%3D%7Bgbraid%7D%26_x_ns_targetid%3D%26gclid%3DEAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASAEEgKB__D_BwE
https://adclick.g.doubleclick.net/aclk?nis=4&sa=l&ai=CCmhG8iOWZeKcPLjb998PqKSVgAPHjKeVdcPVzL6PEpu7y5yDFxABIJPosyxgyYaAgOSjpBegAaHAmPEoyAEJ4AIAqAMByAPLBKoEjgNP0PZ-PUyNh3tkIjFOQ9RYpwtYUbQsxeuTlZXX3IsLEfoY0SEt1TFJVN639qloUFFMB8xpxlLHkuGPSwmEirZ5Cm-zqxP6Dra9m_C2FPBBSJWc2VUlrIWk-u0dyHRU3neYEFieI3OUJ5bG6X_hnyOd4MIWogrBOXXO6dwWB-0qrnQ7AbLI-5Og0RxbpBvfm-lzEFJQpWjHeUEwKfrq8CgZIeJePZ-cMlYaSAFpX_dA6XVzgxSAo6hAVzk_YFCJ3MOupf6oklcOaoXliJddMuLD5Sk-eCCSVvwUYIYAXAFyRP3VwbfYs1rD98i5pU0nCxg6nmr9gDe4XYfF07d5om8wVI148BEOdvgyLku6T3v2w2MtTtxeQJin1FKjp1lL6KUeb_oUeM9R1vntYVYbhQTnnrr6CDzzoYc7q7aaQKBgVoNRLEEVGIMb2XVyJR1Q-0huOzHk5GPvA-ZqkBubTsJMXKI-sk-zsRSbWzC62maiMrtyfscJg7yh7I3y0E6gOGV_TkF2yZyL0aF4pnl-PsAElcbagMIE4AQBiAW3tcCsTfoFBgglEAEYBKAGLoAHl9-3ngSoB9m2sQKoB47OG6gHk9gbqAfulrECqAf-nrECqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgHg62xAqgH_56xAqgH35-xAqgHyqmxAqgH66WxAtgHAMAIBdIIKAiA4aBgEAEYHTIE24KADjoJn9CAgYCABJBASL39wTpY-JeosOPCgwOACgOQCwOYCwHICwGADAGiDBgqFgoU5LSxAu61sQK1uLECrLqxAru7sQLaDBAKChCAw--X5PuP9yMSAgEDqg0CVVPIDQHiDRMIgcWosOPCgwMVuO39BR0oUgUw2BML0BUB-BYBgBcB&ae=1&ase=2&gclid=EAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASAFEgLfH_D_BwE&num=1&cid=CAQSPAAvHhf_S-0xFVdtTK7I7yBn12UBAxOSGB-hcmLYx_wvJ4mwSkVSOpPyn38DTN46DUl8s2HS0CU-KhglZhgB&sig=AOD64_3JHxSrhK5LTwvIWyg_aBn5VvSJ0Q&client=ca-pub-8279698647515158&nb=9&adurl=https://www.temu.com/ul/kuiper/un3.html%3F_bg_fs%3D1%26subj%3Ddpa-un-dal%26_p_jump_id%3D1028%26_x_vst_scene%3Dadg%26goods_id%3D601099512242318%26sku_id%3D17592194101664%26adg_ctx%3Da-a6985a0d~c-4838b125%26_x_ads_sub_channel%3Dfeed%26_p_rfs%3D1%26_x_ns_prz_type%3D5%26locale_override%3D211~en~USD%26_x_ns_sku_id%3D17592194101664%26_x_ads_channel%3Dgoogle%26_x_ns_chnl_prz%3D1%26_x_gmc_account%3D703036889%26_x_login_type%3DGoogle%26_x_bg_adid%3Dgd1987370-2%26topic_classify%3D124%26_x_ads_account%3D8919100347%26_x_ads_set%3D20762860215%26_x_ads_id%3D155157177109%26_x_ads_creative_id%3D680582210861%26_x_ns_source%3Dd%26_x_ns_gclid%3DEAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASAFEgLfH_D_BwE%26_x_ns_placement%3Dwww.politico.com%26_x_ns_match_type%3D%26_x_ns_ad_position%3D%26_x_ns_product_id%3D%26_x_ns_target%3D%26_x_ns_devicemodel%3D%26_x_ns_wbraid%3D%7Bwbraid%7D%26_x_ns_gbraid%3D%7Bgbraid%7D%26_x_ns_targetid%3D%26gclid%3DEAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASAFEgLfH_D_BwE
https://adclick.g.doubleclick.net/aclk?nis=4&sa=l&ai=CYre28iOWZeKcPLjb998PqKSVgAPHjKeVdcPVzL6PEpu7y5yDFxABIJPosyxgyYaAgOSjpBegAaHAmPEoyAEJ4AIAqAMByAPLBKoEjgNP0PZ-PUyNh3tkIjFOQ9RYpwtYUbQsxeuTlZXX3IsLEfoY0SEt1TFJVN639qloUFFMB8xpxlLHkuGPSwmEirZ5Cm-zqxP6Dra9m_C2FPBBSJWc2VUlrIWk-u0dyHRU3neYEFieI3OUJ5bG6X_hnyOd4MIWogrBOXXO6dwWB-0qrnQ7AbLI-5Og0RxbpBvfm-lzEFJQpWjHeUEwKfrq8CgZIeJePZ-cMlYaSAFpX_dA6XVzgxSAo6hAVzk_YFCJ3MOupf6oklcOaoXliJddMuLD5Sk-eCCSVvwUYIYAXAFyRP3VwbfYs1rD98i5pU0nCxg6nmr9gDe4XYfF07d5om8wVI148BEOdvgyLku6T3v2w2MtTtxeQJin1FKjp1lL6KUeb_oUeM9R1vntYVYbhQTnnrr6CDzzoYc7q7aaQKBgVoNRLEEVGIMb2XVyJR1Q-0huOzHk5GPvA-ZqkBubTsJMXKI-sk-zsRSbWzC62maiMrtyfscJg7yh7I3y0E6gOGV_TkF2yZyL0aF4pnl-PsAElcbagMIE4AQBiAW3tcCsTfoFBgglEAEYBaAGLoAHl9-3ngSoB9m2sQKoB47OG6gHk9gbqAfulrECqAf-nrECqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgHg62xAqgH_56xAqgH35-xAqgHyqmxAqgH66WxAtgHAMAIBtIIKAiA4aBgEAEYHTIE24KADjoJn9CAgYCABJBASL39wTpY-JeosOPCgwOACgOQCwOYCwHICwGADAGiDBgqFgoU5LSxAu61sQK1uLECrLqxAru7sQLaDBAKChCAw--X5PuP9yMSAgEDqg0CVVPIDQHiDRMIgcWosOPCgwMVuO39BR0oUgUw2BML0BUB-BYBgBcB&ae=1&ase=2&gclid=EAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASAGEgJ0zfD_BwE&num=1&cid=CAQSPAAvHhf_S-0xFVdtTK7I7yBn12UBAxOSGB-hcmLYx_wvJ4mwSkVSOpPyn38DTN46DUl8s2HS0CU-KhglZhgB&sig=AOD64_1Fnhp94QDuL0HU0p7ZoLr4obthNQ&client=ca-pub-8279698647515158&nb=9&adurl=https://www.temu.com/moon_subject/un3.html%3F_bg_fs%3D1%26subj%3Ddpa-un-dal%26_p_jump_id%3D644%26_x_vst_scene%3Dadg%26goods_id%3D601099511926290%26sku_id%3D17592187913101%26adg_ctx%3Da-fd3197a1~c-190411a6%26_x_ads_sub_channel%3Dfeed%26_p_rfs%3D1%26_x_ns_prz_type%3D-1%26locale_override%3D211~en~USD%26_x_ns_sku_id%3D17592187913101%26_x_ads_channel%3Dgoogle%26_x_ns_lan%3Den%26_x_gmc_account%3D703036889%26_x_login_type%3DGoogle%26_x_bg_adid%3Dgd1987370-2%26topic_classify%3D124%26_x_ads_account%3D8919100347%26_x_ads_set%3D20762860215%26_x_ads_id%3D155157177109%26_x_ads_creative_id%3D680582210861%26_x_ns_source%3Dd%26_x_ns_gclid%3DEAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASAGEgJ0zfD_BwE%26_x_ns_placement%3Dwww.politico.com%26_x_ns_match_type%3D%26_x_ns_ad_position%3D%26_x_ns_product_id%3D%26_x_ns_target%3D%26_x_ns_devicemodel%3D%26_x_ns_wbraid%3D%7Bwbraid%7D%26_x_ns_gbraid%3D%7Bgbraid%7D%26_x_ns_targetid%3D%26gclid%3DEAIaIQobChMI4t2psOPCgwMVuO39BR0oUgUwEAEYASAGEgJ0zfD_BwE

species. “The directed fishery has had to bear the burden of conservation,”

Velsko says.

Trawl industry representatives say that bycatch, which the industry is required
by law to discard, is not the driving force behind recent crab, salmon, and
halibut declines. They point to climate change and warming waters as well as
natural population variability as the primary culprits. Over the last couple of
decades, trawl vessels have significantly reduced waste and improved
efficiency, according to Chris Woodley, executive director of the Groundfish
Forum, which represents about 18 boats that fish in the Bering Sea and account
for the majority of halibut bycatch. (Directed fisheries still bring in most of the
halibut caught in Alaska waters when the Gulf of Alaska and Aleutian Islands
fishing grounds are included.) Since the mid-1990s, the fleet has dramatically
reduced the volume of fish — both targeted and non-targeted species — it
tosses overboard. The discard rate has gone from about 50 percent to less than

five over the last 20 years, according to Woodley.

Rebecca Skinner, executive director of the Alaska Whitefish Trawlers
Association, which represents about 40 small to medium-sized trawl vessels
based out of Kodiak, one of the largest commercial fishing ports in the United
States, says that zeroing out bycatch would have a negligible effect on other
species while potentially shutting down an important commercial fishery.
“Bycatch did not drive the crab stocks down. Bycatch is not driving the salmon

stocks down,” she said. “So even if you completely eliminated bycatch, it’s not

gning to make thoge stacks rehonind And that’s the hard nart ”
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This years-long dispute between the directed fisheries and the trawl industry
has been confined to meetings of obscure state and federal agencies and has
received only local coverage for the most part. But in November, amid a
groundswell of anti-trawl sentiment in the state (a popular Facebook group
launched in 2020, Stop Alaskan Trawler Bycatch, now has more than 20,000
members), Alaskans elected Mary Peltola as the state’s only member of
Congress. Peltola, the first Alaska Native to serve in the House of
Representatives, campaigned on a platform that placed issues of bycatch and
the viability of smaller commercial and subsistence fisheries at the forefront of
her legislative agenda. She posted frequently about the impacts of trawl fishing
on the environment to her tens of thousands of followers on social media and
elevated the issue to national attention. The first sentence of Peltola’s “story”
on her website reads: “I'm a Yup’ik Alaska Native, salmon advocate, and
Democrat.”
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Trawl industry representatives say that bycatch, which the industry is required by law to discard, is not the driving force behind recent crab, salmon and halibut
declines.

“For 30 years, this industry has been tossing over juvenile salmon, halibut and
crab by the metric ton,” she said to POLITICO and Type Investigations. “At
some point we have to imagine that that is not sustainable. That that catches

up with us.”



J

The trawl vessel “Cape Kiwanda” in Kodiak, one of the largest commercial fishing ports in the United States. | Nathaniel Wilder for
POLITICO

Peltola is quick to acknowledge the role climate change and warming waters
have played in impacting Alaska’s fisheries but says the trawl industry and the
council that regulates it have not done enough to reduce bycatch or expand

habitat protections for vulnerable species. The council, which sets bycatch



quotas and manages commercial fisheries up to 200 miles from shore, has
been captured by the largest industry players, Peltola says. Subsistence users
and smaller commercial operators have been pushed to the margins. Economic
interests rather than sustainability have come to dominate the decision-making

process.

“The council works well if you are from the biggest, wealthiest most connected

among us,” Peltola said.



Rep. Mary Peltola, the first Alaska Native to serve in the House of Representatives, campaigned on a platform that placed bycatch at
the forefront of her legislative agenda. | Tom Williams/CQ Roll Call via AP

In a written statement, David Witherell, the council’s executive director,
disputed the notion that the council favors any given sector or that it prioritizes
economic interests over the long-term health of the ecosystem. In addition,

Witherell noted that any proposed changes to fishery regulations are evaluated



by the council’s scientific and statistical committee and are part of an open and

transparent public comment process.

Advertisement

“The council has a successful record of science-based, conservative and
sustainable fisheries management, and the U.S. is widely considered to have
one of the best, if not the best, fishery management programs in the world
because of its stringent sustainability and conservation standards,” Witherell

wrote.

As Alaska’s lone House representative, Peltola is now in a position to make
sweeping changes to the way the council operates. She is a member of the
House Natural Resources Committee and has supported an overhaul of the
Magnuson-Stevens Fishery Conservation and Management Act, legislation
passed in 1976 that governs how federal fisheries are managed and that has

only been updated twice before. If it passes, the bill could alter the balance of
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power between the trawl industry and the smaller commercial operators and

subsistence fishermen in Alaska.

The bill would add two tribal seats to the council, which would give subsistence
users greater influence over council decisions and policy making. It would also
enable the federal government to further reduce bycatch quotas — a move the

trawl industry says would have catastrophic effects on Alaska’s economy.

“We’re looking at a multi-species collapse,” Peltola said. “And it’s not just
subsistence, but these smaller mom and pop fisheries. The commercial
industry isn’t just these industrial players. It’s so many Alaskan families. It is

part of our identity.”






‘Once [ Started sSeeing the Destruction,
It Was Hard To Watch’

“WE'RE LOOKING AT A MULTI-SPECIES COLLAPSE,” PELTOLA SAID. “THE COMMERCIAL INDUSTRY ISN'T JUST THESE INDUSTRIAL PLAYERS. IT'S SO MANY
ALASKAN FAMILIES. IT IS PART OF OUR IDENTITY.” | NATHANIEL WILDER FOR POLITICO

When Magnuson-Stevens was passed in 1976, the fisheries industry in the
North Pacific was dominated by foreign fleets mostly from Japan, Norway and
the former Soviet Union. There was little oversight, and several species were
heavily overfished. Commerecial fishing and unregulated bycatch likely
contributed to the collapse of Bristol Bay red king crab in the early 1980s, a low
point from which the species has never recovered. Magnuson-Stevens and
subsequent amendments gradually pushed foreign operators out of U.S. waters
and established eight regional councils to manage and protect the nation’s
fisheries. The North Pacific Fishery Management Council oversees fisheries in

federal waters in the Gulf of Alaska, Bering Sea and the Aleutian Islands.

Advertisement



Over time, foreign operators were replaced by a trawl industry based largely in
Washington state. That fleet has had its own impacts on fish populations in the
Bering Sea, the 772,000 square mile expanse of the northern Pacific that yields
nearly half of all the fish consumed in the U.S. and an increasingly large share
of all seafood that ends up in school lunchrooms and in the frozen food section
of the supermarket. (McDonald’s sells roughly 300 million Filet-O-Fish
sandwiches a year, made, according to the company, with “ wild-caught Alaska

pollock...which is 100 percent sourced from sustainable fisheries.”)
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The Bering Sea yields nearly half of all the fish consumed in the U.S. and the majority of all seafood that ends up in school lunchrooms and in the frozen food
section. | Christoph Mohr/picture-alliance/dpa/AP



The method of fishing that produces that volume of fish dates back to the late
19" century when the advent of steam power transformed the industry. Unlike
the long lines with thousands of baited hooks used to catch halibut or the boxy
metal traps with mesh webbing used to catch crab, trawling relies on massive
nets, some three quarters of a mile long, that are dragged along the ocean floor.
The mouth of the net can be up to 300 feet wide-— environmental activists like
to say a 747 airplane would fit comfortably inside the opening. As the net and
other hardware is pulled along the ocean floor, it acts like a plow, churning up
sediment and leveling deep sea coral gardens and kelp forests that support a
complex array of marine life. In a 2002 report, the National Academy of
Sciences said that trawling can “reduce habitat complexity by removing or
damaging the biological and physical structures of the seafloor.” During a
single tow, which can last up to 10 hours and cover the same ground multiple
times, a large trawl vessel can impact 1 to 2 square miles of ocean floor,
according to NOAA’s own data. A single factory trawler can catch and process
up to 225 metric tons of fish daily. Pollock is by far the largest fishery in the
Bering Sea and Gulf of Alaska; on average more than three billion pounds of

the white fish are removed from the region every year.



Pollock is by far the largest fishery in the Bering Sea and Gulf of Alaska; on average more than three billion pounds of the white fish are removed from the region
every year. | Christoph Mohr/picture-alliance/dpa/AP



Trent Matthews grew up commercial salmon fishing in Southeast Alaska. Ten
years ago, he took a job on a trawler operated by US Seafoods, the Alaska
Endeavor, which is involved in the Bering Sea groundfish fishery. It was the
best money he’d ever made — about $1,000 a day. But after five weeks he quit.
Matthews said he was appalled by the waste, particularly halibut, but also crab
and non-commercial fish species, and what he described as the leveling of

marine ecosystems. (US Seafoods declined to comment.)

Advertisement

“Once I started seeing the destruction, it was hard to watch,” Matthews said.

Alaska’s fisheries, once lauded as the best managed and most abundant in the
country, appear increasingly fragile. Climate change — the Arctic is warming at
least two times faster than the rest of the planet — has led to sea ice loss and
warming ocean temperatures, which is further stressing already vulnerable

populations. Last year, NOAA surveys revealed that nearly 11 billion snow crab
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in the Bering Sea had disappeared over the last two years, a population collapse
across all size and age classes, which the agency has attributed to a “ marine
heat wave.” Others, though, have questioned whether warming seas can fully

explain the decline.

It’s not just commercial fisheries that have been impacted by warming waters
and decades of industrial fishing. The decline of chinook and chum salmon,

species that are integral to Native communities on the Yukon and Kuskokwim
Rivers, led to the closure of subsistence fisheries in 2021 and 2022 and forced
the state to fly in thousands of pounds of frozen fish to remote villages for the

first time ever.

NOAA Fisheries, which is part of the Department of Commerce and is
responsible for overseeing the nation’s fisheries, is still working to understand
the recent salmon and crab declines. It says that preliminary genetic analysis
shows that bycatch makes up a relatively small percentage of chinook and
chum salmon bound for the Yukon and Kuskokwim rivers, and that
“unprecedented warming” is thought to have led to poor growth and survival of
the species. But when runs are as low as they are, even relatively small amounts
of bycatch, depending on where they are occurring, can make a difference,
according to Gordon Kruse, a fisheries biologist who served on the North
Pacific Fishery Management Council’s science and statistical committee for

more than two decades.
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“If [bycatch] is proportional and just evenly spread out, then it might be hard
to make a case that this is impacting the populations of salmon,” Kruse said.
“On the other hand, if salmon are aggregating by river system in the ocean and
most of the catch is coming from a few rivers or streams, then the impact could
be huge.”

NOAA also noted that environmental and “human activities” likely affected
Bristol Bay red king crab which was heavily exploited in the 1970s and early
1980s. In addition, commercial crabbing associations and conservation groups
allege that the agency is likely undercounting the volume of crab bycatch in the
Bering Sea. NOAA only counts whole crab that end up in the trawl nets brought
on board. Individual animals that are maimed and crushed or that slip through
the nets that drag along the ocean floor where crab tend to cluster are not

counted. This is known as “unobserved mortality.”
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In a written statement, NOAA Fisheries said, “The level of unobserved
mortality of crab species...is unknown,” but that the agency factors this variable

into its population estimates.

According to Jon Warrenchuk, a senior scientist with the conservation group
Oceana, 165,000 square miles of ocean floor, an area roughly the size of
California, has been impacted, most of it in the Bering Sea. NOAA confirmed
the figure and said, “The area of the EEZ (exclusive economic zone) off Alaska
is more than 900,000 square miles. So approximately 18 percent of the ocean
floor has been impacted by trawl nets or trawl gear.” Once compromised, it can
take decades if not longer for these areas to recover. One recent NOAA study
has shown that deep sea sponges, invertebrates attached to the seafloor that

provide habitat for juvenile and adult fish, have been damaged by trawl fishing
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In part because of its natural abundance, pollock also plays an important role
in the larger ecosystem. Some studies have linked the growth of the
commercial U.S. pollock fishery, beginning in the 1970s, to the decline of
Steller sea lions, now an endangered species, and fur seals, which have
declined by about 70 percent. Seabirds, including kittiwakes and murres that
nest on the Pribilof Islands in Bering Sea and rely on pollock, have also

decreased significantly during the same period.

“The footprint of industrial trawling is huge — it’s massive,” said Warrenchuk.

“We would contend there is ecosystem overfishing occurring.”






"They Have the Best Available Science
and They Choose Not To Act’

ACTIVISTS AND SUPPORTERS OF THE INDIGENOUS GROUP "PROTECTORS OF THE SALISH SEA" MARCH IN OLYMPIA, WASH. IN JAN. 2020. ALASKA'S FISHERIES,
ONCE LAUDED AS THE MOST ABUNDANT IN THE COUNTRY, APPEAR INCREASINGLY FRAGILE. | TED S. WARREN/AP PHOTO

The council charged with managing the fisheries that depend on those
ecosystems is now at the center of a very public battle between the smaller
commercial operators and subsistence fishermen and the trawl industry.
Conflicts of interest among council members are long-standing and, in some
ways, unavoidable. Magnuson-Stevens was designed to allow industry
representatives and commercial operators to vote on policy, the belief being
that those directly involved in fisheries would be incentivized to protect them.

Advertisement



The regional fishery councils, established after Magnuson-Stevens was passed,
are responsible for managing commercial fisheries, setting annual quotas for
individual species and bycatch limits for each sector. (In Alaska, crab stocks are
co-managed with the state’s Department of Fish and Game. The state also
manages salmon, but bycatch quotas are set by the council.) The North Pacific
Fishery Management Council has 11 voting members and includes
representatives nominated by governors from Oregon, Washington, and
Alaska, which has a majority of the seats. Final appointments are made by the
Secretary of Commerce and there are a handful of seats reserved for agency
representatives. Currently four of the council’s 11 members have direct ties to
the trawl industry or pollock processors, many of which also operate vessels in

the Bering Sea.

According to critics of the council process, including Peltola, the mandate in
Magnuson-Stevens that fisheries be managed to achieve “optimum yield,”
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while also protecting fish stocks, has privileged economic considerations over
environmental protection. This has led the council to favor the biggest players
and the largest, most profitable fisheries. “The council process seems to be
heavily influenced in supporting the investment that has been made in the
fisheries infrastructure,” Kevin Bailey, a fisheries biologist and former NOAA

employee wrote in Billion-Dollar Fish, a history of the pollock industry.

Velsko, who served on the North Pacific Fishery Management Council’s
advisory panel and was a member of the state’s bycatch review task force,
established by Alaska Gov. Mike Dunleavy in late 2021 amid growing
controversy over the issue, argues that the council has become too cozy with
the trawl sector and its many lobbyists. Dozens of state and federal officials,
many of whom have served on the council, have gone to work for the trawl
industry or trade associations that lobby on behalf of groundfish fisheries. Buck
Laukitis, another commercial fisherman in Homer who served on the council
from 2016 to 2019 said, “It’s a typical revolving door. You work for the council.
You become an expert. You write the analysis and a week later you're working

for the industry.”
Advertisement



Though council members submit financial disclosure forms, which are posted
on the NOAA website, they are only required to recuse themselves from voting
on policy if it is deemed to have a “significant and predictable effect” on their
financial interests. In practice, according to Balsiger, the former NOAA official,

recusals are rare.

Witherell, the council’s executive director, said all decisions are driven by
science and that a broad cross section of representatives from the commercial,
recreational and sport fishing sectors currently serve on the council. Four of
the members are state and federal representatives with no ties to industry.
“The Council does not prioritize economic considerations over environmental
protection for crab stocks or any other fish stock,” he said. Witherell also
pointed to recently updated NOAA policies that are designed to strengthen
financial disclosure requirements and clarify the process for determining

whether council members must recuse themselves from a particular vote.
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The council ultimately answers to NOAA Fisheries, which is part of the
Department of Commerce. But NOAA has historically deferred to the council
and rarely overturns decisions made at the regional level, a pattern that has

continued under the Biden administration.

Last fall, crabbers petitioned Secretary of Commerce Gina Raimondo to
intervene directly to temporarily close an area in the Bering Sea considered
important for the reproduction and survival of red king crab. Known as the red
king crab savings area, the approximately 3,600-square-mile zone has been off
limits to trawl vessels since the mid-1990s. But because of a loophole that
allows “mid-water” trawl vessels to fish in the protected area, pollock boats
have been exempted. The exemption was based on the assumption that these

boats do not drag their nets along the ocean floor.



Over the last decade, according to NOAA's own data, fishing by pollock boats in the savings area has increased significantly, much of it
during the early winter season when crab are molting and highly vulnerable. | Klas Stolpe/AP Photo

For at least two decades, though, NOAA scientists have known that these
vessels actually make frequent contact with the ocean floor. Last year, the
agency published an analysis showing that pollock nets, despite their mid-

water designation, are on the ocean floor 40 to 70 percent of the time.



“Trawling that contacts the seafloor is assuredly one of the factors that
challenge the red king crab stock,” agency scientists wrote in the paper. And
over the last decade, according to NOAA’s own data, fishing by pollock boats in
the savings area has increased significantly, much of it during the early winter

season when crab are molting and highly vulnerable.

Advertisement

NOAA Fisheries initially turned the emergency request over to the council,
which voted it down in December (the vote was 10-0 with NOAA’s regional
administrator in Alaska, Jon Kurland, abstaining). Then, in January, the
agency officially denied the request because it did not “meet the criteria
necessary to determine that an emergency exists.” (A similar emergency
request brought by five tribal organizations asking the agency to eliminate
chinook salmon bycatch and set hard caps for chum bycatch in the Bering Sea
was also denied.)


https://meetings.npfmc.org/CommentReview/DownloadFile?p=7608c5c6-d20a-4b3e-a23a-7fb0754d3f71.pdf&fileName=D1%20BBRKC%20Information%20Paper.pdf
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The council, according to Witherell, has identified the red king crab and snow
crab stock as a “priority conservation concern,” and will take additional actions
when supported by the scientific data. The council is currently considering
implementing additional protection measures to reduce impacts to red king
crab habitat, part of a larger review process that will be discussed at meetings

this spring.

Stephanie Madsen, executive director of the At-Sea Processors Association,
which represents some of the largest pollock fleets in the Bering Sea, said the
vessels account for a tiny fraction of crab bycatch and that the nets they use are
not designed to bottom trawl. She acknowledged that the nets do make contact
with the seafloor, which has been well-known for years, but said the recently

published NOAA figures were “overestimates.”

“We’re using the nets that are legally required and there have been no
violations, that I'm aware of, of the performance standard,” she said.

Jamie Goen, executive director of the Alaska Bering Sea Crabbers Association,
which represents commercial crab boats, doesn’t pin the red king crab decline
on the pollock fishery, but said the mid-water trawl vessels could be impeding
the species ability to recover at a pivotal moment. NOAA’s own scientists have
been urging the council to investigate the impacts of the pollock fishery on crab

stocks for well over a decade, she says. Now it might be too late.
Advertisement



“We’ve been coming forward to the council with different measures that would
help these stocks grow,” said Goen. “We’ve been bringing measures forward for
years now. What I'm seeing over and over is they [the council] have the best

available science in front of them and they choose not to act.”
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T Do Not Want Them To See Me as a
Threat’

THOUGH PELTOLA WON HANDILY, MANY FISHING GROUPS ARE INCREASINGLY ANXIOUS ABOUT THE POSSIBILITY OF MORE INTENSE FEDERAL OVERSIGHT OF THE
INDUSTRY. | MARK THIESSEN/AP PHOTO

Mary Peltola was the only U.S. House candidate in Alaska to openly
support the new version of Magnuson-Stevens. Though she won handily, many
fishing groups are increasingly anxious about the possibility of more intense

federal oversight of the industry.

“I am definitely worried,” said Julie Bonney, the founder and executive director
of the Alaska Groundfish Data Bank, which represents about 40 trawl boats
and seafood processors based out of Kodiak. Bonney was disappointed that

Peltola supported the bill before having met with groups like her own.

Advertisement



In September, a coalition of more than 150 fishing industry groups (Bonney’s,
as well as several trade associations representing the trawl sector) sent a letter
to the House Committee on Natural Resources, opposing the changes to

Magnuson-Stevens. Language that would allow NOAA to further limit bycatch
quotas, among other reforms, would lead to “chaos” within the seafood sector

and higher prices for consumers, the groups warned.
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The reform bill was voted out of committee. If the reauthorization passes, it would be the first major reform of Magnuson-Stevens in 16
years. | Nathaniel Wilder for POLITICO

“A mandate to absolutely minimize bycatch in all circumstances could very well
lead to managers or the courts shutting down fisheries where bycatch cannot

be eliminated,” they wrote.



About a week later, the bill, with Peltola’s support, was voted out of committee.
If the reauthorization passes, it would be the first major reform of Magnuson-

Stevens in 16 years.

The bill would improve council transparency by establishing stricter
requirements related to ethics and lobbying. It would give the Secretary of
Commerce greater authority to intervene in council processes if it is
determined that a species has been overfished or is “approaching a depleted
status.” And, for the North Pacific in particular, it would allocate two council
seats to Alaska Natives, a provision that Don Young had endorsed before he
died in March 2022. In addition, the proposed legislation would invest in
research on the impacts of climate change on Alaska’s fisheries and make it
easier for the Commerce Department to allocate emergency funding in the

event of a fishery closure.

If the Magnuson-Stevens reauthorization doesn’t pass, the council will
continue to operate as it has for decades, which Velsko believes could lead to a
larger collapse or terminal decline of the state’s commercial fisheries. It has
already become increasingly difficult for younger fishermen to enter the
industry. And without any assurance that populations will remain stable — or
at least at a level that can sustain smaller commercial boats — there’s little
incentive to invest in larger quotas or equipment. This year’s halibut stock
assessment showed continued population declines across most regions, which
means catch shares for commercial fishermen will likely remain low for years
to come. Responding in part to the long-term decline of halibut, NOAA is in the
process of adopting a new method of managing bycatch, which will adjust the


https://alaskafish.news/01/2023/pacific-halibut-catches-cut-for-2023-fishery/

annual allocation to the groundfish fishery based on changes in the species
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Goen said it could take three to five years before scientists have a better
understanding of whether the snow crab population is likely to recover. Red
king crab, once one of the state’s most lucrative fisheries, may be a cautionary
tale. Both crab fisheries generate more than $250 million in revenue annually
and support thousands of jobs in coastal communities across Alaska. The
industry will have about 2 million pounds of tanner crab to harvest this year,
enough for two or three vessels out of a fleet that is normally made up of about

60 boats, according to Goen.

“Boats are going to be tied up,” she said. “They’re not going to be able to pay

their moorage fees. Their insurance. Or maintenance.”
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It's still going to take decades for us to gain ground,” Peltola said. “If we do everything right and if we do it now.” | Nathaniel Wilder for POLITICO




According to Peltola, it could take a generation for chinook and chum salmon
to return to levels needed to sustain Native communities and the roughly
25,000 residents along the Yukon and Kuskokwim rivers. And, she says, that’s
only if measures are put in place to protect the species and the larger
ecosystem, now under enormous pressure from a rapidly warming climate,
among other factors. “It’s still going to take decades for us to gain ground,”

Peltola said. “If we do everything right and if we do it now.”

But Magnuson-Stevens, in its current form, will face stiff opposition in a
narrowly divided Republican-controlled Congress, not only from the trawl

industry and its lobbyists, but possibly from the rest of the Alaska delegation.



Trident Seafoods is was one of the top contributors to both Sen. Murkowski and Sullivan’s most recent electoral campaigns. | Christoph
Mohr/picture-alliance/dpa/AP

Trident Seafoods, one of the largest operators in Alaska with nearly two dozen
pollock boats and 11 onshore processing plants, was one of the top contributors
to both Sen. Lisa Murkowski and Sen. Dan Sullivan’s most recent electoral

campaigns and has spent close to $200,000 lobbying on issues related to the



legislation in the past two years. Trident is a member of the At-Sea Processors
Association, which signed the letter opposing the bill. The company also had
close ties to Don Young, who was viewed by industry as one of the only
members of Congress with the credibility and stature to get a bill like

Magnuson-Stevens through both the House and Senate.

Advertisement

“We are concerned some of the changes proposed to MSA could undermine
regional authority and overburden Council resources at a time they are
strained,” Trident Seafoods said in a statement. “We believe the broad
structure of MSA provides sufficient framing to advance integrating climate

impacts, adaptation, and more resilience into management.”

Sullivan is a member of the Commerce subcommittee that oversees fisheries
and would be closely involved in any effort to draft a Senate version of the bill.

(Sullivan’s office did not respond to requests for comment.) Murkowski, in a
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recent interview with Alaska Public Media, said any changes to Magnuson-
Stevens need to be carefully considered because of its potential impact to

Alaska’s economy.

After Young’s death last March, the House delayed work on the legislation until
his seat was filled. But the version voted on by the committee in September,
after Peltola won the special election to serve the remainder of his term, has
not been endorsed by a single Republican. Rep. Bruce Westerman (R-Ark.),
who now chairs the House Committee on Natural Resources, described it as
“blatantly partisan legislation,” that Young never would have supported. A
spokesperson for Rep. Jared Huffman (D-Calif.), who sponsored the
legislation, said he plans to reintroduce the bill later this year but would not

comment on whether any changes will be made.


https://alaskapublic.org/2023/01/17/talk-of-alaska-senator-lisa-murkowski/

Pro-Fish stickers on display at a campaign event for Peltola at the International Brotherhood of Electrical Workers Local 1547 in
Anchorage, Alaska. | Patrick Fallon/AFP via Getty Images

Peltola was also a good friend of Young’s and has kept several of his former
staffers and policy advisers on her team, including his chief of staff — a nod,

she has said, to Young’s legacy of working with members of both parties. Even


https://peltola.house.gov/news/documentsingle.aspx?DocumentID=73

as she takes on one of the most powerful industries in the state, Peltola has

vowed to follow in his footsteps.

“I do want to work with them,” Peltola said, referring to the trawl industry. “I

do not want them to see me as a threat.”
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J. Northw. Atl. Fish. Sci., Vol. 22: 219-248

Cetacean Interactions with Trawls:
A Preliminary Review

D. Fertl!
Marine Mammal Research Program, Texas A & M University
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Abstract

Cetaceans interact with trawls to an undetermined extent. A preliminary review of
global data indicates that individuals of 25 cetacean species (two mysticete, 23 odontocete)
have been documented to have died in working trawls or discarded trawling gear. Cetacean
interactions with trawls are complex, in part because both fishermen and cetaceans are
drawn to areas of high prey density. Furthermore, within such areas, cetaceans are probably
often attracted to trawling activities because they make it easier for the animals to exploit
a concentrated food source. Individuals of 15 (possibly 16) cetacean species (13 odontocete,
and one or even two mysticete) have been reported to feed in association with trawls.
Animals follow working nets (feeding on stirred-up organisms or fish gilled in mesh) and
also feed on discarded by-catch. Damage to gear as a result of feeding interactions or
entanglement has been reported. Such damage results in (1) harm to the animals, (2) creation
of negative opinions of cetaceans by fishermen (regardless of whether a cetacean or a
shark is, in fact, responsible for the damage in question), and (3) loss of time and money
for repair and replacement of gear. The relationships of cetaceans with trawls need to be
further studied to determine what effects the trawl fisheries have on the ecology and
population status of the whales and dolphins involved.

Key words behaviour, by-catch, cetacean, feeding, fishery interaciton, mysticete,
odontocete, trawl

Introduction of fisheries impacts, even though many of the
causes of catches in trawls are similiar to those as-
Interactions between various cetacean speciesociated with gillnet captures.
and fisheries are geographically widespread and
diverse (see reviews in Northridge, 1984, 1991; Many fisheries in the world use trawl nets
Currey et al., 1990, 1991). Interactions are (Nedelec and Prado, 1990). Trawl nets are towed
potentially harmful to cetaceans (e.g. depletion ofnets consisting of a cone-shaped net with a cod-
fish stocks, direct kills in fisheries, and incidental end or bag for collecting the target species. Trawls
captures in fishing gear) and to humans (e.g. gearan be bottom, midwater, or surface, and are
damage and depletion of commercially valuable fishoperated from one, or occasionally two, boats to
stocks) (Beddingtoet al., 1985). Incidental catches take various species of fishes, squids and crusta-
of cetaceans in nets, especially purse seinegeans. Many national fishing fleets include a broad
gillnets, and drift nets, are extensive and cause corclass of trawlers, ranging from small coastal trawl-
siderable mortality (Bjgrget al., 1991; Perrinet  ers to large catcher/processing vessels. To a large
al., 1994). Mortality in trawls has been less fre-degree, net size and type (bottom, midwater, etc.)
guently reported and all but ignored in evaluationsis dependent on vessel size (i.e. fishing power).

1 Current address Minerals Management Service, U.S. Dept. of the Interior, 1201 EImwood Park Blvd, New Orleans,
LA 70123
2 Deceased January 1997
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Incidental takes of cetaceans exist in most areasomm., 1992). It was thought that this whale had
where trawling occurs, for example, the North Seapeen cut out of a trawl net at some point in its life.
Bering Sea, Atlantic Ocean, Gulf of Mexico, Gulf
of California, Mediterranean Sea, Indian Ocean, and Why do cetaceans become caught in trawls?
waters off Australia and New Zealand (Appendix Trawling is an active fishing process; therefore,
1). Information on the numbers of animals caughtcetaceans are probably aware of the net and the
and the causes of by-catches in trawls is not readilpoat's activity. Engines on trawlers produce a char-
accessible (e.g. it is often embedded in the literaacter-istic sound, particularly when changing stages
ture on gillnets); this paper compiles and summasof operation. It has been suggested that some
rizes existing information. odontocetes are able to acoustically distinguish
between stages of trawl operation. Bottlenose
dolphins (Tursiops truncatuy are sometimes
Individuals of two mysticete species, 23 attracted when nets are deployed (e.g. Gunter, 1954)
odontocete species, and several unidentifiecdaind have been seen approaching shrimp boats to
cetaceans (including beaked whales) have beewait for by-catch to be culled (e.g. Norris and
documented to have been incidentally caught irPrescott, 1961; Leatherwood, 1975; Delgado-
trawls (Appendix 1 and 2) The condition of Estrella, MS 1991). Killer whalesQfcinus orcd
incidentally caught cetaceans varies. It has beehave been observed to do the same with trawlers in
suggested that cetaceans found in nets are raretjie Bering Sea (J. R. Heimlich-Boran, Cambridge,
alive when caught, and that dead or dying animalgJK, pers. comm., 1991). Gruber (MS 1981) docu-
are sometimes scooped up as the nets passented various reactions of bottlenose dolphins to
(T. Loughlin, National Marine Mammal Lab., operational stages, including following the net as
Seattle, WA, USA, pers. comm., 1991). There are @ was being hauled in and, at other times, switching
number of reports of trawls bringing up dead andto boats trawling in the vicinity. On the other hand,
decomposed bodies of cetaceans (Scheffer andertl (MS 1994) suggested that factors other than
Slipp, 1948; Testaverde, 1978; Perez and Loughlinjust the trawler's operational stage, such as social
1991), as well as skulls (Anonymous, 1979; Smithinteractions, may play an important part in dolphin
et al., 1989; Lake, MS 1995). Some workers movements around shrimp boats.
contend that healthy cetaceans should be able to
avoid trawl nets easily, since the vessels' forward A variety of biological factors can influence
progress is quite slow (van Utrecht, 1978; Niazi,catches of marine mammals: species distribution,
1990; T. Loughlin, pers. comm., 1991). This isvarious behavioral traits, sensory capacities, and
clearly not the case for pinnipeds that interact withattention and searching images (Nelson, 1990).
trawls, many of which are caught alive and perishMany of the possible causes of cetacean
in the nets [e.g. Steller sea lionEuUmetopias entanglement in gillnets (IWC, 1994) can be applied
jubatusg (Alverson, 1992); Cape fur seals to catches of cetaceans in trawls; for example,
(Arctocephalus pusillys(Shaughnessy and Payne, behavior (curiosity, exploration, attention and
1979); Hooker's sea lionsPhiocarctos hookeji perception, social patterns, and feeding) of the
(MAF Fisheries, 1991); northern fur seals cetecean appears to be an important consideration.
(Callorhinus ursinu} (Perez and Loughlin, 1991); It has been reported that there have been higher
California sea lions Zalophus californianus catches of cetaceans in trawls at night (Warétg
(Miller et al, MS 1983), and New Zealand fur sealsal., 1990; Maigret, 1994; Baird, 1995; Crespb
(Arctocephalus forsteji(MAF Fisheries, 1991)]. al., 1997); Maigret (1994) suggests that this is
Similarly, most cetaceans caught alive in trawls die perhaps the time that dolphins (eDglphinus spp.,
while few can be released alive (Appendix 1). Oneand Stenellaspp.) are moving slowly near the
incident involved a minke whaleB@laenoptera surface and are less alert, while Waretgl. (1990)
acutorostratg harpooned in Newfoundland that was noted that the reason higher catcheDefphinus
found with trawl mesh web grown into its rostrum spp. occur at night is not readily apparent, but did
(D. E. Sergeant, Hudson, Quebec, Canada, perseem related to a behavioral phenomenon of the

Cetacean catch and composition

1 A northern right whaleEubalaena glacialis was reported as having been caught in a trawl [the single incident
was reported in O'Harat al. (1986), Waringet al. (1990) and Kraus (1990)]. Kenney and Kraus (1993) published
a correction to this; therefore, this species is not included in the tally.
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dolphins. Unfortunately, there is little systematicsuch as in the Alaskan fishery for sable fish
knowledge of many behavioral processes that caus@noplopoma fimbrig(Matkin et al., 1986). Killer
cetaceans to be vulnerable to incidental takes imhales are often observed taking sablefish from
fishing gear (IWC, 1994). long lines; these fish otherwise live too deep for
killer whales to catch them (Matkin and Saulitis,
1994). There are two reports of humpback whales
Marine mammals frequently exploit fisheries (Megaptera novaeangligefeeding behind trawl
for food. California sea lions, bottlenose dolphins,nets (von Ziegesar, 1984 in NMFS, 1991; D.E. Ser-
and botos Ipia geoffrensiy are known to remove geant, pers. comm., 1992). Sergeant suggested that,
fish from nearshore gillnets (Everiétt al., 1981; since humpback whales usually do not dive very
Cato and Prochaska, 1976; S. Leatherwood, unpubtieeply, the additional food supply brought up by
data, respectively); bottlenose dolphins (Cato andrawl nets gives the whales a broader feeding re-
Prochaska, 1976; Iversen, MS 1975), rough-toothedource (D.E. Sergeant, pers. comm., 1992). There
dolphins Gteno bredanensjiglversen, MS 1975), is, however, little evidence to demonstrate that, for
false killer whales Pseudorca crassidens humpback whales, associating with trawl fisheries
(Leatherwoodet al., 1989), and killer whales is really beneficial.
(Sivasubramanian, 1964) steal hooked fish; and
long-finned pilot whales Globicephala melas There is considerable overlap of prey species
frequent traps to remove the target species, whicin the stomachs of cetaceans that have been feeding
is the squidlllex illecebrosus(Lien, 1994). It opportunistically around trawlers and on prey
appears that some cetacean species, like pinnipedspecies that are targets of commercial trawl
are attracted to trawl nets because of the easy fodiésheries or in stomachs of target species of the
source they represent (e.g. Shaughnessy and Payr@mmercial fishery. Analyses of stomach contents
1979; Beddingtoret al, 1985). of bottlenose dolphins from the Gulf of Mexico
(Barros and Odell, 1990) indicated prey composi-
Individuals of at least 15-16 cetacean speciesion similar to that of the non-shrimp catches of
(13 odontocete and two, possibly three mysticeteshrimp boats (Bryan, MS 1980; Pellegrin, 1982).
have been documented to feed in association witlPellegrin (1982) calculated an overall fish/shrimp
trawling (Table 1, Appendix 3). Such associationsratio (measured in tons) in by-catches of the Gulf
appear to occur in all areas of the world. Individualsof Mexico shrimp fishery of 9.1:1. Stomach con-
exploit food concentrated by trawling operations.tents of pilot whalesGlobicephala spp.) caught
This process is best illustrated by the long-standingn the North Atlantic mackereScomber scombris
relationship between bottlenose dolphins andishery suggested that mackerel may be a major
shrimp trawlers, in which the dolphins show component of the pilot whales' diet, though feeding
readiness to make use of a variety of easily procuredn Atlantic mackerel may well be an opportunistic
food items (e.g. Leatherwood, 1975; Gruber, MSphenomenon related only to the fishery (Wargtg
1981, Corkeroret al, 1990; Fertl, MS 1994). al., 1990; Overholtz and Waring, 1991). Analysis
of stomach contents of trawl-caught Atlantic white-
Animals tend to be attracted to food that issided dolphinsl(agenorhynchus acutysbottienose
clumped or patchy in distribution (Krebs, 1978). A dolphins and common dolphin®¢Iphinusspp.)
trawler might well be considered as a mobile patchsouthwest of Ireland showed that the dolphins were
By remaining with this moving patch, in which feeding on the target species of the fishery
available food is frequently concentrated, dolphins(Couperus, 1997). Couperus also noted that, based
presumably can reduce the proportion of time spengn otoliths retrieved from their stomachs, the white-
foraging (searching for and consuming food) andsided dolphins appeared to have had a completely
possibly increase the quantity and quality of thedifferent diet before they arrived in the area and
food they do consume. The less time they spendled in association with trawling activities. The
foraging, the less energy they use. By this logicabove observations do not necessarily indicate that
trawling may provide an abundance and diversitythe cetaceans are scavenging from trawls, but they
of food in a small area and permit the cetaceans tdo show that they are exploiting the same species
select food of higher-than-usual caloric value. targeted by the fisheries. Cetaceans could be
feeding on fish that are ancillary to the catch (as is
Fishing operations may also open up some foodhe case for bottlenose dolphins feeding in
niches not otherwise available to some cetaceangssociation with the shrimp fishery) or feeding on

Feeding behavior
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TABLE. 1. Worldwide interactions (feeding or bycatch) of cetaceans with
trawl nets. « = reports of bycatch;= reports of feeding asso-
ciation;* possible recordx marked as unidentified pilot whale
species during feeding associations, it is most likely this spe-
cies; + marked aBelphinus delphibefore Heyning and Perrin
(1994) on genuPelphinus.

Minke whale Balaenoptera acutorostraja .

Fin whale Balaenoptera physalgs A
Humpback whaleNlegaptera novaeanglige e A
Finless porpoiseNeophocaena phocaenoiges .

Dall's porpoise Rhocoenoides dalji .

Harbor porpoiseRhocoena phocoena e A
Vaquita Phocoena sinys .

Sperm whale Rhyseter macrocephalys .
Commerson's dolphinQephalorhynchus commersohii .
Heaviside's dolphinGephalorhynchus heavisidii .
Hector's dolphin Cephalorhynchus hectori e A
Common dolphin Pelphinusspp)+ e A
Short-finned pilot whaleGlobicephala macrorhynchis .
Long-finned pilot whale Globicephala melds e A x
Risso's dolphinGrampus griseus .
Atlantic white-sided dolphinl{agenorhynchus acutiis e A
White-beaked dolphinLagenorhynchus albirostr)s .

Peale's dolphinliagenorhynchus australjs .

