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ABSTRACT

Bowhead whales (Balaena mysticetus) of the western Arctic stock winter in ice-
covered continental shelf regions of the Bering Sea, where pot fisheries for crabs
(Paralithodes and Chionoecetes