Pacific white-sided dolphinL@agenorhynchus obliquidehs e
Dusky dolphin Lagenorhynchus obscurlus

Killer whale (Orcinus orcg

Tucuxi (Sotalia fluviatilig

Indo-Pacific hump-backed dolphirséusa chinens)s
Striped dolphin $tenella coeruleoalba

Atlantic spotted dolphinKtenella frontali¥

Spinner dolphin $tenella longirostriy

Bottlenose dolphinTursiops truncatus .
FranciscanaRontoporia blainville)
Northern bottlenose whaldfyperoodon ampullatys A

LRI >

>D>D> D>

the fishery target species (such as the associatioamttracted to non-working shrimpers. The vast
of pilot whales with the Atlantic mackerel fishery majority of episodes of cetaceans feeding around
in the northeastern United States) (see Appendix 8awls involve feeding behind working trawlers
for sources). A cetacean could be attracted to netAppendix 3). In such instances, the animals
because of prey caught in the trawl nets, as well ag/pically follow a vessel and feed on organisms
scavengers feeding on fish caught by the nets. Onstirred up by the trawl, pick out fish entangled in
dramatic example of the latter was reported for thehe net's mesh, or possibly feed on fish that pass
Bering Sea, where killer whales pursued Steller seghrough the mesh. It is reasonable to assume that in
lions that were waiting to feed on discarded by-all three of these circumstances the prey are dead,
catch from a trawler (Branson, 1971). injured, or disoriented and therefore easier for the
dolphins to catch than individuals of the same
The bottlenose dolphin is the cetacean speciespecies that are healthy and actively avoiding
most often documented to feed in association witlcapture. Bottlenose dolphins, pilot whales
trawls. Leatherwood (1975) describes three feedingGlobicephalaspp.), and Indo-Pacific hump-backed
patterns that bottlenose dolphins use wherdolphins Sousa chinens)shave been observed
associating with shrimp boats: (1) foraging behindfeeding around the mouth of nets (bottlenose
working boats, (2) feeding on trash fish discardeddolphins: Fertl, MS 1994; Delgado-Estrella, MS
or fallen from the net, and (3) feeding on fish1991; Leatherwood, unpubl. data; pilot whales:
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Waringet al, 1990; Indo-Pacific hump-backed dol- Hohn, 1989). Caloric consumption by captive,
phins: S. Leatherwood, unpubl. data), presumablyactating bottlenose dolphins in the six months
on fish escaping the net's pathway. In interviewsfollowing parturition increases from 129% to 204%
many Gulf of Mexico shrimpers told one of us thatof that of resting dolphins (Ridgwast al., 1992).
they had witnessed bottlenose dolphins enterin@dhe association of cetaceans with trawls may well
trawl nets to feed. Crespo and Corcuera (1990) probe a strategy to increase the rate of feeding, while
vided similiar reports of dolphins (unid. species)decreasing the energy expenditure associated with
in Argentine waters moving into and out of trawl foraging.
net mouths to feed

. The association of cetaceans with trawls

Opportunistic feeding by cetaceans inindicates the behavioral flexibility of these animals
association with fisheries is perhaps bestto capitalize on human activities. This feeding
exemplified by cetaceans feeding on discarded bypattern may be beneficial in that it reduces time
catch. This behavior has been described for killerequired to forage, and provides the animals with
whales in the Bering Sea and off the Shetlandan easier way to obtain food that is outside their
Islands (Teshima and Ohsumi, 1983; Couperususual foraging depths or otherwise too energetically
1994, respectively) and bottlenose dolphins in theostly for them to exploit. Associations with
Gulf of Mexico (e.g. Caldwell and Caldwell, 1972; working trawlers may be harmful in that it may
Leatherwood, 1975; Gruber, MS 1981), expose dolphins to greater risk of injury or death.
southeastern United States (Davis, 1988), an€orkeronet al. (1990) noted that bottlenose
Moreton Bay, Australia (e.g. Corkeret al., 1990; dolphins spent seemingly "unnecessary" time taking
Wassenberg and Hill, 1990). Typically, the animalspreferred items in shrimp boat by-catches, appear-
have been seen to wait alongside the vessel for bying to place themselves at a greater risk of shark
catch to be discarded. Wassenberg and Hill (1990attack; at least one dolphin was known to have been
calculated that dolphins scavenging behind &itten by a shark while following a trawler. There
trawler can eat about 86% of fish discarded from also may be cause for concern that generations of
single trawl. In observations of bottlenose dolphinsdolphins that have fed largely or exclusively in
feeding on trash fish, the dolphins were found toassociation with such fisheries may be at
show preferences for some prey species over othetisadvantage when these fisheries collapse.
(Shane, MS 1977; Gruber, MS 1981; Corkemn _ .
al., 1990; Wassenberg and Hill, 1990: Fertl, msGear damage during feeding
1994). Many trawl fishermen blame dolphins for holes

in their nets (Gunter, 1942, 1944, 1951, 1954,

Leatherwood (1975) suggested that bottlenos€adenat, 1957; Ravel, 1963; Reynolds, 1985;
dolphins have learned the advantages of followingNorthridge, 1984, 1991; dos Santos and Lacerda,
and feeding in conjunction with shrimp boats.1987; Bearzi and Notarbartolo di Sciara, 1992;
Females with calves, in particular, have beenConsiglioet al., 1992; Silvaniet al., 1992; Fertl,
observed following shrimp boats, and it has beerMS 1994), but such damage may likely be as a result
speculated that the calves learn this foragingf sharks tearing at the nets (as reported in Shane,
behavior by observation and participation (ShanévS 1977; Gruber, MS 1981, Delgado-Estrella, MS
et al, 1986). Studies of other marine mammals,1991; Fertl, MS 1994) as from dolphins attempting
such as sea otterEighydra lutrig and killer whales, to pull fish out of the nets. The areas with the most
have suggested that youngsters develop feedintfequent complaints appear to be the Mediterranean
skills through imitation of the mother's feeding be-and the Gulf of Mexico, and the species most
haviors (Riedmaret al., 1989; Guinet, 1991 and fishermen blame is the bottlenose dolphin (when
Guinet and Bouvier, 1995). It has been speculatedpecies was designated). Gulf of Mexico shrimpers
that females with calves may be taking advantagénsisted that dolphins were "attacking” the nets in
of the concentrated food resource provided byesponse to low fish productivity in the area (Fertl,
shrimp boats to meet increased energetic needs diMS 1994).
to lactation (Fertl, MS 1994; P. Corkeron, Univ. of
Sydney, Sydney, Australia, pers. comm., 1993). Attempts to reduce damage to trawl nets on the
Lactating mammals have greater energetic need$sulf Coast of the United States and the Mediter-
and may need to eat greater quantities of food oranean have included the use of firecrackers
change to a diet richer in nutrients (Bernard andletonated near the animals and bullets fired into
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the water nearby (Gunter, 1944; Cadenat, 1957¢perational characteristics of the fishery. For abun-
Reynolds, 1985; Bearzi and Notarbartolo di Sciaradant species in heavily fished areas, it would be
1992; Consiglioet al.,, 1992; Silvaniet al, 1992; surprising if some animals were not taken in fish-
Fertl, MS 1994). Acoustical deterrents appear to beéng nets. For example, high catch rates in the North-
successful only for a very short time period, if atwest Atlantic may be related to the distribution of
all (Caldwell and Caldwell, 1972; Consiglet al,  fishing effort in particular areas of high pilot whale
1992). Non-acoustical methods used by shrimpdensity (Northridge, 1991). Harbor porpoises
fishermen include tying ribbons to nets and(Phocoena phocoenagenerally found near-shore,
installing an extra skirt on the net to frighten may be particularly susceptible to incidental cap-
dolphins away; these methods have met with mixedures because inshore areas are often heavily fished
results. On the coast of the Adriatic and TyrrhenianNelson, 1990). Movements and seasonal changes
seas, there is a story of fishermen putting a faken distribution of a species will be reflected in sea-
dolphin in the net — like a scarecrow — to scaresonal and geographic differences in net catches (it
dolphins away. The results were apparently googhould be noted that in some fisheries, the fishing
for a few days, but then the dolphins "saw theeffort in certain areas may be very different
cheating” and tore the nets with their teethinterannually, depending on the market situation,
(L. Marini, Univ. of Rome, Rome, Italy, pers. quota regulations, and behavior of fish schools,
comm., 1993). particularly if they are a pelagic species). Some
) o species' abundance, however, may have little con-
Holes in nets and incidental captures ofpection to catch rates. For example, the size and

dolphins can result in loss of fishing time, while hehavior of the animal, and net size could determine
the crew disentangles carcasses or live animals, ange possibility of the animal's being caught.

loss of money while crews fix or replace damaged

gear. Dolphins sometimes blunder into a tow orGear characteristics

handling line and do minor damage while struggling o )

to free themselves (Leatherwood and Reeves, 1982; Individuals of more cetacean species are caught
Fertl, MS 1994). Netting and rope may be lost inin mid-water trawls than in bottom trawls.
trying to free live or dead cetaceans. In oneNorthridge (1988) discussed several reasons why
instance, a net was cut to release a bottlenos@id-water gear is more likely to catch cetaceans.
dolphin caught in a groundfish trawl (C. Pharr, First, mid-water nets generally target small pelagic
NMFS, Pascagoula, Mississippi, USA, pers. Comm_]‘ish species, which are often the same spec_ies
1991). In another, a stranded bottlenose dolphi'é€yed upon by marine mammals. Second, mid-
from Mississippi was found lodged in a complete,water gear is generally towed at relatively high
small trawl net (stranding record SE3983, SoutheastPeeds. Finally mid-water trawls are generally much
U.S. Stranding Network Region). Northridge (1988)!arger than most demersal trawls. Niazi (1990)
reported an incident of a pilot whal&lpbicephala SPeculated that the smaller size and openings of
spp.) that became lodged in a trawl and drownedl?Ottom trawls in Pakistan make them harmless to

the net was subsequently lost. finless porpoisesNeophocaena phocaenoides
S Whether he felt the trawl openings were small
Distribution of entanglements enough to deter animals from entering the nets is

It is not surprising that cetaceans and humangot clear. Pair trawlers tow nets with higher
that exploit similar food resources have overlappingneadlines and greater overall dimensions and they
ranges. Potential cetacean and trawl fisheryow them faster than single trawlers (Anonymous,
interactions are likely to occur when spatial and1981; Kuikenet al, 1994),; pair trawlers account
temporal habitat use coincides, for example for about 50% of all cetacean catches in waters off
Atlantic white-sided dolphins and trawlers both New Zealand, with gillnets and single trawlers
taking migrating mackerel southwest of Irelandmaking up the remainder (Anonymous, 1981).
(Couperus, 1997) and white-beaked dolphins
(Lagenorhynchus albirostr)sand midwater trawlers Northridge (1988) and Waringt al. (1990)
taking spawning herring in the North Seaspeculated that the mouth in many trawl nets
(Northridge, 1988). The frequency with which permits dolphins to enter and get caught. It is
individuals of a cetacean species are caughgenerally thought that some individuals enter the
accidentally in trawls is a function of the abundanceirawl and become trapped when the boat stops
of that species in a fishing area, as well ashauling and the trawl entrance collapses
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("haulback") (Clausen and Andersen, 1988;are caught because of their inexperience with fish-
Northridge, 1988; Waringt al.,, 1990) or when the ing gear (Nelson, 1990). Young animals may learn
netis being put out into the water ("shot") (Moreno,safe movements around nets by watching conspe-
1993), and then the net is relatively shapeless andifics. Phocoenids have a shorter dependency pe-
slow-moving. This is the time when many pinnipedsriod and shorter lifespan than delphinids (Gaskin,
appear to become caught (e.g. MAF Fisheries1984; Perrin and Reilly, 1984), and thus, have less
1991). It is highly probable that many cetacean®pportunity to learn from their mothers or
trapped during shooting or haulback are alive whertonspecifics. Tyack (1986) reviewed the importance
caught, but die because the nets are kept in the watef a long period of parental care as it relates to the
for long periods of time before being checked.importance of social learning in odontocetes. It is
Bottlenose dolphins in the Gulf of Mexico have also probable that younger animals are not as
been reported with their rostrums caught in the neattentive as adults to the dangers that nets pose, and
mesh, perhaps when pulling fish scraps from thébecome caught accidentally, panic, and are unable
nets (Leatherwood and Reeves, 1982; R. Fordto free themselves. Young cetaceans may also be
NMFS, Pascagoula, Mississippi, USA, pers. comm.greater "risk takers" than adults (Nelson, 1990), as
1991); one bottlenose dolphin in the Gulf of Mexicois true in most animal species (Fagen, 1981).
was caught by its teeth in the net, but was released
alive (Fertl, MS 1994). Ironically, there are two Lack of attention (also discussed in IWC, 1994,
separate reports of bottlenose dolphins that wergor gillnet captures) may be another reason for
found caught in turtle excluder devices (installedincidental takes. Mature cetaceans, as well as young
on trawls to allow turtles caught as by-catch toand inexperienced individuals, may become
escape from shrimp trawls) (Burn and Scott, 1988 careless" around nets. Attention to social activity,
Fertl, MS 1994). such as play, may distract individuals. Trawl
fishermen insist that dolphins do not get caught in
their nets because they are too fast and too smart
Cetacean social structure may play a(pavis, 1988; Moreno, 1993; Fertl, MS 1994).
Significant role in incidental Capture pOtential. Bottlenose d0|phins sometimes drown when they
Incidental catches of pilot whaleSlobicephala are caught around the tail stock in the hanging line
spp.), very social cetaceans, often involve multiplepf the trawl (Fertl, MS 1994). We have witnessed
animals (G. Waring, NMFS, Woods Hole, several episodes of bottlenose dolphins playing with
Massachusetts, USA, pers. comm. 1991). Cetaceamses while nets were being pulled.
that forage in dense groups, such as common
dolphins Delphinusspp.) and pilot whales Additional considerations
(Globicephalaspp.), often become victims of trawls
(Waringet al ., 1990). Where cetaceans feed in the =~ Discarded or lost gear.Entanglement in dis-
water column also affects how frequently they arecarded gear is an often over-looked, but important,
caught. For example, the frequent feeding at midproblem. Trawl fisheries are major activities in the
water depths may account for the |arge number ONorth Pacific Ocean, with 5 500 km of nets in use

cetaceans (e.g. pilot whale§lobicephalaspp., (Uchida, 1985). When proportions of litter were
common do|phinsyDe|phinusspp_’ and harbor studied on southeastern Alaska beaches, 76—85% by

porpoise) trapped in mid-water trawls. We|ght consisted of trawl-web fragments (LCB/t/
al., 1985). There are many reports of marine mam-

It appears that of all cetaceans captured, anals becoming entangled in trawl webbing (O'Hara
disproportionate number are young animalset al, 1986), but few data on the numbers of en-
(Teshima and Ohsumi, 1983; Corkeretnal,, 1990; tangled animals that die. Fowler (1982) has shown
Niazi, 1990; Vidal, MS 1990; V. Cockcroft, Port that entanglement in trawl net fragments could ac-
Elizabeth Museum, Humewood, South Africa, pers.count for about a 5% mortality rate of northern fur
comm., 1992). Most of the common dolphinsseals a year. These fragments may act as ghost nets,
(Delphinusspp.) killed in squid l(oligo) and not unlike fragments of monofilament gillnet. It is
Atlantic mackerel fisheries are likely sexually probable that some of these fragments may have
immature (Waringet al., MS 1990). Vidal (MS food organisms in them. One sperm wha&ayseter
1990) suggested that because vaquRhocoena macrocephalusstranded in Oregon was reported
sinug calves move too slowly they become trappedto have had approximately one liter of tightly
in trawls. It is also probable that young cetaceanpacked trawl nets in its stomach (Mate, 1985). De-

Behavior and social structure
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spite the link between frequency of entanglementomparatively smaller numbers of cetaceans are
and resultant death, there seems little doubt thataught by trawls in contrast to other fishing gear
this, and perhaps other kinds of operationalsuch as purse seines (Cetal., 1985; Bjgrgeet
interaction arising from the increased trawling inal., 1991) and gillnets (Leatherwood, 1994; Perrin
the Bering Sea, is a major factor in determining theet al.,, 1994).
otherwise inexplicable decline of the northern fur
seal (Beverton, 1985) and Steller sea lion Cetacean distribution, social structure, and be-
(Alverson, 1992). havior are important biological factors that inter-
act with characteristics of trawl nets to cause en-
Ecological/Resource Depletion There has tanglements. Cetacean feeding habits may be
been some concern that trawling may disperse anignportant in many of the incidental captures. In
alter distributional features of prey species for somdact, common dolphinsOelphinusspp.) in New
cetaceans and other marine mammals. Biomass adfealand (Anonymous, 1982) and bottlenose
epifaunal organisms has dropped dramatically irdolphins in the Gulf of Mexico (Leatherwood, 1975)
some areas due to trawling, and changed thé&ed on fish attracted to non-working trawlers; when
dominant species of fish caught (Sainsbury, 198&o0ats are anchored at night, their lights often attract
in Hutchings, 1990). The Steller sea lion has alreadyish and other animals to feed. Trawlers may make
experienced a population collapse, reputedly fromnit easier for individuals, especially juveniles, old
the vast overfishing in its habitat (Alverson, 1992).individuals, or mothers with calves, to capture food
Populations of these sea lions are suggested to lbat is otherwise difficult (in volume) for them to
in danger because of a nutritional deficiencycatch.
resulting from the absence of fatty fishes in their
diet (Alverson, 1992). Similar impacts may gravely As also reported by the IWC (1994): entangle-
endanger cetaceans in areas of heavy trawl-fishingnents may occur where the target species are prey
such as the Bering Sea, Mediterranean Sea, and Guf potential prey for cetaceans; the fish caught are
of Mexico. It has been thought that shrimp trawl-not prey species but cetaceans are attracted to the
ing operations have a net beneficial effect for bottlenets because other potential prey are associated with
nose dolphins, providing more easily captured foodhe net; the target and incidental species are seek-
(Wang et al.,, 1994); however, while trawling (of ing similar prey; or the cetaceans and fisheries oc-
any type) may open up new feeding niches, it probeur in the same vicinity for reasons related to physi-
ably destroys others. As noted earlier in this paperpgraphy and biological productivity. In general, the
bottlenose dolphins may currently be taking advanbehavior of cetaceans near nets is poorly under-
tage of the easily concentrated food resource thadtood. Several additional causes for these by-
shrimp boats provide, but future generations mayatches may be an individual's inattention or inex-
be disadvantaged by shifts, or even severe declinepgrience, and patterns of social interactions.
in prey species. Trawl fisheries not only affect takes
of target species, but also the food web. For ex- In summary, the evidence summarized in this
ample, high-seas trawl fisheries off Patagonia takeeport, while preliminary, suggests that fishing
hake Merluccius hubbgi as one of their targets. trawls can represent a significant source of cetacean
Hake is a predator of anchovy, the main prey itenmortality and that inadequate attention has been
of dusky dolphins(Lagenorhynchus obscurps paid to this problem to date. Existing data do not
(Crespoet al, 1997). Unbalancing of the marine permit us to determine the relative incidence of such
ecosystem may cause shifts that initially seemmortalities among the different trawl types: sample
beneficial to the dolphins, but may soon orsizes are too small, and many areas have no observer
ultimately prove detrimental to all participants in coverage. However, it seems likely that the greatest
the system. potential for conflict exists with mid-water and
surface trawls operating in areas of high cetacean
Concluding Remarks density, notably where both fishermen and
cetaceans target the same prey.
Intensive trawling occurs in many areas of
the world, with resulting incidental catches of It can probably be taken for granted that, as with
cetaceans. However, considering the intensive trawdillnet fisheries, the number of cetacean mortalities
fisheries that exist in some areas, it appears thatported by trawl fishermen underrepresents the
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true situation. Fear of prosecution or other legal
sanctions (and absence of observers) probably
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dence for over-exploitation. Doc. SC/35/SM14 pre-
sented to IWC Sci. Comm., 10 p.

results in many or most incidentally killed animals ANON. 1979. South Africa's progress report on cetacean

being discarded. Because an assessment of this
problem is not possible without directed research,
we recommend that an observer program be
established to collect information on the frequency
of cetacean mortality among the various types of
trawling operations. Observer data would also
permit an assessment of the extent to which
mortality rates differ by area and by target fish
species. Inevitably, this research must be conducted
in concert with studies to address broader biological
and management questions relating to abundance,
population structure, and seasonal movements of
the cetacean species concerned.
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APPENDIX 1. Individual cetaceans documented to have been incidentally caught in trawl nets in various
areas of the world.

No. Released
No. Species Time Period No. Entangled Alive Source(s)

Bering Sea and Aleutian Islands

1 Minke whale 1973-88 2 (decomp.) 0 Perez and Loughlin (1991)
2 Minke whale 1989 1 N/A NMFS (1995)

3 Harbor porpoise 1973-88 4 (3 dead, 1 decomp.) 0 Perez & Loughlin (1991)
4 Dall's porpoise 1973-88 13 (11 dead, 2 decomp.) 0 Perez & Loughlin (1991)
5 Dall's porpoise 1989 1 N/A NMFS (1995)

6 Dall's porpoise 1990 6 N/A NMFS (1995)

7 Dall's porpoise 1991 1 N/A NMFS (1995)

8 Dall's porpoise 1992 5 N/A NMFS (1995)

9 Dall's porpoise 1993 4 N/A NMFS (1995)
10 Risso's dolphin 1973-88 1 (decomp.) 0 Perez and Loughlin (1991)
11 Killer whale 1982 1 calf 1 calf Teshima and Ohsumi (1983)
12 Killer whale 1973-88 4 (1 dead, 1 alive, 2 decomp.) N/A Perez and Loughlin (1991)
13 Killer whale 1991 1 0 NMFS (1995); Matkin and

Saulitis (1994)
14 Killer whale 1992 1 N/A NMFS (1995)
15 Killer whale 1993 1 N/A NMFS (1995)
16 Unid. cetacean 1973-88 25 (7 dead, 18 decomp.) 0 Perez and Loughlin (1991)
17 Unid. cetacean 1990 1 N/A NMFS (1995)
18 Unid. cetacean 1991 1 N/A NMFS (1995)
19 Unid. cetacean 1992 1 N/A NMFS (1995)
20 Unid. cetacean 1993 1 N/A NMFS (1995)
British Columbia
21 Dall's porpoise 1990 1 0 Bairet al. (MS 1991)
Gulf of Alaska
22 Dall's porpoise 1973-88 2 (1 dead, 1 alive) N/A Perez and Loughlin (1991)
23 Dall's porpoise 1993 1 N/A NMFS (1995)
24 Killer whale 1973-88 1 dead 0 Perez and Loughlin (1991)
25 Unid. cetacean 1973-88 2 dead 0 Perez and Loughlin (1991)
Alaska
26 Harbor porpoise 1941 1 (dredged by trawler) 0 Scheffer and Slipp (1948)
27 Harbor porpoise 1986-88 3 N/A Barloat al. (1994)
28 Dall's porpoise 1986-88 20 N/A Barloet al. (1994)
29 Dall's porpoise 1989 1 N/A Barloet al. (1994)
30 Pacific white- N/A 3 N/A Barlowet al. (1994)
sided dolphin
31 Killer whale 1986-88 2 N/A Barlowet al. (1994)
32 Unid. cetacean N/A 18 N/A Barlowet al. (1994)
West Coast of United States

33 Dall's porpoise 1973-88 9 (8 dead, 1 alive) N/A Perez and Loughlin (1991)
34 Dall's porpoise 1989 1 N/A NMFS (1995)
35 Dall's porpoise 1990 3 N/A NMFS (1995)

36 Dall's porpoise 1992 1 N/A NMFS (1995)
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No. Released

No. Species Time Period No. Entangled Alive Source(s)
37 Harbor porpoise N/A # not given N/A Leatherwood and Reeves
(1986)

38 Pacific white- 1973-88 3 (dead) 0 Perez and Loughlin (1991)
sided dolphin

39 Pacific white- 1990 8 N/A NMFS (1995)
sided dolphin

40 Unid. cetacean 1973-88 10 (9 dead, 1 alive) N/A Perez and Loughlin (1991)

41 Unid. cetacean 1990 2 N/A NMFS (1995)

Gulf of California

42 Vaquita 1961 1 N/A Norris & Prescott (1961)

43 Vaquita 1984 # not given N/A Vidal (MS 1990)

44 Vaquita 1985 2 N/A Vidal (MS 1990)

45 Vaquita 1990 2 N/A Vidal (MS 1990)

46 Vaquita N/A 1 1 G. Silber, pers. comm.

(1993)
Gulf of Mexico

47 Short-finned N/A # not given N/A NMFS (1995)
pilot whale

48 Risso's dolphin N/A # not given N/A NMFS (1995)

49 Atlantic spotted 1985 2 N/A Reord, pers. comm(1991)
dolphin

50 Atlantic spotted 1988 2 N/A Reord, pers. comm(1991)
dolphin

51 Bottlenose N/A small numbers N/A Gunter (1942)
dolphin

52 Bottlenose 1976 1 N/A Prescadt al. (1980)
dolphin

53 Bottlenose 1988 2 N/A Burn & Scott (1988)
dolphin

54 Bottlenose N/A # not given N/A Reynolds (1985)
dolphin

55 Bottlenose 1978-79 1 1 Gruber (MS 1981)
dolphin

56 Bottlenose N/A small numbers N/A Leatherwood and Reeves
dolphin (1982)

57 Bottlenose 1987 1 1 C. Pharr, pers. comm.
dolphin (1991)

58 Bottlenose N/A small numbers 3 Fertl (MS 1994)
dolphin

Southeastern United States

59 Bottlenose N/A 1 N/A Wanet al. (1994)
dolphin

60 Bottlenose N/A small numbers N/A Reynolds (1985)

dolphin



FERTL and LEATHERWOOD: Cetacean Interactions with Trawls 235

No. Species Time Period

No. Entangled

No. Released

Alive

Source(s)

Northeastern United Atates/Atlantic Ocean

61 Humpback whale 1986
62 Harbor porpoise 1977
63 Harbor porpoise 1982
64 Common dolphin 1977-83
65 Common dolphin 1983
66 Common dolphin 1984
67 Common dolphin 1985
68 Common dolphin 1986
69 Common dolphin 1987
70 Common dolphin 1988
71 Common dolphin 1989
72 Common dolphin 1990
73 Common dolphin 1991
74 Common dolphin 1992
75 Common dolphin 1993

76 Pilot whale 1977-83
77 Pilot whale 1984
78 Pilot whale 1985
79 Pilot whale 1986
80 Pilot whale 1987
81 Pilot whale 1988
82 Pilot whale 1989
83 Pilot whale 1990
84 Pilot whale 1990
85 Pilot whale 1991
86 Pilot whale 1992

87 Risso's dolphin 1985
88 Risso's dolphin 1986
89 Risso's dolphin 1987
90 Risso's dolphin 1992

91 Atlantic white- 1990
sided dolphin

92 Atlantic white- 1990
sided dolphin

93 Atlantic white- 1991
sided dolphin

94 Atlantic white- 1991
sided dolphin

95 Striped dolphin 1991
96 Bottlenose dolphinl977-83
97 Bottlenose dolphinl984

98 Bottlenose dolphinl985

99 Bottlenose dolphinl988
100 Bottlenose dolphirl991
101 Bottlenose dolphirl992
102 Bottlenose dolphirl993

2 (1 alive, 1 dead)
1 (decomp.)

1

8

1 (alive)
3
66
76
19
31
4
11
2

3

6
35
2
47
20
26
142
5

1
107
13
12
1

1

1

1
4

10

N/A
0

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
0
N/A
N/A
0
N/A
N/A
N/A
N/A

N/A

N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

O'Haral (1986)

Testaverde (1978)
O'Haed al. (1986)
Warirgg al. (1990)
O'Haed al. (1986)
Waringt al. (1990)
Waringt al. (1990)
Waringt al. (1990)
Waringt al. (1990)
Waringt al. (1990)

Overholtz and Waring1991)
NMFS (1995)
NMFS (1995)
Gerriet al. (1994)
NMFS (1995)
Waringt al. (1990)
Waringt al. (1990)
Waringt al. (1990)
Waringt al. (1990)
Waringt al. (1990)
Waringt al. (1990)
Overholtz and Waring1991)

NMFS (1995)
Youngt al. (1993)
Youngt al. (1993)
NMFS (1995)
Waringt al. (1990)
Waringt al. (1990)
Waringt al. (1990)
Gerriet al. (1994)
Youngt al. (1993)

NMFS (1995)
Youngt al. (1993)
NMFS (1995)

NMFS (1995)
Waringet al. (1990)
Waringet al. (1990)
Waringet al. (1990)
Waringet al. (1990)
NMFS (1995)
Gerrioret al. (1994)
NMFS (1995)
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No. Released
No. Species Time Period No. Entangled Alive Source(s)
103 Unid. dolphin 1977-83 3 N/A Waringt al. (1990)
104 Unid. dolphin 1985 1 N/A Waringt al. (1990)
105 Unid. dolphin 1988 1 N/A Waringt al. (1990)
106 Unid. dolphin 1992 4 (1 alive,1 dead) N/A Gerrigtral. (1994)
107 Unid. baleen 1977-83 1 1 Warirg al. (1990)
whale
108 Unid. cetacean 1992 3 (1 alive?) N/A Gerragral. (1994)
(1 alive?)
Northwest Atlantic
109 Risso's dolphin N/A a few captures N/A O'Hataal. (1986)
110 Atlantic white- 1978-85 3 N/A O'Haret al. (1986)
sided dolphin
Argentine Waters
111 Commerson's N/A tens of individ/yr N/A Scialabba (MS 1989)
dolphin
112 Commerson's N/A # not given N/A Crespo and Corcue(d990)
dolphin
113 Commerson's N/A 2 N/A Goodadit al. (1988)
dolphin
114 Commerson's N/A # not given N/A Goodetl al. (1990)
dolphin
115 Common dolphin N/A # not given N/A  Crespo and Corcuefd 990)
116 Long-finned N/A 1 N/A Goodalkt al. (1988)
pilot whale
117 Peale's dolphin N/A # not given N/A Crespo and Corcuefd 990);
Goodallet al. (1990)
118 Dusky dolphin N/A 3 N/A Scialabba (MS 1989)
119 Dusky dolphin N/A # not given N/A  Crespo and Corcueld990)
120 Dusky dolphin 1989 1 N/A Crespat al. (1994)
121 Franciscana N/A 2 N/A Goodadlt al. (1988)
122 Franciscana N/A rare event N/A Crespo and Corcuei@d990)
123 Franciscana N/A # not given N/A Perez Macri and Crespo
(1989)
124 Bottlenose N/A 1 N/A Goodakt al. (1988)
dolphin
125 Unid. dolphin N/A 5in one trawl N/A  Crespo and Corcue(d 990);
Crespoet al. (1994)
Northeast Atlantic
126 Harbor porpoise 1980-81 28 N/A Andersen and Clausen (MS
1983)
127 Harbor porpoise - 3 N/A Anonymous (1988b)
128 Harbor porpoise 1973-87 21 N/A Lindstedt and Lindstedt

(1989)
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No. Released

No. Species Time Period No. Entangled Alive Source(s)
129 Harbor porpoise 1986-89 4 N/A Kinze (1994)
130 Common dolphin 1971-81 15 N/A Duguy and Hussenot (1982)
131 Common dolphin 1971-76 1 N/A Duguy (1977)
132 Long-finned 1971-76 1 N/A Duguy (1977)
pilot whale
133 Long-finned 1971-81 3 N/A Duguy and Hussenot (1982)
pilot whale
134 Long-finned - possible 1 record N/A Northridge (1988)
pilot whale
135 Risso's dolphin - occasionally caught N/A Northridge (1984)
136 Striped dolphin - occasionally caught N/A Northridge (1984)
137 Striped dolphin  1971-76 1 N/A Duguy (1977)
138 Bottlenose dolphin1971-76 2 N/A Duguy (1977)
139 Bottlenose dolphin1977-81 3 N/A Duguy and Hussenot (1982)
140 Bottlenose dolphin - 1 N/A Anonymous (1988b)
Baltic Sea
141 Harbor porpoise 1952 1 N/A Ropelewski (1957)
142 Harbor porpoise N/A 2 N/A Skoret al. (1988)
143 Harbor porpoise 1987/90 1 N/A Benkéal. (1991)
North Sea
144 Harbor porpoise - several tens/yr N/A Curetyal. (1990)
145 Harbor porpoise 1963-82 18 N/A Gaskin (1984)
146 Harbor porpoise 1987-88 7 N/A Anonymous (1989a)
147 Harbor porpoise - few N/A Mitchell (1975)
148 Harbor porpoise 1992 137 N/A Moreno (1993)
149 Harbor porpoise - regularly caught N/A Reijnders and Lankester
(1990)
150 Common dolphin - regularly caught N/A Reijnders and Lankester
(1990)
151 Pilot whale - regularly caught N/A Reijnders and Lankester
(1990)
152 Pilot whale 1994 3(dead) in 1 haul 0 N. Lowry, pers. comm.
(1994)
153 Risso's dolphin - not given N/A Reijnders and Lankester
(1990)
154 White-beaked - few N/A Leatherwood and Reeves
dolphin (1983)
155 White-beaked 1958 1 N/A van Bree and Nijssen
dolphin (1964)
156 Bottlenose dolphin - # not given N/A Curreyal. (1990)
157 Bottlenose dolphin - few N/A Mitchell (1975)
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No. Released
No. Species Time Period No. Entangled Alive Source(s)

Mid-Atlantic Bight

158 Bottlenose N/A 3in 8 years N/A Northridge (1991)
dolphin
Scotland
159 Harbor porpoise 1988-89 20+ N/A Northridge (1991)
Britain
160 Harbor porpoise N/A # not given N/A Northridge (1991)
161 Harbor porpoise N/A 1 N/A Northridge (1988)
162 Harbor porpoise 1989 2 N/A Anonymous (1990c)
163 Common dolphin 1982 5 (3 alive, 2 dead) 3 Pascoe (1986)
164 Common dolphin N/A # not given N/A Couperus (1994)
165 Pilot whale 1986 towed in trawl N/A Northridge (1988)
166 Long-finned N/A # not given N/A Couperus (1994)
pilot whale
167 Atlantic white- N/A # not given N/A Couperus (1994)
sided dolphin
168 White-beaked 1986, 1987 # not given N/A Northridge (1988)
dolphin
169 White-beaked N/A # not given N/A Couperus (1994)
dolphin
170 Unid. porpoise N/A entangled at least 6, one N/A Northridge (1988)
drowned in net
171 Unid. porpoise N/A 3 N/A Northridge (1988)
172 Unid. whale 1986 1 N/A Northridge (1988)

Eastern Central Atlantic

173 Common dolphin N/A # not given N/A Scialabba (MS 1989)
174 Bottlenose N/A # not given N/A Scialabba (MS 1989)
dolphin
Bay of Biscay
175 Long-finned N/A # not given N/A Gerriogt al. (1994)
pilot whale

Mediterranean

176 Common dolphin N/A 1 N/A Di Natale (1983)
177 Common dolphin N/A not given N/A Di Natale (1989)
178 Striped dolphin  N/A not given N/A Di Natale (1989)
179 Bottlenose N/A 3 N/A Duguy and Hussenot (1982)
dolphin
180 Bottlenose N/A incidental catches said to N/A Curegyal. (1990)
dolphin be high, although some
dolphins reported to be freed
181 Bottlenose N/A not given N/A Di Natale (1989)

dolphin
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No. Released

No. Species Time Period No. Entangled Alive Source(s)
182 Bottlenose N/A 1 N/A Silvanet al. (1992)
dolphin
183 Sperm whale N/A 3 N/A Di Natale and Mangano
(1983)
184 Sperm whale N/A 1 N/A Di Natale (1989)
Portugal
185 Harbor porpoise 1977-91 1 N/A Sequeira and Ferreifd994)
186 Common dolphin 1977-91 18 N/A Sequeira and Ferreifd994)
Central Cantabrian Sea
187 Harbor porpoise 1977-91 1 N/A Noresal (1992)
188 Common dolphin 1977-91 1 N/A Nores al. (1992)
189 Long-finned 1977-91 1 N/A Norext al. (1992)
pilot whale
Northwest Africa
190 Common dolphin N/A # not given N/A Northridge (1984)
191 Common dolphin N/A large numbers N/A Curretyal. (1990)
192 Common dolphin 1980 '6-22' dolphins per haul' N/A Maigret (1994)
at night for one trawler. 12
trawlers in area also caught dolphins,
exact number unknown. An estimated
minimum of 500-1 000 common
dolphins andStenellaspp. are caught
per year.
South and Southwest Africa
193 Heaviside's 1978-79 2 N/A Anonymous (1979)
dolphin
194 Heaviside's 1978-79 small numbers N/A Northridge (1984)
dolphin
195 Heaviside's 1977 1 N/A P. Best, pers. comm. (1992)
dolphin
196 Heaviside's 1990 1 N/A P. Best, pers. comm. (1992)
dolphin
197 Common N/A small numbers N/A Northridge (1984)
dolphin
198 Common 1983 5 N/A P. Best, pers. comm. (1992)
dolphin
199 Common N/A 2 young N/A V. Cockcroft, pers. comm.
dolphin (1992)
200 Risso's dolphin 1986 1 N/A P. Best, pers. comm. (1992)
201 Dusky dolphin N/A small numbers N/A Northridge (1984)
202 Dusky dolphin 1988 4 N/A P. Best, pers. comm. (1992)
203 Dusky dolphin 1989 6 N/A P. Best, pers. comm. (1992)
204 Dusky dolphin 1990 1 N/A P. Best, pers. comm. (1992)
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No. Species Time Period No. Entangled Alive Source(s)
East Africa
205 Unid. dolphin N/A large number N/A Current al. (1991)
Pakisan
206 Finless porpoise 1989 2 young N/A Niazi (1990)
India (Gulf of Mannar)
207 Bottlenose 1980-82 3 0 Pillai & Kasinathan (1987)
dolphin
Thailand
208 Spinner dolphin 1970-71 10 N/A Perren al. (1989)
China (Hong Kong)

209 Finless porpoise 1987 1 0 T. Jefferson, pers. comm

(1995)

New Zealand

210 Hector's dolphin  1970's 7 N/A Baker (1978)
211 Hector's dolphin  N/A occasionally N/A Anonymous (1981);

Scialabba (MS 1989);

Slooten and Dawson (1988)
212 Hector's dolphin 1988 5 N/A Anonymous (1990b)
213 Common dolphin N/A a few N/A Mitchell (1975)
214 Common dolphin 1978 10 4 Anonymous (1981)
215 Common dolphin 1979 23 2 Anonymous (1981)
216 Common dolphin N/A occasionally N/A  Slooten and Dawsofl1988)
217 Common dolphin 1980 1 N/A Anonymous (1982)
218 Common dolphin since 2 N/A Anonymous (1988a)

April 1986
219 Common dolphin 1987 1 N/A Anonymous (1989b)
220 Common dolphin 1988 1 N/A Anonymous (1990b)
221 Common dolphin 1989 2 (adult+calf) N/A Anonymous (1990b)
222 Common dolphin 1989-90, 69 N/A Baird (1995)
1993-94

223 Common dolphin 1990 34-35 N/A Anonymous (1991b)
224 Common dolphin 1995 21 N/A R. Mattlin, pers. comm.

(1995)
225 Pilot whale N/A 1 N/A R. Mattlin, pers. comm.

(1995)
226 Dusky dolphin 1986-88 2 N/A Anonymous (1988a)
227 Dusky dolphin 1988 1 N/A Anonymous (1988a)
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No. Released

No. Species Time Period No. Entangled Alive Source(s)

228 Dusky dolphin N/A occasionally N/A Slooten and Dawson (1988)

229 Killer whale 1979 1 N/A Anonymous (1981)

230 Bottlenose N/A 100's N/A Mitchell (1975)
dolphin

231 Bottlenose N/A 1 N/A R. Mattlin, pers. comm.
dolphin (1995)

232 Unid. dolphin N/A low numbers N/A R. Mattlin, pers. comm.

(1995)

233 Unid. beaked 1979 1 N/A Anonymous (1981)

whale
Australia

234 Bottlenose N/A 2 juveniles N/A Corkeraat al. (1990)
dolphin

235 Bottlenose 1989 1 N/A Anonymous (1991a)
dolphin

236 Unid. dolphin 1988 3 N/A Anonymous (1990a)

237 Unid. dolphin 1990 1 N/A Anonymous (1991a)

Sources for personal communications

. Best, Whale Unit c/o South African Museum, P. O. Box 61, Cape Town 8000, South Africa
Cockcroft, Port Elizabeth Museum, P. O. Box 13147, Humewood 6013 South Africa
. Ford, National Marine Fisheries Service, P. O. Drawer 1207, Pascagoula, MS 39568, USA
Jefferson, Ocean Park Conservation Foundation, Ocean Park Aquarium, Aberdeen, Hong Kong
. Lowry, Danish Institute for Fisheries Technology and Aquaculture, The North Sea Centre, P. O. Box 59, DK-9850
Hirtshals, Denmark
. Mattlin, MAF Fisheries, Greta Point, P. O. Box 297, Wellington, New Zealand
. Pharr, National Marine Fisheries Service, P. O. Drawer 1207, Pascagoula, MS 39568, USA
. Silber, Marine Mammal Commission, 1825 Connecticut Avenue, NW, Washington, DC 20009, USA
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APPENDIX 2. Cetacean species for which there are reports of incidental catches in trawl nets (Record

numbers correspond to entries in Appendix 1.)

Species

Record Number(s)

Minke whale Balaenoptera acutorostraja
Humpback whaleNlegaptera novaeanglige
Finless porpoiseNeophocaena phocaenoides
Dall's porpoise Phocoenoides dalji

Harbor porpoiseRhocoena phocoena

Vaquita Phocoena sinus

Sperm whale Rhyseter macrocephalys
Commerson's dolphinQephalorhynchus commersohii
Heaviside's dolphinGephalorhynchus heavisidii
Hector's dolphin Cephalorhynchus hectori

Common dolphin Delphinusspp)

Short-finned pilot whaleGlobicephala macrorhynchjs
Long-finned pilot whale Globicephala melas
Unidentified pilot whale speciess{obicephalaspp.)
Risso's dolphinGrampus griseus

Atlantic white-sided dolphinl(agenorhynchus acutiis
White-beaked dolphinLagenorhynchus albirostr)s
Peale's dolphinl{agenorhynchus australjs

Pacific white-sided dolphinLagenorhynchus obliquidehs

Dusky dolphin Lagenorhynchus obscurus
Killer whale (Orcinus orcg

Striped dolphin $tenella coeruleoalba
Atlantic spotted dolphinStenella frontali}
Spinner dolphin $tenella longirostriy
Bottlenose dolphinTursiops truncatups

FranciscanaRontoporia blainville)
Unid. cetacean species
Unidentified baleen whale
Unididentified dolphin species
Unidentified beaked whale
Unidentified porpoise
Unidentified whale

1,2

61

206, 209

4-9, 21-23, 28-29, 33-36

3, 26-27, 37, 62-63, 126-129, 141-149,
159-162, 185, 187

42-46

183-184
111-114
193-196
210-212

64-75, 115, 130-131, 150, 163-164, 173,
176-177, 186, 188, 190-192,197-199,
213-224

47

116, 132-134, 166, 175, 189
76-86, 151-152, 165, 225
10, 48, 87-90, 109, 135, 153, 200
91-94, 110, 167

154-155, 168-169

117

30, 38-39

118-120, 201-204, 226-228
11-15, 24, 31, 229

95, 136-137, 178

49-50

208

51-60, 96-102, 124, 138-140, 156-158,
174, 179-182, 207, 230-231, 234-235

121-123
16-20, 25, 32, 40-41, 108
107
103-106, 125, 205, 232, 236-237
233
170-171
172




FERTL and LEATHERWOOD: Cetacean Interactions with Trawls 243

APPENDIX 3. Accounts of cetaceans feeding in association with trawls, reported geographically.

Species Interaction Source(s)
Bering Sea
Killer whale Seen following nets when trawling began. Teshima and Ohsumi (1983)
Killer whale Seemed attracted to winching sounds. Positioned J. Heimlich-Boran,

themselves along the sides of trawlers to feed on
trash fish, and offal. Jostled for positions while
feeding was also noted.

pers. comm. (1991)

West Coast of United States

Common dolphin Feed on specimens that had escaped from the net.
The fish were disabled and floating belly up.

Edwards (1960)

Gulf of California

Bottlenose Seen associated with shrimpers. Observed to feed
dolphin on trash fish. Dolphins attracted to engines shutting
down, signifying culling.

Bottlenose Observed feeding in mudboil behind shrimpers.
dolphin

Bottlenose Habitually followed trawlers with net down
dolphin (19% of sightings).

Norris & Prescott (1961)

Leatherwood (1975)

Wedlisal. (1981)

Gulf of Mexico

Bottlenose Observed following trawlers. Shrimp found in stomach.
dolphin Believed to damage nets.

Bottlenose Reported to damage nets. Could be made to move
dolphin with rifle shots.

Bottlenose Second-hand report from E.A. Mcllhnenny of whole
dolphin shrimp in stomachs.

Bottlenose Reported to distinguish changes of boat operation.
dolphin

Bottlenose Observed to feed on trash fish off northeast coast
dolphin of Florida, and to feed on catfish while operating

shrimp boats were nearby.

Bottlenose Seen following trawling boats; spent more time
dolphin socializing near boats than eating discarded fish.
Bottlenose Categorized behaviors related to shrimp boats as:
dolphin foraging behind working shrimp boats, feeding on

trash fish, and feeding on fish attracted to nonworking

shrimpers

Gunter (1942)

Gunter (1944)

Gunter (1951)

Gunter (1954)

Caldwell and Caldwell
(1972)

Hogan (MS 1975)

Leatherwood (1975)
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APPENDIX 3. (continued). Accounts of cetaceans feeding in association with trawls, reported geographi-

cally.
Species Interaction Source(s)
Gulf of Mexico
Bottlenose Observed feeding behind shrimp boats that had moved Leatherwood and Platter
dolphin from sounds to marsh in Mississippi. (1975)
Bottlenose Dolphins' activities completely dominated by shrimp Shane (MS 1977)
dolphin boats.
Bottlenose Detailed accounts of dolphin behaviors around Gruber (MS 1981)
dolphin shrimp boats. Mother/calf pairs fed behind shrimp

boats; feeding as early as 0545 and continued past
2200; following boat seemed preferable to eating trash
fish. Late spring to early fall, most dolphins

observed feeding in association with shrimp boats.

Bottlenose Fed in association with shrimp boats in Mobile Goodwin (MS 1985)
dolphin Bay, Alabama.

Bottlenose Associated with shrimp boats in Galveston Bay, Texas. Henningsen (MS 1991)
dolphin

Bottlenose Detailed accounts of dolphin behaviors around shrimp  Delgado-Estrella
dolphin boats in Campeche Bay. Dolphins responded to motor (MS 1991)

changes associated with changes in boat operation.
Observed feeding almost exclusively on bycatch.
Observations of feeding at night near working shrimp

boats.
Bottlenose Group of 7 young dolphins followed groundfish trawl C. Pharr, NMFS,
dolphin in Gulf of Mexico. pers. comm. (1991)
Bottlenose Detailed accounts of dolphin behaviors around Fertl (MS 1994)
dolphin shrimp boats. Movements of dolphins did not appear

to be linked to changes in shrimp boat stages.
Speculated that females with calves may be

taking advantage of concentrated food resource provided
by shrimp boats to meet increased energetic needs due
to lactation.

Atlantic spotted Observed feeding in association with shrimp boats. Delgado-Estrella (MS 1991)
dolphin

Atlantic spotted Followed large otter trawl to surface as it was hauled Caldwell (1955)
dolphin in. Dolphins milled around the filled cod-end of
the net until it was actually brought on board.

Atlantic spotted Mixed herd with bottlenose dolphins "biting the bag of C. Rogers, pers. comm.
dolphin the trawl" and were seen in front of the bag. (1991)
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cally.
Species Interaction Source(s)
Belize
Bottlenose Observed feeding in association with trawls. K. Dudzinski, pers. comm.
dolphin (1992)
Brazil

Tucuxi On at least 4 occasions, groups of up to 5 individuals Barros and Teixeira (1994)

observed close were to shrimp boats. No information

is available on apparent association.

Argentina
Unidentifed Observed coming into and out of the mouth of the net, Crespo and Corcuera
dolphins catching fish. (1990)
Southeastern United States (North Carolina)
Bottlenose Observed feeding on discarded bycatch. Davis (1988)
dolphin
Bottlenose Observed following working trawlers. G. Rountree, pers. comm.
dolphin (1993)
Northeast United States

Pilot whale Active pursuit and opportunistic feeding in and around Waatra). (1990)

mouth of net during haulback.

Scotian Shelf

Fin whale "Feeding aft of codend." Can. Fed. Dept. Fish. and

Minke whale

Common
dolphin

Pilot whale

Northern bottle-

nose whale

Oceans, unpubl. data

"Followed trawl at haulback." Can. Fed. Dept. Fish. and
Oceans, unpubl. data
"Followed trawl at haulback." Can. Fed. Dept. Fish. and

Oceans, unpubl. data

Following codend; following codend at haulback;
feeding off fish at haulback of trawl; and variations
thereof.

Can. Fed. Dept. Fish. and
Oceans, unpubl. data

15 records of "followed trawl during haulback". Can. Fed. Dept. Fish. and

Oceans, unpubl. data

Harbor porpoise Observed following the trawls, catching fish squeezed

North Sea

Clausen and Andersen

out through the meshes. (1988)
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APPENDIX 3. (continued). Accounts of cetaceans feeding in association with trawls, reported geographi-

cally.

Species Interaction

Source(s)

Northeast Atlantic (Celtic Sea)

Atlantic white-  Scavenged on discards

A.S. Couperus, pers. comm

sided dolphin (1994)

Pilot whale Scavenged on catch pumped on board. A.S. Couperus, pers. comm.
(1994)

Killer whale Feeding on fish that slipped through the meshes or fell Couperus (1994)

overboard, when the net was being hauled or shot.
Bottlenose 30-40 dolphins scavenging behind a freezer trawler A. S. Couperus, pers.
dolphin during hauling comm. (1995)
Mediterranean Region

Bottlenose Suspected to feed on fish in trawl. Di Natale (1989)

dolphin

Bottlenose Associated with shrimp boats. Bearzi and Notarbartolo di

dolphin Sciara (1992)

Bottlenose Reported to harrass trawlers. Northridge (1984)

dolphin

Bottlenose Feed in association with trawlers. Goffreaml (1995)

dolphin

Common dolphin Feed in association with trawlers.

Striped dolphin  Feed in association with trawlers.

Goffreaal. (1995)

Goffreaml. (1995)

West Africa

Unidentifed Feeding at night on fish attracted to non-working
dolphin trawler.

Fulton (1976)

South Africa

Common dolphin Suspected to feed in association with trawls

V. Cockcroft, pers. comm.
(1991)

Western Sri Lanka

Bottlenose Fed in mudline behind trawler.
dolphin

Leatherweoa@l. (1984)
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APPENDIX 3. (continued). Accounts of cetaceans feeding in association with trawls, reported geographi-

cally.
Species Interaction Source(s)
Southeast Malaysia
Bottlenose Fed around trawl net when it was reeled in in the Abel and Leatherwood
dolphin evening. Fed on fish dropping from the nets or (1985)

discarded over the side, and occasionally rammed
their rostrums into the net, causing the net contents

to spill.
Spinner Fed around trawl net when it was reeled in the evening. Abel and Leatherwood
dolphin (1985)
India (Gulf of Mannar)
Bottlenose Reported following cod-end of net. Pillai and Kasinathan
dolphin (1987)
China (Hong Kong)
Indo-Pacific Follow behind trawlers (shrimp and midwater fishes), S. Leatherwood, unpubl.
hump-backed sometimes for long periods. data;
dolphin T. Jefferson, unpubl. data
New Zealand
Common dolphin Seen feeding on "meatballing clupeids" beneath Anonymous (1982)

the hulls of trawlers and along the trawl warps.

Comon dolphin  Attracted to vessels and may take advantage of Baird (1995)
herding effect of a trawl net on fish, specifically,
fish swimming ahead of the trawl mouth.

Hector's dolphin Occasionally followed trawlers, possibly feeding Slooten and Dawson (1988)
on fish stirred up, but not caught by trawl gear.

Australia (Moreton Bay)

Bottlenose Reported feeding behind trawlers; feeding Corketal. (1990)
dolphin intensively on trash fish. Fish preferences

observed. Refused floating fish. Dominance

hierarchies inter- and intra-species observed.

Fed in mixed groups with humpbacked dolphins.

Bottlenose Fed on discarded bycatch. Dolphins estimated to Wassenberg and Hill (1990)
dolphin eat about 86% of fish discarded from single trawl.

Dolphins scavenged only fish and cephalopods, and

not crustaceans or echinoderms. Large floating fish

(25-65 g) were eaten by dolphins.
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APPENDIX 3. (continued). Accounts of cetaceans feeding in association with trawls, reported geographi-

cally.
Species Interaction Source(s)
Australia (Moreton Bay)
Bottlenose Attempted to establish a feeding station by feeding Green and Corkeron (1991)
dolphin dolphins with discards from stationary trawler.

Leading the animals with the trawler was not suc-
cessful for a variety of speculated reasons.

Indo-Pacific Reported to feed in mixed groups with bottlenose Corkeron (1990)
Hump-backed dolphins behind trawlers. Would generally remain
dolphin farther from stern of trawler. Did not gain access

to preferred food items.

Sources of personal communication and unpublished data:

Canadian Federal Department of Fisheries and Oceans, P. O. Box 550, Station M, Halifax, Nova Scotia B3J 2S7
V. Cockcroft, Port Elizabeth Museum, P. O. Box 13147, Humewood 6013 South Africa

A.S. Couperus, Netherlands Insitute for Fisheries Research (RIVO-DLO), P. O. Box 68, 1970 AB Ijmuiden, The
Netherlands

K. Dudzinski, Marine Mammal Research Program, Texas A & M University, 4700 Avenue U, Galveston, TX 77551,
USA

J. Heimlich-Boran, 7 Victoria St., Cambridge CB1 1JP, UK

T. Jefferson, Ocean Park Conservation Foundation, Ocean Park, Aberdeen, Hong Kong

C. Pharr, National Marine Fisheries Service, P. O. Drawer 1201, Pascagoula, MS 39568, USA
C. Rogers, National Marine Fisheries Service, P. O. Drawer 1201, Pascagoula, MS 39568, USA
G. Rountree, Cetacean Watch Project, 138 S. Colony Circle, Wilmington, NC 28409, USA
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Abstract

Section 117 of the Marine Mammal Protection Act (MMPA) requires the National Marine
Fisheries Service (NMFS) to estimate human-caused marine mammal mortality and serious
injury. Data from documented interactions between human activities and pinnipeds or
cetaceans belonging to stocks which appear in the Alaska Marine Mammal Stock
Assessment Reports (SARs) were compiled for the 5-year period from 2016 through 2020.
A total of 867 unique interactions with evidence of human-caused mortality or injury are
summarized in this report. Details for all reported human-marine mammal interactions
(approximately 3,500) were first assessed for evidence of human-caused injury or
mortality of the marine mammal; injuries and mortalities that could not be attributed with
high confidence to human causes were excluded from further analysis. Injury severity
determinations were then made for those injuries considered with high confidence to be
human-caused. Injury determination details, including the injury cause, type, severity (non-
serious, serious, or prorated serious), and criteria supporting the determination are
presented in Table 1. Records of human-caused mortality, assigned to cause, are also
included in this report and presented in Table 1. Mortality or injury values were assigned
to each interaction for comparison with the potential biological removal (PBR) levels,
calculated under the MMPA, for each stock in the Alaska SARs. The mortality and injury
values included in this report are derived solely from documented interactions. Not all
human-caused mortality and injury of marine mammals is documented so this report
represents a minimum count of human-caused mortality and injury of Alaska marine
mammal stocks.
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Introduction

The Marine Mammal Protection Act (MMPA, 1972) requires the National Oceanic and
Atmospheric Administration (NOAA), National Marine Fisheries Service (NMFS) to
estimate the annual human-caused mortality and serious injury of marine mammal stocks
by cause (MMPA, section 117) and to classify commercial fisheries based on each fishery’s
rate of incidental mortality and serious injury of marine mammals (MMPA, section 118).
NMFS evaluates the annual level of known or estimated human-caused mortality and
serious injury for each stock from all human causes, including specific commercial fishing
operations, relative to the potential biological removal (PBR) levels calculated under the
MMPA (Wade 1998). Mortality and serious injury events are assigned to cause and
estimates of annual mortality and serious injury are calculated by cause. Assessing the
severity of an injury and likelihood that an injury will result in mortality requires
information about the biology of the animal, the type and severity of the injury, and the
injury cause. Thorough examination of human-caused injuries of marine mammals is often
not possible because these events often occur in extremely remote areas of Alaska and
observed injuries are often not documented in sufficient detail to understand the level of
injury severity.

A serious injury is defined in regulations as “any injury that will likely result in mortality”
(50 CFR 229.2). To accurately and consistently estimate the number of serious injuries
occurring in each stock, NMFS clarified its definition of “serious injury” (SI) in 2012 and
stated its interpretation of the regulatory definition of serious injury as any injury that is
“more likely than not” to result in mortality or any injury that presents a greater than 50%
chance of death to the marine mammal (77 Federal Register 3233, 23 January 2012; NMFS
2012a). NMFS also established a consistent and transparent process for distinguishing non-
serious injuries (NSI) from SI and for documenting pertinent information considered in
making injury determinations (NMFS 2012a, b). Substantial information is known about
the likely outcomes of particular injuries of large whales due to the analysis of historical
large whale injuries with known outcomes. This allows NMFS to better estimate, or prorate,
the chance that a particular injury is likely to result in mortality. For example, at the time
NMFS established its injury determination criteria, there were 25 records with known
outcomes involving large whales that sustained ship-strike lacerations of unknown
severity, and in 13 of these instances (52%) the result was a decline in health status or
death of the animal. These data are then used to inform decision-making in situations
where the severity of the laceration (superficial vs. deep) is unknown. The rate of serious
injury for this category is prorated by multiplying the number of events assigned to this
criterion by 0.52 (NMFS 2012b).



This report consists of records from 2016 through 2020 that were assessed for human-
caused mortality or injury of cetaceans and pinnipeds occurring in Alaska and U.S. West
Coast waters and assessed within the Alaska Marine Mammal Stock Assessment Reports
(SARs). For marine mammal stocks that are found injured or dead in Alaska water but
assessed in the U.S. Pacific Marine Mammal SARs, the records are sent to the NMFS
Southwest Fisheries Science Center (SWFSC) for inclusion in the report summarizing
mortality and injury for U.S. Pacific West Coast marine mammal stocks (e.g., Carretta et

al. 2021). Examples of stocks assessed in the U.S. Pacific SARs that range into Alaska waters
include the Eastern North Pacific gray whale and the California breeding stock of northern
elephant seals, whereas some stocks which range as far south as California, such as Eastern
U.S. Steller sea lions and Eastern Pacific northern fur seals, are reported in the Alaska SARs.
Similarly, for marine mammals under the jurisdiction of the U.S. Fish and Wildlife Service
(USFWS) that are found injured or dead in Alaska waters, such as Pacific walruses and
northern sea otters, records and any resulting bycatch estimates are sent to the USFWS for
inclusion in those stocks’ assessment reports. Mortality and injury data may be reported by
marine mammal stranding networks, research programs, fisheries observer programs,
fishermen, and disentanglement networks. Mortality and injury of marine mammals
resulting from the Alaska Native subsistence harvest are not reported in this document,
except in rare circumstances, but these data are reported in the Alaska SARs. Mortality and
serious injury data from 2016 through 2020 were summarized by stock, cause, and year
and used for estimates reported in the 2022 Alaska SARs (Young et al. in review); in most
cases, non-serious injuries are not reported in the SARs. All information pertinent to
decisions of NSI, SI, or prorated Sl is presented in this report.

Methods

Data were acquired primarily from databases and archives maintained by the NMFS Alaska
Regional Office (AKRO) marine mammal stranding network, the NMFS Alaska Fisheries
Science Center (AFSC) Fisheries Monitoring and Analysis Division’s North Pacific Observer
Program, the NMFS West Coast Regional Office (WCRO) marine mammal stranding
network, the NMFS Northwest Fisheries Science Center (NWFSC) Fishery Resource
Analysis and Monitoring Division, Fisheries Observation Science Program (which
encompasses both the West Coast Groundfish Observer Program (WCGOP) and the At-Sea
Hake Observer Program (A-SHOP)), the NMFS SWFSC, the Marine Mammal Authorization
Program (MMAP), the NMFS Office of Protected Resources (OPR), the Northwest Indian
Fisheries Commission (NWIFC), and the Alaska Department of Fish and Game (ADF&G).
While reviewing 5 years of human-marine mammal interaction data, an injury
determination team at the AFSC’s Marine Mammal Laboratory (MML) reviewed
approximately 3,500 records for evidence of human-caused mortality or injury of the
marine mammal(s) involved in the interaction. All available documentation (reports,



emails, images, resight information, and necropsy results) was considered to assess
interactions, make injury determinations, and attribute mortality and injury to a cause. If
more information was necessary for a determination, the primary source of information
was contacted.

Any interaction which met an injury category criterion in NMFS Instruction 02-038-01
(NMFS 2012b; e.g., ingested gear or hook(s), entanglements, ship strikes, lacerations, etc.)
was considered to potentially document a human-caused injury, and a summary of all
relevant information was recorded as a unique entry in a Microsoft Access database. Any
mortality which the MML injury determination team was able to assign with high
confidence to a human cause was also summarized and recorded as a unique entry in the
database. When multiple records documenting a single instance of human-caused mortality
or injury were identified, the relevant information from each record was consolidated into
a single entry within the database. The database allowed MML staff to quickly sort and
summarize many entries. Primary records, such as Level-A forms, necropsy reports, and
imagery, were retained for reference. Follow-up information for a previously documented
event, such as additional sightings or reports of a decline in health condition, was added to
the existing database entry. When a dependent calf or pup of an injured or dead animal was
observed, a separate database entry was added and the offspring was assessed as a unique,
but associated, event. Interaction records in which there was no potential for human-
caused injury of the marine mammal, such as reports of animals feeding on fishery discards
or interactions that lacked sufficient information to assign an injury to a human cause,
were retained for reference but excluded from the database and report.

Following the initial review of approximately 3,500 primary records of human-marine
mammal interactions, 867 unique cases of human-caused mortality or injury of marine
mammals were identified. Each of these was evaluated using NMFS’ injury determination
criteria (NMFS 2012b). Different sets of criteria, specific to large whales (mysticetes and
sperm whales), small cetaceans (all odontocetes except sperm whales), and pinnipeds,
were used to evaluate each injury event and assign it to the most appropriate injury
category (NMFS 2012b; Appendix Tables 1 to 3). Some interactions fit more than one injury
category. In these cases, the most severe injury category was used to determine whether an
injury should be considered serious, non-serious, or prorated.

An initial and final injury determination was made for each record included in this report.
The initial and final determinations were the same for events in which the animal was dead
when first observed or was observed for a brief period. Initial and final determinations
could differ if an animal was determined to be seriously injured but, over time and through
human intervention, its condition improved. Examples of situations where initial and final
determinations could differ include events where disentanglement teams successfully



removed gear from a seriously injured entangled whale (assuming there was no evidence
of health decline or other injury) and events where stranded pinniped pups were
rehabilitated and released. In these cases, the final injury determination would be reported
in the SAR for comparison to PBR, while the initial injury determination would be used for
commercial fisheries-related interactions to classify fisheries in the MMPA List of Fisheries
(LOF).

Initial and final injury determinations do not differ in situations where commercial
fishermen, or others, release animals from gear in real-time (i.e., at the time of the
interaction). In these situations, the injury determination is made after the animal is
released from the gear and this determination is used when classifying fisheries for the
MMPA LOF and for comparison to PBR (NMFS 2012a). For example, if a humpback whale
became entangled in an active commercial gillnet, was released by fishermen at the time of
the interaction and swam away free of gear without any sign of injury, the initial and final
determinations would be NSI and the same injury determination would be compared to
PBR and used in the MMPA LOF. In contrast, if a humpback whale became entangled in an
active commercial gillnet and broke free with a portion of gillnet forming a constricting
entanglement, it would initially be considered a serious injury. However, if an experienced
disentanglement team removed all gear from the animal, and there was no other sign of
serious injury, the final determination compared to PBR would be NSI. This injury would
not be counted in the mortality and serious injury estimates reported in the SARs since the
human intervention activities mitigated the serious injury of the animal. However, for the
purposes of classifying commercial fisheries for the MMPA LOF, the whale would be
considered SI and included in the tier analysis for classifying that specific commercial
fishery.

Serious injury determinations and assignments to cause were discussed and agreed upon
by an injury determination team at MML. When necessary, other experts at MML were
consulted when making determinations. All determinations and assignments were then
reviewed by experienced staff at other NMFS Science Centers to ensure determinations
were consistent across the Science Centers. The determinations were also reviewed by the
AKRO and the Alaska Scientific Review Group, an independent group established under
section 117(d) of the MMPA to advise NMFS on a range of marine mammal science and
management issues. The AKRO provided fishery assignments for records of fisheries-
related injuries and mortalities that were not obtained from a fisheries observer program.

Occasionally, fisheries observers opportunistically report marine mammals that were
incidentally Kkilled or injured in unsampled hauls. In previous iterations of this report, these
mortalities and injuries were included and added to the bycatch estimate for the fishery in
the SARs. Beginning with Freed et al. (2021), these interactions will continue to be included



in this report but generally will not be reported in the Alaska SARs or used to estimate
bycatch, because the bycatch estimation process accounts for interactions in unsampled
hauls. The exception is if no mortality or serious injury (M/SI) of a stock was observed in
sampled hauls in a particular fishery in a particular year, in which case, M/SI in unsampled
hauls is provided in the SAR as a minimum estimate of bycatch of that stock for that fishery
for that year. To assist the reader in comparing interaction data between this report and
the SAR, interactions in unsampled hauls are specifically noted in the Determination Details
column of Table 1.

Alaska Native subsistence harvest information is generally not included in this report but is
reported in the Alaska SARs. However, during the time period covered by this report,

4 beluga whales and 3 bowhead whales discovered entangled in fishing gear were
subsequently harvested for Alaska Native subsistence use. These animals were included in
the table of human-marine mammal interaction records reviewed for injury and mortality
(Table 1). In iterations of this report prior to Freed et al. (2021), these types of interactions
were counted as Alaska Native subsistence takes and were not assigned M/SI values for
comparison against PBR or for use in classifying fisheries on the MMPA LOF (i.e., “N/A” was
entered in the M/SI Value and LOF Value fields). In contrast, beginning with Freed et al.
(2021), these interactions will be assigned M/SI values for comparison against PBR and for
use in classifying fisheries on the MMPA LOF, if applicable, to reflect the true impact of
commercial fisheries on marine mammal stocks.

Pinnipeds with gunshot wounds reported to the NMFS AKRO marine mammal stranding
network were assumed to be struck and lost animals associated with the Alaska Native
subsistence hunt unless there was information which indicated the animals were illegally
shot. These struck and lost animals were not included in this report or in the SARs to avoid
double-counting animals that were already included (as struck and lost) in the Alaska
Native subsistence harvest data. In contrast, pinnipeds with gunshot wounds reported to
the NMFS WCRO marine mammal stranding network, such as Eastern U.S. Steller sea lions
in Washington, Oregon, or California, were included in this report.

Takes reported by the NWIFC lack details on animal condition. However, the interactions
reported here occurred primarily in drift and set gillnet fisheries, where survival of
pinnipeds and cetaceans is rarely observed (Carretta 2021). In this report, we assume that
reported NWIFC interactions represent serious injuries or deaths and coded them as dead
(i.e., in Table 1, “DEAD” was entered in the Initial Assessment and Final Determination
fields and the Determination Details field describes the animals as being “incidentally
killed”). Serious injuries and deaths both represent a M/SI value = 1 that is counted against
PBR in marine mammal stock assessments; therefore, the coding of these cases as either
“SI” or “DEAD” results in the same level of removals that is compared to PBR. Additionally,



takes reported by the NWIFC lack details on whether each interaction involved bycatch or
lethal removal to prevent interference with fishing gear and/or catch. In Table 1 of this
report, the mechanism and source of injury fields for these records are coded as
“unknown.”

From 2016 to 2020, NMFS received 218 MMAP fishermen self-reports documenting
mortality and injury of 230 marine mammals in Alaska waters. In addition, NMFS received
27 MMAP fishermen self-reports documenting mortality and injury of 36 marine mammals
in waters off the U.S. West Coast from stocks that are assessed in the Alaska SARs (i.e.,
Eastern Pacific northern fur seals in December-May and Eastern U.S. Steller sea lions).
Approximately 95% of the self-reports are not included in this report for one or more of
the following reasons: (a) the reported species is under the jurisdiction of the USFWS (so
data were sent to the USFWS); (b) the reported species is included in the Pacific SARs, not
the Alaska SARs (so data were sent to the NMFS SWFSC); (c) the animal was previously
dead, e.g., had signs of decomposition; (d) the animal was taken in a currently observed
fishery and that species/stock is already accounted for in the observer data;! or (e) the
interaction was also reported to the NMFS AKRO stranding network, usually with more
details and, thus, is already accounted for in this report. In a change from previous
iterations of this report (e.g., Freed et al. 2021), this report includes MMAP reports of
animals that were taken in fisheries for which other sources of data (e.g., previous observer
data) are used to estimate bycatch for the SARs. While these MMAP reports are informative
because they indicate ongoing bycatch, NMFS is not relying on the MMAP data to quantify
bycatch and, thus, the records were not assigned M/SI values for comparison against PBR
or for use in classifying fisheries on the MMPA LOF (i.e., “N/A” was entered in the M/SI
Value and LOF Value fields) and are not reported in the SARs.

Results
Overall

Of the 867 human-marine mammal interactions summarized in this report, 742
interactions were determined to have caused a mortality, SI, removal from the population,
or were prorated to reflect the likelihood of serious injury of the marine mammal involved

!'Similar to the procedure described for documenting interactions in unsampled hauls, MMAP reports from currently
observed fisheries were included in this report if there were no observed mortalities or injuries of that species and
stock in the fishery that year (i.e., the MMAP report represented the only source of information on mortalities or
injuries of that species and stock in that fishery in that year).
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in the interaction. The remaining 125 interactions were found to have resulted in an NSI of
the marine mammal.

Across all 867 interactions, entanglement/entrapment was the most common mechanism
of injury (n = 635), which resulted in 508 SI, prorated SI, or mortalities (collectively
referred to as mortality and serious injury, or M/SI). The majority of
entanglement/entrapment-related interactions occurred in fishing gear (n = 420, resulting
in 331.5 M/SI) and marine debris (n = 208, resulting in 174 M/SI); other causes of
entanglement/entrapment (n = 7 interactions, resulting in 2.5 M/SI) included an outhaul
mooring, loose webbing at a remote ADF&G king salmon release site, vessel ground tackle,
anchored line used for mooring docks, and MMPA-authorized research and management
activities at Bonneville Dam. An additional 232 confirmed interactions included animals
that were hooked by fishing gear (n = 126 interactions, resulting in 118 M/SI), shot (n = 53,
resulting in 53 M/SI), or struck by vessels (n = 28, resulting in 53 M/SI); the remaining 25
interactions were due to other assorted causes, resulting in 25 M/SI.

Of the 317 interaction records that were provided by the AKRO and WCRO stranding
networks, 253 documented M/SI of the animal involved in the interaction, resulting in
238.68 M/SI. The M/SI in these records was due to entanglement in marine debris (n = 95
interactions, resulting in 66 M/SI), entanglement in fishing gear (n = 91 interactions,
resulting in 59 M/SI), shooting (n = 53 interactions, resulting in 53 M/SI), hooking in
fishing gear (n = 40 interactions, resulting in 36 M/SI), vessel strike (n = 26 interactions,
resulting in 17.18 M/SI), and other assorted causes (n = 12, resulting in 7.5 M/SI).

Fisheries observers in the North Pacific Groundfish Observer Program, West Coast
Groundfish Observer Program, and At-Sea Hake Observer Program reported 327
interaction events in federal groundfish fisheries. The majority of these events resulted in
mortality? (n = 268 interactions, resulting in 267 M/SI), with 51 NSI and a relatively small
number of SI and prorated SI (n = 8, resulting in 7.02 M/SI), resulting in a total of

274.02 M/SI.

Approximately 600 observations of Steller sea lion entanglements and fishing gear
interactions, many of which were repeat sightings of individual animals, were documented
and reviewed by ADF&G based on standardized annual summer surveys conducted at most
Steller sea lion haulouts and rookeries in Southeast Alaska, Prince William Sound, the

2 As noted in the Introduction, mortalities and injuries in unsampled hauls were included in this report but not used
to estimate bycatch or reported in the Alaska SARs unless there were no reported mortalities or injuries of that stock
in observed hauls in that fishery in that year. Mortalities and injuries in unsampled hauls that were not used to
estimate bycatch or reported in the Alaska SARs were not assigned M/SI values for comparison against PBR or for
use in classifying fisheries on the MMPA LOF (i.e., “N/A” was entered in the M/SI Value and LOF Value fields).
As such, the sum of M/SI values may be less than the total number of mortality records.
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Barren Islands, and Bristol Bay. From these observations, 187 injured Steller sea lions were
determined to be unique animals, resulting in 178 M/SI. Among these records,
entanglement/entrapment in marine debris (n = 109 interactions, resulting in 104 M/SI),
hooking and/or ingestion in fishery gear (n = 74 interactions, resulting in 70 M/SI), and
entanglement/entrapment in fishery gear (n = 3 interactions, resulting in 3 M/SI) were
most prevalent; the remaining interaction was a dependent animal with a seriously injured
mother, resulting in 1 M/SI.

Pinnipeds

Steller sea lions were the most common species in reports of human-caused mortality and
injury between 2016 and 2020 (n = 532 interactions, resulting in 479 M/SI). The most
common cause of mortality and injury for the Eastern U.S. stock of Steller sea lions (n =
384, resulting in 333 M/SI) was entanglement (n = 222, resulting in 179 M/SI), followed by
hooking in fishing gear (n = 113, resulting in 105 M/SI).

Hookings of Eastern U.S. Steller sea lions primarily occurred during salmon fishing in which
a line with gear was towed behind a vessel (n = 91, resulting in 89 M/SI). Depending on
salmon species, location, and fishermen preference, different types of lures are used to
attract fish including spinners, spoons, and flashers. Steller sea lions that have ingested
gear are found with flashers hanging from the edge of their mouth connected to
monofilament line that is attached to a swallowed hook. Recreational fishermen, charter
operators, and commercial trollers all tow lines with gear behind their vessel and all
sometimes use flashers when fishing for salmon; Steller sea lions are known to interact
with gear used by all three of these fishing groups. Beginning with Young et al. (2020), we
have replaced the terminology “trollers” and “troll” used in previous M/SI reports with
“salmon hook and line” to more accurately describe this type of salmon fishery in Alaska.
We also now use the term “unknown hook and line” for interactions with similar gear
(fisheries in which a line with gear is towed behind a vessel) off the West Coast when the
target species is unknown, and for other instances of interactions with hooks and/or
monofilament lines that cannot be identified to a fishery.

Entanglements of Eastern U.S. Steller sea lions occurred in marine debris (n =111,
resulting in 105 M/SI), in fishing gear (n = 110, resulting in 73 M/SI), and in other material
(n =1, resulting in 1 M/SI). Of the entanglements in fishing gear, 97 (resulting in 62 M/SI)
were in commercial trawl gear. Other causes of mortality and injury for Eastern U.S. Steller
sea lions include shooting (n = 32, resulting in 32 M/SI), unknown causes (n = 7, resulting
in 7 M/SI), removal from the population (n = 6, resulting in 6 M/SI), and dependent animals
with seriously injured mothers (n = 2, resulting in 2 M/SI).



Based on 15 years of annual summer surveys of Steller sea lions, ADF&G documented 15
marked individual Steller sea lions that interacted with salmon hook-and-line fishing gear
as evidenced by a flasher at the edge of the mouth. ADF&G has gained information on the
fate of some of these animals. Seven were able to free themselves from the flasher
(presumably by biting through the monofilament line that connected the swallowed hook
to the flasher) and survived at least 1 year beyond the initial observation date. The flasher
was not present when these seven animals were re-sighted in subsequent years. Of the
eight remaining animals, one was found dead due to the flasher and swallowed hook
combination, one was taken in an Alaska Native subsistence hunt (rumored to be, in part, a
“mercy Killing” because the animal appeared emaciated and sickly), and six were never
sighted again following the initial report (ADF&G Steller Sea Lion Research Program,
unpubl. data).

ADF&G analyzed data from 1,439 individually marked Steller sea lions that were re-sighted
from 2001 through 2015. The analyses indicated that Steller sea lions that had ingested
salmon hook and line fishing gear had lower survival than comparable animals that had not
ingested fishing gear (ADF&G Steller Sea Lion Research Program, unpubl. data). Post-
mortem exams of Steller sea lions with flasher entanglements typically revealed a hook
lodged in the esophagus or penetrating the pleural cavity or pericardium.

Human-caused mortality and injury of the Western U.S. stock of Steller sea lions (n = 148,
resulting in 146 M/SI) was primarily caused by entanglement in fishing gear (n =117,
resulting in 115 M/SI), followed by entanglement in marine debris (n = 19, resulting in

19 M/SI), hooking in fishing gear (n = 5, resulting in 5 M/SI), shooting (n = 5, resulting in

5 M/SI), and injury related to MMPA authorized research (n = 2, resulting in 2 M/SI).
Fishery interactions occurred most commonly in commercial trawl gear (n = 113, resulting
in 111 M/SI). Interactions in the federal trawl fisheries typically resulted in mortality (the
animal was already dead by the time it was observed); injuries are rare (Breiwick 2013).

Differences in the leading causes of M/SI for the Eastern U.S. and Western U.S. stocks of
Steller sea lions are likely due to the geographical distribution of commercial and
charter/recreational salmon hook and line fishing effort, which occurs more in Southeast
Alaska than in any other part of the state. It is unknown whether differences in reported
entanglement numbers for each stock are due to lower entanglement rates in the Western
U.S. stock of Steller sea lions or the result of other factors, such as fewer people to notice
entanglements in some of these areas, which result in fewer reports of entanglement.

The majority of human-caused mortality and injury of northern fur seals (n = 110, resulting
in 72 M/SI) was due to constricting entanglements, mainly circumferential neck
entanglements in marine debris and various components of fishing gear (n = 86, resulting
in 54 M/SI). Because Eastern Pacific northern fur seals are known to occur off the U.S. West
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Coast in winter/spring, any mortality or injury reported off the coasts of Washington,
Oregon, or California during December through May was assigned to both the Eastern
Pacific and California stocks of northern fur seals.

Most human-caused mortality and injury of phocids involved harbor (n = 38, resulting in
37 M/SI) and ringed (n = 30, resulting in 30 M/SI) seals, with some additional records of
spotted (n = 7, resulting in 7 M/SI), bearded (n = 6, resulting in 6 M/SI), and ribbon (n =1,
resulting in 1 M/SI) seals. Unidentified phocid mortalities and injuries (n = 5, resulting in

5 M/SI) were also reported. Of all records of phocid mortalities and injuries (n = 87,
resulting in 86 M/SI), entanglement in fishing gear (n = 61, resulting in 60 M/SI) was the
leading cause, affecting 28 ringed seals (resulting in 28 M/SI), 18 harbor seals (resulting in
17 M/SI), 6 bearded seals (resulting in 6 M/SI), 6 spotted seals (resulting in 6 M/SI),

2 unidentified phocids (resulting in 2 M/SI), and 1 ribbon seal (resulting in 1M/SI).

Of the human-caused mortality and injury of unidentified otariids (n = 10, resulting in

4 M/SI), entanglement in trawl fishing gear was the main cause (n = 10, resulting in

4 M/SI). For unidentified pinnipeds (n = 10, resulting in 2 M/SI), entanglement in trawl
fishing gear was also the main cause of human-caused mortality and injury (n = 8, resulting
in 0 M/SI).

Large Cetaceans

Human-caused mortality and injury of large whales (n = 85 interactions, resulting in

53.2 M/SI3) was reported for humpback (n = 65, resulting in 35.66 M/SI), unidentified (n =
8, resulting in 6.04 M/SI), sperm (n = 5, resulting in 4.5 M/SI), fin (n = 4, resulting in

4 M/SI), and bowhead (n = 3, resulting in 3 M/SI) whales. Entanglements of humpback
whales (n = 47, resulting in 26 M/SI) were the most frequent interactions, followed by ship
strikes of humpback whales (n = 18, resulting in 9.66 M/SI). Humpback whale interactions
where the animal could not be assigned to a stock (i.e., based on photo-identification or
information identifying both wintering and summering areas) were prorated among all
stocks present in the area using area-specific proration factors. Sperm whale
entanglements in federal longline fishing gear (n = 2) resulted in 1.5 M/SI. Sperm whales
(and killer whales) are known to depredate (remove or damage) fish on longline gear
during haul back, increasing their susceptibility for interaction with these fisheries (Sigler
et al. 2008, Peterson and Hanselman 2017).

3 As noted in the Methods section, animals discovered hooked or entangled in fishing gear that were subsequently
harvested for Alaska Native subsistence use were included in this report’s summaries of numbers of interactions and
counted in the M/ST estimates. This includes 3 large whales.
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Many of the large whale entanglements were assigned to injury category L10 “evidence of
entanglement” (Appendix Table 1), in which an entanglement was known to have occurred
but there was insufficient information available on the configuration of the entanglement
to determine whether the gear was wrapped in a constricting manner (category L2) or
loosely wrapped, bridled, or draped (category L3). More details on the configuration of
entanglements (such as written descriptions from observations; aerial, underwater, and
surface images; or follow-up information from resights of entangled whales) are needed to
improve the accuracy of injury determinations.

Small Cetaceans

There were relatively few reports of human-caused mortality or injury of Alaska stocks of
small cetaceans from 2016 to 2020 (n = 30 interactions, resulting in 24 M/SI4). Harbor
porpoise interactions occurred incidental to Alaska subsistence gillnet (n = 7, resulting in

6 M/SI) and commercial gillnet (n = 4, resulting in 1 M/SI) fisheries. Beluga whale
interactions occurred because of entanglement in fishing gear (n = 4, resulting in 4 M/SI)
and injury during MMPA authorized research (n = 1, resulting in 1 M/SI). The beluga whale
fishery interactions involved commercial gillnet (n = 2), Alaska subsistence gillnet (n = 1),
and unknown (n = 1) fisheries; 4 animals were subsequently harvested for Alaska Native
subsistence use.

Dall’s porpoise interactions (n = 3, resulting in 2 M/SI) occurred as a result of
entanglement in commercial gillnet fishery gear (n = 2, resulting in 1 M/SI) and unknown
pot fishery gear (n = 1, resulting in 1 M/SI). Pacific white-sided dolphins were entangled in
commercial trawl fishery gear (n = 2, resulting in 2 M/SI).

Interactions causing mortality and injury (n = 7 interactions, resulting in 6 M/SI) of killer
whales occurred in the commercial BSAI flatfish trawl fishery (n = 4, resulting in 4 M/SI),
an unknown pot fishery (n = 1, resulting in 1 M/SI), the California Dungeness crab pot
fishery (n = 1, resulting in 0 M/SI), and the commercial BSAI Pacific cod longline fishery

(n =1, resulting in 1 M/SI). When ecotype and/or stock was unknown, the injury or
mortality was assigned to killer whale stocks that could occur in the area. One of the Kkiller
whales entangled in California Dungeness crab pot gear, was found stranded in northern
California and was included in this report because genetic analysis indicated it was a
transient killer whale. However, because the stock could not be identified, this mortality
was assigned to the Eastern North Pacific (ENP) Gulf of Alaska, Aleutian Islands, Bering Sea

4 As noted in the Methods section, animals discovered hooked or entangled in fishing gear that were subsequently
harvested for Alaska Native subsistence use were included in this report’s summaries of numbers of interactions and
counted in the M/SI estimates. This includes 4 small cetaceans.
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Transient, and West Coast Transient killer whale stocks; it was not assigned to the AT1
Transient killer whale stock because none of the whales in that population are missing.

Finally, unidentified small cetacean interactions (n = 2, resulting in 2 M/SI) in the
commercial Alaska Cook Inlet salmon set gillnet fishery were self-reported by fishermen
through the MMAP.

Discussion

All records of human-caused mortality and injury of marine mammal stocks that are
assessed in the Alaska SARs were obtained through dedicated efforts, such as commercial
fisheries observer programs and ongoing agency research and monitoring programs, or by
opportunistic reports from stranding networks, researchers, or at-sea sightings from vessel
and aircraft operators. Because of the vastness and remoteness of Alaska’s coastlines and
the fact that not all dead or injured marine mammals wash ashore, the detection and
reporting of stranded marine mammals is particularly limited in Alaska compared with
other Regions. Consequently, the opportunistic reports represent minimum values for
human-caused injury and mortality of marine mammals in Alaska. Actual levels of human-
caused injury and mortality of Alaska pinniped and cetacean stocks are most likely greater
than the values in this report.

The quality and quantity of information available for each mortality or injury record was
highly variable. Some records contained a very limited amount of information, while others
consisted of multiple images or videos which depicted the full nature of the injury or
entanglement (e.g., underwater, aerial, and surface images). Imagery of entanglements
captured from varying perspectives can confirm or rule out the presence of constricting
wraps of line or fishing gear, reducing the number of L10 (evidence of entanglement)
classifications, used when not enough information is known about the configuration of the
entanglement to differentiate between L2 (SI) and L3 (NSI) entanglement injury categories.
Even in the absence of imagery, records with detailed information about an incident can
increase the chance of appropriately classifying the injury and properly assigning the
interaction to the specific fishery involved. Without sufficient information, injuries must be
classified in categories such as “evidence of entanglement” instead of more accurate injury
categories. When documenting marine mammal mortality or injury, stranding responders,
disentanglement teams, and fisheries observers should be encouraged to provide as many
details as possible regarding entanglement configurations and to document the event with
pictures and video. NMFS should also ensure that people responding to or reporting on
injured marine mammals are informed of key information that needs to be recorded for
NMFS to distinguish serious from non-serious injuries. For management purposes, fisheries
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observers and stranding network participants reporting fishery interactions should also be
encouraged to include details that can aid in determining and documenting mortality and
injury in specific fisheries. It is also helpful for reporters to differentiate between
commercial, recreational, and Alaska subsistence fishing gear or fishery interactions, when
possible. In some situations, the same type of fishing gear can be used by commercial,
charter, and recreational salmon hook-and-line fishing groups (e.g., in Southeast Alaska),
thus, making it difficult to definitively assign fishery gear to a user group ad hoc.
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Guide to Acronyms and Abbreviations Found in Table 1
The following acronyms and abbreviations are used in Table 1.

Areas (also used in some Fishery Names):
AK: Alaska

BS: Bering Sea

CA: California

GOA: Gulf of Alaska

OR: Oregon

PWS: Prince William Sound
SCAK: Southcentral Alaska
SEAK: Southeast Alaska
WA: Washington

WAK: Western Alaska

WC: U.S. West Coast

Sources of Records:

ADFG: Alaska Department of Fish and Game

AKRO: National Marine Fisheries Service, Alaska Regional Office

A-SHOP: National Marine Fisheries Service, At-Sea Hake Observer Program

MMAP: Marine Mammal Authorization Program

NMFS OPR/HQ: National Marine Fisheries Service, Office of Protected

Resources/Headquarters

NPGOP: National Marine Fisheries Service, North Pacific Groundfish Observer Program

NWFSC: National Marine Fisheries Service, Northwest Fisheries Science Center

NWIFC: Northwest Indian Fisheries Commission

ODFW: Oregon Department of Fish and Wildlife

Rolland et al. 2019: Rolland, R. M,, K. M. Graham, R. Stimmelmayr, R. S. Suydam, and
J. C. George. 2019. Chronic stress from fishing gear entanglement is
recorded in baleen from a bowhead whale (Balaena mysticetus).
Mar. Mammal Sci. 35(4): 1625-1642.

SWFSC: National Marine Fisheries Service, Southwest Fisheries Science Center

WCGOP: National Marine Fisheries Service, West Coast Groundfish Observer Program

WCRO: National Marine Fisheries Service, West Coast Regional Office

Initial Assessment and Final Determinations:

NSI: Non-Serious Injury
SI: Serious Injury
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Other:

ASLC: Alaska SealLife Center

BSAI: Bering Sea/Aleutian Islands
COD: Cause of Death

EM: Electronic Monitoring

ID: Species Identity

LOF: List of Fisheries

MMPA: Marine Mammal Protection Act
OA: Open Access

OLE: NOAA'’s Office of Law Enforcement
USCG: United States Coast Guard
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Tables and Figures

Human-caused injury and mortality records reported for NMFS-managed Alaska marine
mammal stocks between 2016 and 2020 and summary figures. A guide to the acronyms
and abbreviations found in Table 1 is included in the previous pages. Note: many
comments were entered verbatim from observer reports. Some terminology may be
specific to a particular industry or practice (e.g., “flasher” and “hoochie” are types of lures
used in salmon hook-and-line recreational /charter and commercial fisheries; “cod-end” is
the narrow end of a tapered trawl net; etc.). For any questions regarding specific
terminology, contact the authors for clarification.

Table 1: Human-marine mammal interaction records reviewed for injury and mortality,
2016-2020.

Figure 1: Total human-caused serious injury and mortality of Alaska marine mammal
species appearing in the Alaska Stock Assessment Reports, 2016-2020. Some
large whale injury categories are prorated (i.e., assigned a serious injury value
less than one), so the sum of mortality, SI, and SI prorate values may not be a
whole number. See the text of the report for more information.

Figure 2: Human-caused serious injury and mortality of Alaska pinniped species by
mechanism of injury, 2016-2020. Dependent animals with seriously injured
mothers are included in the “other” category, regardless of the mechanism of
injury of their mothers.

Figure 3: Human-caused serious injury and mortality of Alaska pinniped species by general
cause of injury, 2016-2020. Dependent animals with seriously injured mothers
are assigned the same cause of injury as their mothers.

Figure 4: Fishery-related serious injury and mortality of Alaska pinniped species (fishery
gear as the cause of injury) by fishery gear type, 2016-2020.

Figure 5: Human-caused serious injury and mortality of Alaska large whale species by
mechanism of injury, 2016-2020. Some large whale injury categories are
prorated (i.e., assigned a serious injury value less than one), so the sum of
mortality, SI, and SI prorate values may not be a whole number. See the text of the
report for more information.
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Figure 6:

Figure 7:

Figure 8:

Figure 9:

Human-caused serious injury and mortality of Alaska large whale species by
general cause of injury, 2016-2020. Dependent animals with seriously injured
mothers are assigned the same cause of injury as their mothers. Some large whale
injury categories are prorated (i.e., assigned a serious injury value less than one),
so the sum of mortality, SI, and SI prorate values may not be a whole number. See
the text of the report for more information.

Fishery-related serious injury and mortality (fishery gear as the cause of injury)
of Alaska large whale species by fishery gear type, 2016-2020. Some large whale
injury categories are prorated (i.e., assigned a serious injury value less than one),
so the sum of mortality, SI, and SI prorate values may not be a whole number. See
the text of the report for more information.

Human-caused serious injury and mortality of Alaska small cetacean species by
mechanism of injury, 2016-2020.

Human-caused serious injury and mortality of Alaska small cetacean species by
general cause of injury, 2016-2020.

Figure 10: Fishery-related serious injury and mortality (fishery gear as the cause of injury)

of Alaska small cetacean species by fishery gear type, 2016-2020.
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Table 1 -- Human-marine mammal interaction records reviewed for injury and mortality, 2016-2020.

Source . . . n n
of Date Area Common Stock Initial Determination Details Fln.al ; Mecha.nlsm of Sou.rce of Fishery Name Fishery Fishery .SI : M/si LOF
Record Name Assessment Determination Injury Injury Type Method Criteria Value Value
NPGOP | 512016 | BS Bearded Beringia DEAD A bearded seal was caught and kiled in trawl gear. DEAD Entangled / Fishery gear | AKBSATASh 1 o mercial | Trawi NA 1 1
Seal entrapped trawl
NPGOP | 812612016 AK Bearded Beringia DEAD A bearded seal was caught and kiled in BSAI pollock trawl gear. DEAD Entangled / Fisherygear | AKX BSATROlock f o ercial Trawl NA 1 1
Seal entrapped trawl
NPGOP 61212017 8BS Bearded Beringia DEAD A male bearded seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAl flatfish Commercial Traw NA 1 1
Seal trawl gear. entrapped trawl
NPGOP | 8812017 BS Bearded Beringia DEAD A bearded seal was caught and kiled by trawl gear. DEAD Entangled / Fisherygear | AKBSATROlock f o ercial Trawl NA 1 1
Seal entrapped trawl
NPGOP 502712018 BS Bearded Beringia DEAD A female bearded seal was caught and killed by BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Trawl NA 1 1
Seal trawl gear. entrapped trawl
NPGOP 713012020 BS Bearded Beringia DEAD A bearded seal was caught and killed in AK BSAI pollock trawl DEAD Entangled / Fishery gear AK BSAI pollock Commercial Trawl NA 1 1
Seal gear. entrapped trawl
NMFS Beluga A beluga whale died as a result of marine mammal research Research MMPA
9/17/2016 BS g Bristol Bay DEAD 9 I, DEAD L authorized N/A N/A N/A N/A 1 0
OPR/HQ Whale activities in Bristol Bay, AK. related injury
research
A subadult female beluga whale was caught and killed in Alaska
Beluga ) ) . Entangled / Alaska ’
AKRO 6/1/2018 WAK Eastern Bering Sea DEAD subsistence salmon net, and then harvested for Alaska Native DEAD Fishery gear Salmon gillnet . Gillnet N/A 1 0
Whale . entrapped Subsistence
subsistence purposes.
Beluga A subadult beluga whale was caught and killed in commercial Entangled / A\‘(}Egj:k;l::g:,
AKRO 8/27/2018 WAK g Eastern Bering Sea DEAD gillnet, and then harvested for Alaska Native subsistence DEAD 9 Fishery gear . Commercial Gillnet N/A 1 0
Whale entrapped Sound, Kotzebue
purposes. )
salmon gillnet
Beluga A male calf beluga whale was caught and killed in commercial Entanaled / 'L\Ytgj:kszvr:;mn’
AKRO 8/28/2018 WAK 9 Eastern Bering Sea DEAD gillnet, and then harvested for Alaska Native subsistence DEAD 9 Fishery gear . Commercial Gillnet N/A 1 0
Whale entrapped Sound, Kotzebue
purposes. ]
salmon gillnet
A male beluga whale calf was found entangled in an unknown
Beluga . net. The animal was presumed to have drowned after becoming Entangled / )
AKRO 5/30/2019 BS Eastern Bering Sea DEAD . ) . DEAD Fishery gear Unknown net Unknown Unknown N/A 1 0
Whale entangled and it was harvested for Alaska Native subsistence entrapped
use.
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Table 1 -- Human-marine mammal interaction records reviewed for injury and mortality, 2016-2020.

Source » . ) : :
of Date Area Cone Stock AL Determination Details Fm.al . Mecha.nlsm of Sou.rce of Fishery Name Fishery Fishery .s| . /S LOF
Record fame Assessment Determination Injury Injury Type Method | Criteria | Value | Value

An entangled bowhead whale was harvested for Alaska Native
subsistence use. The hunters described the whale as lethargic
and trailing rope, and assumed it had been previously struck and
lost. Once the whale was killed and landed, the hunters
discovered the whale had severe rope entanglement wounds,
Rolland Bowhead with 100-200 m of 19-mm diameter rope attached to the whale.
etal. 5/5/2017 Arctic Whale Western Arctic Sl The rope was tightly anchored to the baleen, wrapped once Sl
2019 around the left pectoral flipper, and wrapped tightly six times
around the peduncle, where it penetrated approximately 10 cm
through the skin into the blubber. The gear was not marked so
could not be assigned to a specific fishery, but the rope
characteristics were consistent with those used in Bering Sea

pot fisheries.

Entangled /

Fishery gear Unconfirmed Unknown Pot L2 1 0
entrapped

A subadult bowhead whale was observed to be entangled in 100
- 200 meters of 3/4 inch synthetic line. The line went laterally
through the mouth of the whale and was tightly fixed through the
baleen rack, went caudally with a single wrap to the left pectoral
fin, and then made six tight wraps around the peduncle.
Hundreds of feet of line trailed behind the whale’s
Bowhead flukes/peduncle. The line had cut 10 cm into the peduncle. There
AKRO 5/6/2017 Arctic Whale Western Arctic Sl was white scar tissue associated with the peduncle injury. The Sl

whale's tongue was severely injured. The whale was harvested
for Alaska Native subsistence use immediately following its
discovery. Based on the hunter’s observations and an evaluation
by the onsite veterinarian, this whale was in the process of dying
prior to the harvest. The entanglement gear is suggested to be
from the commercial Bering Sea pot fishery, but this is
unconfirmed.

Constricting

Fishery gear unconfirmed Unknown Pot L2 1 0
entanglement

A bowhead whale was observed to be entangled in 3/4 inch
synthetic line. The entanglement involved considerable wraps
through the mouth and around the neck and left pectoral fin. The

Bowhead tongue was badly injured with scar tissue and puffy white
AKRO 5/15/2017 Arctic Western Arctic Sl patches. Following its discovery, the whale was immediately Sl
Whale ) . )
harvested for Alaska Native subsistence use by Inupiat hunters
in part because the whale was clearly “injured and suffering.”
The entanglement gear is suggested to be from the commercial
Bering Sea pot fishery, but this is unconfirmed.

Constricting

Fishery gear unconfirmed Unknown Pot L2 1 0
entanglement

Dall's porpoise was caught and killed in gillnet inside of the
ADF&G Management Districts 6, 7, and 8. Mortality and serious
Dalls injury estimates for this stock in this previously observed fishery
MMAP 71412018 SEAK Porpoise Alaska DEAD are obtained from older observer data and not 2016-2020 DEAD

stranding data or fishermen self-reported (MMAP) data;
therefore, this record will not be assigned an M/SI or LOF value
and is not reported in the SAR.

Entangled / AK Southeast . .
entrapped Fishery gear Alaska drit gilnet Commercial Gillnet N/A N/A N/A

A Dall's porpoise was found caught and killed in unknown pot
MVAP 312912019 WAK Dall§ Alaska DEAD g.ear thgt was brought to the surfape by a bottom trawl. This case DEAD Entangled /
Porpoise is attributed to an unknown pot fishery and not the bottom trawl entrapped

fishery.

Fishery gear Unknown pot Unknown Pot N/A 1 0
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Table 1 -- Human-marine mammal interaction records reviewed for injury and mortality, 2016-2020.

Source . . . n n
of Date Area Common Stock Initial Determination Details Fln.al ; Mecha.nlsm of Sou.rce of Fishery Name Fishery Fishery .SI : M/si LOF
Record Name Assessment Determination Injury Injury Type Method Criteria Value Value
. \ ’ o . - AK Prince William
MMAP | 7r20r020 | Goa Dal's Alaska DEAD A Dal's porpoise was caught and kiled in an AK Prince Wiliam DEAD Entangled / Fishery gear Sound salmon | Commercial |  Gillnet NIA 1 1
Porpoise Sound salmon drift gillnet. entrapped .
drift gillnet
A freshly dead fin whale carcass was discovered on the bulbous
AKRO | 5i29r2016 | SEAK | FinWhale Northeast Pacific DEAD bow of a cruise ship. The carcass was removed, a necropsy was DEAD Ship strike Vessel NIA NIA NIA NIA 1 0
conducted, and it was confirmed that the whale was killed by (commercial)
ship strike.
A fin whale was struck and killed by a state ferry. A video and
AKRO | 612012018 | Kodiak | Fin Whale Northeast Pacific sl selfreport show e whale breaching, landing on the starboard DEAD Ship strike Vessel NA NA NA NIA 1 0
stabilizer of the ship, and rolling off with bloating and mortal (commercial)
injuries.
MvaP | 972019 BS Fin Whale Northeast Pacific DEAD Afin whale was caught and killed in an AK BSAI pollock traw! DEAD Entangled / Fisherygear | AKBSATROlock f o ercial Trawl NA 1 1
net. entrapped trawl
A fresh dead adult female fin whale was observed floating in the
AKRO | 8io20 | BS Fin Whale Northeast Pacific DEAD water. Biuising along the lateral thorax was observed upon close DEAD Ship strike Vessel NA NIA NA NIA 1 0
inspection and evidence of significant blunt trauma indicated that (unknown)
a vessel strike was the most probable cause of death.
AKRO 8552018 | wak Harbor Bering Sea DEAD An adultharbor porpoise was caught and kiled in Alaska DEAD Entangled / Fishery gear Salmon gillnet Naska Gillnet NA 1 0
Porpoise subsistence salmon gillnet. entrapped Subsistence
AKRO | oot | wak Harbor Bering Sea DEAD An adult harbor porpoise was caught and killed in Alaska DEAD Entangled / Fishery gear Salmon gillnet Alaska Gillnet NIA 1 0
Porpoise subsistence salmon gillnet. entrapped Subsistence
Harbor An adult harbor porpoise was caught in Alaska subsistence Entanaled / Alaska
AKRO 71112020 BS . Bering Sea NSI salmon gilinet before it was released alive, with no reported NSI 9 Fishery gear Salmon gillnet . Gillnet S7b 0 0
Porpoise L ) entrapped Subsistence
injuries, by the fisherman.
AKRO 7132020 | Arctic Harbor Bering Sea DEAD An adult male harbor porpoise was caught and killed in Alaska DEAD Entangled / Fishery gear Salmon gillnet Naska Gillnet NIA 1 0
Porpoise subsistence salmon gillnet. entrapped Subsistence
Harbor Three adult harbor porpoise were caught and killed in Alaska Entangled / Alaska
AKRO 8/6/2020 Arctic . Bering Sea DEAD subsistence salmon gillnet. This record (female porpoise) DEAD 9 Fishery gear Salmon gillnet . Gillnet N/A 1 0
Porpoise N entrapped Subsistence
represents 1 of 3 porpoise.
Harbor Three adult harbor porpoise were caught and killed in Alaska Entangled / Alaska
AKRO 8/8/2020 Arctic N Bering Sea DEAD subsistence salmon gillnet. This record (female porpoise) DEAD 9 Fishery gear Salmon gillnet X Gillnet N/A 1 0
Porpoise . entrapped Subsistence
represents 2 of 3 porpoise.
Harbor Three adult harbor porpoise were caught and killed in Alaska Entanaled / Alaska
AKRO 8/13/2020 Arctic N Bering Sea DEAD subsistence salmon gillnet. This record (male porpoise) DEAD 9 Fishery gear Salmon gillnet X Gillnet N/A 1 0
Porpoise . entrapped Subsistence
represents 3 of 3 porpoise.
A harbor porpoise was caught and killed in salmon drift gillnet
gear. Mortality and serious injury estimates for this stock in this
AKRO 6/28/2016 SCAK Pl-;?rt;)sre Gulf of Alaska DEAD fishery are obtained from observer data and not stranding data DEAD ir:tiggle:d/ Fishery gear AK;‘V;{S;ELTO” Commercial Gillnet N/A N/A N/A
P or fishermen self-reported (MMAP) data; therefore, this record PP 9
will not be assigned an M/S| or LOF value.
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Table 1 -- Human-marine mammal interaction records reviewed for injury and mortality, 2016-2020.

Source . . . n n
of Date Area Common Stock Initial Determination Details Fln.al ; Mecha.nlsm of Sou.rce of Fishery Name Fishery Fishery .SI : M/si LOF
Record Name Assessment Determination Injury Injury Type Method Criteria Value Value
A harbor porpoise was caught and killed in an AK Cook Inlet
Harbor salmon drift gillnet. This mortality will not be counted against the Entangled / AK Cook Inlet
MMAP 6/19/2020 SCAK Pomoise Gulf of Alaska DEAD AK Cook Inlet salmon drift gillnet fishery because bycatch DEAD entrag od Fishery gear salmon drift Commercial Gillnet N/A N/A N/A
P estimates from 1999-2000 AMMOP observer data are used in PP gillnet
the SAR.
A harbor porpoise was caught and killed in an AK Cook Inlet
Harbor salmon drift gillnet. This mortality will not be counted against the Entangled / AK Cook Inlet
MMAP 6/28/2020 SCAK Poroise Gulf of Alaska DEAD AK Cook Inlet salmon drift gillnet fishery because bycatch DEAD emrag od Fishery gear salmon drift Commercial Gillnet N/A N/A N/A
P estimates from 1999-2000 AMMOP observer data are used in o gillnet
the SAR.
A harbor porpoise was caught and killed in a SEAK salmon cost SEAK salmon
MmMaP | 5i28r2019 | SEAK Harbor vakutaUSEAK DEAD recovery drift gilnet outside of the ADF&G Management Distriots DEAD Entangled / Fishery gear | costrecovery drift | Commercial |  Gillnet NA 1 0
Porpoise Offshore Waters entrapped .
6,7,and 8. gillnet
NPGOP | 8512020 | Kodiak | Harbor Seal Alaska DEAD A harbor seal was caught and Kiled in AK GOA flatfish raw! DEAD Entangled / Fisherygear | AKCOATafish o ercial Trawl NA 1 1
gear. entrapped trawl
NPGOP 9/7/2016 BS Harbor Seal Aleutian Islands DEAD A harbor seal was caught and killed in trawl gear. DEAD Entangled / Fishery gear AKBSAl Atka Commercial Trawl N/A 1 1
entrapped mackerel trawl
NPGOP | 9/972018 | SCAK | Harbor Seal Aleutian Islands DEAD A male harbor seal was caught and kiled by AK BSAI Atka DEAD Entangled / Fishery gear AKBSAIAKE | o oal | Traw NA 1 1
mackerel trawl gear. entrapped mackerel trawl
NPGOP | 82612020 | GOA | Harbor Seal Aleutian Islands DEAD Aharbor seal was caught a”“gi"a'red by AK GOA halibut longline DEAD Hooked Fisherygear | 2K i?g\":?'b“t Commercial | Longline NA 1 1

Six harbor seals were reported dead by Alaska State Troopers

AKRO | 61282016 | BS | HarborSeal Bristol Bay DEAD on the northern shore of Egegik Bay. All animals were reported DEAD Shot Projectie NA NA NA NA 1 0
) ’ ) weapon
to be shot in the head. This record represents animal 1 of 6.
Six harbor seals were reported dead by Alaska State Troopers Projectile
AKRO 6/28/2016 BS Harbor Seal Bristol Bay DEAD on the northern shore of Egegik Bay. All animals were reported DEAD Shot ! N/A N/A N/A N/A 1 0
) A ) weapon
to be shot in the head. This record represents animal 2 of 6.
Six harbor seals were reported dead by Alaska State Troopers Projectile
AKRO 6/28/2016 BS Harbor Seal Bristol Bay DEAD on the northern shore of Egegik Bay. All animals were reported DEAD Shot ! N/A N/A N/A N/A 1 0
) A ) weapon
to be shot in the head. This record represents animal 3 of 6.
Six harbor seals were reported dead by Alaska State Troopers Projectile
AKRO 6/28/2016 BS Harbor Seal Bristol Bay DEAD on the northern shore of Egegik Bay. All animals were reported DEAD Shot ! N/A N/A N/A N/A 1 0
) . ) weapon
to be shot in the head. This record represents animal 4 of 6.
Six harbor seals were reported dead by Alaska State Troopers Projectle
AKRO 6/28/2016 BS Harbor Seal Bristol Bay DEAD on the northern shore of Egegik Bay. All animals were reported DEAD Shot ! N/A N/A N/A N/A 1 0
) . ) weapon
to be shot in the head. This record represents animal 5 of 6.
Six harbor seals were reported dead by Alaska State Troopers Projectle
AKRO 6/28/2016 BS Harbor Seal Bristol Bay DEAD on the northern shore of Egegik Bay. All animals were reported DEAD Shot wejapon N/A N/A N/A N/A 1 0

to be shot in the head. This record represents animal 6 of 6.
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Table 1 -- Human-marine mammal interaction records reviewed for injury and mortality, 2016-2020.

Source . . . n n
of Date Area Common Stock Initial Determination Details Fln.al ; Mecha.nlsm of Sou.rce of Fishery Name Fishery Fishery .SI : M/si LOF
Record Name Assessment Determination Injury Injury Type Method Criteria Value Value
NPGOP | 212512017 BS | HarborSeal Bristol Bay DEAD A harbor seal was caught and killd by AK BSAI flafish trawd DEAD Entangled / Fisherygear | AKESAIfMBLiSh o ercia Trawl NA 1 1
gear. entrapped trawl
NPGOP | 912612017 BS | Harbor Seal Bristol Bay DEAD Afemale harbor seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fisherygear | AKBSAUTatfish f o mercial Trawl NA 1 1
trawl gear. entrapped trawl
NPGOP | 10132017 | BS | HarborSeal Bristol Bay DEAD Afemale harbor seal was caught and killed by AK BSA flatfish DEAD Entangled / Fisherygear | AKBSAIMBUSN o eral | Traw NA 1 1
trawl gear. entrapped trawl
MvaP | 6282019 | wak | Harbor Seal Bristol Bay DEAD A harbor seal was caught and killed in an AK Bristol Bay salmon DEAD Entangled / Fisherygear | AKBSOIBaY o el | Gilnet NIA 1 1
set gillnet. entrapped salmon set gillnet
NPGOP | 91212019 BS | HarborSeal Bristol Bay DEAD Amale harbor seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fisherygear | AKBSAUTaiSh f o mercial | Traw NIA 1 1
trawl gear. entrapped trawl
NPGOP | 91142019 BS | HarborSeal Bristol Bay DEAD A male harbor seal was caught and killed by AK BSAI flafish DEAD Entangled / Fisherygear | AKESAIfMBLiSh f o ercia Trawl NA 1 1
trawl gear. entrapped trawl
MMAP 6/5/2020 BS | HarborSeal Bristol Bay DEAD Aharbor seal was caught and kiled in an AK Bristol Bay saimon DEAD Entangled / Fisherygear | ARBASIBaY o el | Gilnet NA 1 1
set gillnet. entrapped salmon set gillnet
NPGOP | 562018 | SEAK | Harbor Seal Clarence Strait DEAD Aarbor sealwas caugh andgz"alred by AK GOA halbut longiine DEAD Hooked Fisherygear | K i?g\":"b“t Commercial | Longine | N/A 1 1
An adult seal was observed hauled out with fishing net wrapped Constrictin
AKRO 71512017 SCAK Harbor Seal Cook Inlet/Shelikof Sl around its rear flippers. The seal was also observed to have Sl 9 Fishery gear Unknown net Unknown Net P6 1 0
. . entanglement
something around its head and neck.
NPGOP | 101212017 | Kodiak | HarborSeal |  Gook Inlet/Shelikof DEAD An adult female harbor seal was caught and kiled by AK GOA DEAD Entangled / Fisherygear | AKCOATaISH o mercal | Traw NA 1 1
flatfish trawl gear. entrapped trawl
NPGOP | 11/6/2017 | Kodiak | HarborSeal |  Cook InletShelikof DEAD A female harbor seal was caught and killed by AK GOA flafish DEAD Entangled / Fisherygear | AKCOATatish - ercia Trawl NA 1 1
trawl gear. entrapped trawl
A harbor seal pup was found dead of a gunshot wound. An OLE Projecile
AKRO 6/6/2018 SCAK Harbor Seal Cook Inlet/Shelikof DEAD investigation concluded that the shooting was intentional and DEAD Shot ! N/A N/A N/A N/A 1 0
weapon
non-subsistence.
NPGOP | 692018 | SCAK | HarborSeal |  Cook InletShelikof DEAD A harbor seal was caught and killed by AK GOA Pacific cod DEAD Hooked Fisherygear | AKCOAPACC | ercial | Longline NIA 1 1
longline gear. cod longline
A harbor seal was found dead of a gunshot wound. An OLE Projectile
AKRO 6/23/2018 SCAK Harbor Seal Cook Inlet/Shelikof DEAD investigation concluded that the shooting was intentional and DEAD Shot weJa on N/A N/A N/A N/A 1 0
non-subsistence. P
A harbor seal was caught and killed by AK GOA halibut longline
gear. This mortality will be counted against the AK GOA halibut AK GOA halibut
MMAP 5/4/2020 SCAK Harbor Seal Cook Inlet/Shelikof DEAD longline fishery because mortality or serious injury of this stock DEAD Hooked Fishery gear " Commercial Longline N/A 1 1
PR o longline
was not observed by NPGOP observers in this fishery in this
year.
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A male subadult harbor seal was found fresh dead with lesions
consistent with a gunshot injury. A necropsy was conducted and
. concluded the animal died from a gunshot that entered from Projectile
AKRO 6/15/2020 SCAK Harbor Seal Cook Inlet/Shelikof DEAD . N X DEAD Shot N/A N/A N/A N/A 1 0
behind the right ear, traveled through the brain, and exited weapon
partially out of the left eye. Bullet and skull fragments were
found.
An adult harbor seal entangled in gillnet for approximately one
AKRO 71412017 SEAK Harbor Seal Lynn Canal/Stephens NSI hour was brought aboard, disentangled, and released to the NSI Entangled / Fishery gear AK SEAK. salmon Commercial Gillnet P4 0 0
. L entrapped drift gillnet
water without any apparent injuries.
NPGOP | 1013012017 | Kodiak | Harbor Seal North Kodiak DEAD Amale harbor seal was caught and killed by AK GOA flatfish DEAD Entangled / Fisherygear | AKCOAMafish o ercial Trawl NA 1 1
trawl gear. entrapped trawl
. . Salmon hatchery
AKRO | 612612018 | Kodiak | Harbor Seal North Kodiak DEAD Aharbor seal was found dead in a barrier net of a salmon DEAD Entangled / Fishery gear cost recovery Commercial Seine NA 1 0
hatchery cost recovery seine. entrapped seine
NPGOP | 41112020 BS | HarborSeal Pribilof Islands DEAD Aharbor seal was caught and kiled in AK BSAI flaish traw! DEAD Entangled / Fisherygear | AKBSAUTaiSh f o mercial | Traw NIA 1 1
gear. entrapped trawl
A harbor seal carcass was discovered during Copper River Delta
AKRO | 71912016 | scak | HarborSeal | Prince Wiliam Sound DEAD carass surveys. Multiple round ful-thickness lesions ranging DEAD Shot Projectie NIA NIA NIA NA 1 0
from 1 cm to 2 cm in size were located throughout the head and weapon
body.
A harbor seal carcass was discovered during Copper River Delta Projectle
AKRO 7/19/2016 SCAK Harbor Seal Prince William Sound DEAD carcass surveys. A fractured skull indicated the animal had been DEAD Shot weJa pon N/A N/A N/A N/A 1 0
shot.
A harbor seal carcass was discovered during Copper River Delta
AKRO | 711912016 | SCAK | HarborSeal | Prince Wiliam Sound DEAD _carcass surveys. The bones of the head and neck were DEAD Shot Projectie NA NA NA NIA 1 0
disorganized and there were several dorsal openings into the weapon
body cavity.
An adult male harbor seal was found dead with lesions
consistent with a firearm injury. A necropsy was conducted and Projectile
AKRO 7122017 SCAK Harbor Seal Prince William Sound DEAD concluded a likely gunshot to the head. Besides the trauma to DEAD Shot ! N/A N/A N/A N/A 1 0
. L weapon
the head, the rest of the hide and body appeared uninjured.
Expert opinion was used to determine gunshot source.
A subadult male harbor seal was found dead with lesions
consistent with a firearm injury. The left dorsal skull had a full Projectile
AKRO 712612017 SCAK Harbor Seal Prince William Sound DEAD thickness wound. Metal detector - negative. The head was taken DEAD Shot weja on N/A N/A N/A N/A 1 0
for radiographs plus esophageal contents. Radiographs - top of P
skull with displaced fracture and possibly bullet fragments.
A subadult male harbor seal was found dead with lesions
consistent with a firearm injury. There was a full thickness lesion Projectile
AKRO 712612017 SCAK Harbor Seal Prince William Sound DEAD on the right dorsal neck with subcutaneous bruising/hemorrhage. DEAD Shot ! N/A N/A N/A N/A 1 0
) weapon
The head was removed for radiographs which showed a bullet
and fragments in/near the atlas.

28



Table 1 -- Human-marine mammal interaction records reviewed for injury and mortality, 2016-2020.

Source " . A 0 0
of Date Area Common Stock Initial Determination Details Final Mechanism of Source of Fishery Name Fishery Fishery St Misl LOF
Type Method Criteria | Value | Value

Record Name Assessment Determination Injury Injury

An adult male harbor seal was found fresh dead with lesions

AKRO | 512212019 | scak | HarborSeal | Prince Wiliam Sound DEAD consistent with a frearm injury. Two holes were found in the DEAD Shot Projectie NIA NIA NIA NA 1 0
back of the skull and the metal detector signaled on the left side weapon

of the animal between the skull and the shoulder.

A harbor seal was caught and killed by AK GOA flatfish trawl DEAD
gear. entrapped

Entangled / Fishery gear AK Gf::wf:amSh Commercial Trawl N/A 1 1

NPGOP 4/5/2018 Kodiak Harbor Seal South Kodiak DEAD

A humpback whale was observed in Los Cabos, Mexico,
entangled in AK BSAI Pacific cod pot gear from Dutch Harbor,
AK, in an unknown configuration. The animal was observed
towing one large orange buoy and one large green buoy, which
Mex-Npac S| identified the gear. The owner of the gear stated the buoys were S|
Whale attached to 198 feet of nylon sinking line that was attached to entrapped
198 feet of poly floating line, which was usually attached to a
500-pound cod pot that is 6 feet long, 6 feet wide, and 3 feet
high. It is unknown if the pot was still attached, but it is assumed
that the animal is still entangled.

Humpback Entangled / AK BSAI Pacific

Fishery gear cod pot Commercial Pot L10 0.75 0.75

AKRO 12/23/2020 BS

A humpback whale reportedly became entangled in Alaska
subsistence gillnet and broke free trailing a 5 fathom section of
Humpback Mex-Npac, Hawai'i- webbing and a basketball-sized buoy. The whale was not re-

Whale SEA/NBC DIP PRORATE sighted. This entanglement will be considered a prorated serious PRORATE entrapped
injury under criterion L10 due to the unknown configuration of

the entanglement.

Entangled / Alaska ’
Fishery gear Unknown gillnet Subsistence Gillnet L10 0.75 0

AKRO 4/42016 SEAK

A humpback whale was observed entangled in line and trailing a
green bullet buoy about 10-15 ft behind it. The nature of the
Humpback Mex-Npac, Hawai'i- PRORATE configuration could not be determined, since the observation PRORATE Entangled / Marine debris

Whale SEA/NBC DIP was from a distance of more than 100 yards. This entanglement entrapped (unidentified)
will be considered a prorated serious injury under criterion L10
due to the unknown configuration of the entanglement.

AKRO 5/15/2016 SEAK N/A N/A N/A L10 0.75 0

A humpback whale became entangled in an outhaul mooring.
Some gear was cut free initially, but the animal remained
entangled in 150 ft of line that trailed a polyball and 60 ft of line
that possibly terminated in a 100 Ib anchor. Initially the
Sl entanglement appeared to originate in the mouth, and the tail PRORATE
and peduncle were free of gear. The whale was tracked over the
next 20 days, and eventually lost the trailing polyball buoy,
however, the final configuration is unclear; therefore, this
entanglement is prorated under criterion L10.

Humpback Mex-Npac, Hawai'i-
Whale SEA/NBC DIP

Entangled /
entrapped

AKRO 6/1/2016 SEAK Other N/A N/A N/A L10 0.75 0

A humpback whale reportedly became entangled in loose
webbing that hung from a remote ADF&G king salmon release
Humpback Mex-Npac, Hawai'i- site. The whale managed to free itself by the time responders Entangled /

Whale SEA/NBC DIP PRORATE arrived at the site. The whale was not resighted, and it is PRORATE entrapped
unknown whether any gear remained attached to the whale,
therefore this entanglement is prorated under criterion L10.

AKRO 6/26/2016 SEAK Other N/A N/A N/A L10 0.75 0
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A humpback whale calf was reported entangled in red-colored
line. The line was trailing, and reported to possibly terminate with Entangled / Marine debris
PRORATE a buoy. The origin and configuration of the entanglement could PRORATE 9 (rope and N/A N/A N/A L10 0.75 0

" L L . entrapped
not be determined, therefore this interaction is considered a buoy)
prorated serious injury under criterion L10.

Humpback Mex-Npac, Hawai'i-

AKRO 6/30/2016 SEAK Whale SEAINBC DIP

A humpback whale was reported to be trailing a small amount of
green line from its tail. The reporting party stated that the
Humpback Mex-Npac, Hawai'i- PRORATE . entanglement difj not appear to be Iife-threatening,‘but no PRORATE Entangled / Marine debris

Whale SEA/NBC DIP pictures were obtained and the nature and configuration of the entrapped (rope)
entanglement was not determined. Therefore this interaction is
considered a prorated serious injury under criterion L10.

AKRO 71412016 SEAK N/A N/A N/A L10 0.75 0

A humpback whale became entangled in actively fished salmon
drift gillnet. After the whale began towing the vessel, the
fisherman began to cut the vessel free from the entangling gear.
PRORATE While the gear was being cut free, the whale dove and when it PRORATE
resurfaced it appeared to be free from gear; however, there is
not confirmation from the fisherman that all gear was recovered,
and some may have remained on the animal.

Entangled / , AK SEAK salmon ) )
entrapped Fishery gear it gilnet Commercial Gillnet L10 0.75 0.75

Humpback Mex-Npac, Hawai'i-

AKRO 71712016 SEAK Whale SEAINBC DIP

A subadult humpback whale was observed entangled in gillnet
gear by a whale watch vessel. The whale was observed
shedding some of the gear, which was then recovered by the

Humpback Mex-Npac, Hawai'i- whale watch vessel, but when the whale was last observed it still
Whale SEA/NBC DIP PRORATE had webbing around the tailstock and 25 ft of trailing gear. This PRORATE entrapped
entanglement will be considered a prorated serious injury under
criterion L10 due to the unknown configuration of the
entanglement.

Entangled / Fishery gear AK SEAK salmon Commercial Gillnet L10 0.75 0.75

AKRO 7/8/2016 SEAK drift gillnet

A humpback whale calf was observed entangled in 3/8 inch line.
The line passed through the whale's mouth, forming a bridle, and
then trailed further back on either side. The whale was observed
NSI entangled for over a week before a disentanglement team NSI
responded and cut gear free. A short time later, the whale
dropped the gear and multiple parties reported the calf was gear
free.

Humpback Mex-Npac, Hawai'i-
Whale SEA/NBC DIP

Entangled / Marine debris

AKRO 711112016 SEAK entrapped (unidentified)

N/A N/A N/A L3 0 0

A humpback whale was observed entangled in gillnet. The
netting was wrapped around the animal's head and the animal
Humpback Mex-Npac, Hawai'i- was swimming continuously at the surface without diving. The

Whale SEA/NBC DIP PRORATE whale was not seen again. Although the gear wrapped around PRORATE entrapped

the whale's body, it was not confirmed to be constricting,
therefore this entanglement is prorated under criterion L10.

Entangled / Fishery gear | MK SEAKsamon o erdial | Gillnet 110 075 | o5

AKRO 7/15/2016 SEAK drift gillnet

A humpback whale became entangled in a purse seine, and was
NSI reported to swim away uninjured after being completely NSI
disentangled by the crew.

Entangled / Fishery gear AK SEAK sglmon Commercial Seine L10 0 0
entrapped purse seine

Humpback Mex-Npac, Hawai'i-

AKRO 7/31/2016 SEAK Whale SEAINBC DIP
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A humpback whale became entangled in an anchor line of a
small skiff. The whale began pulling the boat, so the operator cut
the line, leaving the whale entangled with ~100 ft of line and an 8

Ib anchor. There was originally one confirmed wrap around the
whale's peduncle, and possibly another further forward. The
NSI reporting party thought it likely that the whale would shed the NSI
gear, and multiple on-the-water observers reported that the
whale then shed the gear. Additional on-the-water surveys over
the next week of the same group of whales did not identify any
entangled whales, further confirming the belief that the whale
shed the gear shortly after entanglement.

Entangled / Ship's ground Unknowrl1 hook Recreational Hogk and 10 0 0
entrapped tackle and line line

Humpback Mex-Npac, Hawai'i-

AKRO 7/31/2016 SEAK Whale SEAINBC DIP

A humpback whale carcass was discovered stranded and in a
state of moderate decomposition. A necropsy was conducted Vessel
DEAD and blunt trauma and hemorrhage along the right jaw, cervical DEAD Ship strike N/A N/A N/A N/A 1 0
. . (unknown)

region, and thorax was noted. The examiner noted that the
injuries were probably caused by a ship strike.

Humpback Mex-Npac, Hawai'i-

AKRO 9/11/2016 SEAK Whale SEAINBC DIP

A subadult humpback whale was observed to be entangled in a
1-inch cable running from a barge to a 6-ton anchor in ~ 30 ft of
water. The cable was through the whale's mouth and around its
body posterior to the blow hole. The whale was successfully
Sl disentangled and all gear was recovered. Following the NSI
disentanglement, the whale remained on the surface briefly and
then slowly swam away. The entanglement caused some
lacerations and a cut about 1-1.5 inches deep into the whale's
soft tissue.

Constricting Ship's ground
entanglement tackle

Humpback Mex-Npac, Hawai'i-

Whale SEA/NBC DIP N/A N/A N/A L2 0 0

AKRO 1132017 SEAK

A humpback whale was observed with a 1.5 ft diameter bright

orange-red buoy trailing 40-60 ft behind it. The whale's Entangled / Marine debris

PRORATE movements did not appear compromised, and when it dove the PRORATE 9 (rope and N/A N/A N/A L10 0.75 0
o entrapped

buoy submerged along with it. The extent of the entanglement buoy)

could not be confirmed; thus, this event is prorated at L10.

Humpback Mex-Npac, Hawai'i-

AKRO 11212017 SEAK Whale SEAINBC DIP

A 40 ft recreational vessel traveling at an unknown speed was
observed to strike a humpback whale. The whale appeared to be
bubble feeding when the vessel drove over the bubbles and
struck the animal. The boat was nudged and rocked as a result Vessel

PRORATE Ship strike N/A N/A N/A L7b 0.14 0

Humpback Mex-Npac, Hawai'i- PRORATE
(recreational)

Whale SEA/NBC DIP of the interaction, but the observer did not notice any blood in the
water and saw the whale swimming away after the incident.
There is no additional information available on the health of the
whale following the strike.

AKRO 6/9/2017 SEAK

An anchored 47 ft sailboat was struck by a humpback whale
causing the vessel to rise and fall hard. The whale was in a Vessel
NSI group of 3 or 4 animals and kept swimming following the impact. NSI Ship strike N/A N/A N/A L6c 0 0
) - (recreational)

There was no sign of injury to the whale, but the boat was
damaged.

Humpback Mex-Npac, Hawai'i-

AKRO 7/8/2017 SEAK Whale SEA/NBC DIP
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A 40 ft rigid hull inflatable whale watching vessel traveling at 13
knots struck a humpback whale. The vessel was powering up,
Humoback Mex-Noac. Hawai- saw the spout off the bow, and tried to power down but felt a Vessel
P pac, PRORATE bump. The whale surfaced behind the boat following the PRORATE Ship strike ) N/A N/A N/A L6b 0.2 0
Whale SEA/NBC DIP . X " (commercial)
collision. Nothing abnormal about the whale was noticed, and no
blood was seen in the water. There is no additional information
on the health of the whale following the impact.

AKRO 71202017 SEAK

A subadult humpback whale was observed entangled in multiple
wraps of heavy (~5/8 inch) line around its head and body. The
Humpback Mex-Npac, Hawai'i- s material appeared to be heavier than gillnet (no mesh observed). sl Constricting
Whale SEA/NBC DIP Floats and line were also reported to be trailing the animal. The entanglement
whale was described as bobbing up and down to breathe, barely
making forward progress.

AKRO 712112017 SEAK Fishery gear Unknown Unknown Unknown L2 1 0

A subadult male humpback whale was observed dead on the
bulbous bow of a 950 ft cruise ship. The speed and specific
timing of the ship strike are unknown. External and internal Vessel

DEAD findings of the necropsy indicate that the cause of death is from DEAD Ship strike . N/A N/A N/A N/A 1 0

. : . . . (commercial)
significant trauma consistent with a vessel strike. The most likely
scenario is that the animal was struck around the head/neck,
then quickly wrapped around the bulbous bow.

Humpback Mex-Npac, Hawai'i-

AKRO 8/9/2017 SEAK Whale SEAINBC DIP

A commercial fiberglass charter fishing boat of unknown length
traveling at 25 knots was observed striking a humpback whale.
The boat struck the whale with its bow pitched upward nearly 45 AKIWA/OR/CA
PRORATE degrees until the stern/engine hit, which pitched the boat back PRORATE Ship strike
down. The strike was described as a "hard strike." The observers
were unable to provide any additional information about the
health of the whale following the impact.

Vesseli commer(flall Commercial Unknown L6b 0.2 0.2
(commercial) passenger fishing
vessel

Humpback Mex-Npac, Hawai'i-

AKRO 8/21/2017 SEAK Whale SEAINBC DIP

A subadult humpback whale was observed entangled in the
ground tackle of a tour vessel at anchor in SE AK. The whale
was entangled in the vessel's 7/8 inch anchor chain which was
wrapped around the lower jaw with a half twist. The animal was
entangled only 50 ft from the vessel, while over 400 ft of chain
remained below in just over 100 ft of water. The whale was in
good condition and did not appear to be fighting the weight of the
Humpback Mex-Npac, Hawai'i- sl chain too much. In order to disentangle the whale, the anchor NSI Constricting Ship's ground

Whale SEA/NBC DIP chain was cut at the vessel's winch in hopes that it would allow entanglement tackle
the animal to free itself of the simple wrap and short tail of chain.
After the chain was cut, the whale remained at the surface for
some time before submerging. A whale thought to be the freed
animal was seen about 1/4 nm away and on the next surfacing
about 1/2 nm away. The team remained in the area looking for
the whale, but it was not re-located. It is highly likely that the
whale was free of the gear and had moved off.

AKRO 812712017 SEAK N/A N/A N/A L2 0 0

A dead moderately decomposed humpback whale was first
observed floating in the water, and then washed up on the Vessel
DEAD beach. A necropsy was conducted and ultimately concluded that DEAD Ship strike N/A N/A N/A N/A 1 0
) - e . (unknown)

the evidence of significant blunt trauma indicates a vessel strike
as the most probable cause of death.

Humpback Mex-Npac, Hawai'i-

AKRO 5/27/2018 SEAK Whale SEAINBC DIP
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A humpback whale became entangled in gillnet fishing gear. The
fisherman spent an hour attempting to free the whale after it hit
his net, but eventually cut the gear free for the safety of his
vessel. The fisherman reported that the whale took 30-40 ft of
webbing and corkline, and possibly some leadline as well.
During the entanglement (after putting tension on his gear) the
fisherman observed some blood in the water due to the whale's
resulting surface wounds. Once freed, the whale was surfacing
and diving normally, with the gear wrapped around its
midsection. It is not believed to be tightly wrapped, and the tail is
thought to be clear of gear. The same animal was thought be re-
sighted later in the day with 10-20 corks of white gillnet cork on

AK Southeast
Humpback Mex-Npac, Hawai'i- the whale. No additional information is available on the outcome Entangled / ) . " .
AKRO 6/25/2018 SEAK Whale SEAINBC DIP PRORATE of the entanglement; however, this animal s believed to have PRORATE entrapped Fishery gear sal;ﬁ:e?nﬂ Commercial Gillnet L10 0.75 0.75

been re-sighted on July 8th and again on July 23rd with a very
similar description of the entanglement and associated fishing
gear. The July 8th observer stated that he did not think that the
animal appeared compromised by the entanglement, but did say
that it appeared "really tired.” The July 23rd observers indicated
that they watched the whale for about 2 hours, during which time
it would sound (but with no fluking) for about 7 minutes, then
come up for a breath and go back down. The observers did not
think that it appeared to be in distress nor in bad condition. This
case has been assigned an L10 with a prorated value of 0.75
because the constricting nature of the midsection wrap cannot
be verified.

A 65 ft jet drive whale watching catamaran vessel traveling 20 -
21 knots struck a humpback whale and rode up over top of the
animal on the port side. The vessel stopped as soon as possible
after the collision. The whale was then seen surfacing off the

AkRO | ersrots | seak | Humpback Mex-Npac, Hawa- sl port stem of the vessel, at which time it took one breath and then sl Ship strike Vessel NIA NIA NIA L6a 1 0
Whale SEA/NBC DIP . . L (commercial)
fluked. No visible wounds, blood, or debris from the incident
were observed following the strike. No damaged was reported by
the vessel, and there is no additional information about the
condition of the whale following the strike.
Humpback Mex-Npac, Hawai An adult humpback whale was struck by a 375 ft transportation Vessel

AKRO 8/13/2018 SEAK Sl ferry traveling 20.5 knots. The whale was not observed after the Sl Ship strike N/A N/A N/A L6a 1 0

Whale SEAINBC DIP incident, and no damage to the vessel was reported. (commercial)
A subadult humpback whale was observed to be entangled in
100 ft of longline with 1 buoy attached. The initial observation
AKRO 911612018 SEAK Humpback Mex-Npac, Hawai'i- PRORATE reported that the whale had line coming out of both sides of its NSI Entangled / Fishery gear Unknown Unknown Unknown 10 0 0

Whale SEA/NBC DIP mouth, and that it was unable to dive. This animal was entrapped
successfully disentangled, the gear was removed, and the whale
swam away. There are no other reports of injury to the whale.
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A subadult humpback whale was observed to be entangled
around the upper jaw in heavy gauge lines, which were
anchored to the bottom and used for mooring docks. The
entanglement configuration included two buoys and a dense
Humpback Mex-Npac, Hawai'i- sl snarl of lines, several of which were covering the leading edge of NSI Entangled /

Whale SEA/NBC DIP the blowhole. The whale was reported to appear healthy and entrapped
breathing normally despite being anchored / entangled. This
animal was successfully disentangled, all gear was removed,
and there is no report of serious injury to the whale as a result of
the incident.

AKRO 11111/2018 SEAK Other N/A N/A N/A L2 0 0

A humpback whale was observed to be entangled in gillnet
fishing gear. The animal was reported to have 4-5 gillnet corks
coming from the corner of its mouth. The remainder of the
Humpback Mex-Npac, Hawai'i- animal did not appear to be entangled. It was unknown whether Entangled /
Whale SEA/NBC DIP PRORATE the gear was wrapped around the whale’s mouth. No trailing PRORATE entrapped
gear was observed and the whale appeared to be in good
condition and was diving upon observation. No other information
about this case was reported.

AK Southeast
Fishery gear salmon drift Commercial Gillnet L10 0.75 0.75
gillnet

AKRO 12/7/2018 SEAK

A humpback whale was reported to be entangled on the right
pectoral flipper by a 5-foot wide snarl of unidentified green line or
webbing that trailed down the body but was not wrapped around
the body. The animal appeared lethargic, taking only two breaths
Humpback Mex-Npac, Hawai'i- PRORATE during the 20\-minute observatign. Two other whalgs were PRORATE Entangled / Mar‘ine dlebris

Whale SEA/NBC DIP observed pushing laterally and diagonally on the animal. The entrapped (unidentified)

gear was never seen above the surface of the water but the
reported asymmetry between left and right sides of the animal
and the animal's behavior and interaction with other nearby
humpback whales indicated an entanglement.

AKRO 6/25/2019 SEAK N/A N/A N/A L10 0.75 0

A humpback whale was observed with heavy line draped on the

Humpback Mex-Npac, Hawai'i- NSI barnacles on one of the fluke tips. Additional sightings of the NSI Entangled / Marine debris
Whale SEA/NBC DIP whale without gear indicate the animal self-released from the entrapped (rope)

entanglement.

AKRO 6/27/2019 SEAK N/A N/A N/A L3 0 0

An adult female humpback whale was struck by a 78-foot whale
watching jet drive catamaran traveling at 22 knots. The captain
reported hearing and feeling a thud on the port side and then
saw a humpback whale in the boat's wake. The whale was
observed breathing twice and then slowly moving out of the
area. The next day a humpback whale was observed feeding in Vessel

Sl Ship strike N/A N/A N/A L6a 1 0

Humpback Mex-Npac, Hawai'i- sl
(commercial)

Whale SEA/NBC DIP the same location with superficial injuries on its head consistent
with a ship strike. The same whale had been photographed a
week prior to the strike without the injuries. The whale appeared
to be behaving normally with strong blows and was actively
feeding. However, given the size and speed of the vessel
involved in the strike, this case is being assigned as a SI.

AKRO 7/10/2019 SEAK
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A humpback whale was struck by a 154-foot USCG cutter
travelling at 16 knots. The crew did not see any whales in the
immediate area when the impact occurred, but CCTV footage
showed a humpback whale surface 15 yards directly in front of

the ship, submerge, and then strike the port bow of the ship. The
impact caused the bow of the vessel to be pushed upward. The
cutter turned around to return to the impact location and did not

see any visible blood in the water, sheens, or any other Vessel

Sl Ship strike N/A N/A N/A L6a 1 0
(government)

Humpback Mex-Npac, Hawai'i- sl
Whale SEA/NBC DIP indication of a strike. Approximately 30 minutes later a

humpback whale surfaced 300 yards from the strike location but
had no apparent injuries or indication of a strike; however we

cannot confirm that this animal was the one that was struck, nor
was the observation period long enough to determine if that

whale was injured. Two humpback whale carcasses were
reported in the area following the strike but a necropsy was not
possible on either carcass.

AKRO 8/21/2019 SEAK

A humpback whale was observed to have been struck by a
recreational Boulton boat (<65 feet in length) travelling at an
unknown but high rate of speed (>10 knots). The boat was
travelling fast enough that the impact with the whale caused the
boat to become airborne. A whale watching boat provided
photographs of the whale after impact, showing superficial

Humpback Mex-Npac, Hawai'i- lacerations from the propeller on the dorsal fin. No information . Vessel
Whale SEA/NBC DIP PRORATE was available regarding the animal's behavior before the impact NS Ship strke (recreational) NA NA NA L6b 0 0
and no additional information was available regarding the
condition of the whale immediately after the impact. Since the
report this whale has been resighted several times, it is known to
have recovered from any sustained injuries from the boat strike,
and has made a full migration, returning with a healthy calf. The
injury determination is therefore changed to NSI.

AKRO 8/25/2019 SEAK

The port stabilizer of a 213-meter (699 feet) cruise ship traveling
at 17.8 knots struck a humpback whale. The crew noticed two
other humpback whales in the distance then suddenly saw a
humpback whale surface 10 meters from the port side below the

bridge wing. The animal dove and 2 seconds later the ship Vessel

Sl Ship strike ) N/A N/A N/A L6a 1 0
(commercial)

Humpback Mex-Npac, Hawai'i- S|
Whale SEA/NBC DIP received an alarm on the port stabilizer. The crew discovered
damage to the stabilizer. The whale was not seen again by the
crew. CCTV shows a whale surfacing astern of the ship but the
condition of the whale cannot be determined from the footage.
The outcome of the impact is unknown.

AKRO 8/30/2019 SEAK

A humpback whale was observed dragging a 14-inch round,
orange buoy behind it on the surface. The configuration of the
PRORATE entanglement is unknown. The animal was traveling at a high PRORATE
rate of speed and its mobility did not appear to be impaired. The

entanglement is believed to be recreational pot gear.

Humpback Mex-Npac, Hawai'i-
Whale SEA/NBC DIP

Entangled /
entrapped

AKRO 9/6/2019 SEAK Fishery gear Unknown pot Recreational Pot L10 0.75 0

A humpback whale was observed entangled with an orange A2
PRORATE buoy attached in an unknown location and configuration. The PRORATE
whale was observed moving without any obvious distress.

Humpback Mex-Npac, Hawai'i-
Whale SEA/NBC DIP

Entangled /
entrapped

AKRO 9/11/2019 SEAK Fishery gear Unknown Unknown Unknown L10 0.75 0

35



Source
of
Record

Common
Name

Date Area

Stock

Initial

Assessment

Table 1 -- Human-marine mammal interaction records reviewed for injury and mortality, 2016-2020.
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A humpback whale was reported to be entangled in the buoy line

Final
Determination

Mechanism of
Injury

Source of
Injury
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Fishery
Type

Fishery
Method

Sl
Criteria

M/s|
Value

LOF
Value

AKRO

10/4/2019

Humpback
Whale

SEAK

Mex-Npac, Hawai'i-
SEA/NBC DIP

PRORATE

of a 5-string shrimp pot set. The entanglement was described as
forward on the body since the tail and peduncle were clear of
any entangling material, but it is unknown whether the
entanglement involved any constricting wraps. The animal was
reported trailing about 150 feet of line with an orange or faded
red medium-sized polyball attached. The animal was mobile and
appeared to be in good condition.

A humpback whale was struck by a 21-foot aluminum

PRORATE

Entangled /
entrapped

Fishery g

ear pot

Unknown shrimp

Unknown

Pot

L10

0.75

AKRO

6/27/2020

Humpback
Whale

SEAK

Mex-Npac, Hawai'i-
SEA/NBC DIP

PRORATE

recreational boat traveling at 25-27 knots. The captain reported
that the whale surfaced about 20-40 feet in front of the vessel;
the captain attempted to tum to starboard and slow down but
was unable to prevent the vessel's port bow from striking the
whale, denting the bow of the boat. The whale was not seen
again after the collision and no additional information is available
regarding the whale.

A humpback whale was observed entangled in SEAK

PRORATE

Ship strike

Vessel

(recreational)

N/A

N/A

N/A

Léb

0.2

AKRO

6/28/2020

Humpback
Whale

SEAK

Mex-Npac, Hawai'i-
SEA/NBC DIP

PRORATE

recreational shrimp pot gear attached in an unknown

configuration. The gear involved in the entanglement included

two 340-foot buoy lines and a 250-foot mid-line with five small

shrimp pots attached with snap gear with no anchors or weights.
Another reporting party spotted the entangled animal the day

after the gear reportedly had been set and removed both buoys

from the trailing line. The animal was observed taking frequent,
shallow dives and keeping close to shore. The animal likely

remains entangled.

A humpback whale calf was observed entangled in a tended AK

PRORATE

Entangled /
entrapped

Fishery gear

SEAK shrimp pot

Recreational

Pot

L10

0.75

AKRO

7/26/2020

Humpback
Whale

SEAK

Mex-Npac, Hawai'i-
SEA/NBC DIP

NSI

Southeast salmon drift gillnet around the head, fluke, and a
pectoral fin. At the time of entanglement, a good Samaritan boat
assisted the fishing vessel in pulling the gillnet over the animal's
head, freeing it from the net. The animal was observed with
some minor cuts and abrasions along its back but has since
been resighted, with its mother with no additional wounds.

A humpback whale was observed entangled in a tended AK

NSI

Entangled /
entrapped

Fishery gear

AK Southeast
salmon drift
gillnet

Commercial

Gillnet

L2

AKRO

8/3/2020

Humpback
Whale

SEAK

Mex-Npac, Hawai'i-

SEANBC DIP

N

Southeast salmon drift gillnet. The net then became entangled in
the tending vessel's propeller resulting in a loss of propulsion. In
order to reduce risk to the vessel and crew, another fishing
vessel responded and cut the whale free of the attached gillnet
set. The configuration of the remaining entanglement is

unknown. The animal is believed to have parts of the net
wrapped around the tailstock and the entanglement may also
involve the mouth or pectoral flippers, resulting in the animal
being hogtied. This is supported by the fact that the animal was
observed sculling (using its pectoral flippers for mobility).

Subsequent attempts to locate the animal were unsuccessful.

S

Entangled /
entrapped

Fishery gear

AK Southeast
salmon drift
gillnet

Commercial

Gillnet

L2 1
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A humpback whale was observed entangled in an AK Southeast
salmon drift gillnet in an unknown configuration, including
approximately 12 feet of trailing line with 8 white corks attached. Entangled / AK Southeast
PRORATE The animal was making 7-minute dives and was able to swim PRORATE entrapped Fishery gear salmon drift Commercial Gillnet L10 0.75 0.75
and breathe with no apparent impacts to its mobility. No major gillnet
wounds were visible, other than some chafe marks, and the
whale is believed to still be entangled.

Humpback Mex-Npac, Hawai'i-

AKRO 8/18/2020 SEAK Whale SEAINBC DIP

A humpback whale was stuck by an 18-foot fiberglass
recreational boat traveling at 22 miles per hour. The captain
reported that as soon as the vessel got up on plane, a humpback
Humpback Mex-Npac, Hawai'i- whale came out of the water 20 feet in front of the vessel and he - Vessel
Whale SEA/NBC DIP PRORATE was unable to avoid it. The captain reported there could have PRORATE Ship strike (recreational) NiA NiA NiA Léb 02 0
been more than one whale but he was unable to confirm. The
whale that was struck was not seen again after the collision and
no additional information is available regarding this whale.

AKRO 8/24/2020 SEAK

An adult humpback whale was observed entangled in an AK
Southeast salmon drift gillnet in an unknown configuration. The
initial entanglement included an unknown amount of white cork

line. Then the reporting party observed the animal become
PRORATE entangled in AK salmon troll gear, breaking off 200 feet of PRORATE
stainless steel wire that included a 50 pound lead weight and
about 20 leaders, each with a flasher and hook attached. This
interaction will be attributed to both fisheries involved in the
entanglement.

AK Southeast
Entangled / Fishery gear salmon drift Commercial Gillnet,
entrapped g gillnet, AK Troll

salmon troll

Humpback Mex-Npac, Hawai'i-

Whale SEANBC DIP L10 0.75 0.75

AKRO 8/26/2020 SEAK

A humpback whale was observed entangled in unknown longline
gear in an unknown configuration. The animal was observed
PRORATE towing three longline buoys, swimming in circles, and showing PRORATE
signs of distress. A response was launched but the animal was
not resighted is and believed to still be still entangled.

Humpback Mex-Npac, Hawai'i-
Whale SEA/NBC DIP

Entangled /

AKRO 9/14/2020 SEAK
entrapped

Fishery gear Unknown longline Commercial Longline L10 0.75 0

An adult humpback whale was observed entangled in AK
Southeast shrimp pot gear with two body wraps on either side of
the blowhole. The line may have been attached to up to five
commercial shrimp pots and was possibly trailing a single 2.5 x
1-foot orange torpedo-shaped buoy. The animal was reported to
be potentially anchored but was able to submerge in place and
Humpback Mex-Npac, Hawai'i- sl surface to breathe. The reporting party returned to the animal's S|

Whale SEA/NBC DIP location several hours later and the animal was not resighted but entrapped
was assumed to still be entangled. Due to lack of information
regarding whether the fisherman recovered his gear, we cannot
determine whether the animal drowned or swam away with gear
attached. Sl criteria L10 is being assigned to this interaction
because the configuration of the gear and the outcome are
unknown.

Entengled /| oy oy gear | A Souneast | o ercial Pot o | ors | o7s

AKRO 10/21/2020 SEAK :
shrimp pot
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An adult humpback whale was observed entangled in AK
Southeast crab pot gear in an unknown configuration. The
animal was not moving much, staying at the surface with a large
orange buoy and a smaller yellow buoy very close to its body. A
response team was dispatched and was able to cut the main line
to a crab pot, freeing the animal from the pot, but the two buoys
remained attached. The animal was able to swim and dive after
AkRO | 11252020 | seax | Humeback | Mex-Npac, Hawai- sl being freed from the pot and the lines started moving on the NS Entangled / Fishery gear AK Southeast Commercial Pot 110 0 1
Whale SEA/NBC DIP . entrapped crab pot
whale. The response team noticed the buoy line traveling
through the animal's mouth and wrapped twice around the
tailstock. The response team was able to cut the remaining
buoys off the animal to remove the strain on the wraps but had
to terminate their effort due to the increasing sea state and the
animal's increased mobility. Animal was resighted 7/18/21 and
confirmed to be free of any entanglements.
A humpback whale was entangled in approximately 600 ft of line
Humoback Western North that terminated in a buoy. The line wrapped around the whale Entanaled / Marine debris
AKRO 6/22/2016 GOA Wr?ale Pacific, Mex-Npac, Sl and the pectoral fins, and abrasions from the line were visible. NSI emrag od (rope and N/A N/A N/A L2 0 0
Hawai'i-NorPac unit NOAA's Office of Law Enforcement responded and successfully PP buoy)
disentangled the animal, freeing the animal of all gear.
A 20 ft vessel struck a whale at 20 knots. The whale was
Humpback Western North observed 3-5 minutes later at a distance of 200 yards. The whale Vessel
AKRO 71412016 GOA P Pacific, Mex-Npac, PRORATE did not appear injured while it was observed during subsequent PRORATE Ship strike N/A N/A N/A L6b 0.2 0
Whale . ) L ) - o (recreational)
Hawai'i-NorPac unit dive cycles. This interaction qualifies as a prorated serious injury
under criterion L6b due to the vessel's size and speed.
A humpback whale was found stranded in a state of moderate
decomposition. The whale was entangled in a 7/8" poly line that
Humpback Westem Norin was wrapped around its tailstock and upper jaw. There was Entangled / Marine debris
AKRO | 7241016 | wak P Pacific, Mex-Npac, DEAD s wrapped ; pperjaw. DEAD 9 . NIA NIA NIA NIA 1 0
Whale L . significant scarring and abrasion at the areas of entanglement. entrapped (unidentified)
Hawai'i-NorPac unit N .
The end of the line trailed into deep water and could not be
pulled in.
An entangled humpback whale was observed from a tour vessel.
The whale was trailing small gauge neon line from its fluke and
Humpback Westerm North another larger gauge line was wrapped around the base of the Entangled / Marine debris
AKRO | 71282016 | GoA P Pacific, Mex-Npac, sl ofer farger gauge ne pped around fhe ba: sl 9 _ NA N/A NA L2 1 0
Whale . tailstock and was cutting into the animal. This is considered a entrapped (unidentified)
Hawai'i-NorPac unit L N -
serious injury under criterion L2 due to the constricting wrap
around the whale's tailstock.
An adrift 22 ft boat was struck by a humpback whale. A
Humoback Western North passenger was ejected into the water and the boat began taking Vessel
AKRO 7/28/2016 GOA P Pacific, Mex-Npac, NSI on water. The whale was reported to appear uninjured. This NSI Ship strike N/A N/A N/A L6c 0 0
Whale o . . . o o L (recreational)
Hawai'i-NorPac unit interaction qualifies as a non-serious injury under criterion L6c
due to the vessel's size and speed.
A humpback whale was observed by a USCG vessel's crew to
Humpback Western North be entangled in, and trailing 60 ft of line and a buoy. Then, while Entangled / Recreational crab
AKRO | 8406 | Goa P Pacific, Mex-Npac, NS gred in, and trafing Y. Then, NS 9 Fishery gear Recreational Pot 110 0 0
Whale . ; they were watching, the whale shed the gear. The USCG entrapped pot
Hawai'i-NorPac unit
recovered the buoy.
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A humpback whale was observed to be entangled in Dutch
Harbor. The animal was observed with a thick nylon line exiting
the right side of the mouth which led straight down and was
Humpback Westem North heavily weighted by something on the bottom. A response team Entangled / Marine debris
AKRO | 6016 | wak P Pacific, Mex-Npac, NS ¥ weighied by 9 on fhe botiom. A resp NSl 9 : NIA NIA NIA L2 0 0
Whale Hawali-NorPac unit attempted to grapple the weighted line in order to cut the line entrapped (unidentified)
and free the whale, but had no success. A short time later the
whale was observed to free itself and was completely free of
gear.
A 24 - 28 ft commercial charter vessel traveling at 22 knots
struck a humpback whale. Following the strike a small amount of
blood was observed in the water, but the whale appeared to AK/WA/ORICA
Humpback Western North swim away unharmed. No external injuries to the whale were Vessel commercial
AKRO 6/18/2017 GOA P Pacific, Mex-Npac, PRORATE y unhe - Mo extemal injur PRORATE Ship strike ’ L Commercial Unknown L11 0.52 0.52
Whale Hawaii-NorPac unit observed. There is no additional information on the health of the (commercial) passenger fishing
whale following the strike. L6b and L11 are both applicable vessel
criteria in this case. L11 has been assigned due to a higher level
of severity.
A humpback whale was observed entangled in AK BSAI Pacific
cod pot fishery gear. The gear included a 500 Ib pot, 66 fathoms
Humpback Western North of line, and the associated fishing floats. At one time the animal Constrictin AK BSAI Pacific
AKRO | 972017 BS P Pacific, Mex-Npac, sl » and c fisning floats. S| 9 Fishery gear Commercial Pot L2 1 1
Whale o . was described as appearing to be immobile. The whale was not entanglement cod pot
Hawai'i-NorPac unit . S o
relocated following the initial entanglement sighting on the
previous day.
Western North . . .
NPGOP 21312018 8BS Humpback Pacific, Mex-Npac, DEAD A juvenile humpback whale was caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSAI pollock Commercial Traw NA 1 1
Whale . ; pollock trawl gear. entrapped trawl
Hawai'i-NorPac unit
An adult humpback whale was observed to be entangled in
recreational shrimp pot gear. The nature of the entanglement
Humpback Westerm North could not be confirmed; however, it included a buoy with 700 + ft Entangled / Recreational
AKRO 71112018 GOA P Pacific, Mex-Npac, PRORATE . ) Lo ' y NSI 9 Fishery gear ) Recreational Pot L10 0 0
Whale . . of sinking line. It is believed that the animal self-released the entrapped shrimp pot
Hawai'i-NorPac unit ) )
gear, which was retrieved by boaters and passed on to harbor
master. No injuries to the whale were observed or reported.
A humpback whale was observed to be entangled. The animal
was initially partially disentangled by a reporting party
(unauthorized). Following the disentanglement attempt the whale
was described to still be entangled in heavy-gauge line,
originating forward on the body (mouth, flippers or both) with at
least 400 ft of line trailing the animal. The entanglement
configuration also included a red "A3" polyball, which trailed
Humpback Western North approximately 60 ft behind the animal, and at least another 60 ft Entangled /
AKRO | siorots | Goa P Pacific, Mex-Npac, sl pproximately mal : sl 9 Fishery gear Unknown Unknown | Unknown L2 1 0
Whale . ; of line trailing beyond the buoy. This case has been assigned an entrapped
Hawai'i-NorPac unit . ) )
L2 due to the extensive amount of gear involved in the
entanglement, which is likely to causing a significant amount of
drag (heavily weighted), and due to the potential to become
constricting. This animal was thought to be re-sighted numerous
times following the initial observation with little to no change in
the entanglement configuration. The outcome of this
entanglement is unknown.
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A humpback whale was observed to be heavily entangled in
Alaska Bering Sea, Aleutian Islands Pacific cod pot gear. The
entanglement consisted of numerous buoys, a cod pot, and 200
Humpback Western North ft of line wrapped around the animals fluke and head. The animal Constrictin AK Bering Sea,
AKRO 10/15/2018 BS P Pacific, Mex-Npac, Sl was unable to dive and was described as being "hog-tied." This NSI 9 Fishery gear Aleutian Islands Commercial Pot L2 0 1
Whale o . X N N entanglement "
Hawai'i-NorPac unit animal was successfully disentangled with complete gear Pacific cod pot
removal, and was observed to be swimming freely. There is no
report of serious injury to the whale as a result of the
entanglement.
A humpback whale was observed to be towing a 3-foot diameter
orange poly buoy within 5 feet of the animal. No other details are
known about the type of connecting and entangling line or its
Humpback Western North configuration on the animal. The whale was approximately 20 Entangled / Unknown shrimj
ARO | smanots | coa P Pacific, Mex-Npac, PRORATE g na. op! y PRORATE 9 Fishery gear P Unknown Pot 110 075 0
Whale . ; feet in length and alongside a larger humpback whale that was entrapped pot
Hawai'i-NorPac unit . ) )
approximately 40 feet in length. The reporting party suspected
that the buoy was part of shrimp pot gear but was unable to see
whether a pot may have still been attached.
A humpback whale was observed entangled in Alaska
subsistence crab pot gear. The entanglement involved the tail
and/or the pectoral flipper. The whale at least partially self-
released, and approximately 200 feet of 3/8-inch line and two 14-
Western North inch bullet Spongex buoys were recovered. There was broken .
AKRO 10/8/2019 GOA Humpback Pacific, Mex-Npac, PRORATE line among the recovered gear. Observers were unable to PRORATE Entangled / Fishery gear Subsistencs crab Algska Pot L10 0.75 0
Whale . . . entrapped pot Subsistence
Hawai'i-NorPac unit confirm if the animal was completely free of the gear. A whale
was observed departing the area, but it is unknown if this was
the entangled whale. The owner of the gear was contacted and
confirmed that it was subsistence crab pot gear and the missing
pot was a 4x4 pyramid pot with over 400 feet of attached line.
Western North .
NPGOP 71012020 8BS Humpback Pacific, Mex-Npac, DEAD A humpback whale was caught and killed in AK BSAI pollock DEAD Entangled / Fishery gear AK BSAI pollock Commercial Traw NA 1 1
Whale . , trawl gear. entrapped trawl
Hawai'i-NorPac unit
NPGOP 7512016 BS Killer Whale Eastern Nonh.Pacmc DEAD Akiller whale became entangled in, and was killed by longline DEAD Entangled / Fishery gear AK BSAI Pacific Commercial Longline NA 1 1
Alaska Resident gear. entrapped cod longline
) Two killer whales, one male and one female, were caught and
NpGoP | 40020 | BS | Kilerwnaie | E3Stem North Paciic DEAD Killed in AK BSAI flatish trawl gear. This record (male killer DEAD Entangled / Fisherygear | AKBSAUTafish f o mercial | Traw NIA 1 1
Alaska Resident y entrapped trawl
whale) represents 1 of 2 killer whales.
) Two killer whales, one male and one female, were caught and
NPGOP | 4302020 | BS | Kilerwhaie | E@Stem North Paciic DEAD Killed in AK BSAI latfish trawl gear. This record (female kiler DEAD Entangled / Fisherygear | AKBSAIMBHSH o rercal | Traw NA 1 1
Alaska Resident . entrapped trawl
whale) represents 2 of 2 killer whales.
An observer reported seeing about eight killer whales alongside
Eastern North Pacific the fishing vessel while it was trawling when suddenly there was
Alaska Resident, a loud noise and the boat shook violently. After the shudder,
. Eastern North Pacific blood was visible in the water at the vessel's stern. The killer . Vessel AK BSAl flatfish .
NPGOP 712812016 BS Killer Whale Gulf of Alaska, Sl whales that had surrounded the vessel immediately left the side sl Ship strike (commercial) trawl Commercial Trawd S3 ! !
Aleutian Islands, and of the vessel and remained at the location where the boat had
Bering Sea Transient shuddered. The observer reported that he and the captain both
believed a calf was hit by the propeller.
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Eastem Nonh Pacific Akiller whale was reported to be entangled in pot gear in Icy
Alaska Resident, Strait. The entanglement was thought to possibly originate at the Entangled /
AKRO 91412016 | SEAK | KilerWhale | Eastem North Pacific sl wait g ‘ gnt {0 possily org S| 9 Fishery gear Unknown pot Unknown Pot S6 1 0
" tailstock / fluke. The reporting party attempted a disentanglement entrapped
Northern Resident, without success
West Coast Transient '
Eastern North Pacific
NPGOP 7152018 BS Killer Whale Gglf of Alaska, DEAD A male killer whale was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commerdial Trawl NA 1 1
Aleutian Islands, and trawl gear. entrapped trawl
Bering Sea Transient
A West coast transient killer whale was observed to be briefly
WCRO | 452016 | we | KilerWhale | West Coast Transient NS entangled in CA Dungeness crab pot fshery gear. At least two NS Entangled / Fishery gear | O DUM9ETSS | mercial Pot S7b 0 1
buoys were visible. The gear self-released from the animal and entrapped crab pot
no injuries were reported.
AKRO 71002016 BS Northern Fur Eastern Pacific S| An adult male fur seal was observed.wnhla cwrcumferentlal neck S| Constricting Mar‘lne dlebns NA NA NA P8a 1 0
Seal entanglement caused by unidentified material. entanglement (unidentified)
AKRO 71002016 BS Northern Fur Eastern Pacific S| . A subadult. male northern fur seal was observed with a S| Constricting Fishery gear AK BSAI Commercial Trawl P8a 1 0
Seal circumferential neck entanglement caused by trawl netting. entanglement unknown trawl
Northern Fur A subadult male northern fur seal was observed with a Constrictin Marine debris
AKRO 7/10/2016 BS Eastern Pacific Sl circumferential neck entanglement caused by a black rubber Sl 9 N/A N/A N/A P8a 1 0
Seal band entanglement (rubber band)
Northern Fur An adult male northern fur seal was observed with a Constrictin Marine debris
AKRO 7/10/2016 BS Eastern Pacific Sl circumferential neck entanglement caused by unidentified Sl 9 . N/A N/A N/A P8a 1 0
Seal . entanglement (unidentified)
material.
Northern Fur An adult male fur seal was observed with a circumferential neck Constrictin, Mearine debris
AKRO 7/12/2016 BS Eastern Pacific S| A Sl 9 (packing N/A N/A N/A P8a 1 0
Seal entanglement caused by a packing band. entanglement band)
Norther Fur A subadult male northern fur seal with a circumferential neck Constrictin Marine debris
AKRO 8/4/2016 BS Eastern Pacific Sl entanglement caused by a packing band was captured and NSI 9 (packing N/A N/A N/A P7b 0 0
Seal f entanglement
disentangled. band)
AKRO 811512016 BS Northern Fur Eastern Pacific S| An adult female .northem fur seal was gntangled in yellow trawl NSI Entangled / Fishery gear AK BSAI Commercial Trawl PTb 0 0
Seal netting. The animal was disentangled. entrapped unknown trawl
Northern Fur A subadult female norther fur seal with a circumferential neck Constrictin Marine debris
AKRO 8/16/2016 BS Eastern Pacific Sl entanglement caused by a packing band was captured and NSI 9 (packing N/A N/A N/A P7b 0 0
Seal " entanglement
disentangled. band)
A subadult female fur seal with a circumferential neck ’
AKRO 8/22/2016 BS Northern Fur Eastern Pacific Sl entanglement caused by trawl netting was captured and NSI Constricting Fishery gear AKBSAI Commercial Trawl P7b 0 0
Seal . entanglement unknown trawl
disentangled.
AKRO 812212016 BS Northern Fur Eastern Pacific S| A subadult male northern fur seallentangled in trawl netting was NSI Entangled / Fishery gear AK BSAI Commercial Traw PTb 0 0
Seal captured and disentangled. entrapped unknown trawl
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AKRO 912212016 BS Northern Fur Eastern Pacific sl A subadult fur seal was entanglgd in a considerable amount of NSI Constricting Fishery gear Unknown net Unknown Net PTb 0 0
Seal netting and disentangled. entanglement
Northern Fur An adult female fur seal was observed with a circumferential Constrictin Mearine debris
AKRO 9/22/2016 BS Eastern Pacific Sl . Sl 9 (packing N/A N/A N/A P8a 1 0
Seal neck entanglement caused by a packing band. entanglement band)
Northern Fur A subadult northern fur seal was observed with a circumferential Constrictin, Marine debris
AKRO 9/22/2016 BS Eastern Pacific S| A Sl 9 (packing N/A N/A N/A P8a 1 0
Seal neck entanglement caused by a green packing band. entanglement band)
AKRO 912212016 8BS Northern Fur Eastern Pacific S| A subadult northern fur seal with a cncumferer?tlal neck NSI Constricting Mar‘lne dlebns NA NA NA PTb 0 0
Seal entanglement caused by line was captured and disentangled. entanglement (unidentified)
AKRO 912812016 BS Northern Fur Eastern Pacific S| A subadult male fur seal with a ng\q plastic ring around its neck NSI Constricting Mafme deb.ns NA NA NA PTb 0 0
Seal was captured and the ring was removed. entanglement (misc. plastic)
Northern Fur An adult male northern fur seal was observed with a Constrictin Marine debris
AKRO 9/28/2016 BS Eastern Pacific Sl circumferential neck entanglement caused by unidentified Sl 9 - N/A N/A N/A P8a 1 0
Seal . entanglement (unidentified)
material.
AKRO 101312016 BS Northern Fur Eastem Pacific si A fur seal pup that was entar?gled in green netting was captured NSI Entangled / Marine d.ebr\s NA NA NA P7b 0 0
Seal and disentangled. entrapped (unidentified)
AKRO 100512016 BS Northern Fur Eastem Pacific si A subadult male nonhern‘fur seal with a urcumfe‘rentlal neck NSI Constricting Ma(lne dlebr\s NA NA NA P7b 0 0
Seal entanglement caused by line was captured and disentangled. entanglement (unidentified)
Norther Fur A subadult northern fur seal was observed with a circumferential Constrictin Matine debris
AKRO 10/5/2016 BS Eastern Pacific Sl neck entanglement caused by what appeared to be green Sl 9 . N/A N/A N/A P8a 1 0
Seal : ) entanglement (unidentified)
netting or line.
AKRO 1012012016 BS Northern Fur Eastern Pacific S| A northern fur seal pup was observeq wnh.a circumferential neck S| Constricting Marine d.ebns NA NA NA P8a 1 0
Seal entanglement caused by unidentified material. entanglement (unidentified)
NPGOP 5/6/2017 BS Northern Fur Eastern Pacific DEAD A male northern fur seal was caught and killed by trawl gear. DEAD Entangled / Fishery gear AKBSAI flafish Commercial Trawl N/A 1 1
Seal entrapped trawl
An adult male northern fur seal was observed with a -
AKRO 7119/2017 BS Northern Fur Eastern Pacific Sl circumferential neck entanglement caused by green trawl Sl Constricting Fishery gear AKBSAI Commercial Trawl P8a 1 0
Seal entanglement unknown trawl
netting.
AKRO 712502017 BS Northern Fur Eastem Pacific si A northern fur seal was observeq wnh .a urcurlnferentlalll neck si Constricting Ma(lne dlebr\s NA NA NA Pga 1 0
Seal entanglement caused by unidentified marine debris. entanglement (unidentified)
Norther Fur An adult female northern fur seal was observed with a Constrictin Matine debris
AKRO 7129/2017 BS Eastern Pacific Sl constricting circumferential neck wound consistent with Sl 9 . N/A N/A N/A P8a 1 0
Seal entanglement (unidentified)
entanglement.
Norther Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 7131/2017 BS Eastern Pacific Sl constricting circumferential neck entanglement caused by blue Sl 9 Marine debris N/A N/A N/A P8a 1 0
Seal twisted strand net. entanglement
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Northern Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 713112017 BS Eastern Pacific Sl constricting circumferential neck entanglement caused by blue Sl 9 Marine debris N/A N/A N/A P8a 1 0
Seal . entanglement
twisted strand net.
Northern Fur An adult male northern fur seal was observed with a constrictini Constrictin Mearine debris
AKRO 8/5/2017 BS Eastern Pacific Sl . ; ) 9 Sl 9 (packing N/A N/A N/A P8a 1 0
Seal circumferential neck entanglement caused by a packing band. entanglement band)
Norther Fur A subadult male northern fur seal with a circumferential neck Constrictin
AKRO 8/5/2017 BS Eastern Pacific Sl entanglement caused by gray twisted strand net was captured NSI 9 Marine debris N/A N/A N/A P7b 0 0
Seal X entanglement
and disentangled.
Norther Fur A yearling male northern fur seal with a circumferential neck Constrictin
AKRO 8/18/2017 BS Eastern Pacific Sl entanglement caused by green netting was captured and NSI 9 Marine debris N/A N/A N/A P7b 0 0
Seal ) entanglement
disentangled.
Norther Fur An adult male northern fur seal was observed with a constricting Constrictin Marine debris
AKRO 9/4/2017 BS Eastern Pacific Sl circumferential neck entanglement caused by a blue packing Sl 9 (packing N/A N/A N/A P8a 1 0
Seal entanglement
band. band)
AKRO 9412017 BS Northern Fur Eastern Pacific sl Ajuvenile ngnhern fur seal was observed with a constrlc.t\ng S| Constricting Marine debris NA NA NA P8a 1 0
Seal circumferential neck entanglement caused by green netting. entanglement
Northern Fur An adult female northern fur seal was observed with a Constrictin Marine debris
AKRO 9/9/2017 BS Eastern Pacific Sl constricting circumferential neck entanglement caused by a blue Sl 9 - N/A N/A N/A P8a 1 0
Seal entanglement (unidentified)
rope or part of a net.
A northern fur seal pup was observed with a constricting ’ .
ARO | onapotr | Bs | NorthemFur Eastem Pacific sl circumferential neck entanglement caused by unidentified sl Constricting | - Marine debris NA NA NA P8a 1 0
Seal . . entanglement (unidentified)
marine debris.
AKRO 912612017 8BS Northern Fur Eastern Pacific S| A subadult female northern fur seal gntangled in green fishing NSI Entangled / Fishery gear Unknown net Unknown Unknown PTb 0 0
Seal net was captured and disentangled. entrapped net
A yearling northern fur seal pup was observed with a constricting - . .
AKRO | 982017 s | NorthemFur Eastern Pacific sl circumferential neck entanglement caused by unidentified sl Constricting | - Marine debris NIA NIA NIA Psa 1 0
Seal . N entanglement (unidentified)
marine debris.
AKRO 912812017 BS Northern Fur Eastern Pacific sl A 2-3 year old qorthern fur seal was observed with a constricting S| Constricting Marine debris NA NA NA P8a 1 0
Seal circumferential neck entanglement caused by yellow rope. entanglement (rope)
Northern Fur A subadult male northern fur seal entangled in yellow braided Entanaled /
AKRO 9/30/2017 BS Eastern Pacific Sl strand netting was captured and disentangled. The NSI 9 Marine debris N/A N/A N/A P7b 0 0
Seal . entrapped
entanglement did not break the skin or cause an external wound
A subadult male northern fur seal was observed with a .
Northern Fur constricting circumferential neck entanglement caused by a Constrictin Marine debris
AKRO | 10M0i2017 | BS Eastern Pacific sl ! 9 oo 9 y sl 9 (packing NIA NIA NIA Psa 1 0
Seal packing band. A disentanglement effort was attempted but it was entanglement band)
not successful at completely removing the band.
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Northern Fur A subadult northern fur seal was observed with a single strand Constrictin Marine debris
AKRO 10/10/2017 BS Eastern Pacific Sl circumferential neck entanglement caused by unidentified Sl 9 N N/A N/A N/A P8a 1 0
Seal . N entanglement (unidentified)
marine debris.
AKRO 101002017 BS Northern Fur Eastem Pacific si A2 year old male northern fur sgal entangled in blue net was NSI Entangled / Marine debris NA NA NA P7b 0 0
Seal captured and disentangled. entrapped
NPGOP 5/15/2018 BS Northern Fur Eastem Pacific DEAD A male northern fur seal‘was caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSA flatfish Commerdial Trawl NA 1 1
Seal flatfish trawl gear. entrapped trawl
NPGOP 6112018 BS Northern Fur Eastern Pacific DEAD A male northern fur seal‘was caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
Seal flatfish trawl gear. entrapped trawl
AKRO 6112018 BS Northern Fur Eastern Pacific S| An adult male northern fur seal was observed with a S| Constricting Matine debris NA NA NA P8a 1 0
Seal circumferential neck entanglement caused by a green net. entanglement
AKRO | 711112018 g | NorthemFur Eastern Pacific sl An adult female norther fur seal was observed with a sl Constricing |y debris NIA NIA NIA Psa 1 0
Seal circumferential neck entanglement caused by a yellow line. entanglement
Northern Fur An adult male northern fur seal was observed with a Constrictin Marine debris
AKRO 711412018 BS Eastern Pacific Sl circumferential neck entanglement caused by an unknown Sl 9 N N/A N/A N/A P8a 1 0
Seal N . ¥ entanglement (unidentified)
material / marine debris.
AKRO 71412018 BS Northern Fur Eastem Pacific si ‘A subadult‘ male northern fur seal was observed with a si Constricting Marine debris NA NA NA Pga 1 0
Seal circumferential neck entanglement caused by a green net. entanglement
Norther Fur A subadult male northern fur seal was observed with a Constrictin Marine debris
AKRO 711412018 BS Eastern Pacific Sl circumferential neck entanglement caused by a blue packing NSI 9 (packing N/A N/A N/A P7b 0 0
Seal L . entanglement
band. This animal was captured and disentangled. band)
Norther Fur A subadult male northern fur seal was observed with a Constrictin Marine debris
AKRO 7119/2018 BS Eastern Pacific Sl circumferential neck entanglement caused by an unknown Sl 9 S N/A N/A N/A P8a 1 0
Seal . ) ) entanglement (unidentified)
material / marine debris.
An adult male northern fur seal was observed with a
circumferential neck entanglement caused by green trawl net.
Northern Fur - The seal was captured and disentangled successfully. The green Constricting ) AK BSAI "
AKRO 712412018 BS Seal Bastem Pacific sl trawl net had cut deep into the neck area (about 180 around) sl entanglement Fishery gear unknown trawl Commercal Trawi PTb ! 0
and was bleeding heavily. Eventually the seal made its way into
the water and swam away.
AKRO 8/15/2018 8BS Northern Fur Eastern Pacific s A subadu.lt male northern fur seal was observed with a sl Constricting Marine debris NA NA NA P8a 1 0
Seal circumferential neck entanglement caused by a rubber band. entanglement (rubber band)
Northern Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 9/17/2018 BS Eastern Pacific Sl circumferential neck entanglement caused by braided green NSI 9 Marine debris N/A N/A N/A P7b 0 0
Seal . L h entanglement
netting. This animal was captured and disentangled.
Norther Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 9/19/2018 BS Eastern Pacific Sl circumferential neck entanglement caused by twisted blue-green NSI 9 Marine debris N/A N/A N/A P7b 0 0
Seal ) S . entanglement
netting. This animal was captured and disentangled.
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Northern Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 9/19/2018 BS Eastern Pacific Sl circumferential neck entanglement caused by braided green NSI 9 Marine debris N/A N/A N/A P7b 0 0
Seal . _ entanglement
netting. This animal was captured and disentangled.
Northern Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 9/19/2018 BS Eastern Pacific Sl circumferential neck entanglement caused by twisted gray NSI 9 Marine debris N/A N/A N/A P7b 0 0
Seal B . entanglement
netting. This animal was captured and disentangled.
Norther Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 9/19/2018 BS Eastern Pacific Sl circumferential neck entanglement caused by twisted gray NSI 9 Marine debris N/A N/A N/A P7b 0 0
Seal . B . entanglement
netting. This animal was captured and disentangled.
Norther Fur A subadult male northern fur seal was observed with a Constrictin Marine debris
AKRO 9/19/2018 BS Eastern Pacific Sl circumferential neck entanglement caused by a blue packing NSI 9 (packing N/A N/A N/A P7b 0 0
Seal L . entanglement
band. This animal was captured and disentangled. band)
Norther Fur A subadult male northern fur seal was observed with a Constrictin Marine debris
AKRO 11/6/2018 BS Eastern Pacific Sl circumferential neck entanglement caused by a black packing NSI 9 (packing N/A N/A N/A P7b 0 0
Seal ) A entanglement
band. This animal was captured and disentangled. band)
NPGOP 212712019 BS Northern Fur Eastern Pacific DEAD A male northem fur seal was caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSA| flatfish Commercial Trawl NA 1 1
Seal flatfish trawl gear. entrapped trawl
NPGOP 5/9/2019 BS Northern Fur Eastem Pacific DEAD A female northern fur seal was caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSAl flatfish Commerdial Trawl NA 1 1
Seal flatfish trawl gear. entrapped trawl
NPGOP 5/10/2019 BS Northern Fur Eastem Pacific DEAD A male northem fur seal‘was caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSAl flatfish Commerdial Trawl NA 1 1
Seal flatfish trawl gear. entrapped trawl
NPGOP 5/1212019 8BS Northern Fur Eastern Pacific DEAD A male juvenile northern fur §eal was caught and killed by AK DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
Seal BSAl flatfish trawl gear. entrapped trawl
NPGOP 5/1212019 BS Northern Fur Eastern Pacific DEAD A male northern fur seal was caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Trawl NA 1 1
Seal flatfish trawl gear. entrapped trawl
NPGOP 5/14/2019 BS Northern Fur Eastern Pacific DEAD A male northem fur seal was caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSA| flatfish Commercial Trawl NA 1 1
Seal flatfish trawl gear. entrapped trawl
NPGOP 5/16/2019 BS Northern Fur Eastern Pacific DEAD A female northern fur seal was caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSA| flatfish Commercial Trawl NA 1 1
Seal flatfish trawl gear. entrapped trawl
NPGOP 5/28/2019 BS Northern Fur Eastem Pacific DEAD A male northem fur seal‘was caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSAl flatfish Commerdial Trawl NA 1 1
Seal flatfish trawl gear. entrapped trawl
A male northern fur seal was caught and killed by AK BSAI
flatfish trawl gear during an unsampled haul and is not included
NPGOP 5/29/2019 BS Northern Fur Eastern Pacific DEAD in the bycatch estimate for this fishery because other northern DEAD Entangled / Fishery gear AKBSAI flafish Commercial Trawl N/A 1 1
Seal . ) L A entrapped trawl
fur seals from this stock were seriously injured or killed in
sampled hauls in this fishery in this year..
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NPGOP 6/112019 BS Northern Fur Eastern Pacific DEAD A male northem fur seal was caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSA| flatfish Commercial Trawl NA 1 1
Seal flatfish trawl gear. entrapped trawl
NPGOP 6/6/2019 BS Northern Fur Eastem Pacific DEAD A male northern fur seal was caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSAI flatfish Commerdial Trawl NA 1 1
Seal flatfish trawl gear. entrapped trawl
Northern Fur A subadult male northern fur seal was observed with a Constrictin Marine debris
AKRO 6/25/2019 BS Eastern Pacific Sl constricting circumferential neck entanglement caused by a NSI 9 (packing N/A N/A N/A P7b 0 0
Seal X R " entanglement
packing band. The animal was captured and disentangled. band)
Norther Fur A subadult male northern fur seal was observed with a Constrictin Marine debris
AKRO 6/25/2019 BS Eastern Pacific Sl constricting circumferential neck entanglement caused by a Sl 9 (packing N/A N/A N/A P8a 1 0
Seal h . entanglement
white packing band. band)
Norther Fur An adult male northern fur seal was observed with a constricting Constrictin Marine debris
AKRO 6/26/2019 BS Eastern Pacific Sl circumferential neck entanglement caused by unknown marine Sl 9 S N/A N/A N/A P8a 1 0
Seal debris entanglement (unidentified)
Northern Fur A northern fur seal was observed with a circumferential neck Constrictin Marine debris
ADFG 7/8/2019 SEAK Eastern Pacific Sl ) ) Sl 9 (packing N/A N/A N/A P8a 1 0
Seal entanglement caused by a thick blue packing band. entanglement band)
A subadult male northern fur seal was observed with an open
Northern Fur wound encircling sections of the dorsal and ventral neck. The Constrictin Marine debris
AKRO 711712019 BS Eastern Pacific Sl entangling material was not visible around the animal's neck but Sl 9 N N/A N/A N/A P8a 1 0
Seal " N . entanglement (unidentified)
the animal was not confirmed to be free of any entangling
material.
Norther Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 7122/2019 BS Eastern Pacific Sl constricting circumferential neck entanglement caused by a Sl 9 Fishery gear Unknown trawl Unknown Trawl P8a 1 0
Seal N L entanglement
green trawl net with some white line interwoven.
A subadult male northern fur seal was observed with a
AKRO | 712412019 g [ NorthemFur Eastern Pacific sl constricting circumferental neck entanglement caused by a NS Constricting Fishery gear |  Unknown trawl Unknown Trawl P7b 0 0
Seal green trawl net with some white line interwoven. The animal was entanglement
captured and disentangled.
Norther Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 7/31/2019 BS Eastern Pacific Sl constricting circumferential neck entanglement caused by a gray NSI 9 Fishery gear Unknown trawl Unknown Trawl P7b 0 0
Seal A ) entanglement
trawl net. The animal was captured and disentangled.
Northern Fur A subadult male northern fur seal was observed with a Constrictin Marine debris
AKRO 7/31/12019 BS Eastern Pacific Sl constricting circumferential neck entanglement caused by a NSI 9 (packing N/A N/A N/A P7b 0 0
Seal . . . . entanglement
white packing band. The animal was captured and disentangled. band)
Northern Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 8/2/2019 BS Eastern Pacific Sl constricting circumferential neck entanglement caused by a NSI 9 Fishery gear Unknown trawl Unknown Trawl P7b 0 0
Seal . X entanglement
green trawl net. The animal was captured and disentangled.
Norther Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 8/2/2019 BS Eastern Pacific Sl constricting circumferential neck entanglement caused by a NSI 9 Marine debris N/A N/A N/A P7b 0 0
Seal ; X . entanglement
black string. The animal was captured and disentangled.
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Northern Fur A subadult male northern fur seal was observed with a Constrictin Marine debris
AKRO 8/5/2019 BS Eastern Pacific Sl constricting circumferential neck entanglement caused by Sl 9 N N/A N/A N/A P8a 1 0
Seal . N entanglement (unidentified)
unknown marine debris.
Northern Fur A subadult male northern fur seal was observed with a Constrictin Marine debris
AKRO 8/22/2019 BS Eastern Pacific Sl constricting circumferential neck entanglement caused by a 1/2- Sl 9 N/A N/A N/A P8a 1 0
Seal . entanglement (rope)
inch diameter orange braided line.
Norther Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 8/22/2019 BS Seal Eastern Pacific Sl constricting circumferential neck entanglement caused by a Sl entan Ieme?n Fishery gear Unknown traw! Unknown Trawl P8a 1 0
green trawl net. 9
Norther Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 8/22/2019 BS Eastern Pacific Sl constricting circumferential neck entanglement caused by a NSI 9 Fishery gear Unknown trawl Unknown Trawl P7b 0 0
Seal - ) ) entanglement
green fishing net. The animal was captured and disentangled.
Norther Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 8/25/2019 BS Seal Eastern Pacific Sl constricting circumferential neck entanglement caused by an S| entan Ieme?n Fishery gear Unknown trawl Unknown Trawl P8a 1 0
orange trawl net. 9
Northern Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 8/25/2019 BS Seal Eastern Pacific Sl constricting circumferential neck entanglement caused by a SI entan Ieme?ﬁ Fishery gear Unknown trawl Unknown Trawl P8a 1 0
green trawl net. 9
A subadult male northern fur seal was observed with a
AKRO 812912019 8BS Northern Fur Eastern Pacific s con§tr\ct|ng circumferential neck entanglement caused by a 2- NSI Constricting Mqune debr\s NA NA NA PTb 0 0
Seal inch wide polyester belt. The animal was captured and entanglement (misc. plastic)
disentangled.
Norther Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 8/31/2019 BS Seal Eastern Pacific Sl constricting circumferential neck entanglement caused by a Sl entan Ieme?n Fishery gear Unknown traw! Unknown Trawl P8a 1 0
green and orange trawl net. 9
Norther Fur An adult female northern fur seal was observed with a Constrictin
AKRO 9/8/2019 BS Eastern Pacific Sl constricting circumferential neck entanglement caused by a Sl 9 Fishery gear Unknown trawl Unknown Trawl P8a 1 0
Seal entanglement
green trawl net.
A subadult male northern fur seal was observed with a -
AKRO | 9r0r2019 s | NorthemFur Eastern Pacific sl constricting circumferential neck entanglement caused by sl Constriting Fishery gear | Unknown ook Unknown | Tookand [ pg, 1 0
Seal . entanglement and line line
monofilament line.
Northern Fur A subadult male northern fur seal was observed with a Constrictin Marine debris
AKRO 9/20/2019 BS Eastern Pacific Sl constricting circumferential neck entanglement caused by a blue Sl 9 (packing N/A N/A N/A P8a 1 0
Seal N entanglement
packing band. band)
Northern Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 9/20/2019 BS Eastern Pacific Sl constricting circumferential neck entanglement caused by a NSI 9 Fishery gear Unknown trawl Unknown Trawl P7b 0 0
Seal . X entanglement
green trawl net. The animal was captured and disentangled.
A subadult male northern fur seal was observed with a "
AKRO 9/20/2019 BS Northern Fur Eastern Pacific Sl constricting circumferential neck entanglement caused by a NSI Constriting Fishery gear UnKnowr) fook Unknown Hook and P7b 0 0
Seal A X . entanglement and line line
yellow fishing line. The animal was captured and disentangled.
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A subadult male northern fur seal was observed with a
Northern Fur " constricting circumferential neck entanglement caused by a Constricting )
AKRO 9/21/2019 BS Eastern Pacific Sl ) ) I NSI Fishery gear Unknown traw! Unknown Trawl P7b 0 0
Seal green twisted net with some white line interwoven. The animal entanglement
was captured and disentangled.
A subadult male northern fur seal was observed with a
Northern Fur - constricting circumferential neck entanglement caused by an Constricting )
AKRO 9/21/2019 BS Eastern Pacific Sl > > NSI Fishery gear Unknown trawl Unknown Trawl P7b 0 0
Seal orange braided trawl strand net. The animal was captured and entanglement
disentangled.
Norther Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 111712019 BS Eastern Pacific Sl constricting circumferential neck entanglement caused by a NSI 9 Fishery gear Unknown trawl Unknown Trawl P7b 0 0
Seal . ¥ entanglement
green trawl net. The animal was captured and disentangled.
Norther Fur A subadult male northern fur seal was observed with a Constrictin
AKRO 11/10/2019 BS Eastern Pacific Sl constricting circumferential neck entanglement caused by a NSI 9 Fishery gear Unknown traw! Unknown Trawl P7b 0 0
Seal ) ) entanglement
green trawl net. The animal was captured and disentangled.
A previously dead northern fur seal was caught in AK BSAI
pollock trawl gear. The carcass was entangled in unknown
Northern Fur - . Entangled / )
NPGOP 3/15/2020 BS Eastern Pacific DEAD netting that appeared to have been cut from another vessel's DEAD Fishery gear Unknown net Unknown Net N/A 1 0
Seal ) . . entrapped
net; therefore, this interaction will not be counted against the AK
BSAI pollock trawl fishery.
Northern Fur A subadult male northern fur seal was observed with a Constrictin Marine debris
AKRO 5/18/2020 BS Eastern Pacific Sl circumferential neck entanglement caused by unidentified Sl 9 N N/A N/A N/A P8a 1 0
Seal . N entanglement (unidentified)
marine debris.
Northern Fur A subadult male northern fur seal was observed with a Constrictin Marine debris
AKRO 7/1/2020 BS Eastern Pacific Sl circumferential neck entanglement caused by unidentified Sl 9 . N/A N/A N/A P8a 1 0
Seal . . entanglement (unidentified)
marine debris.
AKRO 711312020 8BS Northern Fur Eastern Pacific S| A subadult northern fur seal was obsgweq lwnh a glrcumfe(entlal S| Constricting Mar‘lne dlebns NA NA NA P8a 1 0
Seal neck entanglement caused by unidentified marine debris. entanglement (unidentified)
AKRO 711412020 BS Northern Fur Eastern Pacific S| A subadult northern fur seal was observe(lj wnh ‘a circumferential S| Constricting Marine debris NA NA NA P8a 1 0
Seal neck entanglement caused by unidentified rope. entanglement (rope)
A northern fur seal yearling was observed with a circumferential -
Northern Fur " Constricting )
AKRO 711712020 BS Seal Eastern Pacific Sl neck entanglement caused by an unknown trawl net. The animal NSI entanglement Fishery gear Unknown trawl Unknown Trawl P7b 0 0
was captured and disentangled. 9
AKRO 712112020 BS Northern Fur Eastern Pacific sl A northern fur seal pup was obser\./ed WIFh a cwcymfererﬁlal neck S| Constricting Marine d.ebr\s NA NA NA P8a 1 0
Seal entanglement caused by unidentified marine debris. entanglement (unidentified)
A northern fur seal was found dead with a section of bottom traw
WCRO 3412017 we Northern Fur Eastern Pacific, DEAD .net.around its neck. The seal had hemorrhage on thg r.|ght necl.<, DEAD Constricting Fishery gear unknown trawl Unknown Traw NA 1 0
Seal California its right eye was full of blood (left normal), bloody fluid in thoracic entanglement
cavity, damage to its skull, and it was emaciated.
WCRO 3812017 we Northern Fur Eastern P§0|f|c, DEAD Two Juve.mle northern fur seal§ were found dead and entangled DEAD Constricting Fishery gear unknown trawl Unknown Traw NA 1 0
Seal California in green trawl net. This record represents 2/2. entanglement
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WCRO 3812017 we Northern Fur Eastern Pacific, DEAD Two Juve.mle northern fur seals were found dead and entangled DEAD Constricting Fishery gear unknown trawl Unknown Trawl NA 1 0
Seal California in green trawl net. This record represents 1/2. entanglement
A male northern fur seal pup was found with a circumferential
- neck entanglement. This animal was transferred briefly to ! .
WCRO 1/22/2018 wC Northern Fur Eas‘ef” Pgmﬂc, S Oregon Coast Aquarium where it was disentangled, held Sl Constricting Mafme debr\s N/A N/A N/A P14 1 0
Seal California . " entanglement (misc. plastic)
overnight, and released the next day at Yaquina Head
Outstanding Natural Area, just north of Newport, OR.
A male northern fur seal yearling was found dead in a state of
advanced decomposition. A necropsy found extensive injuries
and trauma with associated hemorrhaging externally as well as
internally, including rub marks and cuts on the flippers, and
wero | wsmozo | we | NemhemFur Bastem Pacifc, DEAD damage (o the right eyebal, molars, and the musdles on the DEAD Bodytrauma | Fishery gear Unknown Unknown | Unknown |  NIA 1 0
Seal California thorax and neck. The animal showed no signs of illness but had
substantial pneumothorax around the right lung and a large
amount of blood in the abdominal cavity. This injury is consistent
with interactions with fishery gear and will be attributed to
unknown fishery gear.
A male northern fur seal pup was found in a state of advanced
decomposition. A necropsy found extensive injuries and trauma
with associated hemorrhaging externally as well as internally.
There was tremendous hemorrhaging throughout the right
WCRO 311212020 we Northern Fur Eastern Pacific, DEAD thorax, in the left pelv.ls area, and frgm the top of the head to the DEAD Body trauma Fishery gear Unknown Unknown Unknown NA 1 0
Seal California eye. The hemorrhaging was especially deep at the back of the
head, under the left scapula, and under the sternum. There was
also a suspected bullet hole in the stomach. This injury is
consistent with interactions with unknown fishery gear and will
be attributed to unknown fishery gear.
A male northern fur seal yearling was found alive with an
excellent coat and no signs of illness. The animal was relatively
thin, with ribs showing, and was not very active. It was taken to a
rehab facility and died the following day. The animal had gashes
WCRO 411012020 we Northern Fur Eastern Pacific, sl and rubs on the head and around the flippers as well as a bloody DEAD Body trauma Fishery gear Unknown Unknown Unknown NA 1 0
Seal California and collapsed left eye. There was extensive hemorrhaging
around the head, neck, sternum, and pelvis as well as blood in
the thoracic cavity and bruising on some internal organs. This
injury is consistent with interactions with fishery gear and will be
attributed to unknown fishery gear.
Pacifio Two female Pacific white-sided dolphins were caught and kiled Entangled / AK BSAI pollock
NPGOP | 47712019 BS | White Sided North Pacific DEAD P 9 DEAD 9 Fishery gear P Commercial | Trawi N/A 1 1
Dolphin by AK BSAI pollock trawl gear. This record represents 2 of 2. entrapped trawl
Pacific Two female Pacific white-sided dolphins were caught and killed Entangled / AK BSAI pollock
NPGOP | 4r7r2019 BS | White Sided North Pacific DEAD P 9 DEAD 9 Fishery gear P Commercial | Traw NA 1 1
Dolphin by AK BSAI pollock trawl gear. This record represents 1 of 2. entrapped trawl
NPGOP | 812412016 BS | Ribbon Seal DEAD A ribbon seal was caught and killed in trawl gear. DEAD Z’;ggfj d/ Fisherygear | ™% BSIQ'VSO"OCK Commercial Trawl NA 1 1
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NMFS A female ringed seal was incidentally killed during MMPA Research MMPA
8/14/2016 Arctic Ringed Seal Arctic DEAD 9 X Y 9 DEAD L authorized N/A N/A N/A N/A 1 0
OPR/HQ authorized research. related injury
research
NPGOP 3212017 8BS Ringed Seal Arcic DEAD A female ringed seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAl flatfish Commercial Traw NA 1 1
trawl gear. entrapped trawl
NPGOP 31912017 BS Ringed Seal Arctic DEAD A female ringed seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSA flatfish Commercial Traw NA 1 1
trawl gear. entrapped trawl
NPGOP 31002017 BS Ringed Seal Arctic DEAD A female ringed seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
trawl gear. entrapped trawl
NPGOP 31712017 BS Ringed Seal Arctic DEAD A female ringed seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Trawl NA 1 1
trawl gear. entrapped trawl
NPGOP | 312212017 BS | Ringed Seal Arctic DEAD Amale ringed seal was caught and kiled by AK BSAI pollock DEAD Entangled / Fisherygear | AKBSATPOlOCK i ercia Trawl NA 1 1
trawl gear. entrapped trawl
NPGOP | 4512017 BS | Ringed Seal Arctic DEAD Amale ringed seal was caught and killed by AK BSAI flatfsh DEAD Entangled / Fisherygear | AKBSAUfatfish f o ercial Trawl NA 1 1
trawl gear. entrapped trawl
NPGOP | 41202017 BS | Ringed Seal Arctic DEAD Amale ringed seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fisherygear | AKBSAUTatfsh f o mercial Trawl NA 1 1
trawl gear. entrapped trawl
NPGOP | 512312017 BS | Ringed Seal Arctic DEAD Amale ringed seal was caught and killed by AK BSAI flaifsh DEAD Entangled / Fisherygear | AKBSAUTatish f o mercial Trawl NA 1 1
trawl gear. entrapped trawl
An adult female ringed seal was found dead from apparent
AKRO 81312017 Arcic Ringed Seal Arctic DEAD . drowning (gas bubbles in blood Yessel)..The seal had a line DEAD Entangled / Marine d.ebns NA NA NA NA 1 0
impression around the snout consistent with entanglement from entrapped (unidentified)
an unidentified material.
NPGOP | 11132017 | BS | Ringed Seal Arctic DEAD A male ringed seal was caught and kiled by AK BSA fltfish DEAD Entangled / Fisherygear | AKESAIfBUiSh o ercia Trawl NA 1 1
trawl gear. entrapped trawl
NPGOP 3262018 BS Ringed Seal Arctic DEAD A female ringed seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSA| flatfish Commercial Trawl NA 1 1
trawl gear. entrapped trawl
NPGOP 412612018 8BS Ringed Seal Arcic DEAD A female ringed seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAl flatfish Commercial Traw NA 1 1
trawl gear. entrapped trawl
NPGOP 413012018 BS Ringed Seal Arctic DEAD A female ringed seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
trawl gear. entrapped trawl
NPGOP | 5612018 BS | Ringed Seal Arcic DEAD A female ringed seal pup was caught and kiled by AK BSAI DEAD Entangled / Fisherygear | AKBSAIMBHSH o ercal | Traw NA 1 1
flatfish trawl gear. entrapped trawl
NPGOP 5/10/2018 BS Ringed Seal Arctic DEAD A female ringed seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Trawl NA 1 1
trawl gear. entrapped trawl
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NPGOP | 51312018 BS | Ringed Seal Arctic DEAD A male ringed seal was caught and kiled by AK BSA fltfish DEAD Entangled / Fisherygear | AKESAIfMBLiSh o ercia Trawl NA 1 1
trawl gear. entrapped trawl
NPGOP 5/15/2018 8BS Ringed Seal Arcic DEAD A female ringed seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
trawl gear. entrapped trawl
NPGOP | 51812018 | BS | Ringed Seal Arctic DEAD A male ringed seal was caught and kiled by AK BSAI flatfish DEAD Entangled / Fisherygear | AKBSAIMBUSN o eral | Traw NA 1 1
trawl gear. entrapped trawl
NPGOP 5/18/2018 8BS Ringed Seal Arctic DEAD A female ringed seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
trawl gear. entrapped trawl
NPGOP 502212018 BS Ringed Seal Arctic DEAD A female ringed seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Trawl NA 1 1
trawl gear. entrapped trawl
NPGOP 512212018 BS Ringed Seal Arctic DEAD A female ringed seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSA| flatfish Commercial Trawl NA 1 1
trawl gear. entrapped trawl
NPGOP | 5/23/2018 BS | Ringed Seal Arctic DEAD Aringed seal was caught and kiled by AK BSA flatfsh trawl DEAD Entangled / Fisherygear | AKESAIfBtiSh f - ercia Trawl NA 1 1
gear. entrapped trawl
NPGOP 502412018 8BS Ringed Seal Arcic DEAD A female ringed seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
trawl gear. entrapped trawl
NPGOP 6112018 8BS Ringed Seal Arctic DEAD A female ringed seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
trawl gear. entrapped trawl
NPGOP 3122019 BS Ringed Seal Arctic DEAD A female ringed seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Trawl NA 1 1
trawl gear. entrapped trawl
NPGOP | 11192019 | BS | Ringed Seal Arctic DEAD Afemale ringed seal was caught and kiled by AK BSA flatfish DEAD Entangled / Fisherygear | AKBSAUTaiSh f o mercial | Traw NIA 1 1
trawl gear. entrapped trawl
A female ringed seal was caught and killed in AK BSAI flatfish
trawl gear during an unsampled haul. This mortality will be
NPGOP | 41612020 BS | Ringed Seal Arctic DEAD counted against the AK BSAI flatfish traw fishery because DEAD Entangled / Fisherygear | AKBSAUTaish f o mercial Trawl NA 1 1
X . entrapped trawl
mortality or serious injury of this stock was not observed by
NPGOP observers in sampled hauls in this fishery in this year.
A male ringed seal pup was caught and killed in Alaska Entangled / Unalakleet Alaska
AKRO | 6/8/2020 BS | Ringed Seal Arctic DEAD ged seal pup 9 DEAD 9 Fishery gear subsistence ; Gillnet NIA 1 0
subsistence salmon gillnet entrapped . Subsistence
salmon gillnet
A female ringed seal pup was caught and killed in Alaska Entanaled / Unknown Alaska
AKRO 8/12/2020 Arctic Ringed Seal Arctic DEAD subsistence gillnet. The animal was used for subsistence DEAD 9 Fishery gear subsistence . Gillnet N/A 1 0
pUIpoSEs. entrapped gillnet Subsistence
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An AK GOA sablefish longliner was retrieving gear when a
sperm whale was observed entangled in the longline. In
response, the vessel began retrieving from the other end of the
Sperm . line to retrieve the remaining gear. Aﬁer. all gear wag br.ought Entangled / AK GOA .
NPGOP 5/18/2016 GOA North Pacific PRORATE aboard, three skates of gear were determined to be missing, and PRORATE Fishery gear ) ) Commercial Longline L10 0.75 0.75
Whale entrapped sablefish longline
the observer noted the gear had been moved 2.5 miles from
where it was originally set. The outcome of this interaction is
prorated under criterion L10 due to the unknown final
configuration of the entanglement.
A subadult sperm whale was struck by a 378 ft USCG vessel
traveling at 24 knots. The impact led to significant bleeding,
AKRO 61712017 BS Sperm North Pacific sl behavioral changes, and wounds on the head, back, and DEAD Ship strike Vessel NIA NIA NIA L6a 1 0
Whale pectoral fin. The whale was observed and documented following (government)
the strike until it died. L6a and L5a were both applicable criteria
in this case.
NPGOP | 412172018 BS Sperm North Pacific DEAD A sperm whale was caught and kiled by AK BSAI sablefish pot DEAD Entangled / Fishery gear AKBSAI Commercial Pot NIA 1 1
Whale gear during an unsampled haul. entrapped sablefish pot
A subadult male sperm whale was found dead on the beach in a
state of advanced decomposition. A necropsy found that the
Sperm N whale had three deep, clean, paralle! slices on the back from the . Vessel
AKRO 81972019 SEAK Whale North Pacifi DEAD cranium to the dorsal fin, with jumbled vertebrae that had many DEAD Ship strike (unknown) NA NA NA NiA ! 0
large and small fractures. The spinal cord was exposed and
there were significant associated soft tissue injuries.
A sperm whale was observed interacting with AK GOA sablefish
longline gear. During gear haulback, the line became taut and a
sperm whale surfaced next to the vessel. After 1 minute, the line
parted and the whale swam below the surface and was not seen
Sperm . again. Th|§ suggests the animal was attached to the gear in Entangled / AK GOA .
NPGOP 5/8/2019 GOA North Pacific PRORATE some way, either hooked or entangled. The observer was unable PRORATE Fishery gear ) . Commercial Longline L10 0.75 0.75
Whale 8 entrapped sablefish longline
to see the whale's whole body, so cannot confirm a lack of
entanglement/hooking, configuration of entanglement (if any), or
location of hooking (if any). It is unknown how much gear was
lost, so the amount of gear potentially still attached to the animal
cannot be estimated.
NPGOP | 5i412016 BS | Spotted Seal Bering DEAD A spotted seal was caught and killed by trawl gear. DEAD ir:;;‘gf:d/ Fisherygear | AK Bff;xl'atﬁsr‘ Commercial Trawl NA 1 1
NMFS A male spotted seal was incidentally killed during MMPA Research MMPA
71212016 Arctic Spotted Seal Bering DEAD P . v 9 DEAD L authorized N/A N/A N/A N/A 1 0
OPR/HQ authorized research. related injury
research
NPGOP | 51912017 BS | Spotted Seal Bering DEAD A male spofted seal was caught and killed by AK BSA flatfish DEAD Entangled / Fisherygear | AKBSAUTaish f o mercial Trawl NA 1 1
trawl gear. entrapped trawl
NPGOP | 61412017 BS | Spotted Seal Bering DEAD Amale spotted seal was caught and killed by AK BSAI flatfish DEAD Entangled / Fisherygear | AKBSAUTafiSh f o mercial | Traw NIA 1 1
trawl gear. entrapped trawl
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NPGOP | 41312019 BS | Spotted Seal Bering DEAD A male spotted seal was caught and killed by AK BSAI flafish DEAD Entangled / Fisherygear | AKESAIfMBLiSh o ercia Trawl NA 1 1
trawl gear. entrapped trawl
NPGOP | 51212020 | BS | Spotted Seal Bering DEAD Amale spotted seal was caught and killed in AK BSAI flatfish DEAD Entangled / Fisherygear | AKBSAIfBUSh o eral | Traw NA 1 1
trawl gear. entrapped trawl
NPGOP 5/29/2020 8BS Spotted Seal Bering DEAD A female spotted seal was caught and killed in AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
trawl gear. entrapped trawl
WCGOP 2712016 we Stellg Sea Eastern US NSI A Steller sea lion was caught in trawl ggar, brought on deck, and NSI Entangled / Fishery gear Catch Shares Commercial Traw P4 0 0
Lion then released alive. entrapped Bottom Trawl
WCGOP 21212016 we Stellgr Sea Eastern US NSI A Steller sea lion was caught .m trawl gear and then released NSI Entangled / Fishery gear Catch Shares Commercial Trawl PTb 0 0
Lion alive. entrapped Bottom Traw!
WCGOP 21312016 we Stellgr Sea Eastern US NS A Steller sea lion was caught .\n trawl gear and then released NS Entangled / Fishery gear Catch Shares Commercial Trawl P7b 0 0
Lion alive. entrapped Bottom Traw!
WCGOP 211612016 we Stellgr Sea Eastern US DEAD A Steller sea lion was caught and killed in trawl gear. This record DEAD Entangled / Fishery gear OA CA halibut Commercial Trawl NA 1 1
Lion represents sea lion 2 of 2 entrapped bottom trawl
WCGOP 211612016 we Stell(?r Sea Eastern US DEAD A Steller sea lion was caught and k\!led in trawl gear. This record DEAD Entangled / Fishery gear OA CA halibut Commercial Traw NA 1 1
Lion represents sea lion 1 of 2 entrapped bottom trawl
A Steller sea lion was originally observed in a lethargic state on -
Steller Sea Projectile
WCRO 2/21/2016 wC . Eastern US Sl shore on 2/21 and was found dead on 2/28. A necropsy was DEAD Shot N/A N/A N/A N/A 1 0
Lion - weapon
conducted and a projectile was recovered from the carcass.
WCGOP 2/26/2016 wC Stellgr Sea Eastern US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fishery gear OA CA halibut Commercial Trawl N/A 1 1
Lion entrapped bottom trawl
A Steller sea lion was found in a state of moderate
WCRO 3712016 we Stellgr Sea Eastern US DEAD decompos!t\on and a necropsy Yvas cgndu;ted. Suspicious holes DEAD Shot Projectile NA NA NA NA 1 0
Lion and associated hemorrhage, twisted intestines, and hemorrhage weapon
in the organs indicated the animal had been shot.
A Steller sea lion was found in a state of advanced
WCRO 31202016 we Stellgr Sea Eastern US DEAD decomposnpn and a necropsy was conducted. Susp|g|ous DEAD Shot Projectile NA NA NA NA 1 0
Lion holes, associated hemorrhage, organ damage, and twisted weapon
intestines indicated that the animal had been shot.
A Steller sea lion was found in a state of advanced
WCRO 311612016 we Stellgr Sea Eastern US DEAD decomppsﬂlon a.nd a necropsy was conducted. Penetrgtlng DEAD Shot Projectile NA NA NA NA 1 0
Lion wounds with associated hemorrhage, and recovery of projectiles weapon
from the carcass indicated that the animal had been shot.
Steller Sea Entangled / Limited Entry
WCGOP 4/5/2016 wC Lion Eastern US DEAD A Steller sea lion was caught and killed by longline gear. DEAD emragped Fishery gear Sablefish Commercial Longline N/A 1 1
Longline
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A Steller sea lion was discovered in an advanced state of
WCRO 41812016 we Stellgr Sea Eastern US DEAD decomposmon.and a necropsy.was conducted. Track\pg wounds DEAD Shot Projectile NA NA NA NA 1 0
Lion with associated hemorrhaging and recovery of projectiles weapon
indicate the animal had been shot.
A Steller sea lion was found in a state of moderate
Steller Sea decomposition and a necropsy was conducted. There was Projectile
WCRO 4122016 wC ) Eastern US DEAD substantial hemorrhage in the head, body, and organs as well as DEAD Shot ! N/A N/A N/A N/A 1 0
Lion . ) . e K weapon
bloody fluid and sand in the thoracic cavity, indicating the animal
had been shot.
A Steller sea lion was found in a state of moderate
WCRO 411812016 We Stellg Sea Eastern US DEAD decomposition and a negropsy was conducted. Suspicious DEAD Shot Projectile NA NA NA NA 1 0
Lion holes, marks that looked like bullet-grazes, and hemorrhage weapon
throughout the body indicated the animal had been shot.
Steller Sea Entangled / Limited Eniry
WCGOP 4/19/2016 wC Lion Eastern US DEAD A Steller sea lion was caught and killed by longline gear. DEAD entrag od Fishery gear Sablefish Commercial Longline N/A 1 1
i Longline
A Steller sea lion was found in a state of moderate
Steller Sea decomposition and a necropsy was conducted. The animal had Projectile
WCRO 4/19/2016 wC Lion Eastern US DEAD bullet holes in its body with associated hemorrhage, organ DEAD Shot weja on N/A N/A N/A N/A 1 0
damage, and twisted intestines. Projectiles were recovered from P
the carcass.
ADFG 42212016 SEAK Stellgr Sea Eastern US sl A Steller sea lion was observed with a mrcumfergnnal neck sl Constricting Marine d.ebr\s NA NA NA P8a 1 0
Lion entanglement caused by unknown material. entanglement (unidentified)
ADFG 412612016 SEAK Stell(?r Sea Eastern US s A Steller sea lion was observed with a urcumfer‘entlal neck sl Constricting Ma(lne dlebr\s NA NA NA P8a 1 0
Lion entanglement caused by unknown material. entanglement (unidentified)
A Steller sea lion was observed with multiple straight, parallel
WCRO 412612016 We Stellg Sea Eastern US si |ncw§|ons seen on its posterior. The. deepest wound was S| Ship strike Vessel NA NA NA P15 1 0
Lion approximately 30-40 cm long. The animal appeared to have a (unknown)
healthy bed of granulation tissue at the site of injury.
NPGOP 412812016 SEAK Stellgr Sea Eastern US NSI An observer reponeq that a live Steller sea lion was briefly NSI Entangled / Fishery gear AK GOA.hallbut Commercial Longline PTb 0 0
Lion entangled in longline gear during an unsampled haul. entrapped longline
A Steller sea lion was found in a state of moderate
Steller Sea decomposition and a necropsy was conducted. The animal had Projectile
WCRO 5/5/2016 wC X Eastern US DEAD been shot, indicated by penetrating wounds with associated DEAD Shot ! N/A N/A N/A N/A 1 0
Lion X . . . weapon
hemorrhage, twisted intestines, and an abdominal cavity filled
with bloody fluid. Projectile(s) were recovered from the carcass.
AKRO 51512016 SEAK Stellgr Sea Eastern US sl ASteller sea lion wgs observed .entangleq in salmon hook and sl Entangled / Fishery gear Salmon hook and Unknown Hook and P8a 1 0
Lion line gear that consisted of a white hoochie and green flasher. entrapped line line
ADFG 502812016 SEAK Stellgr Sea Eastern US s A subadult male Steller sea lion was observed with a flasher at sl Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion the edge of its mouth. line line
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ADFG 61412016 SEAK Stellgr Sea Eastern US sl . An adglt female Steller sea lion was observed with a . sl Constricting Marine d.ebr\s NA NA NA P8a 1 0
Lion circumferential neck entanglement caused by unknown material. entanglement (unidentified)
ADFG 61912016 SEAK Stellgr Sea Eastern US NSI A subadult male Steller sea Iloq wgs observed with a treble hook NSI Hooked Fishery gear Unknowrj hook Unknown Hook and P5b 0 0
Lion inits lip and line line
Steller Sea A Steller sea lion was discovered in a state of moderate Unknown hook Hook and
WCRO 6/12/2016 wC ) Eastern US DEAD decomposition. The animal had a flasher in its mouth, and a DEAD Hooked Fishery gear ) Unknown N/A 1 0
Lion X - and line line
hook was found perforating the animal's esophagus.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Matine debris
ADFG 6/12/2016 SEAK . Eastern US Sl circumferential neck entanglement caused by unidentified Sl 9 . N/A N/A N/A P8a 1 0
Lion ) entanglement (unidentified)
material.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 6/19/2016 SEAK X Eastern US Sl circumferential neck entanglement caused by unidentified Sl 9 S N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
material.
AKRO 612112016 SEAK Stellgr Sea Eastern US sl A Steller sea lion was observed to be trailing an orange buoy S| Entangled / Marine d.ebr\s NA NA NA PG 1 0
Lion through the water. entrapped (unidentified)
Steller Sea An adult male Steller sea lion was observed with a Constrictin Marine debris
ADFG 6/22/2016 SEAK . Eastern US Sl circumferential neck entanglement caused by unidentified Sl 9 - N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
material.
ADFG | ereote | sea | Stlerse Eastern US sl sl Hooked Fishery gear | Unknown ook Unknown | ToSkand e, 1 0
Lion and line line
Steller Sea A subadult male Steller sea lion was observed with a Constrictin Matine debris
ADFG 6/25/2016 SEAK . Eastern US Sl circumferential neck entanglement caused by unidentified Sl 9 . N/A N/A N/A P8a 1 0
Lion ) entanglement (unidentified)
material.
ADFG 612812016 SEAK Stellgr Sea Eastern US S| A Steller sea lion was observed ww.th a qrcumferemlal neck S| Constricting Marine d.ebns NA NA NA P8a 1 0
Lion entanglement caused by unidentified material. entanglement (unidentified)
ADFG 61292016 SEAK Stellgr Sea Eastern US sl An adult female Steller sea lion was observed with a flasher at sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion the edge of its mouth. line line
Steller Sea A subadult male Steller sea lion was observed with a Constrictin Marine debris
ADFG 6/29/2016 SEAK . Eastern US S| . A ) Sl 9 (packing N/A N/A N/A P8a 1 0
Lion circumferential neck entanglement caused by a packing band. entanglement band)
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 6/29/2016 SEAK ) Eastern US Sl circumferential neck entanglement caused by unidentified Sl 9 . N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
material.
ADFG 612912016 SEAK Stellg Sea Eastern US S| An adult male Steller sea lion was observed Wl?h aneck S| Constricting Mar‘lne dlebns NA NA NA P8a 1 0
Lion entanglement caused by unknown material. entanglement (unidentified)
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Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 6/30/2016 SEAK . Eastern US S| . ) ) Sl 9 (packing N/A N/A N/A P8a 1 0
Lion circumferential neck entanglement caused by a packing band. entanglement band)
ADFG 613012016 SEAK Stellgr Sea Eastern US s A subadult male Steller sea lion was observed with a flasher at sl Hooked Fishery gear Salmon hook and Unknown Hook and 2 1 0
Lion the edge of its mouth. line line
ADFG 613012016 SEAK Stellgr Sea Eastern US S| A subadult male Steller sea lion was observed with a flasher at S| Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion the edge of its mouth. line line
Steller Sea A Steller sea lion was observed with a circumferential neck Constrictin, Mearine debris
ADFG 71212016 SEAK ) Eastern US S| S Sl 9 (packing N/A N/A N/A P8a 1 0
Lion entanglement caused by unidentified material. entanglement band)
A subadult male Steller sea lion that had ingested salmon hook
ADFG 71212016 SEAK Stellgr Sea Eastern US S| apd lion gear was captured, the flasher was rgmoved, and the S| Hooked Fishery gear Salmon hook and Unknown Hook and P2 1 0
Lion animal was released. An ingested hook was still presumed to be line line
present.
ADFG 7132016 SEAK Stellgr Sea Eastern US sl An adult female Steller sea lion was observed with a flasher at sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion the edge of its mouth. line line
ADFG 71312016 SEAK Stellgr Sea Eastern US s An adult female Steller sea lion was observed with a flasher at sl Hooked Fishery gear Salmon hook and Unknown Hook and 2 1 0
Lion the edge of its mouth. line line
A Steller sea lion was found dead and necropsied. The animal
Steller Sea had a 3cm round wound on its torso and a wound that matched Projectle
AKRO 7132016 GOA X Eastern US DEAD in size and location on its right flipper where the flipper DEAD Shot ! N/A N/A N/A N/A 1 0
Lion L X weapon
overlapped the torso. There was significant hemorrhage in the
abdominal cavity associated with the wound.
ADFG 71412016 SEAK Stellg Sea Eastern US S| . A subadylt male Steller sea lion was observed wlth a S| Constricting Marine debris NA NA NA P8a 1 0
Lion circumferential neck entanglement caused by a packing band. entanglement
ADFG 71412016 SEAK Stellgr Sea Eastern US S| An adult male Steller sea lion wgs observed with a flasher at the S| Hooked Fishery gear Salmon hook and Unknown Hook and P2 1 0
Lion edge of its mouth. line line
ADFG 71512016 SEAK Stellgr Sea Eastern US sl An adult male Steller sea lion wgs observed with a flasher at the sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion edge of its mouth. line line
ADFG 7512016 SEAK Stellgr Sea Eastern US s A subadult male Steller sea lion was observed with a flasher at sl Hooked Fishery gear Salmon hook and Unknown Hook and P2 1 0
Lion the edge of its mouth. line line
ADFG 7512016 SEAK Stellgr Sea Eastern US s A Steller sea lion was obsewed with a flasher tight to the edge of sl Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion its mouth. line line
ADFG 7612016 SEAK Stellg Sea Eastern US S| An adult male Steller sea lion was observed with a flasher at the S| Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion edge of its mouth. line line
ADFG 71612016 SEAK Ste:fornSea Eastern US S| An adult male Steller sea Ilorn\:/;sh observed with a flasher in its S| Hooked Fishery gear Salmor;i:zok and Unknown Hoirlj:nd P2 1 0
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ADFG 70612016 SEAK Stellgr Sea Eastern US sl A Steller sea lion was observed W\.Ih a glrcumferennal neck sl Constricting Marine d.ebr\s NA NA NA P8a 1 0
Lion entanglement caused by unidentified material. entanglement (unidentified)
ADFG 7612016 SEAK Stellgr Sea Eastern US s A subadult male Steller sea lion was observed with a flasher at sl Hooked Fishery gear Salmon hook and Unknown Hook and 2 1 0
Lion the edge of its mouth. line line
ADFG 71712016 SEAK Stellgr Sea Eastern US s A subadult male Steller sea lion was observed with a flasher at sl Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion the edge of its mouth. line line
A Steller sea lion was observed alive with an apparent gunshot
WCRO 1712016 we Stellg Sea Eastern US S| wound. Two days later, the animal was found dead. A .22 caliber DEAD Shot Projectile NA NA NA NA 1 0
Lion bullet was recovered from the animal's head by NOAA Law weapon
Enforcement.
" N - Dependent
An adult female Steller sea lion was observed with a constricting A )
Steller Sea neck entanglement caused by unknown material / marine debris animal with Marine debris
ADFG 7/8/2016 SEAK ) Eastern US S| ang oy ) ’ N mother - N/A N/A N/A P14 1 0
Lion The animal was reported with a pup. This record represents the seriously (unidentified)
pup- injured
Steller Sea A subadult male Steller sea lion was observed with a flasher at Salmon hook and Hook and
ADFG 7/8/2016 SEAK Lion Eastern US Sl the edge of its mouth. The sea lion was captured, the flasher Sl Hooked Fishery gear line Unknown line P2 1 0
was removed, and the animal was released.
ADFG 71812016 SEAK Stellgr Sea Eastern US s . An adglt female Steller sea lion was observed with a . sl Constricting Marine d.ebr\s NA NA NA P8a 1 0
Lion circumferential neck entanglement caused by unknown material. entanglement (unidentified)
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 7/8/2016 SEAK X Eastern US Sl circumferential neck entanglement caused by unidentified Sl 9 . N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
material.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Matine debris
ADFG 7/8/2016 SEAK . Eastern US Sl circumferential neck entanglement caused by unidentified Sl 9 . N/A N/A N/A P8a 1 0
Lion ) entanglement (unidentified)
material.
ADFG 71812016 SEAK Stellgr Sea Eastern US S| A subadult male Steller sea lion was observed with a flasher at S| Hooked Fishery gear Salmon hook and Unknown Hook and P2 1 0
Lion the edge of its mouth. line line
ADFG 71812016 SEAK Stellgr Sea Eastern US sl A subadult male Steller sea lion was observed with a flasher at sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion the edge of its mouth. line line
ADFG 71912016 SEAK Stellgr Sea Eastern US s An adult male Steller sea lion wgs observed with a flasher at the sl Hooked Fishery gear Salmon hook and Unknown Hook and 2 1 0
Lion edge of its mouth. line line
Steller Sea A subadult male Steller sea lion was observed with a flasher Salmon hook and Hook and
ADFG 7/9/2016 SEAK Lion Eastern US S tight to its mouth. The sea lion was captured, the flasher was Sl Hooked Fishery gear line Unknown line P2 1 0
removed, and the animal was released.
ADFG 71912016 SEAK Stellg Sea Eastern US S| An adult male Steller sea lion was observed with a flasher at the S| Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion edge of its mouth. line line
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ADFG 7192016 SEAK Stellgr Sea Eastern US sl . A subadylt male Steller sea lion was observed with a sl Constricting Marine d.ebr\s NA NA NA P8a 1 0
Lion circumferential neck entanglement caused by a packing band. entanglement (unidentified)
ADFG 71912016 SEAK Stellgr Sea Eastern US s A subadult male Steller sea lion was observed with a flasher at sl Hooked Fishery gear Salmon hook and Unknown Hook and 2 1 0
Lion the edge of its mouth. line line
Steller Sea A subadult male Steller sea lion was observed with a Constrictin Mearine debris
ADFG 7/9/2016 SEAK ) Eastern US Sl . ) Sl 9 (packing N/A N/A N/A P8a 1 0
Lion circumferential neck entanglement caused by a packing band. entanglement band)
A Steller sea lion was observed with monofilament line that
ADFG 7/10/2016 SEAK Stellgr Sea Eastern US Sl appeared to be wrapped around its neck and a weight hanging Sl Entangled / Fishery gear UnKnowr) fook Unknown Hook and P6 1 0
Lion . entrapped and line line
atits chest.
ADFG 71002016 SEAK Stellgr Sea Eastern US S| A subadult Steller sea lion was obsewgd wnh a cwrcurqferentlal S| Constricting Marine d.ebns NA NA NA P8a 1 0
Lion neck entanglement caused by unidentified material. entanglement (unidentified)
Steller Sea A subadult male Steller sea lion was observed with a Constrictin Marine debris
ADFG 7/10/2016 SEAK . Eastern US Sl circumferential neck entanglement caused by unidentified Sl 9 - N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
material.
ADFG 71012016 SEAK Stellgr Sea Eastern US s An adult male Steller sea lion wgs observed with a flasher at the sl Hooked Fishery gear Salmon hook and Unknown Hook and P2 1 0
Lion edge of its mouth. line line
ADFG 71012016 SEAK Stellgr Sea Eastern US s A subadult Steller sea lion wa§ observed with a flasher at the sl Hooked Fishery gear Salmon‘ hook and Unknown Hogk and 2 1 0
Lion edge of its mouth. line line
ADFG 7102016 SEAK Stellg Sea Eastern US S| An adult male Steller sea lion was observed with a flasher at the S| Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion edge of its mouth. line line
ADFG 71002016 SEAK Stellgr Sea Eastern US S| A Steller sea lion was observed with a flasher at the edge of its S| Hooked Fishery gear Salmon hook and Unknown Hook and P2 1 0
Lion mouth. line line
Steller Sea An adult male Steller sea lion was observed with a Constrictin Marine debris
ADFG 711212016 SEAK . Eastern US Sl circumferential neck entanglement caused by unidentified Sl 9 - N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
material.
ADFG 71212016 SEAK Stellgr Sea Eastern US sl A subadult male Steller sea lion was observed with a flasher at sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion the edge of its mouth. line line
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 711212016 SEAK X Eastern US Sl circumferential neck entanglement caused by unidentified Sl 9 . N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
material.
ADFG 71212016 SEAK Stellg Sea Eastern US S| A subadult male Steller sea lion was observed with a flasher at S| Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion the edge of its mouth. line line
ADFG 7132016 SEAK Stellgr Sea Eastern US S| A sgbadult malg Steller sea lion was observed with a S| Constricting Marine debris NA NA NA P8a 1 0
Lion circumferential neck entangled caused by rope. entanglement (rope)
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ADFG 71312016 SEAK Stellgr Sea Eastern US sl A Steller sea lion was observed with a flasher at the edge of its sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion mouth. line line
Steller Sea A subadult male Steller sea lion was observed with a Constrictin Marine debris
ADFG 7/13/2016 SEAK X Eastern US Sl circumferential neck entanglement caused by unidentified Sl 9 N N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
material.
Steller Sea A subadult male Steller sea lion was observed with a Constrictin Matine debris
ADFG 7/13/2016 SEAK X Eastern US Sl circumferential neck entanglement caused by unidentified Sl 9 . N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
material.
ADFG 71312016 SEAK Stellg Sea Eastern US S| A subadult Steller sea lion wa§ observed with a flasher at the S| Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion edge of its mouth. line line
ADFG 7132016 SEAK Stellgr Sea Eastern US S| A subadult Steller sea lion wa§ observed with a flasher at the S| Hooked Fishery gear Salmon hook and Unknown Hook and P2 1 0
Lion edge of its mouth. line line
ADFG 71412016 SEAK Stellgr Sea Eastern US sl An adult female Steller sea lion was observed with a flasher at sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion the edge of its mouth. line line
ADFG 71412016 SEAK Stellgr Sea Eastern US s A Steller sea lion was observed with a urcumfergntlal neck sl Constricting Marine d.ebr\s NA NA NA P8a 1 0
Lion entanglement caused by unknown material. entanglement (unidentified)
Steller Sea A subadult male Steller sea lion was observe with a Constrictin Marine debris
ADFG 711412016 SEAK ) Eastern US Sl circumferential neck entanglement caused by unidentified Sl 9 . N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
material.
AKRO 71412016 SEAK Stellg Sea Eastern US S| A Steller sea lion ingested salmon hgok anfi Ilje fls.hery gear and S| Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion a flasher was observed tight to its right lip. line line
ADFG 71412016 SEAK Stellgr Sea Eastern US S| Ar] adult femgle Steller sea lion was observed with a S| Constricting Marine debris NA NA NA P8a 1 0
Lion circumferential neck entanglement caused by rope. entanglement (rope)
A Steller sea lion was found in a state of moderate
WCRO 71812016 we Stellgr Sea Eastern US DEAD decomposition and a negropsy was conducted. What appeared DEAD Shot Projectile NA NA NA NA 1 0
Lion to be bullet holes, associated hemorrhage, clotting, and organ weapon
damage indicated the animal had been shot.
AKRO 7192016 SEAK Stellgr Sea Eastern US sl A Steller sea lion ingested salmon hook and line fishery gear and sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion a flasher was observed hanging from its mouth. line line
A Steller sea lion was found in a state of advanced
decomposition and a necropsy was conducted. Puncture marks
Steller Sea of various sizes and depths on the ventral neck, tremendous Projectile
WCRO 71222016 wC ) Eastern US DEAD ; ; ] DEAD Shot N/A N/A N/A N/A 1 0
Lion hemorrhage in the ventral body, track-like wounds with entrance weapon
holes, and recovery of projectiles indicated the animal had been
shot.
Steller Sea A Steller sea lion was observed with a circumferential neck Constrictin Matine debris
WCRO 712412016 wC . Eastern US Sl entanglement caused by what appeared to be a rubber band or Sl 9 . N/A N/A N/A P8a 1 0
Lion f ) ) entanglement (unidentified)
packing band. The entanglement deeply cut into the animal.
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Dependent
Steller Sea An adult female Steller sea lion was observed with flasher animal with Unknown hook Hook and
WCRO 712412016 wC . Eastern US Sl hanging from its mouth. The animal appeared to have a Sl mother Fishery gear ) Unknown ) P14 1 0
Lion . X and line line
dependent pup. This entry represents the pup. seriously
injured
Steller Sea An adult female Steller sea lion was observed with flasher Unknown hook Hook and
WCRO 712412016 wC ) Eastern US Sl hanging from its mouth. The animal appeared to have a Sl Hooked Fishery gear ) Unknown P2 1 0
Lion and line line
dependent pup.
A Steller sea lion ingested salmon hook and line fishery gear,
AKRO 712612016 SEAK Ste:{;rnSea Eastern US Sl and a flasher and pink hoochie were observed hanging from its Sl Hooked Fishery gear Salmor:‘:;)ok and Unknown Hoi::nd P2 1 0
mouth.
AKRO 712912016 SEAK Stellg Sea Eastern US S| A Steller sea lion |nge§ted fishery geér ar?d a flasher was S| Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion observed hanging from the animal's mouth. line line
AKRO 81112016 SEAK Stellgr Sea Eastern US S| A Steller sea lion was observed with a cncumfergmlal neck S| Constricting Marine d.ebns NA NA NA P8a 1 0
Lion entanglement caused by unknown material. entanglement (unidentified)
AKRO gonots | seak | Stelersea Easten US NS A Steller sea lion was observed hauled out on a buoy with a NS Hooked Fishery gear | Unknownlongiine | Unknown | Longline Psb 0 0
Lion circle hook attached to a gangion line in its lip.
SWFSC 81712016 we Stellgr Sea Eastem US si A Steller sea lion with monofllam.ent line wrapped around its NSI Constricting Fishery gear Unknowr.1 hook Unknown Hook and P7b 0 0
Lion head and neck was captured, disentangled, and released. entanglement and line line
A Steller sea lion ingested salmon hook and line fishery gear and
AKRO 8/9/2016 SEAK Ste:ﬁ)rnSea Eastern US S was observed with a flasher with a white/silver body and Sl Hooked Fishery gear Salmor;‘:sok and Unknown Hoﬁﬁ:nd P2 1 0
red/orange rim hanging from its mouth.
AKRO 811512016 SEAK Stellg Sea Eastern US S| A Steller sea lion ingested salmon hogk and Ilje fishery gear and S| Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion a flasher was observed hanging from its mouth. line line
ADFG 811612016 SEAK Stellgr Sea Eastern US S| . An aqult male Steller sea lion was observed with a . S| Constricting Marine d.ebns NA NA NA P8a 1 0
Lion circumferential neck entanglement caused by unknown material. entanglement (unidentified)
ADFG 811612016 SEAK Stellgr Sea Eastern US sl A male Steller sea lion was gbserved with a flasher at the edge sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion of its mouth. line line
ADFG 811612016 SEAK Stellgr Sea Eastern US sl An adult male Steller sea lion wgs observed with a flasher at the sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion edge of its mouth. line line
A Steller sea lion was observed hauled out on a buoy with a
AKRO 813012016 SEAK Stellgr Sea Eastern US s plastic packlng.ban.d ground its neck. It had also |ngested sl Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion salmon hook and line fishing gear, and a black and white flasher line line
was observed hanging from its mouth.
Steller Sea A Steller sea lion was observed hauled out on a buoy. The sea Unknown hook Hook and
AKRO 9/8/2016 SEAK ) Eastern US Sl lion had a hook in its mouth and heavy duty monofilament was Sl Hooked Fishery gear ) Unknown P5a 1 0
Lion L and line line
reported to be around the animal's neck.
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At-sea hake
Steller Sea ) I Entangled / ) mothership .
A-SHOP 10/4/2016 wC ) Eastern US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Fishery gear Commercial Trawl N/A 1 1
Lion entrapped catcher vessel
midwater trawl
Steller Sea Entangled / Alsea hake
A-SHOP 10/5/2016 wC Lion Eastern US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD entrag od Fishery gear catcher processor Commercial Trawl N/A 1 1
PP midwater trawl
Steller Sea Two Steller sea lions were caught and killed by trawl gear. This Entangled / Atsea hake
ASHOP | 10412016 | we _ Eastern US DEAD ghtan y frawl gear. DEAD 9 Fishery gear | catcher processor | Commercial |  Traw NA 1 1
Lion record represents animal 2 of 2. entrapped .
midwater trawl
Steller Sea A Steller sea lion was caught in trawl gear. According to the Entanaled / At-sea hake
A-SHOP 10/14/2016 wC Lion Eastern US NSI observer the animal was disentangled and released by crew NSI entrag ed Fishery gear catcher processor Commercial Trawl P7b 0 0
without injuries. i midwater trawl
Steller Sea Two Steller sea lions were caught and killed by trawl gear. This Entangled / Atsea hake
ASHOP | 10m4016 | we , Eastern US DEAD gntan v lrawl gear. DEAD 9 Fishery gear | catcher processor | Commercial Trawl NA 1 1
Lion record represents animal 1 of 2. entrapped .
midwater trawl
Steller Sea Entangled / At-sea hake
A-SHOP 10/19/2016 wC Lion Eastern US DEAD A Steller sea lion was caught and killed by trawl gear. DEAD entrag ed Fishery gear catcher processor Commercial Trawl N/A 1 1
PP midwater trawl
At-sea hake
Steller Sea ' . Entangled / ) mothership !
A-SHOP 10/27/2016 wC X Eastern US DEAD A Steller sea lion was caught and killed by trawl gear. DEAD Fishery gear Commercial Trawl N/A 1 1
Lion entrapped catcher vessel
midwater trawl
Steller Sea Entangled / At-sea hake
A-SHOP 11/2/2016 wC . Eastern US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD 9 Fishery gear catcher processor Commercial Trawl N/A 1 1
Lion entrapped .
midwater trawl
Steller Sea Entangled / At-sea hake
A-SHOP 11/5/2016 wC ) Eastern US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD 9 Fishery gear catcher processor Commercial Trawl N/A 1 1
Lion entrapped .
midwater trawl
Steller Sea Entangled / Atsea hake
A-SHOP 11/6/2016 wC X Eastern US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD 9 Fishery gear catcher processor Commercial Trawl N/A 1 1
Lion entrapped i
midwater trawl
Steller Sea Entangled / At-sea hake
A-SHOP 11/6/2016 wC Lion Eastern US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD entrag ed Fishery gear catcher processor Commercial Trawl N/A 1 1
PP midwater trawl
Steller Sea Entangled / Alsea hake
A-SHOP 11/11/2016 wC Lion Eastern US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD entragpe J Fishery gear catcher processor Commercial Trawl N/A 1 1
midwater trawl
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Steller Sea Entangled / At-sea hake
A-SHOP 11/11/2016 wC Lion Eastern US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD entrag ed Fishery gear catcher processor Commercial Trawl N/A 1 1
PP midwater trawl
Steller Sea A Steller sea lion was caught in trawl gear, brought aboard, Entanaled / At-sea hake
A-SHOP 11/12/2016 wC Lion Eastern US NSI released from the net and motivated by the crew to return to the NSI entrag od Fishery gear catcher processor Commercial Trawl P4 0 0
water. PP midwater trawl
Steller Sea A Steller sea lion was caught in trawl gear, brought aboard, Entanaled / At-sea hake
A-SHOP 11/12/2016 wC ) Eastern US NSI released from the net. It acted aggressively toward the crew, and NSI 9 Fishery gear catcher processor Commercial Trawl P4 0 0
Lion ? entrapped .
was forced back into the water. midwater trawl
Steller Sea Entangled / At-sea hake
A-SHOP 111122016 wC ) Eastern US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD 9 Fishery gear catcher processor Commercial Trawl N/A 1 1
Lion entrapped .
midwater trawl
Steller Sea Three Steller sea lions were caught and killed in trawl gear. This Entangled / Atsea hake
A-SHOP 11/13/2016 wC X Eastern US DEAD 9 X gear. DEAD 9 Fishery gear catcher processor Commercial Trawl N/A 1 1
Lion record represents animal 1 of 3. entrapped )
midwater trawl
Steller Sea Three Steller sea lions were caught and killed in trawl gear. This Entangled / Atsea hake
A-SHOP 11/13/2016 wC X Eastern US DEAD 9 . gear. DEAD 9 Fishery gear catcher processor Commercial Trawl N/A 1 1
Lion record represents animal 2 of 3 entrapped .
midwater trawl
Steller Sea Three Steller sea lions were caught and killed in trawl gear. This Entangled / Alsea hake
A-SHOP 11/13/2016 wC . Eastern US DEAD 9 h gear. DEAD 9 Fishery gear catcher processor Commercial Trawl N/A 1 1
Lion record represents animal 3 of 3. entrapped .
midwater trawl
Steller Sea A Steller sea lion was caught in trawl gear, brought aboard, Entanaled / At-sea hake
A-SHOP 11/14/2016 wC ) Eastern US NSI released from the net, and was motivated by the crew to return NSI 9 Fishery gear catcher processor Commercial Trawl P4 0 0
Lion entrapped .
to the water. midwater trawl
Steller Sea Entangled / At-sea hake
A-SHOP 11115/2016 wC ) Eastern US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD 9 Fishery gear catcher processor Commercial Trawl N/A 1 1
Lion entrapped .
midwater trawl
Steller Sea A Steller sea lion was caught in trawl gear, brought aboard, Entangled / At-sea hake
A-SHOP 11/16/2016 wC Lion Eastern US NSI released from the net, and was motivated by the crew to return NSI entrag od Fishery gear catcher processor Commercial Trawl P4 0 0
to the water. o midwater trawl
Steller Sea Three Steller sea lions were caught and killed in trawl gear. This Entangled / Atsea hake
A-SHOP 11/16/2016 wC X Eastern US DEAD 9 . gear. DEAD 9 Fishery gear catcher processor Commercial Trawl N/A 1 1
Lion record represents animal 2 of 3. entrapped .
midwater trawl
Steller Sea Three Steller sea lions were caught and killed in trawl gear. This Entangled / Alsea hake
A-SHOP 11/16/2016 wC . Eastern US DEAD 9 : gear. DEAD 9 Fishery gear catcher processor Commercial Trawl N/A 1 1
Lion record represents animal 1 of 3. entrapped .
midwater trawl
Steller Sea Entangled / Alsea hake
A-SHOP 11/116/2016 wC Lion Eastern US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD entragped Fishery gear catcher processor Commercial Trawl N/A 1 1
midwater trawl
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Steller Sea Entangled / Atsea hake
A-SHOP 11/16/2016 wC Lion Eastern US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD entrag ed Fishery gear catcher processor Commercial Trawl N/A 1 1
PP midwater trawl
Steller Sea Three Steller sea lions were caught and killed in trawl gear. This Entangled / Alsea hake
A-SHOP 11/16/2016 wC . Eastern US DEAD 9 : gear. DEAD 9 Fishery gear catcher processor Commercial Trawl N/A 1 1
Lion record represents animal 3 of 3. entrapped .
midwater trawl
Steller Sea Entangled / Atsea hake
A-SHOP 11/18/2016 wC X Eastern US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD 9 Fishery gear catcher processor Commercial Trawl N/A 1 1
Lion entrapped .
midwater trawl
A Steller sea lion was caught in trawl gear, brought aboard, and
Steller Sea released from the net. Once free from the net the sea lion quickly Entangled / Catch shares .
WCGOP 2132017 we Lion Bastem US NSI jumped off the side of the boat and into the water. No visible NS entrapped Fishery gear bottom trawl Commercial Trawd P4 0 0
signs of injury.
WCGOP 31612017 we Stellgr Sea Eastern US DEAD A Steller sea lion was caught and killed in Open Access (OA) CA DEAD Entangled / Fishery gear OA CA Halibut Commercial Trawl NA 1 1
Lion Halibut bottom trawl gear. entrapped bottom trawl
Steller Sea A Steller sea lion was observed hauled out on a green buoy with Constrictin Marine debris
AKRO 411112017 SEAK . Eastern US Sl a circumferential neck entanglement caused by unknown Sl 9 - N/A N/A N/A P8a 1 0
Lion . X . entanglement (unidentified)
material / marine debris.
An adult male Steller sea lion was found freshly dead of a
WCRO 412412017 we Stellgr Sea Eastern US DEAD gunshpt Yvounq. A necropsy found a 1 cm d|§meter buckshot DEAD Shot Projectile NA NA NA NA 1 0
Lion lodged in tissue just above the lower left mandible with fractures weapon
of the left lower and upper canines.
NpaoP | apsiorr | coa | Stellersea Eastern US DEAD A Steller sea lion was caught and kiled by an AK GOA sablefish DEAD Hooked Fishery gear AK GOA Commercial | Longline NIA 1 1
Lion longline gear. sablefish longline
A sub adult male Steller sea lion was observed hauled out on the
AKRO 41252017 SEAK Stellg Sea Eastern US S| . west s,llde of Benjamin Island, AK, with a constricting . S| Constricting Mar‘lne dlebns NA NA NA P8a 1 0
Lion circumferential neck entanglement caused by unknown material / entanglement (unidentified)
marine debris.
AKRO 5412017 SEAK Stellgr Sea Eastern US S| A Steller sea lion was observed hauled gut wn.h a cwrcurpferemlal S| Constricting Marine d.ebns NA NA NA P8a 1 0
Lion neck entanglement caused by unidentified material. entanglement (unidentified)
ADFG 5/6/2017 SEAK Stellgr Sea Eastern US sl An adult male Steller sea lion wgs observed with a flasher at the sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion edge of its mouth. line line
Steller Sea A Steller sea lion was observed hauled out on Benjamin Island, Constrictin Marine debris
AKRO 5/8/2017 SEAK . Eastern US Sl AK, with a circumferential neck entanglement caused by Sl 9 - N/A N/A N/A P8a 1 0
Lion X . By entanglement (unidentified)
unknown material / marine debris.
Steller Sea A Steller sea lion was observed hauled out on South Marble Constrictin Marine debris
AKRO 5/13/2017 SEAK X Eastern US Sl Island with a constricting circumferential neck entanglement Sl 9 . N/A N/A N/A P8a 1 0
Lion . ) . entanglement (unidentified)
caused by unknown material / marine debris.
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Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 5/29/2017 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 - N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
material.
ADFG 513012017 SEAK Stellgr Sea Eastern US s A Steller sea lion was observed with a circumferential neck sl Constricting Marine d.ebr\s NA NA NA P8a 1 0
Lion entanglement caused by an unknown material. entanglement (unidentified)
ADFG 61312017 SEAK Stellgr Sea Eastern US S| A male Steller sea lion was observed with a urcumferentlal neck S| Constricting Ma(me d.ebr\s NA NA NA P8a 1 0
Lion entanglement caused by an unknown material. entanglement (unidentified)
Steller Sea An adult female Steller sea lion was observed with a Constrictin, Mearine debris
ADFG 6/6/2017 SEAK ) Eastern US S| . ) Sl 9 (packing N/A N/A N/A P8a 1 0
Lion circumferential neck entanglement caused by a packing band. entanglement band)
Steller Sea A male Steller sea lion was observed with a circumferential neck Constrictin Marine debris
ADFG 6/9/2017 SEAK ) Eastern US S| ) S| 9 (packing N/A N/A N/A P8a 1 0
Lion entanglement caused by a packing band. entanglement band)
ADFG 611012017 SEAK Stellgr Sea Eastern US sl A male Steller sea lion was observed with a circumferential neck sl Constricting Marine d.ebr\s NA NA NA P8a 1 0
Lion entanglement caused by an unknown material. entanglement (unidentified)
A Steller sea lion was caught in trawl gear, brought aboard, and
Steller Sea released from the net. Once free from the net the sea lion quickly Entangled / ) Catch shares .
WCGOP 6/13/2017 we Lion Bastem US NSl jumped off the side of the boat and into the water. No visible NS entrapped Fishery gear bottom traw! Commercal Trawi P4 0 0
signs of injury.
ADFG 611612017 SEAK Stellgr Sea Eastern US s A female Steller sea lion was. observed with a flasher at the edge sl Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion of its mouth. line line
ADFG | emorot7 | seak | Stelersea Eastern US NS An adult male Steller sea lion was observed with a hook i it NS Hooked Fishery gear Unknown Unknown | Unknown | P5b 0 0
Lion cheek, outside of the teeth.
A male Steller sea lion was hooked in the mouth with a circle
AKRO 612312017 GOA Stellgr Sea Eastern US S| hook from an Ala§ka halibut subglstence longline. The line was S| Hooked Fishery gear AK ha!lbut Algska Longline P5a 1 0
Lion cut leaving the circle hook, gangion, and 10 feet of groundline longline Subsistence
training behind the animal.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 6/23/2017 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 - N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
material.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 6/27/2017 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 - N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
material.
wWero | 7017 we Steller Sea Eastern US sl A subadult Steller sea lion was observed vih a mass of gray sl Constriting Fishery gear |  Unknown trawl Unknown Trawl Psa 1 0
Lion trawl net wrapped around its neck. entanglement
Steller Sea An adult female Steller sea lion was observed with a Constrictin, Mearine debris
ADFG 71212017 SEAK ) Eastern US S| . ) Sl 9 (packing N/A N/A N/A P8a 1 0
Lion circumferential neck entanglement caused by a packing band. entanglement band)
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ADFG 7112017 SEAK Stellgr Sea Eastern US sl A male Steller sea lion was observed with a circumferential neck sl Constricting Marine d.ebr\s NA NA NA P8a 1 0
Lion entanglement caused by an unknown material. entanglement (unidentified)
A subadult female Steller sea lion was observed with a ' Marine debris
Steller Sea . . Constricting
ADFG 71212017 SEAK Lion Eastern US S circumferential neck entanglement caused by a packing band. NSI entanalement (packing N/A N/A N/A P7b 0 0
This animal was darted and disentangled on 6/30/2018. 9 band)
ADFG 71312017 SEAK Stell(?r Sea Eastern US S| A male Steller sea Ilqn wasl .obser\./ed vylth a hook in its mouth S| Hooked Fishery gear Unknowrl1 hook Unknown Hogk and P5a 1 0
Lion with trailing baited line. and line line
ADFG 71312017 SEAK Stellg Sea Eastern US S| A subadult Steller sea lion wa§ observed with a flasher at the S| Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion edge of its mouth. line line
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 71312017 SEAK ) Eastern US S| . ) ) N 9 (packing N/A N/A N/A P8a 1 0
Lion circumferential neck entanglement caused by a packing band. entanglement band)
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 71312017 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 - N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
material.
ADFG 71312017 SEAK Stellgr Sea Eastem US si A juvenile Steller sea lion wats.observed with a hook in its lip with si Hooked Fishery gear Unknowr.1 hook Unknown Hook and PG 1 0
Lion trailing cord. and line line
ADFG 71312017 SEAK Stell(?r Sea Eastern US NSI An adult male Steller sea Ilgn was observed with a hook in its lip, NSI Hooked Fishery gear Unknowrl1 hook Unknown Hogk and P5b 0 0
Lion outside of the teeth. and line line
Steller Sea An adult female Steller sea lion was observed with a Constrictin Matine debris
ADFG 71412017 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 . N/A N/A N/A P8a 1 0
Lion ) entanglement (unidentified)
material.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 7142017 SEAK X Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 S N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
material.
Steller Sea A subadult male Steller sea lion was observed hauled out with a Salmon hook and Hook and
AKRO 71512017 SEAK Lion Eastern US Sl flasher at the edge of its mouth. A disentanglement effort using a SI Hooked Fishery gear line Unknown line P2 1 0
dart was unsuccessful.
Steller Sea A large male Steller sea lion was observed hauled out with a Salmon hook and Hook and
AKRO 71512017 SEAK Lion Eastern US S fishing lure hooked in its mouth. The flasher was hanging from Sl Hooked Fishery gear line Unknown line P5a 1 0
its mouth.
Steller Sea A subadult Steller sea lion was observed with a flasher at the Salmon hook and Hook and
ADFG 71512017 SEAK Lion Eastern US S edge of its mouth with trailing monofilament line. A Sl Hooked Fishery gear line Unknown line P2 1 0
disentanglement attempt was unsuccessful.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Matine debris
ADFG 71512017 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 . N/A N/A N/A P8a 1 0
Lion material entanglement (unidentified)
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ADFG 7152017 SEAK Stellgr Sea Eastern US sl An adult male Steller sea lion wgs observed with a flasher at the sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion edge of its mouth. line line
ADFG 7512017 SEAK Stellgr Sea Eastern US s . An ad.ult male Steller sea lion was observed vywth a . sl Constricting Fishery gear Salmon hook and Unknown Hook and P8a 1 0
Lion circumferential neck entanglement caused by monofilament line. entanglement line line
ADFG 7612017 SEAK Stellgr Sea Eastern US s A female Steller sea lion was. observed with a flasher at the edge sl Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion of its mouth. line line
ADFG 7612017 SEAK Stellg Sea Eastern US S| A subadult male Steller sea lion was observed with a flasher at S| Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion the edge of its mouth. line line
ADFG 70612017 SEAK Stellgr Sea Eastern US S| An adult Steller sea lion was.observed with a flasher at the edge S| Hooked Fishery gear Salmon hook and Unknown Hook and P2 1 0
Lion of its mouth. line line
Steller Sea A subadult male Steller sea lion with a circumferential neck Constrictin Marine debris
AKRO 71612017 SEAK . Eastern US Sl entanglement caused by a thick rubber belt was darted and NSI 9 - N/A N/A N/A P7b 0 0
Lion g entanglement (unidentified)
disentangled.
A male Steller sea lion was observed with a circumferential neck !
Steller Sea - Constricting .
ADFG 7/6/2017 SEAK . Eastern US Sl entanglement caused by a fan belt. This animal was darted and NSI Marine debris N/A N/A N/A P7b 0 0
Lion X entanglement
disentangled on 7/06/2017.
A male Steller sea lion was initially observed with a suspected
Steller Sea circumferential neck entanglement caused by unidentified Constrictin Marine debris
ADFG 71712017 SEAK Lion Eastern US Sl material on 07/07/2017. The animal was resighted in 08/2017 NSI entan Ieme?n (unidentified) N/A N/A N/A P7b 0 0
and darted on 7/04/2018 which revealed that the entanglement 9
was gone leaving only a scar.
AKRO 71812017 SEAK Stellg Sea Eastern US S| A sub adult male Steller sea lion was Qbsewed hauled out with a S| Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion flasher at the edge of its mouth. line line
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 7192017 SEAK X Eastern US Sl circumferential neck entanglement caused by an unidentified Sl 9 S N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
material.
ADFG 71002017 SEAK Stellgr Sea Eastern US NSI A juvenile Steller sea lion w;s observed with a hook in the lip NSI Hooked Fishery gear Unknowp hook Unknown Hook and P5b 0 0
Lion only, outside of the teeth. and line line
AKRO 71012017 SEAK Stellgr Sea Eastern US sl An adult male Steller §ea lion wa§ obse{ved hauled out with a sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion flasher at the edge of its mouth with trailing monofilament line. line line
ADFG 71002017 SEAK Stellgr Sea Eastern US s A juvenile Steller sea lion wa§ observed with a flasher at the sl Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion edge of its mouth. line line
ADFG 7102017 SEAK Stellg Sea Eastern US S| A juvenile Steller sea lion was. observed with a flasher at the S| Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion edge of its mouth. line line
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 711212017 SEAK X Eastern US Sl circumferential neck entanglement caused by an unidentified S| 9 . N/A N/A N/A P8a 1 0
Lion material entanglement (unidentified)
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Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 711212017 SEAK . Eastern US Sl circumferential neck entanglement caused by an unidentified Sl 9 - N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
material.
Steller Sea A subadult male Steller sea lion with a flasher at the edge of its Salmon hook and Hook and
AKRO 711312017 SEAK Lion Eastern US Sl mouth was darted, captured, and the ingested fishing gear was NSI Hooked Fishery gear line Unknown line P5c 0 0
removed. The animal was then released.
ADFG 7132017 SEAK Stellg Sea Eastern US S| An adult male Steller sea lion wgs observed with a flasher at the S| Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion edge of its mouth. line line
ADFG 7132017 SEAK Stellg Sea Eastern US S| A Steller sea lion was observed entangled with line above the S| Constricting Marine debris NA NA NA P8a 1 0
Lion eyes and around the face and mouth. entanglement
AKRO 11412017 SEAK Stellgr Sea Eastern US S| A Steller sea lion was observeq hauled out with a flasher at the S| Hooked Fishery gear Salmon hook and Unknown Hook and P2 1 0
Lion edge of its mouth. line line
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 711412017 SEAK . Eastern US S| . ) ) Sl 9 (packing N/A N/A N/A P8a 1 0
Lion circumferential neck entanglement caused by a packing band. entanglement band)
Steller Sea A Steller sea lion was observed with a circumferential neck Constrictin Marine debris
ADFG 711412017 SEAK . Eastern US Sl . Sl 9 (packing N/A N/A N/A P8a 1 0
Lion entanglement caused by a packing band. entanglement band)
ADFG 71412017 SEAK Stellgr Sea Eastern US s A male Steller sea lion was gbserved with a flasher at the edge sl Hooked Fishery gear Salmon‘ hook and Unknown Hogk and 2 1 0
Lion of its mouth. line line
Steller Sea A male Steller sea lion was observed with a flasher at the edge Salmon hook and Hook and
ADFG 71512017 SEAK Lion Eastern US Sl of its mouth. A disentanglement effort removed the flasher but Sl Hooked Fishery gear line Unknown line P2 1 0
not the ingested hook.
ADFG 7192017 SEAK Stellgr Sea Eastern US S| A juvenile Steller sea lion wa§ observed with a flasher at the S| Hooked Fishery gear Salmon hook and Unknown Hook and P2 1 0
Lion edge of its mouth. line line
AKRO 710712017 SEAK Stellgr Sea Eastern US sl A Steller sea lion was obseweq hauled out with a flasher at the sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion edge of its mouth. line line
AKRO 71092017 SEAK Stellgr Sea Eastern US sl A small Steller sea ||oq was observed with a ﬂshmg flasher sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion trailing behind it, and it may have swallowed fishing gear. line line
WCGOP 713012017 we Stellgr Sea Eastern US DEAD A dead Steller sea lion was caught in catch shares EM bottom DEAD Entangled / Fishery gear Catch shares EM Commercial Traw NA 1 1
Lion trawl gear. entrapped bottom trawl
A Steller sea lion was caught in trawl gear, brought aboard the
Steller Sea vessel, and released from the net. The crew yelled and sprayed Entangled / Catch shares .
WCGoP 82112017 we Lion Bastem US NSI the animal with the deck hose until it jumped off the trawl ramp. NS entrapped Fishery gear bottom trawl Commercial Trawd P4 0 0
The animal seemed confused but had no visible signs of injury.
AKRO 813012017 SEAK Stellgr Sea Eastern US S| A Steller sea lion was observeq hauled out with a flasher at the S| Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion edge of its mouth. line line
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Steller Sea An adult male Steller sea lion was observed with a Constrictin Marine debris
ADFG 9/12/2017 SEAK . Eastern US Sl circumferential neck entanglement caused by unidentified Sl 9 - N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
material.
AKRO 91512017 SEAK Stellgr Sea Eastern US s An adult male Steller sea lion was observed hauled out with a sl Hooked Fishery gear Salmon hook and Unknown Hook and 2 1 0
Lion flasher at the edge of its mouth. line line
AKRO 91512017 SEAK Stellgr Sea Eastern US S| A Steller sea lion was observed. wwth‘a} urcumlferentlall neck S| Constricting Ma(me d.ebr\s NA NA NA P8a 1 0
Lion entanglement caused by unidentified marine debris. entanglement (unidentified)
A-SHOP 91612017 we Stellg Sea Eastern US S| A Steller sea lion was observed with a thin white line around its S| Entangled / Marine debris NA NA NA PG 1 0
Lion neck. entrapped
WCRO 912312017 we Stellgr Sea Eastern US S| An adult female Steller sea lion was observgd hauled out on a S| Hooked Fishery gear Salmon hook and Unknown Hook and P2 1 0
Lion buoy with a flasher at the edge of its mouth. line line
At-sea hake
A-SHOP 101112017 we Stellgr Sea Eastern US DEAD A Steller sea lion was caught and killed by at-sea hake catcher DEAD Entangled / Fishery gear mothership Commercial Trawl NA 1 1
Lion processor midwater trawl gear. entrapped catcher vessel
midwater trawl
At-sea hake
A-SHOP 106612017 we Stellgr Sea Eastern US DEAD A female Steller sea lion was cayght and killed by at-sea hake DEAD Entangled / Fishery gear mothership Commercial Traw NA 1 1
Lion catcher processor midwater trawl gear. entrapped catcher vessel
midwater trawl
Steller Sea A female Steller sea lion was caught and killed by at-sea hake Entangled / Alsea hake
A-SHOP 10/8/2017 wC ) Eastern US DEAD ) 9 y DEAD 9 Fishery gear catcher processor Commercial Trawl N/A 1 1
Lion catcher processor midwater trawl gear. entrapped .
midwater trawl
A Steller sea lion was caught in catch shares EM trawl gear,
WCGOP 1012312017 we Stellg Sea Eastern US NSI Qroug.ht aboard the vessel, and r}eleased from the net. The NSI Entangled / Fishery gear Catch shares EM Commercial Traw P4 0 0
Lion animal jumped overboard a few minutes after the codend was entrapped bottom trawl
emptied. No visible signs of injury.
At-sea hake
A-SHOP 1002312017 we Stellgr Sea Eastern US DEAD A Steller sea lion was caught and killed by at-sea hake catcher DEAD Entangled / Fishery gear mothership Commercial Trawl NA 1 1
Lion processor midwater trawl gear. entrapped catcher vessel
midwater trawl
At-sea hake
A-SHOP 101242017 we Stellgr Sea Eastern US DEAD A Steller sea lion wgs caught and killed by at-sea hake - DEAD Entangled / Fishery gear mothership Commercial Trawl NA 1 1
Lion midwater trawl gear. entrapped catcher vessel
midwater trawl
At-sea hake
A-SHOP 1012512017 we Stellgr Sea Eastern US DEAD A male Steller sea lion was cau.ght and killed by at-sea hake DEAD Entangled / Fishery gear mothership Commercial Traw NA 1 1
Lion catcher processor midwater trawl gear. entrapped catcher vessel
midwater trawl
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At-sea hake
A-SHOP 101252017 we Stellgr Sea Eastern US DEAD A Steller sea lion was caught and killed by at-sea hake catcher DEAD Entangled / Fishery gear mothership Commercial Trawl NA 1 1
Lion processor midwater trawl gear. entrapped catcher vessel
midwater trawl
At-sea hake
A-SHOP 1002712017 we Stellgr Sea Eastern US DEAD A Steller sea lion was caught and killed by at-sea hake catcher DEAD Entangled / Fishery gear mothership Commercial Traw NA 1 1
Lion processor midwater trawl gear. entrapped catcher vessel
midwater trawl
A Steller sea lion was caught in trawl gear, brought aboard the
WCGOP AR017 We Stellg Sea Eastern US NSI vessel, and released from‘the net. The animal Ieft Fhe v‘essel NSI Entangled / Fishery gear Catch shares Commerdial Trawl P4 0 0
Lion once the haul was dumped in the trawl alley. No visible signs of entrapped bottom trawl
injury.
A Steller sea lion was caught in trawl gear, brought aboard the
WCGOP 111312017 we Stellg Sea Eastern US NSI vessel, and released fro.m the net. The anlmalvle‘ﬂ thg vessel NSI Entangled / Fishery gear Catch shares Commercial Trawl P4 0 0
Lion once the haul dumped in the trawl alley. No visible signs of entrapped bottom trawl
injury.
Steller Sea Two male Steller sea lions were caught and killed by at-sea hake Entangled / At-sea hake
A-SHOP 11/6/2017 wC X Eastern US DEAD catcher processor midwater trawl gear. This record represent DEAD 9 Fishery gear catcher processor Commercial Trawl N/A 1 1
Lion entrapped i
212. midwater trawl
Steller Sea Two male Steller sea lions were caught and killed by at-sea hake Entangled / At-sea hake
A-SHOP 11/6/2017 wC X Eastern US DEAD catcher processor midwater trawl gear. This record represent DEAD 9 Fishery gear catcher processor Commercial Trawl N/A 1 1
Lion entrapped .
112. midwater trawl
A Steller sea lion was caught in trawl gear, brought aboard the
WCGOP 11/25/2017 wC Stellgr Sea Eastern US NSI vessel, and released from the net. The animal jumped overboard NSI Entangled / Fishery gear Catch shares Commercial Trawl P4 0 0
Lion A . entrapped bottom trawl
as soon as the trawl net was dumped. No visible signs of injury.
WCGOP 1112512017 we Stellg Sea Eastern US DEAD A Steller sea lion was caught and killed in catch shares bottom DEAD Entangled / Fishery gear Catch shares Commercial Traw NA 1 1
Lion trawl gear. entrapped bottom trawl
Two Steller sea lions were caught in trawl gear, brought aboard
WCGOP 120712017 we Stellg Sea Eastern US NSI the vessel, and released from the net. The animals Jurp;ljed NSI Entangled / Fishery gear Catch shares Commercial Traw P4 0 0
Lion overboard as soon as the trawl net was dumped. No visible entrapped bottom trawl
signs of injury. This record represents 2/2.
Two Steller sea lions were caught in trawl gear, brought aboard
WCGOP 121712017 we Stellgr Sea Eastern US NSI the vessel, and released from the net. The ammalslumped NSI Entangled / Fishery gear Catch shares Commercial Trawl P4 0 0
Lion overboard as soon as the trawl net was dumped. No visible entrapped bottom trawl
signs of injury. This record represents 1/2.
A Steller sea lion was caught in catch shares EM trawl gear,
WCGOP 1211212017 we Stellgr Sea Eastern US NS prought aboard the vessel, .and released.from the net. The NS Entangled / Fishery gear Catch shares EM Commercial Trawl P4 0 0
Lion animal jumped overboard on its own following release from the entrapped bottom traw!
net. No visible signs of injury.
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A Steller sea lion was caught in catch shares bottom trawl gear
WCGOP 1142018 we Stellgr Sea Eastern US NS and brgught on deck. Thg animal was relgased from the gear NS Entangled / Fishery gear Catch shares Commercial Trawl P4 0 0
Lion and exited the vessel on its own. No injuries were reported for entrapped bottom traw!
this animal.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
AKRO 1116/2018 SEAK ) Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 . N/A N/A N/A P8a 1 0
Lion . . X entanglement (unidentified)
material / marine debris.
AKRO 11712018 SEAK Stellgr Sea Eastern US DEAD A sul.)adult female Steller sea lion w?s found .dead du.e toa DEAD Entangled / Mar‘lne dlebns NA NA NA NA 1 0
Lion flipper entanglement caused by line / marine debris. entrapped (unidentified)
WCGOP 113012018 we Stellgr Sea Eastern US DEAD A male Steller sea lion was caught and killed in OA CA halibut DEAD Entangled / Fishery gear OA CA Halibut Commercial Traw NA 1 1
Lion bottom trawl gear. entrapped Bottom Trawl
A Steller sea lion was caught in catch shares bottom trawl gear.
WCGOP 113112018 we Stellgr Sea Eastern US NSI The vessel's crew F;ut ahole in the traw! ne? before bringing it NSI Entangled / Fishery gear Catch shares Commercial Trawl P4 0 0
Lion onboard. The animal was then able to swim out of the net entrapped bottom trawl
unharmed. No injuries were reported for this animal.
An adult male Steller sea lion was found dead in a state of
moderate decomposition. The animal was necropsied and a fish
Steller Sea hook was recovered from its esophagus. The necropsy also Unknown hook
WCRO 2/26/2018 wC Lion Eastern US DEAD found significant signs of trauma, including bloody fluid in the DEAD Hooked Fishery gear and line Unknown Unknown N/A 1 0
thoracic cavity, areas of hemorrhage, and tissue/organ damage.
The animal’s intestines were twisted, but otherwise the sea lion
had excellent body condition.
A Steller sea lion was caught in catch shares EM bottom trawl
WCGOP 3712018 we Stellgr Sea Eastern US NSI gear and b.rought on deck. The animal W§§ rgleased from the NSI Entangled / Fishery gear Catch Shares EM Commercial Traw P4 0 0
Lion gear and exited the vessel on its own. No injuries were reported entrapped bottom trawl
for this animal.
A Steller sea lion was caught in catch shares bottom trawl gear
WCGOP 31912018 We Stellgr Sea Eastern US NSI and.broyght‘o‘n deck. The animal was‘rellefased from the gear at NSI Entangled / Fishery gear Catch shares Commerdial Trawl P4 0 0
Lion which time it jumped off the boat. No injuries were reported for entrapped bottom trawl
this animal.
Steller Sea An adult Steller sea loin was found dead of a gunshot wound to Projectile
AKRO 4/13/2018 SEAK Lion Eastern US DEAD the head. An OLE investigation concluded that the shooting was DEAD Shot weja on N/A N/A N/A N/A 1 0
intentional and non-subsistence. P
A Steller sea lion was caught in catch shares bottom trawl gear
WCGOP 412812018 we Stellgr Sea Eastern US NSI and brought on deck. The animal wgs released.fr.om the gear NSI Entangled / Fishery gear Catch shares Commercial Trawl P4 0 0
Lion and jumped off the boat after 10 minutes. No injuries were entrapped bottom trawl
reported for this animal.

A female Steller sea lion pup was found in a state of advanced
Steller Sea decomposition. A necropsy was conducted and found that the
WCRO 5/14/12018 wC Lion Eastern US DEAD animal's lower jaw and nasal area of the skull were broken. DEAD Body trauma Other N/A N/A N/A N/A 1 0
There was also hemorrhage and trauma on head and neck. This
animal’s death is suspected to be of human causes.
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Steller Sea An adult male Steller sea lion was observed with a Constrictin Marine debris
ADFG 5/28/2018 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 - N/A N/A N/A P8a 1 0
Lion N . ¥ entanglement (unidentified)
material / marine debris.
Steller Sea An adult male Steller sea lion was observed with a Constrictin Marine debris
ADFG 5/29/2018 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 - N/A N/A N/A P8a 1 0
Lion N . ¥ entanglement (unidentified)
material / marine debris.
Steller Sea A subadult male Steller sea lion was observed with a Constrictin Matine debris
ADFG 5/29/2018 SEAK ) Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 ’ N/A N/A N/A P8a 1 0
Lion . . X entanglement (unidentified)
material / marine debris.
An adult female Steller sea lion was observed with a
ADFG 61412018 SEAK Stellg Sea Eastern US S| cngumfererjtlal neclf entanglernent caused by an unknown‘ S| Constricting Mar‘lne dlebns NA NA NA P8a 1 0
Lion material / marine debris. This animal was also observed nursing entanglement (unidentified)
apup.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 6/6/2018 SEAK X Eastern US Sl circumferential neck entanglement caused by a white packing Sl 9 (packing N/A N/A N/A P8a 1 0
Lion L entanglement
band. This animal was also observed with a pup. band)
AKRO 6/13/2018 SEAK Stellgr Sea Eastern US sl A Steller sea lion was observed with a mrc.umferen.nal necK sl Constricting Marine d.ebr\s NA NA NA P8a 1 0
Lion entanglement caused by an unknown material / marine debris. entanglement (unidentified)
Steller Sea A subadult male Steller sea lion was observed with a Constrictin Marine debris
ADFG 6/14/2018 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 - N/A N/A N/A P8a 1 0
Lion N . ¥ entanglement (unidentified)
material / marine debris.
At-sea hake - MS
ASHOP | 672018 | we Steller Sea Eastern US DEAD Two Steller sea lions were caught and killed by at-sea hake - DEAD Entangled / Fishery gear | catchervessel- | Commercial Trawl NA 1 1
Lion midwater trawl gear. This record represents 2/2. entrapped .
midwater trawl
At-sea hake - MS
ASHOP | 672018 | we Steller Sea Eastern US DEAD Two Stellr sea lions were caught and killed by at-sea hake - DEAD Entangled / Fishery gear | catchervessel- | Commercial Trawl NA 1 1
Lion midwater trawl gear. This record represents 1/2. entrapped .
midwater trawl
. . At-sea hake - MS
ASHOP | 6ror018 | we Steller Sea Eastern US DEAD Two female Steler sea lions were caught and kiled by at-sea DEAD Entangled / Fisherygear | catchervessel- | Commercial Trawl NA 1 1
Lion hake - midwater trawl gear. This record represents 1/2. entrapped .
midwater trawl
‘ ) At-sea hake - MS
ASHOP | 6ror018 | we Steller Sea Eastern US DEAD Two female Steller sea lions were caught and kiled by at-sea DEAD Entangled / Fishery gear | catchervessel- | Commercial Trawl NA 1 1
Lion hake - midwater trawl gear. This record represents 2/2. entrapped .
midwater trawl
ADFG 612712018 SEAK Stellgr Sea Eastern US s A Steller sea lion was observed with a C|rc.umferen.t|al neck. sl Constricting Marine d.ebr\s NA NA NA P8a 1 0
Lion entanglement caused by an unknown material / marine debris. entanglement (unidentified)
Steller Sea A subadult male Steller sea lion was observed with a Constrictin Marine debris
ADFG 6/27/2018 SEAK ) Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 . N/A N/A N/A P8a 1 0
Lion . . X entanglement (unidentified)
material / marine debris.
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ADFG 61282018 SEAK Stellgr Sea Eastern US sl A Steller sea lion was observed with a mrc.umferen.nal necK sl Constricting Marine d.ebr\s NA NA NA P8a 1 0
Lion entanglement caused by an unknown material / marine debris. entanglement (unidentified)
A subadult male Steller sea lion was observed with a ’ Marine debris
Steller Sea . . Constricting
ADFG 6/28/2018 SEAK Lion Eastern US Sl circumferential neck entanglement caused by a packing band. NSI entanalement (packing N/A N/A N/A P7b 0 0
This animal was captured and disentangled on 06/30/2018. 9 band)
Steller Sea A subadult male Steller sea lion ingested salmon fish and line Salmon hook and Hook and
ADFG 6/29/2018 SEAK Lion Eastern US Sl gear and was observed with green flasher line hanging from its Sl Hooked Fishery gear line Unknown line P2 1 0
mouth.
ADFG 613012018 SEAK Stellg Sea Eastern US S| A Steller sea lion was observed with a cnclumferen.tlal neck. S| Constricting Mar‘lne dlebns NA NA NA P8a 1 0
Lion entanglement caused by an unknown material / marine debris. entanglement (unidentified)
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 6/30/2018 SEAK X Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 S N/A N/A N/A P8a 1 0
Lion . . . entanglement (unidentified)
material / marine debris.
ADFG 72018 SEAK Stellgr Sea Eastern US sl A juvenile Steller sea lion was observed with a opnstnctmg sl Constricting Marine debris NA NA NA P8a 1 0
Lion monofilament line entanglement around the lower hips/abdomen. entanglement
ADFG 71212018 SEAK Stellgr Sea Eastern US s A subadult male Steller sea lion was observed with a silver sl Hooked Fishery gear Salmon hook and Unknown Hook and P2 1 0
Lion flasher at the edge of its mouth. line line
ADFG 71212018 SEAK Stellgr Sea Eastern US s An adult male Steller sea lion was .obsen/ed with a silver flasher sl Hooked Fishery gear Salmon‘ hook and NA Hogk and 2 1 0
Lion at the edge of its mouth. line line
An adult female Steller sea lion was observed with a
ADFG 71312018 SEAK Stellg Sea Eastern US S| cngumfererjtlal neclf entanglernent caused by an unknown‘ S| Constricting Mar‘lne dlebns NA NA NA P8a 1 0
Lion material / marine debris. This animal was also observed nursing entanglement (unidentified)
apup.
Steller Sea A juvenile Steller sea lion was observed with a circumferential Constrictin Marine debris
ADFG 7132018 SEAK X Eastern US Sl neck entanglement caused by an unknown material / marine Sl 9 S N/A N/A N/A P8a 1 0
Lion . entanglement (unidentified)
debris.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 71312018 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown SI 9 - N/A N/A N/A P8a 1 0
Lion . . . entanglement (unidentified)
material / marine debris.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 7/3/2018 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 - N/A N/A N/A P8a 1 0
Lion N . ¥ entanglement (unidentified)
material / marine debris.
ADFG 71312018 SEAK Stellgr Sea Eastern US s An adult malg Steller sea lion wa§ observed with a ﬂa.s?.]er atthe sl Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion edge of its mouth. The sea lion also had an eye injury. line line
Steller Sea An adult female Steller sea lion was observed with a Constrictin Matine debris
ADFG 71412018 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 . N/A N/A N/A P8a 1 0
Lion . . ) entanglement (unidentified)
material / marine debris.
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ADFG 71412018 SEAK Stellgr Sea Eastern US sl A Steller sea lion was observed with a green and red flasher at sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion the edge of its mouth. line line
An adult female Steller sea lion was observed with a
ADFG 71412018 SEAK Stellgr Sea Eastern US s circumferential neck entqnglement caused by an unknown sl Constricting Marine d.ebr\s NA NA NA P8a 1 0
Lion material / marine debris. This animal was also observed nursing entanglement (unidentified)
ajuvenile.
Steller Sea An adult male Steller sea lion was observed with a Constrictin Matine debris
ADFG 71512018 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 . N/A N/A N/A P8a 1 0
Lion . . X entanglement (unidentified)
material / marine debris.
Steller Sea An adult male Steller sea lion was observed with a flasher, a 2 Salmon hook and Hook and
ADFG 7/5/2018 SEAK Lion Eastern US Sl inch orange ball, and 20 - 30 inches of line hanging from its Sl Hooked Fishery gear line Unknown line P2 1 0
mouth.
ADFG 71512018 SEAK Stellgr Sea Eastern US S| An adult male .Ste.ller. sea lion was observeq to be hooked with a S| Hooked Fishery gear Unknowp hook Unknown Hook and P5a 1 0
Lion white fishing lure at the edge of its mouth. and line line
ADFG 71512018 SEAK Stellgr Sea Eastern US sl A Steller sea lion was observed with a mrc.umferen.nal necK sl Constricting Marine d.ebr\s NA NA NA P8a 1 0
Lion entanglement caused by an unknown material / marine debris. entanglement (unidentified)
ADFG 7512018 SEAK Stellgr Sea Eastern US s An adult male Steller sea lion was. observed with a blue flasher sl Hooked Fishery gear Salmon hook and Unknown Hook and 2 1 0
Lion at the edge of its mouth. line line
ADFG 7512018 SEAK Stellgr Sea Eastern US s A subadult male Steller sea lion was ob§erved with a green and sl Hooked Fishery gear Salmon‘ hook and Unknown Hogk and 2 1 0
Lion red flasher at the edge of its mouth. line line
Steller Sea An adult male Steller sea lion was observed with a Constrictin Matine debris
ADFG 7/6/2018 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 . N/A N/A N/A P8a 1 0
Lion . . ) entanglement (unidentified)
material / marine debris.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 716/2018 SEAK X Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 S N/A N/A N/A P8a 1 0
Lion . . . entanglement (unidentified)
material / marine debris.
Steller Sea An adult male Steller sea lion was observed with a Constrictin Marine debris
ADFG 71712018 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown SI 9 - N/A N/A N/A P8a 1 0
Lion . . . entanglement (unidentified)
material / marine debris.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 71712018 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 - N/A N/A N/A P8a 1 0
Lion N . ¥ entanglement (unidentified)
material / marine debris.
ADFG 71812018 SEAK Stellgr Sea Eastern US s A subadult male Steller seq lion |ngfested flshery gealj and was sl Hooked Fishery gear Unknowr} hook Unknown Hogk and P2 1 0
Lion observed with green monofilament line hanging from its mouth. and line line
Steller Sea A subadult male Steller sea lion was observed with a Constrictin Matine debris
ADFG 7/9/2018 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 . N/A N/A N/A P8a 1 0
Lion . . ) entanglement (unidentified)
material / marine debris.
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Steller Sea A Steller sea lion ingested troll fishery gear and was observed
AKRO 8/12/2018 SEAK Lion Eastern US Sl with a halibut hook, line, gangion, and weight hanging from its Sl Hooked Fishery gear Unknown halibut Unknown Longline P2 1 0
mouth.
AKRO 812012018 SEAK Stellgr Sea Eastern US s A subadult Steller sga lion was observed with a ﬂgsher atthe NSI Hooked Fishery gear Salmon hook and Unknown Hook and PTb 0 0
Lion edge of its mouth. This animal was captured and disentangled. line line
An adult male Steller sea lion hybrid was found dead in an
advanced state of decomposition. A necropsy was conducted
and found that the animal appeared to have excellent body
WCRO 91412018 We Stellg Sea Eastern US DEAD gondmon lwwth heavy trauma and p0§5|b[e pellet holes in neck DEAD Shot Projectile NA NA NA NA 1 0
Lion with associated hemorrhage. The animal’s skull appeared to be weapon
that of a Steller sea lion but the baculum was clearly a California
sea lion. This animal has been categorized as a Steller sea lion
for the purpose of this report.
AKRO 911412018 SEAK Stellg Sea Eastern US S| A Steller sea Ilonlwas obsgwed with a flasher at the gdge of its S| Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion mouth. The animal was isolated and appeared in distress. line line
) . At-sea hake -
ASHOP | omer018 | we Steller Sea Eastern US DEAD Afemale Steller sea lion was caught and killed by at-sea hake DEAD Entangled / Fishery gear | catcher processor | Commercial Trawl NIA 1 1
Lion catcher processor midwater trawl gear. entrapped X
- midwater trawl
At-sea hake -
A-SHOP 012512018 we Stellgr Sea Eastern US DEAD A Steller sea lion wgs caught and killed by at-sea hake - DEAD Entangled / Fishery gear mothership Commercial Trawl NA 1 1
Lion midwater trawl gear. entrapped catcher vessel -
midwater trawl
A Steller sea lion was caught in catch shares bottom trawl gear
WCGOP 913012018 we Stellgr Sea Eastern US NSI and brgught on deck. Thfe animal wag ‘relleased from the gear NSI Entangled / Fishery gear Catch shares Commercial Traw P4 0 0
Lion and exited the vessel on its own. No injuries were reported for entrapped bottom trawl
this animal.
Steller Sea A subadult male Steller sea lion was observed with a Constrictin Matine debris
AKRO 10/2/2018 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 . N/A N/A N/A P8a 1 0
Lion . . X entanglement (unidentified)
material / marine debris.
Steller Sea A subadult Steller sea lion was observed with a flasher at the Salmon hook and Hook and
AKRO 10/2/2018 SEAK X Eastern US Sl edge of its mouth. By Oct 12, 2018 the animal started to look in S| Hooked Fishery gear Unknown P2 1 0
Lion line line
poor health. No reports thereafter.
) . At-sea hake -
ASHOP | 10142018 | we Steller Sea Eastern US DEAD Afemale Steller sea lion was caught and killed by at-sea hake DEAD Entangled / Fishery gear | catcher processor | Commercial Trawl NIA 1 1
Lion catcher processor midwater trawl gear. entrapped X
- midwater trawl
A female Steller sea lion was caught in at-sea hake catcher
processor midwater trawl gear and brought on deck. The animal
was still breathing and moving around slightly but had white
Steller Sea foam coming from its mouth. No other visible injuries were Entangled / Alsea hake -
A-SHOP 10/18/2018 wC ) Eastern US Sl 9 T ) Sl 9 Fishery gear catcher processor Commercial Trawl P4 1 1
Lion observed, but it was reported that it is unlikely that the animal entrapped .
. . - midwater trawl
made it out of the encounter unharmed. The animal was
released overboard, but the observer was unsure if it survived
the encounter.
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A Steller sea lion was caught in at-sea hake catcher processor
Steller Sea midwater trawl gear, brought aboard the vessel, and released Entangled / Atsea hake -
A-SHOP 10/18/2018 wC ) Eastern US NSI gear, 9 ) - NSI 9 Fishery gear catcher processor Commercial Trawl P4 0 0
Lion from the net. After the release the animal disembarked the entrapped .
. . - midwater trawl
vessel. There were no reports of injury to the animal.
) . At-sea hake -
A-SHOP 10/18/2018 wC Stellgr Sea Eastern US DEAD Amale Steller sea lion was cau.ght and killed by at-sea hake DEAD Entangled / Fishery gear catcher processor Commercial Trawl N/A 1 1
Lion catcher processor midwater trawl gear. entrapped .
- midwater trawl
At-sea hake -
A-SHOP 1002212018 we Stellg Sea Eastern US DEAD A female Steller sea |IOV"| was caught and killed by at-sea hake - DEAD Entangled / Fishery gear mothership Commerdial Trawl NA 1 1
Lion midwater trawl gear. entrapped catcher vessel -
midwater trawl
At-sea hake -
A-SHOP 1012612018 we Stellg Sea Eastern US DEAD A female Steller sea |IOV:| was caught and killed by at-sea hake - DEAD Entangled / Fishery gear mothership Commercial Traw NA 1 1
Lion midwater trawl gear. entrapped catcher vessel -
midwater trawl
At-sea hake -
A-SHOP 1012812018 we Stellgr Sea Eastern US DEAD A female Steller sea Ilop was caught and killed by at-sea hake - DEAD Entangled / Fishery gear mothership Commercial Trawl NA 1 1
Lion midwater trawl gear. entrapped catcher vessel -
midwater trawl
Two Steller sea lions were caught in catch shares bottom trawl
gear and brought on deck (2 different hauls). The animals were
WCGOP 11/3/2018 wC Stellgr Sea Eastern US NSI released from the gear and exited the vessel on their own. No NSI Entangled / Fishery gear Catch shares Commercial Trawl P4 0 0
Lion - . . entrapped bottom trawl
injuries were reported for these animals. This record represents
212.
Two Steller sea lions were caught in catch shares bottom trawl
gear and brought on deck (2 different hauls). The animals were
WCGOP 11/3/2018 wC Stellgr Sea Eastern US NSI released from the gear and exited the vessel on their own. No NSI Entangled / Fishery gear Catch shares Commercial Trawl P4 0 0
Lion L . R entrapped bottom trawl
injuries were reported for these animals. This record represents
12.
A Steller sea lion was caught twice (2 different hauls) in catch
shares bottom trawl gear and brought on deck. On both
WCGOP 111122018 wC Stellgr Sea Eastern US NSI occasions the animal was released from the gear and exited the NSI Entangled / Fishery gear Catch shares Commercial Trawl P4 0 0
Lion . - L entrapped bottom traw!
vessel on its own. No injuries were reported for this animal on
either occasion. This record represents 1/2.
A Steller sea lion was caught twice (2 different hauls) in catch
shares bottom trawl gear and brought on deck. On both
WCGOP 11/12/2018 wC Stellgr Sea Eastern US NSI occasions the animal was released from the gear and exited the NSI Entangled / Fishery gear Catch shares Commercial Trawl P4 0 0
Lion . L L entrapped bottom traw!
vessel on its own. No injuries were reported for this animal on
either occasion. This record represents 2/2.
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A Steller sea lion was caught in at-sea hake catcher processor
midwater trawl gear, brought aboard the vessel, and released
Steller Sea from the net. After the release the animal disembarked the Entangled / Alsea hake -
A-SHOP 11/19/2018 wC X Eastern US NSI S . NSI 9 Fishery gear catcher processor Commercial Trawl P4 0 0
Lion vessel via the stern trawl ramp. The animal was reported as entrapped .
) - midwater trawl
being fully alive and mobile, and there were no reports of injury
to the animal.
A Steller sea lion was caught in midwater rockfish EM trawl gear
Steller Sea and brought on deck. The animal was released from the gear at Entangled / Midwater
A-SHOP 11/20/2018 wC X Eastern US NSI o 9 L ) Lo 9 NSI 9 Fishery gear Rockfish EM - Commercial Trawl P4 0 0
Lion which time it jumped off the boat. No injuries were reported for entrapped
o Midwater Trawl
this animal.
NWIEC | 17112019 we Steller Sea Eastern US DEAD A Steller sea lion was incidenally kied in association with DEAD Unknown Unknown Salmon set gilnet | WA Tribal Gillnet NIA 1 0
Lion Washington tribal treaty salmon set gillnet fishing operations.
An adult female Steller sea lion was found dead in a state of
Steller Sea moderate decomposition. A necropsy was conducted and found Projectile
WCRO 1/23/2019 wC X Eastern US DEAD that the animal was pregnant, appeared to have good body DEAD Shot ! N/A N/A N/A N/A 1 0
Lion . . . . weapon
condition, and died of wounds consistent with a gunshot to the
posterior abdomen/pelvic area with associated hemorrhage.
A Steller sea lion was caught in midwater rockfish EM trawl gear .
Steller Sea and brought on deck. The animal was released from the gear, at Entangled / Midwater
A-SHOP 2/412019 wC ) Eastern US NSI h 9 o ) - gear, NSI 9 Fishery gear Rockfish EM - Commercial Trawl P4 0 0
Lion which time it jumped off the boat. No injuries were reported for entrapped )
. Midwater Trawl
this animal.
WCGOP 2712019 we Stellgr Sea Eastern US DEAD A male Steller sea lion was caught and killed in OA CA halibut DEAD Entangled / Fishery gear OA CA halibut Commercial Trawl NA 1 1
Lion bottom trawl gear. entrapped bottom traw!
WCGOP 31012019 we Stellgr Sea Eastern US DEAD An adult Steller sea lion was caught and killed by OA CA Halibut DEAD Entangled / Fishery gear OA CA halibut Commercial Traw NA 1 1
Lion bottom trawl gear. entrapped bottom trawl
An adult female Steller sea lion was found dead in a state of
Steller Sea advanced decomposition. A necropsy found that the animal was Projectle
WCRO 3/22/2019 wC X Eastern US DEAD pregnant, appeared to have good body condition, and had a DEAD Shot ! N/A N/A N/A N/A 1 0
Lion . X weapon
gunshot wound in the abdomen and into the uterus and stomach
with associated hemorrhage.
A yearling male Steller sea lion was found dead in a state of
moderate decomposition. A necropsy found that the animal
Steller Sea appeared to have poor body condition with gouges and scrapes Entangled /
WCRO 3/28/2019 wC X Eastern US DEAD associated with extensive dorsal hemorrhage along the back and DEAD 9 Fishery gear Unknown Unknown Unknown N/A 1 0
Lion . ) entrapped
around the neck, as well as extensive trauma on the left side of
the head and internal bleeding. The examiner believed the
injuries were consistent with a fishery interaction.
A yearling male Steller sea lion was found dead in a state of
moderate decomposition. A necropsy found that the animal
Steller Sea appeared to have good body condition with line marks across Entangled /
WCRO 3/29/2019 wC X Eastern US DEAD the stomach and associated bruising on the abdomen, DEAD 9 Fishery gear Unknown Unknown Unknown N/A 1 0
Lion X . entrapped
hemorrhage on the head and dorsal side, internal bleeding, fluid
in the lungs, and twisted intestines. The examiner believed the
injuries were consistent with a fishery interaction.
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Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 3/30/2019 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 - N/A N/A N/A P8a 1 0
Lion N . ¥ entanglement (unidentified)
material / marine debris.
WCGOP 41202019 we Stellgr Sea Eastern US DEAD An adult female Steller sea lion was caught and killed by OA CA DEAD Entangled / Fishery gear OA CA halibut Commercial Traw NA 1 1
Lion Halibut bottom trawl gear. entrapped bottom traw!
Steller Sea An adult male Steller sea lion was found fresh dead. A necropsy Projectle
WCRO 4/9/2019 wC Lion Eastern US DEAD found that the animal died of wounds consistent with a gunshot DEAD Shot eJa on N/A N/A N/A N/A 1 0
: to the neck. weap
A yearling male Steller sea lion was found in a state of moderate
decomposition. A necropsy found that the animal had excellent
Steller Sea body condition with external rub marks, hemorrhage, and trauma Entanaled /
WCRO 4/16/2019 wC . Eastern US DEAD on its body, especially from the head to the foreflippers. Blood DEAD 9 Fishery gear Unknown Unknown Unknown N/A 1 0
Lion N entrapped
was found at the back of the neck and around the posterior
brain. The examiner believed the injuries were consistent with a
fishery interaction.
An adult female Steller sea lion with a nursing juvenile was
observed with a circumferential neck entanglement caused by an
ADFG 41712019 SEAK Stellgr Sea Eastern US S| unknown material / manng debris. Based on its age, the juvenile S| Constricting Marine d.ebns NA NA NA P8a 1 0
Lion was presumed to be feeding on its own to some degree and was entanglement (unidentified)
likely not entirely dependent on the mother, so it is not
considered a separate serious injury.
WCGOP 41812019 we Stellgr Sea Eastern US DEAD A Steller sea lion was caught and killed in catch shares bottom DEAD Entangled / Fishery gear Catch shares Commercial Trawl NA 1 1
Lion trawl gear. entrapped bottom traw!
An adult male Steller sea lion was found in a state of advanced
decomposition to the point where a necropsy could not be
WCRO 412812019 we Stell(?r Sea Eastern US DEAD performed on the body. The right rear flipper was missing. Only DEAD Shot Projectile NA NA NA NA 1 0
Lion the head was collected for necropsy and 13 bullet pellets were weapon
found inside the skull. The animal was assumed to have died
from gunshot wounds.
An adult male Steller sea lion was found in a state of advanced
decomposition. A necropsy found that the animal’s teeth had
WCRO 51912019 we Stellg Sea Eastern US DEAD been removed by unknown person(s), the s.kuII was exposed, DEAD Shot Projectile NA NA NA NA 1 0
Lion and there was deep hemorrhage at the pelvis, neck and upper weapon
back area, and a bullet/pellet hole in the esophagus with
associated blood in the stomach.
An adult female Steller sea lion was found in a state of moderate
Steller Sea decomposition. A necropsy found that the animal was pregnant, Projectile
WCRO 5/9/2019 wC Lion Eastern US DEAD appeared to have excellent body condition, and had a gunshot DEAD Shot weja on N/A N/A N/A N/A 1 0
wound to the abdomen/pelvic area with associated hemorrhage P
to the colon. There was no sign of illness.
ADFG 61412019 SEAK Stellgr Sea Eastern US sl An adult female Steller sea lion was observed with an orange sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion flasher at the edge of its mouth. line line
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Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 6/4/2019 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 - N/A N/A N/A P8a 1 0
Lion N . ¥ entanglement (unidentified)
material / marine debris.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Mearine debris
ADFG 6/10/2019 SEAK . Eastern US Sl . ) ) Sl 9 (packing N/A N/A N/A P8a 1 0
Lion circumferential neck entanglement caused by a packing band. entanglement band)
Steller Sea An adult female Steller sea lion was observed with a Constrictin Matine debris
ADFG 6/13/2019 SEAK ) Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 ’ N/A N/A N/A P8a 1 0
Lion . . X entanglement (unidentified)
material / marine debris.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Matine debris
ADFG 6/14/2019 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 . N/A N/A N/A P8a 1 0
Lion . . ) entanglement (unidentified)
material / marine debris.
Steller Sea A subadult male Steller sea lion was observed with a Constrictin Marine debris
ADFG 6/21/2019 SEAK X Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 S N/A N/A N/A P8a 1 0
Lion . . . entanglement (unidentified)
material / marine debris.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 6/28/2019 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 - N/A N/A N/A P8a 1 0
Lion N . ¥ entanglement (unidentified)
material / marine debris.
An adult male Steller sea lion ingested fishery gear and was
ADFG 612812019 SEAK Stellgr Sea Eastern US s obsgwed with a blue flasher with 4 feet of line hanging from the sl Hooked Fishery gear Salmon hook and Unknown Hook and P2 1 0
Lion left side of the mouth as well as four small puncture wounds and line line
a slash scar on its left side.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Matine debris
ADFG 6/29/2019 SEAK ) Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 ’ N/A N/A N/A P8a 1 0
Lion . . X entanglement (unidentified)
material / marine debris.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 6/29/2019 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 (packing N/A N/A N/A P8a 1 0
Lion X . . . . ) entanglement
material / marine debris, possibly a white packing band. band)
nwire | 7ote | owe | StellerSea Eastem US DEAD A Steller sea lion was incidentally killed in association with DEAD Unknown Unknown | Sablefishlongline | WA Tribal | Longline NIA 1 0
Lion Washington tribal treaty sablefish longline fishing operations.
A juvenile Steller sea lion ingested fishery gear and was
ADFG 7/3/2019 SEAK Ste:{ieornSea Eastern US Sl observed with an orange and silver flasher with 2 feet of Sl Hooked Fishery gear Salmor}i:zok and Unknown Ho;):eand P2 1 0
attached line hanging from its mouth
An adult male Steller sea lion ingested fishery gear and was
ADFG 7/3/2019 SEAK SteE?;nSea Eastern US Sl observed with a long piece of monofilament line hanging from its Sl Hooked Fishery gear Unk:::vl?n?ok Unknown Hoirlj:nd P2 1 0
mouth.
ADFG 71412019 SEAK Stellgr Sea Eastern US s A juvenile Steller sea lhon V\{as ob§er\/ed with a circle hook in the sl Hooked Fishery gear Unknowr} hook Unknown Hogk and P2 1 0
Lion right side of its mouth. and line line
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An adult female Steller sea lion was observed with a . .
Steller Sea circumferential neck entanglement from a white packing band Constrictin, Mearine debris
ADFG | 712019 | SEAK _ Eastern US sl neck enange packing NS 9 (packing NA N/A NA P7b 0 0
Lion that was not cutting into the skin. The animal was later observed entanglement band)
to have self-released from the entanglement.
A subadult male Steller sea lion ingested fishery gear and was
ADFG 7/5/2019 SEAK Stellgr Sea Eastern US S observed with a green and gold flasher tight to the right side of Sl Hooked Fishery gear Saimon hook and Unknown Hook and P2 1 0
Lion . . - line line
its mouth with at least 5 feet of trailing line.
An adult male Steller sea lion was observed with a
Steller Sea circumferential neck entanglement caused by an unknown Constricting
ADFG 7/8/2019 SEAK X Eastern US Sl . R N . ) Sl Fishery gear Unknown Unknown Unknown P8a 1 0
Lion material / marine debris, possibly heavy monofilament or a entanglement
gangion.
ADFG 71812019 SEAK Stellg Sea Eastern US S| A Juvenllfe Steller sea lion ingested fishery g.ear an.d was S| Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion observed with an orange flasher near the left side of its mouth line line
Steller Sea A subadult male Steller sea lion was observed with a Constrictin Marine debris
ADFG 7192019 SEAK X Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 S N/A N/A N/A P8a 1 0
Lion . . . entanglement (unidentified)
material / marine debris.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 7/10/2019 SEAK . Eastern US Sl circumferential neck entanglement caused by an unknown SI 9 - N/A N/A N/A P8a 1 0
Lion X N ! entanglement (unidentified)
material / marine debris, possibly monofilament.
AKRO 71012019 GOA Stellgr Sea Eastern US s A Steller sea lion was gbserved hauled out leth ared and white sl Hooked Fishery gear Salmon hook and Unknown Hook and P2 1 0
Lion flasher hanging from the edge of its mouth. line line
An adult male Steller sea lion ingested fishery gear and was
ADFG | 711012019 | SEAK S‘eﬁr:ea Easten US sl observed with a silver flasher tight against the right side of its sl Hooked Fishery gear Sa'm"“h:?k a4 nknown H°i::”d P2 1 0
mouth.
Steller Sea A subadult male Steller sea lion was observed with a Constrictin Matine debris
ADFG 7111/2019 SEAK X Eastern US Sl circumferential neck entanglement caused by an unknown Sl 9 . N/A N/A N/A P8a 1 0
Lion . . ) entanglement (unidentified)
material / marine debris.
A Steller sea lion was observed hauled out with a white or silver
flasher close to its head, covering part of the face. The location
of hook was not determined but it was believed to be in the head
AKRO 71412019 SEAK Stellgr Sea Eastern US S| (not in the mouth or ingested) with the ﬂasher. hang\pg next to S| Hooked Fishery gear Salmon hook and Unknown Hook and P6 1 0
Lion the face. Given the likely location of the hooking, trailing gear line line
has the potential to interfere with feeding, be ingested,
accumulate drag, or become snagged on something in the
environment, anchoring the animal.
WCGOP 712112019 we Stellgr Sea Eastern US DEAD A Steller sea lion was caught and killed by Catch Shares EM DEAD Entangled / Fishery gear Catch shares EM Commercial Trawl NA 1 1
Lion bottom trawl gear. entrapped bottom traw!
AKRO 812412019 SEAK Stellgr Sea Eastern US s An adult. female Stellgr sea I\gn was observeq hauled out with sl Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion silver flasher tight against the edge of its mouth. line line
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AKRO 81242019 SEAK Stellgr Sea Eastern US sl A Steller sga lion was observed hauled out yvnh a silver flasher sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion with an orange rim at the edge of its mouth. line line
AKRO 813012019 SEAK Stellgr Sea Eastern US s A Steller sea lion was observeq hauled out with a flasher at the sl Hooked Fishery gear Salmon hook and Unknown Hook and 2 1 0
Lion edge of its mouth. line line
A subadult male Steller sea lion was observed with a flasher
connected to fishing line hanging from the inside right corner of
WCRO 9/1/2019 wC Stellgr Sea Eastern US Sl its mouth. The animal was sedated and the flasher and line were Sl Hooked Fishery gear UnKnowr) fook Unknown Hook and P2 1 0
Lion . . and line line
removed as close to the mouth as possible. There is no
information regarding the status of the hook.
A Steller sea lion was caught in catch shares bottom trawl gear.
Steller Sea The vessel's crew tried letting out the net to allow the animal to Entanaled / Catch shares
WCGOP 9/30/2019 wC X Eastern US NSI swim out, but the animal swam further into the net. The crew NSI 9 Fishery gear Commercial Trawl P7b 0 0
Lion X ) . entrapped bottom trawl
then tied off the net and opened the lower end of it, releasing the
animal unharmed. No injuries were reported for this animal.
Steller Sea A Steller sea lion was caught in catch shares bottom trawl gear. Entangled / Catch shares
WCGOP 10/4/2019 wC X Eastern US NSI The animal was freed from the net and released alive. The NSI 9 Fishery gear Commercial Trawl P7b 0 0
Lion . . entrapped bottom trawl
observer did not note any sign of injury to the animal.
Steller Sea An adult male Steller sea lion was found fresh dead. A necropsy Projecile
WCRO 12/5/2019 wC . Eastern US DEAD found numerous shot pellets and associated hemorrhage in the DEAD Shot ! N/A N/A N/A N/A 1 0
Lion weapon
head, neck and shoulder area.
An adult female Steller sea lion was found fresh dead. A
WCRO 21312020 we Stellgr Sea Eastern US DEAD necropsy.found numerous shot pellets and associated DEAD Shot Projectile NA NA NA NA 1 0
Lion hemorrhage in the nares, mouth, eye area, and frontal lobe of weapon
the brain.
A subadult male Steller sea lion was found fresh dead. A
WCRO 2/15/2020 We Stellg Sea Eastern US DEAD necropsy fc.Jund aclear bgllet hole on the Igft side of the chest, DEAD Shot Projectile NA NA NA NA 1 0
Lion fractured ribs, and associated hemorrhaging. The animal was weapon
assumed to have died from a gunshot wound.
A Steller sea lion was caught and killed by AK GOA sablefish
Steller Sea longline gear. This mortality will be counted against the AK GOA AK GOA
MMAP 3/17/2020 SEAK X Eastern US DEAD sablefish longline fishery because mortality or serious injury of DEAD Hooked Fishery gear Commercial Longline N/A 1 1
Lion . e sablefish longline
this stock was not observed by NPGOP observers in this fishery
in this year.
A Steller sea lion was caught in catch shares EM bottom trawl
gear, brought on deck, and released alive. The animal had a
weeop | 3meo0 | we Steller Sea Eastern US NSl visible injury to its eye but no other information regarding the NS Entangled / Fisherygear | CACSNaresEM {0 ercial Trawl P9 0 0
Lion o X - ” . entrapped bottom trawl
injury was provided. *Waiting for additional info/photos to
determine if S| or NSI*
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An adult male Steller sea lion was found in a state of advanced
decomposition. A necropsy found that the animal had excellent
WCRO 411412020 we Stellgr Sea Eastern US DEAD body cond!tlon with g clear bullet entry and exit holes on the DEAD Shot Projectile NA NA NA NA 1 0
Lion lateral anterior abdominal area and other bullet holes along the weapon
right side of the body. The animal was assumed to have died
from gunshot wounds.
An adult female Steller sea lion was found in a state of advanced
decomposition. A necropsy found that the animal had good body
Steller Sea condition with signs of illness as well as signs of trauma and Projectle
WCRO 4/27/2020 wC ) Eastern US DEAD associated hemorrhage to the head, and face. The necropsy DEAD Shot ! N/A N/A N/A N/A 1 0
Lion . ! weapon
also found bullet holes, trauma, and associated hemorrhage in
the animal's abdominal areas as well as in the fetus inside the
animal, which had a hole in its abdomen.
An adult male Steller sea lion was found in a state of moderate
Steller Sea decomposition. A necropsy found that the animal had excellent Projectile
WCRO 412712020 wC . Eastern US DEAD body condition with a bullet hole in the right scapula and third DEAD Shot ! N/A N/A N/A N/A 1 0
Lion L . . ! . weapon
right rib and associated hemorrhage in the thoracic cavity. There
was no sign of illness.
NWIFC 51112020 we Stellgr Sea Eastern US DEAD A §teller sga lion was incidentally killed l|n a§sogahon Wn.h DEAD Unknown Unknown Salmon‘ hook and WA Tribal Hogk and NA 1 0
Lion Washington tribal treaty salmon hook and line fishing operations. line line
NWIFC 51112020 we Stellgr Sea Eastern US DEAD A Steller sga lion was incidentally killed .|n a§soqahon wn.h DEAD Unknown Unknown Salmon hook and WA Tribal Hook and NA 1 0
Lion Washington tribal treaty salmon hook and line fishing operations. line line
NWIFC 5112020 we Stellgr Sea Eastern US DEAD A Steller sga lion was incidentally killed .|n agso.cwauon wn.h DEAD Unknown Unknown Salmon hook and WA Tribal Hook and NA 1 0
Lion Washington tribal treaty salmon hook and line fishing operations. line line
NWIFC 5/1/2020 we Stell(‘er Sea Eastem US DEAD A steller sea lion was incidentally killed .|n a§schat|on wn.h DEAD Unknown Unknown Salmon‘ hook and WA Tribal Hogk and NA 1 0
Lion Washington tribal treaty salmon hook and line fishing operations. line line
NWIFC 51112020 we Stellg Sea Eastern US DEAD A §teller st.ea lion was incidentally killed .|n assolcwatlon wn.h DEAD Unknown Unknown Salmon‘ hook and WA Tribal Hogk and NA 1 0
Lion Washington tribal treaty salmon hook and line fishing operations. line line
AKRO supo20 | seak | Stelerse Eastern US NS A subadult Steller sea lion was observed hauled out i an NS Hooked Fishery gear | Unknown longiine |  Unknown Longline P5d 0 0
Lion unknown longline hook and gangion in its lip.
An adult female Steller sea lion was found in a state of advanced
WCRO 5/11/2020 we Stellgr Sea Eastern US DEAD decompoglt\on. A necropsy found that the animal had excelleqt DEAD Shot Projectile NA NA NA NA 1 0
Lion body condition, was pregnant, and had numerous shot pellets in weapon
its head with associated hemorrhage in the skull.
Steller Sea Two female Steller sea lions were caught and killed in at-sea Entanaled / At:a?:hr;?_ke
WCGOP 5/25/2020 wC ) Eastern US DEAD hake catcher-processor midwater trawl gear. This record DEAD 9 Fishery gear Commercial Trawl N/A 1 1
Lion entrapped processor
represents 2 of 2. N
midwater trawl
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Steller Sea Two female Steller sea lions were caught and killed in at-sea Entanaled / At:a?:hr;?_ke
WCGOP 5/25/2020 wC X Eastern US DEAD hake catcher-processor midwater trawl gear. This record DEAD 9 Fishery gear Commercial Trawl N/A 1 1
Lion entrapped processor
represents 1 of 2. N
midwater trawl
At-sea hake
WCGOP 6/16/2020 we Stellgr Sea Eastern US DEAD A male Steller sea lion was caqght and killed in at-sea hake DEAD Entangled / Fishery gear catcher- Commercial Traw NA 1 1
Lion catcher-processor midwater trawl gear. entrapped processor
midwater trawl
A subadult male Steller sea lion was found in a state of
Steller Sea moderate decomposition. The reporting party described bullet Projectle
WCRO 713/2020 wC X Eastern US DEAD holes in the back of the animal. Given the expertise of the DEAD Shot ! N/A N/A N/A N/A 1 0
Lion . . ) weapon
reporting party, the animal was assumed to have died from
gunshot wounds.
An adult male Steller sea lion was found fresh dead with two
AKRO 71912020 GOA Stellgr Sea Eastern US DEAD small hole.s in its head consmtent with a ggnshot wound. Given DEAD Shot Projectile NA NA NA NA 1 0
Lion the expertise of the reporting party, the animal was assumed to weapon
have died from gunshot wounds.
An adult male Steller sea lion was observed hauled out with a -
Steller Sea ) ’ Constricting )
AKRO 711712020 SEAK X Eastern US Sl circumferential neck entanglement caused by unknown Sl Fishery gear Unknown Unknown Unknown P8a 1 0
Lion ) entanglement
monofilament line.
WCGOP 8312020 we Stellgr Sea Eastern US DEAD A male Steller sea lion was caught and killed in catch shares DEAD Entangled / Fishery gear Catch shares Commercial Trawl NA 1 1
Lion bottom trawl gear. entrapped bottom traw!
Steller Sea A male subadult Steller sea lion was observed hauled out with a Salmon hook and Hook and
AKRO 8/5/2020 SEAK Lion Eastern US Sl silver flasher with a pink rim at the edge of its mouth with about 8 Sl Hooked Fishery gear line Unknown line P2 1 0
inches of trailing monofilament line.
AKRO 811112020 SEAK Stellg Sea Eastern US S| A maI.e subadult Ste‘IIer sea lion .was observed ha‘uled out with a S| Hooked Fishery gear Salmon‘ hook and Unknown Hogk and P2 1 0
Lion silver flasher with a green rim at the edge of its mouth. line line
AKRO 813112020 SEAK Stellg Sea Eastern US DEAD An adult male.SteIIer sef':l lion was found dead due to DEAD Entangled / Other NA NA NA NA 1 0
Lion entanglement in the netting of a hatchery salmon pen. entrapped
Steller Sea A Steller sea lion in a state of advanced decomposition was Salmon hook and Hook and
AKRO 9/6/2020 SEAK Lion Eastern US DEAD found on the beach with a green and silver flasher hanging out of DEAD Hooked Fishery gear line Unknown line N/A 1 0
its mouth.
Steller Sea A Steller sea lion was caught and euthanized at the Bonneville Removal from MMPA
ODFW 10/14/2020 wC . Eastern US DEAD gn ’ ) DEAD ) authorized N/A N/A N/A N/A 1 N/A
Lion Dam under a NMFS-authorized MMPA section 120(f) permit. population removal
Steller Sea A Steller sea lion was caught and euthanized at the Bonneville Removal from MMPA
ODFW 10/15/2020 wC ) Eastern US DEAD 9 . ) ) DEAD ) authorized N/A N/A N/A N/A 1 N/A
Lion Dam under a NMFS-authorized MMPA section 120(f) permit. population removal
WCGOP 1011912020 we Stellg Sea Eastern US DEAD A Steller sea lion was caught and killed in rockfish EM midwater DEAD Entangled / Fishery gear Rockflsh EM- Commercial Traw NA 1 1
Lion trawl gear. entrapped Midwater Trawl
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Steller Sea A Steller sea lion was caught and euthanized at the Bonneville Removal from MMPA
ODFW 10/22/2020 wC . Eastern US DEAD gn ’ ) DEAD ) authorized N/A N/A N/A N/A 1 N/A
Lion Dam under a NMFS-authorized MMPA section 120(f) permit. population removal
Steller Sea A Steller sea lion was caught and euthanized at the Bonneville Removal from MMPA
ODFW 11/3/2020 wC ) Eastern US DEAD 9 . ) ) DEAD ) authorized N/A N/A N/A N/A 1 N/A
Lion Dam under a NMFS-authorized MMPA section 120(f) permit. population removal
Steller Sea A Steller sea lion was caught and euthanized at the Bonneville Removal from MMPA
ODFW 11/4/2020 wC ) Eastern US DEAD on ) ) DEAD authorized N/A N/A N/A N/A 1 N/A
Lion Dam under a NMFS-authorized MMPA section 120(f) permit. population removal
Steller Sea A Steller sea lion was caught and euthanized at the Bonneville Removal from MMPA
ODFW 11/5/2020 wC ) Eastern US DEAD o ) ) DEAD authorized N/A N/A N/A N/A 1 N/A
Lion Dam under a NMFS-authorized MMPA section 120(f) permit. population removal

An adult male Steller sea lion was found in a state of advanced
decomposition. A necropsy found that the animal had a gap

wero | 12isr2020 | we Steller Sea Eastern US DEAD between the last molars and radiographs confirmed a bullet in DEAD Shot Projectie NIA NA NIA NA 1 0

Lion N . weapon
the skull with associated hemorrhaging. The animal was
assumed to have died from a gunshot wound.

NPGOP 1/31/2016 BS Stellgr Sea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fishery gear AKBSAI flafish Commercial Trawl N/A 1 1
Lion entrapped trawl

NPGOP | 2412016 BS Steller Sea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fisherygear | AKBSAUTatfish f o mercial Trawl NA 1 1
Lion entrapped trawl

NPGOP | 2512016 BS Steller Sea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fisherygear | AKBSATROlock f - ercial Trawl NA 1 1
Lion entrapped trawl

NPGOP | 2812016 BS Steller Sea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fisherygear | AKBSATROlock f o ercial Trawl NA 1 1
Lion entrapped trawl

NPGOP 2812016 BS Stellgr Sea Western US DEAD Two Steller sea lions were caught and killed in trawl gear. This is DEAD Entangled / Fishery gear AK BSAI pollock Commercial Trawl NA 1 1
Lion animal two of two. entrapped trawl

NPGOP 20812016 BS Stellgr Sea Western US DEAD Two Steller sea lions wereT caught and killed in trawl gear. This is DEAD Entangled / Fishery gear AK BSAI pollock Commercial Trawl NA 1 1
Lion animal one of two. entrapped trawl

NPGOP | 21272016 BS Steller Sea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fisherygear | AKBSATROlock f o ercial Trawl NA 1 1
Lion entrapped trawl

NPGOP | 21772016 BS Steller Sea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fisherygear | AKBSATROlock f o ercial Trawl NA 1 1
Lion entrapped trawl

NPGOP | 2/25/2016 BS Steller Sea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fisherygear | AKBSATROlock f o ercial Trawl NA 1 1
Lion entrapped trawl

NPGOP 2/29/2016 BS Ste:fornSea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Z’sgg::d/ Fishery gear AK Bstgl‘;lo"mk Commercial Trawl N/A 1 1
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NPGOP | 2mozote | wak | Stelersea Western US DEAD A Steler sea lion was caught and killed by trawl gear. DEAD Entangled / Fishery gear | AKBSATASh 1 o mercial | Trawi NA 1 1
Lion entrapped trawl
NPGOP | 3/312016 BS Steller Sea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fisherygear | AKX BSATROlock f o ercial Trawl NA 1 1
Lion entrapped trawl
NPGOP | 31012016 BS Steller Sea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fisherygear | AKBSAUTatfsh f o mercial Trawl NA 1 1
Lion entrapped trawl
AKRO 31112016 GOA Stellg Sea Western US S| A Steller sea lion was observed with a C|rcumferent|al neck S| Constricting Marine debris NA NA NA P8a 1 0
Lion entanglement caused by rope or line. entanglement (rope)
NPGOP 3/22/2016 BS Stellgr Sea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fishery gear AKBSAI pollock Commercial Trawl N/A 1 1
Lion entrapped trawl
NPGOP 3/30/2016 BS Stellgr Sea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fishery gear AKBSAI pollock Commercial Trawl N/A 1 1
Lion entrapped trawl
NPGOP 4/13/2016 BS Stellgr Sea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fishery gear AKBSAI flafish Commercial Trawl N/A 1 1
Lion entrapped trawl
NPGOP | 412712016 BS Steller Sea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fisherygear | AKBSAUTatfsh f o mercial Trawl NA 1 1
Lion entrapped trawl
NPGOP | 51172016 BS Steller Sea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fisherygear | AKBSAUTaish f o mercial Trawl NA 1 1
Lion entrapped trawl
NPGOP 5/11/2016 BS Stellgr Sea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fishery gear AKBSAI flatfish Commercial Trawl N/A 1 1
Lion entrapped trawl
NPGOP 5/20/2016 BS Stellgr Sea Western US DEAD A Steller sea lion was caught and killed by trawl gear. DEAD Entangled / Fishery gear AKBSAI flatfish Commercial Trawl N/A 1 1
Lion entrapped trawl
A Steller sea lion carcass was discovered during Copper River
Steller Sea Delta carcass surveys. A tracking wound and damage to the Projectile
AKRO 6/21/2016 SCAK . Western US DEAD skull was noted by examiners, and metal fragments were DEAD Shot ! N/A N/A N/A N/A 1 0
Lion . . 8 . L weapon
identified in the animal's head with x-ray indicating that the
animal had been shot.
NMFS Steller Sea Two Steller sea lions were incidentally killed during MMPA Research MMPA
7/3/2016 SEAK X Western US DEAD X y .g DEAD L authorized N/A N/A N/A N/A 1 0
OPR/HQ Lion authorized research. This record represents sea lion 2 of 2. related injury research
NMFS Steller Sea Two Steller sea lions were incidentally killed during MMPA Research MMPA
71312016 SEAK . Western US DEAD X y .g DEAD L authorized N/A N/A N/A N/A 1 0
OPR/HQ Lion authorized research. This record represents sea lion 1 of 2. related injury research
NPGOP 7/31/2016 BS Ste:fornSea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Z’sgg::d/ Fishery gear AK Bstgl‘;lo"mk Commercial Trawl N/A 1 1
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NPGOP 9/16/2016 GOA Stellgr Sea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fishery gear AK GOA pollock Commercial Trawl N/A 1 1
Lion entrapped trawl

NPGOP | 9/21/2016 BS Steller Sea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fisherygear | AKX BSATROlock f o ercial Trawl NA 1 1
Lion entrapped trawl

npeop | 1112016 | coa | Stelersea Western US DEAD A Steller sea lion was caught and killed in trawl gear. DEAD Entangled / Fisherygear | AKCOAPacific | el Trawl NA 1 1
Lion entrapped cod trawl

NPGOP | 17202017 BS Steller Sea Western US DEAD A Steller sea lion was caught and killed by trawi gear. DEAD Entangled / Fisherygear | AKBSATROlock f o ercial Trawl NA 1 1
Lion entrapped trawl

NPGOP 211112017 BS Stellgr Sea Western US DEAD A Steller sea lion was caught and killed by trawl gear. DEAD Entangled / Fishery gear AKBSAI pollock Commercial Trawl N/A 1 1
Lion entrapped trawl

NPGOP 21262017 BS Stellgr Sea Western US DEAD Two Steller sea lions were caught and killed by trawl gear. This DEAD Entangled / Fishery gear AK BSAI pollock Commercial Trawl NA 1 1
Lion record represents 2/2 - Male. entrapped trawl

NPGOP 21262017 BS Stellgr Sea Western US DEAD Two Steller sea lions were caught and killed by trawl gear. This DEAD Entangled / Fishery gear AK BSAI pollock Commercial Trawl NA 1 1
Lion record represents 1/2 - Male. entrapped trawl

NPGOP | 212812017 BS Steller Sea Western US DEAD Afemale Steller sea lion was caught and killed by trawl gear. DEAD Entangled / Fisherygear | AKBSAIPadific [ el Trawl NA 1 1
Lion entrapped cod trawl

NPGOP | 372472017 BS Steller Sea Western US DEAD A male Steller sea lion was caught and killed by trawi gear. DEAD Entangled / Fisherygear | AKBSATROlock f o ercial Trawl NA 1 1
Lion entrapped trawl

NPGOP 313012017 WAK Stellgr Sea Western US DEAD An adult male Steller sea lion was caught and killed by trawl DEAD Entangled / Fishery gear AK BSAI Atka Commercial Trawl NA 1 1
Lion gear. entrapped mackerel trawl

NPGOP 412202017 AK Stellgr Sea Western US DEAD A female Steller sea lion was caught and killed by BSAI pollock DEAD Entangled / Fishery gear AK BSAI pollock Commercial Trawl NA 1 0
Lion trawl gear. entrapped trawl

NPGOP | 41232017 | BS Steller Sea Western US DEAD A male Steller sea lion was caught and kiled by trawi gear. DEAD Entangled / Fishery gear | AKBSATaSh 1 mercial | Trawi NA 1 1
Lion entrapped trawl

NPGOP | 5512017 BS Steller Sea Western US DEAD A male Steller sea lion was caught and killed by trawi gear. DEAD Entangled / Fisherygear | AKBSAUTatfsh f o mercial Trawl NA 1 1
Lion entrapped trawl

NPGOP | 5512017 BS Steller Sea Western US DEAD A Steller sea lion was caught and killed by trawi gear. DEAD Entangled / Fisherygear | AKBSAUTaish f o mercial Trawl NA 1 1
Lion entrapped trawl

NPGOP | 5812017 BS Steller Sea Western US DEAD A male Steller sea lion was caught and killed by trawi gear. DEAD Entangled / Fisherygear | AKBSAUTaish f o mercial Trawl NA 1 1
Lion entrapped trawl

NPGOP 5/21/2017 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by trawl gear. DEAD Entangled / Fishery gear AKBSAI flatfish Commercial Trawl N/A 1 1
Lion entrapped trawl

NPGOP | 51272017 | BS S‘e:fgnsea Western US DEAD A male Steller sea lion was caught and kiled by trawi gear. DEAD i”n‘:ggf: d/ Fisherygear | K Bfr:ﬁ:l'amsr‘ Commercial | Trawl NA 1 1
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NPGOP 6/3/2017 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by trawl gear. DEAD Entangled / Fishery gear AKBSAI flafish Commercial Trawl N/A 1 1
Lion entrapped trawl

NPGOP | 61412017 BS Steller Sea Western US DEAD A Steller sea lion was caught and kiled by an AK BSAI Pacific DEAD Hooked Fisherygear | AKBSAIPaciic f - ercal | Longine NIA 1 1
Lion cod longline gear. cod longline

ADFG 71002017 PWS Stell(?r Sea Western US s A male Steller sea lion was observed‘ wwth.a C|rcumf§rent|al neck sl Constricting Ma(lne dlebr\s NA NA NA P8a 1 0
Lion entanglement caused by unidentified material. entanglement (unidentified)

Steller Sea An adult female Steller sea lion was observed with a Constrictin Matine debris

ADFG 711212017 SCAK . Western US Sl circumferential neck entanglement caused by unidentified Sl 9 . N/A N/A N/A P8a 1 0

Lion ) entanglement (unidentified)
material.

NPGOP 711312017 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by trawl gear. DEAD Entangled / Fishery gear AKBSAI flatfish Commercial Trawl N/A 1 1
Lion entrapped trawl

ADFG 712017 Kodiak Stellgr Sea Western US sl A male Steller seg lion was obserlved with a flasher at the edge sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion of its mouth with 4' of trailing line. line line

Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris

ADFG 71712017 Kodiak . Western US Sl circumferential neck entanglement caused by unidentified Sl 9 - N/A N/A N/A P8a 1 0

Lion . entanglement (unidentified)
material.

NPGOP | 91072017 BS Steller Sea Wester US DEAD A Steller sea lion was caught and killed by trawi gear. DEAD Entangled / Fisherygear | MK BSATROlock f o ercial Trawl NA 1 1
Lion entrapped trawl

NPGOP | 972372017 BS Steller Sea Western US DEAD A male Steller sea lion was caught and killed by trawi gear. DEAD Entangled / Fisherygear | AKBSAUTaish f o mercial Trawl NA 1 1
Lion entrapped trawl

NPGOP 9/29/2017 BS Stellgr Sea Western US DEAD A Steller sea lion was caught and killed by trawl gear. DEAD Entangled / Fishery gear AKBSAI flatfish Commercial Trawl N/A 1 1
Lion entrapped trawl

NPGOP 9/30/2017 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by trawl gear. DEAD Entangled / Fishery gear AKBSAI flafish Commercial Trawl N/A 1 1
Lion entrapped trawl

A subadult Steller sea lion was found dead and entangled in
gillnet fishing gear. Mortality and serious injury estimates for this
AKRO 10/24/2017 SCAK Ste:{ieornSea Western US DEAD fishery are obtained from observer data and not stranding data DEAD Eer:te:;gle:d/ Fishery gear AK;\,{YS;:LTO” Commercial Gillnet N/A 1 1
or fishermen self-reported (MMAP) data; therefore, this record PP g
will not be assigned an M/SI or LOF value.

NPGOP | 11102017 | BS Steller Sea Western US DEAD A male Steller sea lion was caught and killed by trawi gear. DEAD Entangled / Fisherygear | AKBSAUTatfsh f o mercial Trawl NA 1 1
Lion entrapped trawl

NPGOP | 11132017 | BS Steller Sea Western US DEAD A male Steller sea lion was caught and killed by trawi gear. DEAD Entangled / Fisherygear | AKBSAUTatish f - mercial Trawl NA 1 1
Lion entrapped trawl

NPGOP 112812018 BS Stellgr Sea Western US DEAD Four male Steller sea lions were gaught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSAI Atka Commercial Trawl NA 1 1
Lion Atka mackerel trawl gear. This record represents 1/4. entrapped mackerel trawl
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NPGOP 112812018 BS Stellgr Sea Western US DEAD Four male Steller sea lions were caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSAI Atka Commercial Trawl NA 1 1
Lion Atka mackerel trawl gear. This record represents 4/4. entrapped mackerel trawl

NPGOP 112812018 8BS Stellgr Sea Western US DEAD Four male Steller sea lions were caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSAI Atka Commercial Traw NA 1 1
Lion Atka mackerel trawl gear. This record represents 2/4. entrapped mackerel trawl

NPGOP 112812018 8BS Stell(?r Sea Western US DEAD Four male Steller sea lions were ;aught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSAI Atka Commercial Traw NA 1 1
Lion Atka mackerel trawl gear. This record represents 3/4. entrapped mackerel trawl

NPGOP 2812018 8BS Stellg Sea Western US DEAD A female Steller sea lion was caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSAI pollock Commercial Traw NA 1 1
Lion pollock trawl gear. entrapped trawl

NPGOP 211612018 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl

NPGOP 21192018 BS Stellgr Sea Western US DEAD A female Steller sea lion was caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSAI pollock Commercial Trawl NA 1 1
Lion pollock trawl gear. entrapped trawl

NPGOP 21192018 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI pollock DEAD Entangled / Fishery gear AK BSAI pollock Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl

NPGOP 212412018 8BS Stell(?r Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI Atka DEAD Entangled / Fishery gear AK BSAI Atka Commercial Traw NA 1 1
Lion mackerel trawl gear. entrapped mackerel trawl

NPGOP 212512018 8BS Stellg Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
Lion trawl gear. entrapped trawl

NPGOP 3112018 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI pollock DEAD Entangled / Fishery gear AK BSAI pollock Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl

NPGOP 31112018 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl

NPGOP 3122018 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI pollock DEAD Entangled / Fishery gear AK BSAI pollock Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl

NPGOP 32312018 8BS Stell(?r Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI pollock DEAD Entangled / Fishery gear AK BSAI pollock Commercial Traw NA 1 1
Lion trawl gear. entrapped trawl

NPGOP 312812018 8BS Stellg Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI Pacific DEAD Entangled / Fishery gear AK BSAI Pacific Commercial Traw NA 1 1
Lion cod trawl gear. entrapped cod trawl

NPGOP 5/16/2018 8BS Stellg Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
Lion trawl gear. entrapped trawl

NPGOP 5/25/2018 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl

NPGOP 61612018 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSA| flatfish Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl
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NPGOP 61812018 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSA| flatfish Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl
NPGOP 61812018 8BS Stellgr Sea Western US DEAD A female Steller sea lion was caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
Lion flatfish trawl gear. entrapped trawl
Steller Sea A subadult male Steller sea lion was observed with a Constrictin Marine debris
ADFG 7/10/2018 PWS ) Western US Sl circumferential neck entanglement caused by an unknown Sl 9 . N/A N/A N/A P8a 1 0
Lion . . X entanglement (unidentified)
material / marine debris.
Steller Sea An adult male Steller sea lion was observed with a Constrictin Matine debris
ADFG 711412018 Kodiak . Western US Sl circumferential neck entanglement caused by an unknown Sl 9 . N/A N/A N/A P8a 1 0
Lion . . ) entanglement (unidentified)
material / marine debris.
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 71222018 Kodiak X Western US Sl circumferential neck entanglement caused by an unknown Sl 9 S N/A N/A N/A P8a 1 0
Lion . . . entanglement (unidentified)
material / marine debris.
AKRO 811012018 Kodiak Stellgr Sea Western US sl A Steller sea lion was obseryed with a silver flasher at the edge sl Hooked Fishery gear Salmon hook and Unknown Hook and P 1 0
Lion of its mouth. line line
Steller Sea An adult female Steller sea lion was found dead in a seine net. Entangled / salrﬁEan(iJsdr:zl:ies
AKRO 9/24/2018 Kodiak X Western US DEAD The animal had net marks on its body and was in an advanced DEAD 9 Fishery gear o ' Commercial Seine N/A 1 1
Lion . entrapped Kitoi Bay salmon
state of decomposition.
hatchery
Two dead Stellar sea lions caught in trawl net with unidentified
MMAP 12412018 | Kodiak Stell(‘er Sea Western US DEAD marine del?rls (ropg) still attached. This |n‘teract|on will no? be DEAD Entangled / Marine debris NA NA NA NA 1 0
Lion counted against the fishery because the animals were previously entrapped (rope)
killed by marine debris. This record represents 2/2.
Two dead Stellar sea lions caught in trawl net with unidentified
MVAP 1112412018 Kodiak Stellg Sea Western US DEAD marine del?rls (ropg) still attached. This |n.teract|0n will no} be DEAD Entangled / Marine debris NA NA NA NA 1 0
Lion counted against the fishery because the animals were previously entrapped (rope)
killed by marine debris. This record represents 1/2.
A Steller sea lion was caught in AK BSAI flatfish trawl gear and
NPGOP 112712018 BS Stellgr Sea Western US NSI brz?ught on.deck. The animal was released from the gear at NSI Entangled / Fishery gear AK BSAI flatfish Commercial Trawl P4 0 0
Lion which time it began to move and snarl. The animal was then entrapped trawl
released overboard. There are no reports of injury to the animal.
NPGOP 211512019 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl
NPGOP 212512019 8BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAl flatfish Commercial Traw NA 1 1
Lion trawl gear. entrapped trawl
NPGOP 212612019 8BS Stell(?r Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAl flatfish Commercial Traw NA 1 1
Lion trawl gear. entrapped trawl
NPGOP 3122019 BS Stellg Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
Lion trawl gear. entrapped trawl
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NPGOP 31012019 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSA| flatfish Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl

NPGOP 3/15/2019 8BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSA flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
Lion trawl gear. entrapped trawl

NPGOP 4612019 8BS Stell(?r Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSA flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
Lion trawl gear. entrapped trawl

NPGOP 41312019 8BS Stellg Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
Lion trawl gear. entrapped trawl

NPGOP 51312019 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl

An adult male Steller sea lion carcass was discovered during the
Copper River Delta carcass survey in a state of moderate

ARO | er10te | scak | Stefersea Western US DEAD decomposition. A metal detector signaled at the head and across DEAD Shot Projectie NA NIA NA NA 1 0
Lion weapon
the back; the head was collected and radiographs confirmed a
bullet in the skull.
A subadult female Steller sea lion carcass was discovered
Steller Sea during the Copper River Delta carcass survey in a state of Projectile
AKRO 6/21/2019 SCAK . Western US DEAD moderate decomposition. A metal detector signaled at the skull DEAD Shot ! N/A N/A N/A N/A 1 0
Lion . . weapon
and near the pelvis; the head was collected and radiographs
confirmed a bullet in the skull.
An adult male Steller sea lion carcass was discovered fresh
Steller Sea dead during the Copper River Delta carcass survey. A metal Projectle
AKRO 6/21/2019 SCAK ) Western US DEAD detector signaled at the head and across the back; the head was DEAD Shot ! N/A N/A N/A N/A 1 0
Lion . N weapon
collected and radiographs confirmed bullet fragments and
multiple fractures in the skull.
NPGOP 71512019 8BS Stellg Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI pollock DEAD Entangled / Fishery gear AK BSAI pollock Commercial Traw NA 1 1
Lion trawl gear. entrapped trawl
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 7116/2019 SCAK X Western US Sl circumferential neck entanglement caused by an unknown Sl 9 S N/A N/A N/A P8a 1 0
Lion . . . entanglement (unidentified)
material / marine debris.
Steller Sea Ajuvenile Steller sea lion was observed with a circumferential Constrictin Marine debris
ADFG 7/19/2019 Kodiak . Western US Sl neck entanglement caused by an unknown material / marine Sl 9 - N/A N/A N/A P8a 1 0
Lion By entanglement (unidentified)
debris.
AKRO 811212019 SCAK Stellgr Sea Western US s A Steller sea lion was observed ha.uled out with spoon or flasher sl Hooked Fishery gear Salmon hook and Unknown Hook and P2 1 0
Lion at the edge of its mouth. line line
NPGOP 8/16/2019 GOA Stellgr Sea Western US DEAD A Steller sea lion was caught‘ and killed by AK GOA sablefish DEAD Entangled / Fishery gear AK GOA ‘ Commercial Longline NA 1 1
Lion longline gear. entrapped sablefish longline
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A male Steller sea lion was caught and killed by AK BSAI pollock

NPGOP 8/27/2019 BS Stellgr Sea Western US DEAD trawl gear. Observer said animal was previously dead but DEAD Entangled / Fishery gear AKBSAI pollock Commercial Trawl N/A 1 1

Lion - . entrapped trawl
examination of photos indicates fresh dead/killed by gear.

NPGOP 92112019 8BS Stellgr Sea Western US DEAD Two male Steller sea lions were caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSAI pollock Commercial Traw NA 1 1
Lion pollock trawl gear. This record represents 1 of 2. entrapped trawl

NPGOP 912112019 BS Stell(?r Sea Western US DEAD Two male Steller sea lions were caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSAI pollock Commercial Traw NA 1 1
Lion pollock trawl gear. This record represents 2 of 2. entrapped trawl

NPGOP 913012019 BS Stellg Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
Lion trawl gear. entrapped trawl

neaop | 1omote | coa | StlerSea Western US DEAD A Steller sea lion was caught and kiled by AK GOA sablefish DEAD Hooked Fishery gear AK GOA Commercial | Longine |  NiA 1 1
Lion longline gear. sablefish longline

NPGOP 117512019 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSA| flatfish Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl

NPGOP 1112612019 8BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSA| flatfish Commercial Traw NA 1 1
Lion trawl gear. entrapped trawl

NPGOP 1112712019 8BS Stell(?r Sea Western US DEAD A female Steller sea Ilon‘was caught and killed by AK BSAI DEAD Entangled / Fishery gear AK BSAl flatfish Commercial Traw NA 1 1
Lion flatfish trawl gear. entrapped trawl

NPGOP 1113012019 BS Stellg Sea Western US DEAD A male Steller sea lion was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
Lion trawl gear. entrapped trawl

Two male Steller sea lions were caught and killed by AK GOA N

npeop | 125019 | coa | StelerSea Wester US DEAD flatfish trawl gear during an unsampled haul. This record DEAD Entangled / Fisherygear | AKCOAfatfish f o ercial Trawl NA 1 1

Lion entrapped trawl
represents 1 of 2.
Two male Steller sea lions were caught and killed by AK GOA )

NpeoP | 12019 | coa | Stelersea Western US DEAD flatfish trawl gear during an unsampled haul. This record DEAD Entangled / Fisherygear | AKCOAMafish o ercial Trawl NA 1 1

Lion entrapped trawl
represents 2 of 2.

NPGOP 112612020 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed in AK BSAI flatfish DEAD Entangled / Fishery gear AK BSA| flatfish Commercial Trawl NA 1 1

Lion trawl gear. entrapped trawl
A Steller sea lion was caught and killed in AK BSAI pollock traw

NPGOP 21312020 8BS Stell(?r Sea Western US DEAD gear dun‘ng an.unsamplet.j haul. ‘Th\s mortality will not be DEAD Entangled / Fishery gear AK BSAI pollock Commercial Traw NA NA NA

Lion counted against this fishery since this stock has also been taken entrapped trawl
in sampled hauls in this fishery in this year.

NPGOP 20412020 8BS Stellg Sea Western US DEAD A male Steller sea lion was caught and killed in AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
Lion trawl gear. entrapped trawl

NPGOP 211212020 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed in AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl
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NPGOP 21142020 BS Stellgr Sea Western US DEAD A Steller sea lion was caught and killed in AK BSAI flatfish trawl DEAD Entangled / Fishery gear AK BSA| flatfish Commercial Trawl NA 1 1
Lion gear. entrapped trawl
NPGOP 212912020 8BS Stellgr Sea Western US DEAD A female Steller sea lion was caught and killed in AK BSAI DEAD Entangled / Fishery gear AK BSAI pollock Commercial Traw NA 1 1
Lion pollock trawl gear. entrapped trawl
NPGOP 4112020 8BS Stell(?r Sea Western US DEAD A Steller sea lion was caught and killed in AK BSA flatfish trawl DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
Lion gear. entrapped trawl
NPGOP 41212020 8BS Stellg Sea Western US DEAD A male Steller sea lion was caught and killed in AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
Lion trawl gear. entrapped trawl
NPGOP 411412020 BS Stellgr Sea Western US DEAD Two male Steller sea lions were caught and killed in AK BSAI DEAD Entangled / Fishery gear AK BSAI pollock Commercial Trawl NA 1 1
Lion pollock trawl gear. This record represents 1 of 2. entrapped trawl
NPGOP 411412020 BS Stellgr Sea Western US DEAD A Steller sea lion was caught and killed in AK BSAI flatfish trawl DEAD Entangled / Fishery gear AK BSA| flatfish Commercial Trawl NA 1 1
Lion gear. entrapped trawl
NPGOP 411412020 BS Stellgr Sea Western US DEAD Two male Steller sea lions were caught and killed in AK BSAI DEAD Entangled / Fishery gear AK BSAI pollock Commercial Trawl NA 1 1
Lion pollock trawl gear. This record represents 2 of 2. entrapped trawl
Steller Sea A Steller sea lion was observed hauled out with a circumferential Constrictin Mearine debris
AKRO 4/15/2020 Kodiak X Western US Sl N Sl 9 (packing N/A N/A N/A P8a 1 0
Lion neck entanglement caused by a white packing band. entanglement band)
NPGOP 5/5/2020 BS Stellg Sea Western US DEAD A male Steller sea lion was caught and killed in AK BSAI pollock DEAD Entangled / Fishery gear AK BSAI pollock Commercial Traw NA 1 1
Lion trawl gear. entrapped trawl
NPGOP 5/26/2020 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed in AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl
NPGOP 5/29/2020 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed in AK BSAI flatfish DEAD Entangled / Fishery gear AK BSA| flatfish Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl
Steller Sea An adult male Steller sea lion was observed with a Constrictin Marine debris
ADFG 6/1/2020 BS . Western US Sl circumferential neck entanglement caused by unidentified SI 9 - N/A N/A N/A P8a 1 0
Lion . N entanglement (unidentified)
marine debris.
NPGOP 61212020 8BS Stell(?r Sea Western US DEAD A Steller sea lion was caught and killed in AK BSAI flatfish trawl DEAD Entangled / Fishery gear AK BSAl flatfish Commercial Traw NA 1 1
Lion gear. entrapped trawl
NPGOP 61612020 BS Stellg Sea Western US DEAD A Steller sea lion was caught and killed in AK BSAI flatfish trawl DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Traw NA 1 1
Lion gear. entrapped trawl
NPGOP 6/19/2020 BS Stellgr Sea Western US DEAD A Steller sea lion was caught and killed in AK BSAI pollock traw! DEAD Entangled / Fishery gear AK BSAI pollock Commercial Trawl NA 1 1
Lion gear. entrapped trawl
Steller Sea A subadult male Steller sea lion was observed with a Constrictin Marine debris
ADFG 6/20/2020 BS X Western US Sl circumferential neck entanglement caused by unidentified Sl 9 S N/A N/A N/A P8a 1 0
Lion marine debris. entanglement (unidentified)
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ADFG 612012020 GOA Stellgr Sea Western US sl A juvenile Steller sea lion was observed y{ﬂh a circumferential sl Constricting Marine d.ebr\s NA NA NA P8a 1 0
Lion neck entanglement caused by unidentified marine debris. entanglement (unidentified)
Steller Sea An adult female Steller sea lion was observed with a Constrictin Marine debris
ADFG 6/20/2020 GOA . Western US Sl circumferential neck entanglement caused by unidentified Sl 9 - N/A N/A N/A P8a 1 0
Lion . N entanglement (unidentified)
marine debris.
Steller Sea An adult male Steller sea lion was observed swimming with a Constrictin Matine debris
AKRO 711412020 SCAK X Western US Sl circumferential neck entanglement caused by unidentified Sl 9 . N/A N/A N/A P8a 1 0
Lion X . entanglement (unidentified)
marine debris.
A female Steller sea lion yearling was found dead in a state of
AKRO 712812020 SCAK Stellg Sea Western US DEAD mgderate decomposition with lesions con;lstent with a gunshot DEAD Shot Projectile NA NA NA NA 1 0
Lion injury. A necropsy was conducted and radiographs found metal weapon
fragments in the skull.
NPGOP 713012020 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed in AK BSAI pollock DEAD Entangled / Fishery gear AK BSAI pollock Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl
ADFG 8/5/2020 BS Stellgr Sea Western US sl A Steller sea lion was observed. with § mrcumferenna! neck sl Constricting Marine d.ebr\s NA NA NA P8a 1 0
Lion entanglement caused by unidentified marine debris. entanglement (unidentified)
NPGOP 8125/2020 BS Stellgr Sea Western US si A free-swmmlng.female Steller sea lion was observed entangled si Entangled / Fishery gear Unknown trawl Unknown Trawl PG 1 0
Lion in green and orange trawl gear. entrapped
NPGOP 812512020 8BS Stell(?r Sea Western US DEAD Afemale Steller sea lion was caught and killed in AK BSAI DEAD Entangled / Fishery gear AK BSAI pollock Commercial Traw NA 1 1
Lion pollock trawl gear. entrapped trawl
A Steller sea lion was caught and killed in AK GOA pollock trawl
NPGoP | eoe020 | con | Stelersea Western US DEAD gear. This take was reported through EM while the fishery was DEAD Entangled / Fisherygear | K COAPOIOCK | mercia Trawl NA 1 1
Lion X - . entrapped trawl
operating on an exempted fishing permit (EFP).
An adult male Steller sea lion was observed hauled out and - Marine debris
' Steller Sea L : " Constricting
AKRO 8/28/2020 Kodiak X Western US Sl swimming with a circumferential neck entanglement caused by a Sl (packing N/A N/A N/A P8a 1 0
Lion . entanglement
packing band. band)
NPGOP 8/31/2020 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed in AK BSAI pollock DEAD Entangled / Fishery gear AK BSAI pollock Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl
NPGOP 911012020 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed in AK BSAI flatfish DEAD Entangled / Fishery gear AK BSA| flatfish Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl
NPGOP 10/6/2020 8BS Stell(?r Sea Western US DEAD A male Steller sea lion was caught and killed in AK BSAI pollock DEAD Entangled / Fishery gear AK BSAI pollock Commercial Traw NA 1 1
Lion trawl gear. entrapped trawl
NPGOP 1011212020 BS Stellg Sea Western US DEAD A male Steller sea lion was caught and killed in AK BSAI pollock DEAD Entangled / Fishery gear AK BSAI pollock Commercial Traw NA 1 1
Lion trawl gear. entrapped trawl
NPGOP 1011312020 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed in AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl
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NPGOP 111152020 BS Stellgr Sea Western US DEAD A male Steller sea lion was caught and killed in AK BSAI flatfish DEAD Entangled / Fishery gear AK BSA| flatfish Commercial Trawl NA 1 1
Lion trawl gear. entrapped trawl
An unidentified large cetacean was observed to be entangled.
Unidentified The nature of the entanglement is unknown; however, the whale Entangled / Marine debris
AKRO 12/1/2018 SEAK Unknown PRORATE was seen dragging 15 feet of line and a small buoy. The whale PRORATE 9 N N/A N/A N/A L10 0.75 0
Large Whale . § . . entrapped (unidentified)
did not appear to be struggling. No additional information was
reported for this case.
A floating unidentified large whale carcass in an advanced state
Unidenified of decomposition was observed with line tightly wrapped around Entanaled /
AKRO 9/5/2019 BS Unknown DEAD its tail stock. Local experts suspected that this animal died from DEAD 9 Fishery gear Unknown Unknown Unknown N/A 1 0
Large Whale . . ) entrapped
entanglement in BSAI Pacific cod pot gear, but that this was not
able to be confirmed, therefore is not being assigned.
An unidentified large whale was observed to be entangled in an
AK Southeast salmon drift gillnet in an unknown configuration.
Unidentified The reporting party described the whale surfacing in the middle Entangled / AK Southeast
AKRO | 12020 | SEAK Unknown PRORATE poring party | 9 PRORATE 9 Fishery gear salmon drif Commercial | Gillnet L10 075 | o5
Large Whale of a balled-up net with more than 100 cork floats in 3-4 layers of entrapped ilnet
line totaling 4-5 times the length of the animal. Subsequent g
attempts to locate the animal were unsuccessful.
An unidentified otariid was caught in catch shares EM bottom
WCGOP 11312018 we Unlden.tlﬁed Eastern US NSI trawl gear and brqught on deck. The animal was relgased from NSI Entangled / Fishery gear Catch Shares EM Commercial Trawl P4 0 0
Otariid the gear and exited the vessel on its own. No injuries were entrapped bottom trawl
reported for this animal.
Unidentified An unidentified otariid was caught and killed in midwater rockfish Entangled / Midwater
A-SHOP 5/9/2018 wC . Eastern US DEAD 9 DEAD 9 Fishery gear Rockfish EM - Commercial Trawl N/A 1 1
Otariid EM trawl gear. entrapped
Midwater Trawl
Four unidentified otariids were caught in at-sea hake catcher
processor midwater trawl gear and hauled up to the stern ramp. At-sea hake
A-SHOP 100612017 we Unldenflﬁed Unknown NSI The animals were slowly rolled towards the front of the net, and NSI Entangled / Fishery gear catcher- Commerdial Trawl P7b 0 0
Otariid were eventually released from the net at the end of the stern entrapped processor
ramp. Hoses were then utilized to coax the animals into the midwater trawl
water. No injuries were reported. This record is 3/4.
Four unidentified otariids were caught in at-sea hake catcher
processor midwater trawl gear and hauled up to the stern ramp. At-sea hake
A-SHOP 106612017 we Unldenflﬁed Unknown NSI The animals were slowly rolled towards the front of the net, and NSI Entangled / Fishery gear catcher- Commercial Traw PTb 0 0
Otariid were eventually released from the net at the end of the stern entrapped processor
ramp. Hoses were then utilized to coax the animals into the midwater trawl
water. No injuries were reported. This record is 1/4.
Four unidentified otariids were caught in at-sea hake catcher
processor midwater trawl gear and hauled up to the stern ramp. At-sea hake
A-SHOP 106612017 we Unlden.tlﬁed Unknown NSI The animals were slowly rolled towards the front of the net, and NSI Entangled / Fishery gear catcher- Commercial Trawl PTb 0 0
Otariid were eventually released from the net at the end of the stern entrapped processor
ramp. Hoses were then utilized to coax the animals into the midwater trawl
water. No injuries were reported. This record is 2/4.
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Table 1 -- Human-marine mammal interaction records reviewed for injury and mortality, 2016-2020.

Source . . . n n
of Date Area Common Stock Initial Determination Details Fln.al ; Mecha.nlsm of Sou.rce of Fishery Name Fishery Fishery .SI : M/si LOF
Record Name Assessment Determination Injury Injury Type Method Criteria Value Value
Four unidentified otariids were caught in at-sea hake catcher
processor midwater trawl gear and hauled up to the stern ramp. At-sea hake
A-SHOP 10/6/2017 we Unldenpﬂed Unknown NS The animals were slowly rolled towards the front of the net, and NS Entangled / Fishery gear catcher- Commercial Trawl P7b 0 0
Otariid were eventually released from the net at the end of the stern entrapped processor
ramp. Hoses were then utilized to coax the animals into the midwater trawl
water. No injuries were reported. This record is 4/4.
An unidentified otariid was caught in at-sea hake catcher
processor midwater trawl gear and hauled onto the deck of the
vessel. The ship's deck hands sprayed water onto the animal
and pulled at the net until the animal moved out of the net At-sea hake
Unidentified through a hole that was made by the deck hands. The net was Entangled / ) catcher- .
A-SHOP 105812017 we Otariid Unknown NS then sent back into the water with the animal still on it. Once the NS entrapped Fishery gear processor Commercal Trawi P4 0 0
net hit the water the animal jumped off the side and into the midwater trawl
water. The animal initially seemed lethargic, but perked up once
it passed the top of the stern ramp during release to the water.
No injuries were reported.
WCGOP 3612019 we Unldenflﬁed Unknown DEAD An unidentified otariid was caught and killed in catch shares EM DEAD Entangled / Fishery gear Catch shares EM Commercial Traw NA 1 1
Otariid bottom trawl gear. entrapped bottom trawl
NPGOP 51312019 BS Unldenllﬁed Unknown DEAD An unidentified otariid was caught and killed by AK BSAI flatfish DEAD Entangled / Fishery gear AK BSAI flatfish Commercial Trawl NA 1 1
Otariid trawl gear. entrapped trawl
WCGOP 712512019 we Unlden.tlﬁed Unknown DEAD An unidentified otariid was caught and killed in catch shares EM DEAD Entangled / Fishery gear Catch shares EM Commercial Trawl NA 1 1
Otariid bottom trawl gear. entrapped bottom trawl
NPGOP | 31112016 g | Undenified Unknown DEAD An unidentified phocid was caught and killed in trawl gear. DEAD Entangled / Fisherygear | AKESAIPaciic f - ercia Trawl NA 1 1
Phocid entrapped cod trawl
NPGOP | 61412017 g [ Undentfied Unknown DEAD An unidentified pinniped was caught and killed by trawl gear. DEAD Entangled / Fisherygear | AKX BSATROlock f o ercial Trawl NA 1 1
Phocid entrapped trawl
NPGoP | 320019 | Goa | Unidentifed Unknown DEAD An unidentiied phocid was caught and kiled by AK GOA halbut DEAD Hooked Fisherygear | AKCOAMBIOW el | Longline NIA 1 1
Phocid longline gear. longline
NPGOP 91412020 8BS Unldent!ﬁed Unknown DEAD An unidentified phocid was caught and killed by AK BSAI Pacific DEAD Hooked Fishery gear AK BSAI P?cmc Commercial Longline NA 1 1
Phocid cod longline gear. cod longline
NPGOP 1112212020 BS Unldent.lﬁed Unknown DEAD An unidentified phocid was caught and killed by AK BSAI Pacific DEAD Hooked Fishery gear AK BSAI Pacific Commercial Longline NA 1 1
Phocid cod longline gear. cod longline
NPGOP | enazote | Bs | Unidentiied Unknown DEAD An unidentified pinniped was caught and kiled by longline gear. DEAD Hooked Fishery gear | AKBSAIPacifc | ercial | Longline NA 1 1
Pinniped cod longline
Unidentiied An unidentified pinniped was reported by a member of the crew Entangled / At;f:hr;?_ke
A-SHOP 11/8/2016 wC " Unknown NSI to have been entangled in trawl gear before being released. The NSI 9 Fishery gear Commercial Trawl P7b 0 0
Pinniped . . . ; entrapped processor
observer did not witness the interaction. midwater trawl
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Table 1 -- Human-marine mammal interaction records reviewed for injury and mortality, 2016-2020.

Source . . . n n
of Date Area Common Stock Initial Determination Details Fln.al ; Mecha.nlsm of Sou.rce of Fishery Name Fishery Fishery .SI : M/si LOF
Record Name Assessment Determination Injury Injury Type Method Criteria Value Value
An unidentified pinniped was found in the live tank. A plank was At-sea hake
A-SHOP 111812016 we Unl.denuﬂed Unknown NSI lowered \pto the live tank., and theT sea lion was motivated up the NSI Entangled / Fishery gear catcher- Commercial Trawl PTb 0 0
Pinniped plank with a hose. It exited the live tank and promptly entered entrapped processor
the water. midwater trawl
Unidentified A member of the crew informed the observer that an unidentified Entangled / At;f:hr;?_ke
A-SHOP 11/12/2016 wC L Unknown NSI pinniped had been found in the live tank and then released alive. NSI 9 Fishery gear Commercial Trawl P4 0 0
Pinniped . N . . entrapped processor
The observer did not witness the interaction. )
midwater trawl
Unidenified A member of the crew informed the observer that an unidentified Entandled / At(-::hl:x}(e
A-SHOP 11/12/2016 wC L Unknown NSI pinniped had been found in the live tank and then released alive. NSI 9 Fishery gear Commercial Trawl P4 0 0
Pinniped . N . . entrapped processor
The observer did not witness the interaction. )
midwater trawl
At-sea hake
A-SHOP 111212016 we Unlldermﬁed Unknown NSI An unidentified pinniped was caught in trawl gear and brought NSI Entangled / Fishery gear catcher- Commercial Trawl P4 0 0
Pinniped aboard, released from the net, and then returned to the water. entrapped processor
midwater trawl
Unidentified An unidentified pinniped was caught in trawl gear, brought Entangled / At‘;::hf;ike
A-SHOP 11/13/2016 wC ) Unknown NSI aboard, released from the net, and was motivated by the crew to NSI 9 Fishery gear Commercial Trawl P4 0 0
Pinniped entrapped processor
return to the water. )
midwater trawl
An unidentified pinniped was caught in at-sea hake catcher
processor midwater trawl gear, brought aboard the vessel, and
. . At-sea hake
Unidentified released from the net. After the release the animal went into the Entangled / catcher-
A-SHOP 10/19/2019 wC - Unknown NSI ship's gear locker. The vessel's crew corralled the animal by NSI 9 Fishery gear Commercial Trawl P4 0 0
Pinniped . . . entrapped processor
yelling at the animal while holding boards in front of themselves .
. - - midwater trawl
until the animal jumped off the stern of the vessel. No injuries
were reported for this animal.
An unidentified pinniped was caught in AK BSA flatfish trawl
NPGOP 31212020 8BS Unlldermﬁed Unknown NSI gear. The lanlmal‘ was brough.t on fieck and wa.s released alive, NSI Entangled / Fishery gear AK BSAl flatfish Commercial Traw P4 0 0
Pinniped after 40 minutes in the net, with minor superficial wounds. Both entrapped trawl
Sl criteria P4 and P7b apply to this interaction.
An unidentified pinniped on deck was struck multiple times with a
Unidentified hammer by the vessel captain. The observer on board was not AK BSAI pollock .
NPGOP 71412020 BS Pinniped Unknown Sl notified until after the animal had left the vessel. No additional sl Body trauma Other trawl Commercial Trawd Ps ! !
information is available regarding the injury.
Unidentified Two unidentified small cetaceans were self-reported to have
. - . Entangled / ) AK Cook Inlet . .
MMAP 8/9/2017 SCAK Small Unknown DEAD been killed by AK Cook Inlet set-net fishing gear. This record DEAD Fishery gear . Commercial Gillnet N/A 1 1
entrapped salmon set gillnet
Cetacean represents 1/2.
Unidentified Two unidentified small cetaceans were self-reported to have
. - . Entangled / AK Cook Inlet . .
MMAP 8/9/2017 SCAK Small Unknown DEAD been killed by AK Cook Inlet set-net fishing gear. This record DEAD Fishery gear . Commercial Gillnet N/A 1 1
entrapped salmon set gillnet
Cetacean represents 2/2.
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Table 1 -- Human-marine mammal interaction records reviewed for injury and mortality, 2016-2020.

Source . . . n n
of Date Area Common Stock Initial Determination Details Fln.al ; Mecha.nlsm of Sou.rce of Fishery Name Fishery Fishery .SI : M/si LOF
Record Name Assessment Determination Injury Injury Type Method Criteria Value Value
A vessel struck an unidentified cetacean while underway at 20
knots. The vessel was less than 65 ft long. Blood was observed
aRO | ensi20t6 | coa | Unidentfied Unknown PRORATE | 1" the water and the whale was reported to appear dazed prior {0 PRORATE Ship strike Vessel NIA NIA NIA L11 052 0
Whale disappearing from sight. This interaction qualifies as a prorated (commercial)
serious injury under criterion L6b due to the vessel's size and
speed and L11 due to the resulting laceration.
An unidentified whale was observed during an aerial survey that
— was trailing netting, 120+ feet of line, and a polyball. This
Unidentified ) ) RO Entangled /
AKRO 6/17/2016 GOA Unknown PRORATE entanglement will be considered a prorated serious injury under PRORATE Fishery gear Unknown net Unknown Net L10 0.75 0
Whale o N . entrapped
criterion L10 due to the unknown configuration of the
entanglement.
An unidentified large whale, described as over 65 ft in length,
was observed for over a week to be entangled in gear consisting
Unidentified of a line and a buoy in an unknown configuration near Prince of Entangled / Marine debris
AKRO 9/14/2016 SEAK Whale Unknown PRORATE Wales Island. This entanglement will be considered a prorated PRORATE entrapped (unidentified) NIA NA NIA L1 075 0
serious injury under criterion L10 due to the unknown
configuration of the entanglement.
Unidentified A small humpback whale or minke whale was observed with a Entangled / Marine debris
AKRO 3/18/2017 SEAK Unknown PRORATE trailing buoy. The extent of the entanglement could not be PRORATE 9 (rope and N/A N/A N/A L10 0.75 0
Whale ) ) . entrapped
confirmed; thus, this event is prorated at L10. buoy)
The bow of a 959.6 ft cruise ship traveling at 20.5 knots struck
- an unidentified whale. The crew of the ship briefly saw the whale
Unidentified Vessel

AKRO 511212017 SEAK Whale Unknown Sl dead ahead of the vessel but were unable to maneuver in time to Sl Ship strike (commercia) N/A N/A N/A L6a 1 0
avoid impact. The ship shuddered when the whale was hit. The
outcome of the impact is unknown.

An unidentified animal possibly collided with the ships propeller.
- A very large pool of blood was observed behind the boat
NPGOP | 612112017 g | Unidenified Unknown PRORATE | following a loud bang; however, the presumed animal was never PRORATE Ship strike Vessel AKBSAIfatfish [ ercial Trawl L11 052 0
Whale S . (commercial) trawl
seen. There is not enough definitive information in the record to
make a SI/M determination.

An unidentified whale was observed to be towing a 16 inch red
buoy, possibly associated with shrimp pots. The whale appeared
AKRO 101112017 SEAK Unidentified Unknown PRORATE ‘ to be smaller and traveling alone a.nd slow. No additional PRORATE Entangled /
Whale information or photographs are available. The extent of the entrapped
entanglement cannot be determined; thus, this case is prorated

at L10.

Fishery gear Unknown Unknown Unknown L10 0.75 0

An unidentified whale was observed to be entangled in parallel
pot cod fishery gear. The entangled gear included 1 beach-ball
sized polybuoy with 50 ft of 3/4 inch line, a second beach-ball
sized polybuoy with 66 fathoms of line, and one pot (weight ~ AK state waters

Constricting Fishery gear parallel pot cod Commercial Pot L2 1 1
entanglement fishery

AKRO | 121612017 gg | Unidentfied Unknown sl 600-700 Ib, 6.5 ft x 6.5 ft x 36 inches tall). The base of the sl

Whale whale's tail was wrapped 3-5 times in the main line under the
second buoy, but no other areas appeared to be wrapped. The
whale and fishery gear were not re-sighted after the initial
discovery.
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Figure 1. -- Total human-caused serious injury and mortality of Alaska marine mammal
species appearing in the Alaska Stock Assessment Reports, 2016-2020. Some
large whale injury categories are prorated (i.e., assigned a serious injury value
less than one), so the sum of mortality, SI, and SI prorate values may not be a
whole number. See the text of the report for more information.
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Figure 2. -- Human-caused serious injury and mortality of Alaska pinniped species by
mechanism of injury, 2016-2020.
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Figure 3. -- Human-caused serious injury and mortality of Alaska pinniped species by

general cause of injury, 2016-2020. Dependent animals with seriously injured
mothers are assigned the same cause of injury as their mothers.
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Figure 4. -- Fishery-related serious injury and mortality of Alaska pinniped species (fishery
gear as the cause of injury) by fishery gear type, 2016-2020.
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Figure 5. -- Human-caused serious injury and mortality of Alaska large whale species by
mechanism of injury, 2016-2020. Some large whale injury categories are
prorated (i.e., assigned a serious injury value less than one), so the sum of
mortality, SI, and SI prorate values may not be a whole number. See the text of
the report for more information.
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Figure 6. -- Human-caused serious injury and mortality of Alaska large whale species by
general cause of injury, 2016-2020. Dependent animals with seriously injured
mothers are assigned the same cause of injury as their mothers. Some large
whale injury categories are prorated (i.e., assigned a serious injury value less
than one), so the sum of mortality, SI, and SI prorate values may not be a whole
number. See the text of the report for more information.
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Figure 7. -- Fishery-related serious injury and mortality (fishery gear as the cause of injury)
of Alaska large whale species by fishery gear type, 2016-2020. Some large
whale injury categories are prorated (i.e., assigned a serious injury value less
than one), so the sum of mortality, SI, and SI prorate values may not be a whole
number. See the text of the report for more information.
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Figure 8. -- Human-caused serious injury and mortality of Alaska small cetacean species by
mechanism of injury, 2016-2020.

104



Small Cetaceans

Fishery gear

Vessel

MMPA authorized
research

0 5 10 15 20
Sum of mortality, SI, and Sl prorate values

Figure 9. -- Human-caused serious injury and mortality of Alaska small cetacean species by
general cause of injury, 2016-2020.
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Figure 10. -- Fishery-related serious injury and mortality (fishery gear as the cause of
injury) of Alaska small cetacean species by fishery gear type, 2016-2020.
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Appendix

Appendix Tables 1 to 3 summarize the large whale, small cetacean, and pinniped injury
categories and criteria, which are copied from tables 1 to 3 in the guidelines for
“Distinguishing Serious from Non-Serious Injury of Marine Mammals” pursuant to the
Marine Mammal Protection Act (NMFS 2012b). (Available online:
https://www.fisheries.noaa.gov/national/marine-mammal-protection/marine-mammal-
protection-act-policies-guidance-and-regulations).

Appendix Table 1: Summary of Large Cetacean Injury Categories and Criteria.
Appendix Table 2: Summary of Small Cetacean Injury Categories and Criteria.

Appendix Table 3: Summary of Pinniped Injury Categories and Criteria.
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Appendix Table 1. -- Summary of Large Cetacean' Injury Categories and Criteria

Instructions: Each large cetacean injury event is recorded to the appropriate injury/information category using all
available information and scientific judgment, as described in the Procedural Directive. Criteria L10 - L12
accommodate events that lack details necessary for assignment to a more specific category. For a single injury event
to which several categories apply, the injury determination with the highest level of severity is assigned. More
detailed information or extended observation on an individual case/animal may justify a determination differing
from the guidance of this table. An animal that is fully disentangled would generally be considered not seriously
injured, unless there is additional evidence of a serious injury. Any injury leading to apparent significant health
decline (e.g., skin discoloration, lesions near the nares, fat loss, increased cyamid loads) is a serious injury.

. . Injury oo

Category Injury/ Information Determination Criteria

L1 Tngested gear? or hook(s) NE Swallowed, not simply draped through
mouth
Tightly wrapped line anywhere on body that
indents the skin or does not shift with
whale's movement, or line that is likely to

-y become constricting as the whale grows.

L2 Constricting wrap S Indication that a wl%ale that is hea\%ily
weighted, anchored or has a discolored
appendage is sufficient evidence of
constricting gear
Loosely wrapped gear that moves or shifts

L3 Loose wrap, bridled or draped gear NSI* freely with whale's movement. Absence of
constricting gear must be confirmed

L4 External hook NST Eishing hook qf any size on any part of the

ody (i.e., not ingested)
Laceration with the potential to affect major
. artery (e.g., laceration or severing at

L5a Deep laceration’ St insertion of flipper/fluke), penetrating body
cavity, or cutting bone

Lsb Superficial laceration NSI Laceration not deeper than blubber layer,
does not affect major artery, or cut bone
Struck by vessel much greater in size than

o the whale and traveling greater than 10
Vessel much greater in size than

Lo6a whale or vessel 2'65' and >10 knots SI knots, or struck by vessel equal or greater
than 65' and traveling greater than 10 knots,
and no information on injury to the whale
Struck by vessel smaller in size than the
whale and traveling greater than 10 knots, or

L struck by vessel less than 65' and traveling
Vessel smaller in size than whale 6. . .

L6b or vessel <65' and >10 knots Prorate®: 0.20 greater than 10 knots, and no information on
injury to the whale. A strike to a calf by a
vessel of any size and traveling greater than
10 knots will be considered a serious injury

! For the purposes of this table, “large cetaceans” include all mysticetes and sperm whales.
2 For the purposes of this table, “gear” is defined as any portion of fishing gear excluding the hook, which is considered separately.
3 SI = Serious Injury.

4 NSI = Non-Serious Injury.

5 For the purposes of this table, “laceration” is defined as a ragged incision or a tearing of the skin. Lacerations are caused by trauma that results
in stretching, tearing, crushing, shearing, or avulsion of the tissue. Trauma, including blunt and sharp force trauma, includes a wound or bodily
harm caused by an extrinsic agent.

¢ “Prorate” means the number of events assigned to a given category within the assessment period is multiplied by the prorate number

provided for that category.
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Appendix Table 1. -- Continued.

Struck by vessel of any size traveling at
Léc Vessel any size 10 knots NSI equal or less than 10 knots and no
information on injury to the whale

Struck by vessel much greater in size than
the whale traveling at an unknown speed, or

Vessel much greater in size than struck by vessel equal or greater than 65'
L7a whale or vessel 2'65' and speed Prorate: 0.56 and traveling at unknown speed, and no
unknown information on injury to the whale. A strike

to a calf by a vessel of any size when speed
is unknown will be considered a serious

injury

Struck by vessel smaller than the whale
traveling at an unknown speed, or struck by
Vessel smaller in size than whale vessel less than 65' and traveling at

L7b or vessel <65' and speed unknown Prorate: 0.14 unknown speed, and no information on
injury to the whale. A strike to a calf by a
vessel of any size when speed is unknown
will be considered a serious injury

Dependent calf of a dead or seriously

7
L8 Dependent SI injured mother

Whale removed from water and brought on

L9 Brought on deck SI deck

Confirmed entanglement but insufficient
L10 Evidence of entanglement Prorate: 0.75 information available to place in any of the
L1-L4 criteria with a high degree of
certainty

Whale confirmed with non-entanglement
related laceration but lacking details to place
L11 Vessel strike laceration Prorate: 0.52 in either criteria L5a or L5b with a high
degree of certainty. Includes observation of
blood in water

Confirmed vessel strike report where there
is insufficient detail to assign event to

L12 Vessel strike observed Prorate: 0.36 criterialL6a — L7b with a high degree of
certainty. A strike to a calf by a vessel of
unknown size traveling at an unknown
speed will be considered a serious injury

7 “Dependent” for a large cetacean means a non-weaned calf. Weaned calves and juvenile large cetaceans are no longer dependent on their
mothers.
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Appendix Table 2. -- Summary of Small Cetacean' Injury Categories and Criteria

Instructions: Each small cetacean injury event is recorded to the appropriate injury/information category using all available
information and scientific judgment, as described in the Procedural Directive. For a single injury event to which several
categories apply, the injury determination with the highest level of severity is assigned. More detailed information or
extended observation on an individual case/animal may justify a determination differing from the guidance of this table.
Any injury leading to apparent significant health decline (e.g., skin discoloration, fat loss) is a serious injury.

Additional factors for evaluating
Injury whether “case-specific” injuries
Determination? are serious or non-serious
(additional factors at end of table)
%

Category Injury/Information

A free-swimming animal observed at a
date later than its human interaction,

S1 exhibiting signs of declining health P
believed to be resulting from initial injury
(e.g., a marked skin discoloration, fat loss)
S2 Ingested gear* or hook(s) SI
. . Amount of blood, location of the bleeding
5 s
S3 Visible blood loss Case specific injury, duration of bleeding
Animal brought on vessel deck following
entanglement/entrapment (excluding
S4 scientific research targeting marine -

mammals and authorized as such under a
NMEFS scientific research permit, where
the animal is brought on and placed on the
vessel deck in a controlled manner)

Hook(s) in head (excluding criterion S5b),
S5a SI
regardless of the presence of gear

Prolonged restraint or struggle that could
S5b Hook(s) confirmed in lip only, external Case specific lead to capture myopathy, size of hook,
tissue outside of teeth, no trailing gear depth of hooking, impairing ability to feed,
presence of other injuries

Prolonged restraint or struggle that could
Hook(s) in any body part, but hook(s) is lead to capture myopathy, depth of hook,
S5¢ removed or pulls out Case specific hook pulls out cleanly vs. causes further

injury during dehooking, method used to
remove hook, length of time hooked

Hook(s) in appendage or body (excluding
criterion S5a), without trailing gear or with

trailing gear that does not have the Prolonged restraint or struggle that could

S5d potential® to: 1) become a constricting Case specific lead to capture myopathy, depth and
wrap on animal; 2) be ingested; 3) location of hook, type and amount of gear
accumulate drag; or 4) become snagged attached

on something in the environment,
anchoring the animal

IFor the purposes of this table, small cetaceans include all odontecetes except sperm whales.

2This table includes only those criteria determined to be serious injuries or case-specific based on expert opinion at the 2007 Workshop
(Anderson et al., 2008) and by small cetacean experts on the NMFS Determination Staff working group. For the purposes of streamlining
the information for the reader, criteria determined to be non-serious injuries are not included in this table.

381 = serious injury.

4For the purposes of this table, gear is defined as any portion of fishing gear excluding the hook, which is considered separately. Lures are
considered gear. Gear also generally refers to any type of debris entangling or attached to the animal.

5Case—speciﬁc = Could be a serious or non-serious injury, but either 1) there is insufficient information about the impact of a particular
injury, or 2) additional factors must be considered on a case-by-case basis to determine the severity.

OFor the purposes of this table, "potential" as it relates to criterion S5d indicates that the trailing gear IS NOT capable of leading to any of
the situations listed.
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Appendix Table 2. -- Continued.

Gear attached to free-swimming animal
with potential’ to: 1) become a constricting

S6 wrap on animal; 2) be ingested; 3) SI
accumulate drag; or 4) become snagged on
something in the environment, anchoring
the animal
S7a Anchored, immobilized, or entrapped and S
not freed
Duration of entanglement/entrapment,
prolonged restraint or struggle that could
lead to capture myopathy, gear type,
Anchored, immobilized, entangled, or ] where/how gear is attached to animal,
S7b entrapped before being freed without gear Case specific associated injury (i.e., where directly or
attached indirectly caused by initial entanglement),
response of individual animal, method
used by human to remove gear from
animal
Gear wrapped and constricting on any
S8a body part or is likely to become SI
constricting as the animal moves or grows
Gear type, amount of gear, potential for
snag, potential to lead to criterion S8a,
S&b Gear wrapped and loose on any body part Case specific animal body size relative to gear (e.g.,
because of species or age), effect on
animal movement, species sensitivity (e.g.,
frightens easily)
Location of wound, depth (e.g., superficial
S9 Body trauma® not covered by any other C - or to the bone, penetrating muscle or
L7 ase specific .
criteria organs), length, number of lacerations,
cleanliness (i.e., compression vs. tearing)
Visible fracture(s), excluding pectoral fins
S10 (see criterion S13d for pectoral fin SI
fractures)
Vertebral transection, including fully
S11 SI
severed flukes
Body cavity penetration’ by foreign object
S12 . SI
or body cavity exposure
Cleanliness (i.e., compression vs. tearing),
S13a Loss or disfigurement of dorsal fin Case specific hature of1njury causmg.the loss, extent of
fin loss (i.e., full or partial), amount and
duration of blood loss
S13b Partially severed flukes, transecting s1

midline

7 For the purposes of this table, potential as it relates criterion S6 indicates that the trailing gear IS capable of leading to any of the situations

listed.

8 For the purposes of this table, “trauma” is defined as a wound or bodily harm caused by an extrinsic agent. Blunt trauma is an injury
(abrasion, laceration, contusion or skeletal fracture) produced by a blunt object striking the body or impact of the body against a blunt object
or surface. Sharp force trauma is an injury caused by a sharp or pointed object creating a penetrating (stab, chop or incision) wound.
Laceration is defined as a ragged incision or a tearing of the skin. Lacerations are caused by blunt trauma that results in stretching, tearing,
crushing, shearing, or avulsion of the tissue.
° For the purposes of this table, “penetration” is defined as a wound occurring when a foreign object punctures the body. Penetrating wounds
can be characterized as one of three types: stab (small external wound that is greater in length into the body than is apparent on the skin
surface), incised (clean cuts into the skin which are longer on the skin surface than they are deep), or chop wounds (incised wounds that
penetrate deep to the bone, leaving a groove or cut in the bone).
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S13c

Partially severed flukes, not transecting

Case specific

Cleanliness (i.e., compression vs. tearing),
nature of injury causing the loss, amount

midline and duration of blood loss
Cleanliness (i.e., compression vs. tearing),
. nature of injury causing the loss, extent of
S13d Partially or completely severed or Case specific fin loss (i.e., full or partial), amount and
fractured pectoral fin(s) .
duration of blood loss, opened or closed
fracture
Social animal separated from group and/or Spemes (.g., gen51t1v1ty, offshore vs.
. . . . inshore), location of release (e.g.,
S14 released alone post-interaction (excluding Case specific o . L
o likelihood of animal locating its
criterion S15) .
conspecifics)
Dependent animal (i.e., calf, juvenile)
315 released alone post-interaction or S
dependent animal left with a seriously
injured or dead mother
Speed of vessel, size of vessel, hull shape,
part of vessel to strike the animal, size of
S16 Observed or reported collision with vessel Case specific animal compared to size of vessel,

behavior of animal after collision, extent
and location of wound(s) on animal

* Factors listed in the far right column of Appendix Table 2-2 are unique to the associated injury type. In addition to those listed in this column, the
factors that should be considered, if available, when reviewing all case specific injury events in this table include, but are not limited to the following:

Species

Age or age class (e.g., calf, juvenile,
adult)

Sex

Size of animal

Overall health (e.g., nutritional
status, body condition, pre-existing
disease state, pre-existing injuries)
Behavior during and/or after injury-
causing interaction (e.g., dorsal
arching, listlessness)

Reproductive status (e.g., pregnant,
lactating, has dependent calf)
Natural history (e.g., indigenous,
migratory)

Location of injury (e.g., mouth,
head, body, fin, tail, internal)

Size of injury

Duration of injury (e.g., single event,
repeated, chronic)

Depth of injury (e.g., superficial or
to the bone, penetrating muscle or
organs)

Cleanliness of injury (e.g.,
compression, tearing)
Environmental condition (e.g.,
individuals out of their normal
habitat, climate stressors)

Social stressors (e.g., social structure
of species, separation of social
individuals from the group, cow/calf
separation)

Cumulative effects of repeated
exposures

- Compounding effects of multiple
injuries obtained during a single
event

- Auvailability of data on multiple
sequential events involving the same
individual over time

- Susceptibility of the species to
capture myopathy (spinner dolphins
and porpoises notoriously sensitive;
bottlenose dolphins robust; many
others fall in between, with some
unknown)

- Ability of rehabilitated animal to be
released

- Relative effect of blood loss on
different species

In addition to those factors listed above, the factors that apply to all fishery-interaction related case specific injuries include, but
are not limited to the following:

Entanglement type (e.g., hooked, anchored, entrapment) -
Amount and size of gear (e.g., size, length and number of
branches of line; number of buoys, traps oranchors; volume

of netting)

Entanglement constriction (e.g., tight, loose, multiple wraps) -

gear areas

Habitat where animal is located (e.g., an animal with trailing

of dense gear or an area with vegetation is more

likely to risk snagging the gear and becoming anchored)

- Entanglement duration

Existence,

type and amount of any trailing gear

- Method of handling the animal during disentanglement
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Appendix Table 3. -- Summary of Pinniped! Injury Categories and Criteria

Instructions: Each pinniped injury event is recorded to the appropriate injury/information category using all available
information and scientific judgment, as described in the Procedural Directive. For a single injury event to which several
categories apply, the injury determination with the highest level of severity is assigned. More detailed information or
extended observation on an individual case/animal may justify a determination differing from the guidance of this table. Any
injury leading to apparent significant health decline (e.g., skin discoloration, fat loss) is a serious injury.

Additional factors for evaluating
Injury whether “case-specific” injuries are

Determination? | serious or non-serious (additional

factors at end of table)

Category Injury/Information

A free-swimming animal observed at a *

date later than its human interaction,
Pl exhibiting signs of declining health SP?
believed to be resulting from initial injury
(e.g., a marked change in body condition,
tissue necrosis, emaciation, gangrene).

P2 Ingested gear* or hook(s) SI

Amount of blood, location of the bleeding

. oS
P3 Visible blood loss Case specific injury, duration of bleeding

Animal brought on vessel deck following
entanglement/entrapment (excluding
scientific research targeting marine

P4 mammals and authorized as such under a Case specific
NMEFS scientific research permit, where
the animal is brought on and placed on
the vessel deck in a controlled manner)

Manner in which animal is brought on deck,
length of time animal is on deck,
environmental conditions (e.g.,
temperature)

Hook(s) in mouth (excluding criterion

P3a P5Db), regardless of the presence of gear St
Location on head (e.g., eye), depth of
Hook(s) confirmed in head (excluding penetration, type of hook, prolonged
P5b criterion P5a), or in lip only (external Case specific restraint or struggle that could lead to
tissue outside of teeth), no trailing gear capture myopathy, size of hook, impairing
ability to feed
Prolonged restraint or struggle that could
lead to capture myopathy, location of
P5c Hook(s) in any body part, but hook(s) is Case specific hooking on the body, depth of hook, hook
removed or pulls out pulls out cleanly vs. causes further injury

during dehooking, method used to remove
hook, length of time hooked

IFor the purposes of this table, pinnipeds include all pinniped species except walrus.

2This table includes only those criteria determined to be serious injuries or case-specific based on expert opinion at the 2007 Workshop
(Anderson et al., 2008) and by pinniped experts on the NMFS Determination Staff working group. For the purposes of streamlining the
information for the reader, criteria determined to be non-serious injuries are not included in this table.

381 = serious injury.

4For the purposes of this table, gear is defined as any portion of fishing gear excluding the hook, which is considered separately. Lures are
considered gear. Gear also generally refers to any type of debris entangling or attached to the animal.

5 Case-specific = Could be a serious or non-serious injury, but either 1) there is insufficient information about the impact of a particular
injury, or 2) additional factors must be considered on a case-by-case basis to determine the severity.
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Hook(s) in appendage or body (excluding
criteria PSa-c and P12), without trailing
gear or with trailing gear that does not
P5d have the potential® to: 1) become a NSI’
constricting wrap on animal; 2) be
ingested, 3) accumulate drag; or 4)
become snagged on something in the
environment, anchoring the animal

Gear attached in any manner to free-
swimming animal with potential® to: 1)
P6 become a constricting wrap on animal; 2) ST
be ingested; 3) accumulate drag; or 4)
become snagged on something in the
environment, anchoring the animal

P7a Anchored/immobilized and not freed SI
Duration of entanglement, prolonged
restraint or struggle that could lead to
Anchored, immobilized, or entangled capture myopathy, type of fishing gear,
P7b before being freed without gear attached Case specific where/how gear immobilized animal,

associated injury (where directly or
indirectly caused by initial entanglement),
response of individual

Gear wrapped and constricting any body
P8a part or likely to become constricting as SI
the animal moves or grows

Type and amount of fishing gear, animal
P8b Gear wrapped loosely on any body part Case specific body size relative to gear (species, age),
effect on movement, species sensitivity

Location of trauma on body, depth
(superficial or to the bone, penetrating
Body trauma’ not covered by any other muscle or organs) length of laceration(s),
P9 criteria Case specific number of lacerations, cleanliness
(compression vs. tearing), amount and
duration of blood loss, risk of infection or
disease transmission (e.g., dog bites)

Visible fracture(s), excluding broken

P10 appendages (see criterion P13 for broken SI
appendages)
Vertebral transection or fully severed
P11 . SI
flipper(s)
. RT) .
P12 Body cavity penetration'® by foreign SI

object or body cavity exposure

¢ For the purposes of this table, potential as it relates to criterion P5d indicates that the trailing gear IS NOT capable of leading to any of the
situations listed.

7 NSI = non-serious injury.

8 For the purposes of this table, potential as it relates to criterion P6 indicates that the trailing gear IS capable of leading to any of the
situations listed.

° For the purposes of this table, “trauma” is defined as a wound or bodily harm caused by an extrinsic agent. Blunt trauma is an injury
(abrasion, laceration, contusion or skeletal fracture) produced by a blunt object striking the body or impact of the body against a blunt object
or surface. Sharp force trauma is an injury caused by a sharp or pointed object or a bullet from a gunshot creating a penetrating (stab, chop or
incision) wound. Laceration is defined as a ragged incision or a tearing of the skin. Lacerations are caused by blunt trauma that results in
stretching, tearing, crushing, shearing, or avulsion of the tissue.

19 For the purposes of this table, “penetration” is defined as a wound occurring when a foreign object punctures the body, such as a bullet
from a gunshot. Penetrating wounds can be characterized as one of three types: stab (small external wound that is greater in length into the
body than is apparent on the skin surface), incised (clean cuts into the skin which are longer on the skin surface than they are deep), or chop
wounds (incised wounds that penetrate deep to the bone, leaving a groove or cut in the bone).
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Cleanliness (clean cut vs. tear), nature of
injury causing the loss, extent of fin or

P13 Partially severed or fractured flipper(s) Case specific flipper loss, opened or closed fracture,
dislocation, amount/duration of blood loss
Dependent animal (i.e., pup, juvenile)
P14 released alone post-interaction or S
dependent animal left with a seriously
injured or dead mother
Speed of vessel, size of vessel, hull shape,
part of vessel to strike the animal (e.g.,
P15 Observed or reported collision with vessel Case specific propeller, hull), size of animal compared to

size of vessel, location of strike on animal’s
body, extent and location of wound(s) to
animal

* Factors listed in the far right column of Appendix Table 2-3 are unique to the associated injury type. In addition to those listed in this column, the factors

that should be considered, if available, when reviewing all case specific injury events in this table include, but are not limited to the following:

Species

Age or age class (e.g., calf, juvenile,
adult)

Sex

Size of animal

Overall health (e.g., nutritional
status, body condition, pre-existing
disease state, pre-existing injuries)
Behavior during and/or after injury-
causing interaction (e.g., listlessness)
Reproductive status (e.g., pregnant,
lactating, has dependent pup)
Natural history (e.g., small home
range, large home range)

Location of injury (e.g., mouth,
head, body, flipper/fin, internal)

Size of injury

Duration of injury (e.g., single event,
repeated, chronic)

Depth of injury (e.g., superficial or
to the bone, penetrating muscle or
organs)

Cleanliness of injury (e.g.,
compression, tearing)
Environmental condition (e.g.,
individuals out of their normal
habitat, environmental stressors)
Social stressors (e.g., social structure
of species, separation of social
individuals from the group,
mother/pup separation)

Cumulative effects of repeated
exposures

Compounding effects of multiple
injuries obtained during a single
event

Availability of data on multiple
sequential events involving the same
individual over time

Susceptibility of the species to
capture myopathy (some sensitive,
others robust, some unknown)
Ability of rehabilitated animal to be
released

Relative effect of blood loss on
different species

In addition to those factors listed above, the factors that apply to all fishery or marine-debris interaction related case specific injuries
include, but are not limited to the following:

Entanglement type (e.g., hooked,
anchored, entrapment)

Amount and size of gear(e.g., size,
length and number of lines; number
of buoys, traps or anchors; volume
of netting; material of gear)
Method of handling the animal
during disentanglement

Entanglement constriction (e.g.,
tight, loose, multiple wraps)

Habitat where animal is located
(e.g., an animal with trailing gear in
areas of dense gear or an area with
vegetation or on shore is more likely
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to risk snagging the gear and
becoming anchored)
Entanglement duration

Existence, type and amount of any
trailing gear
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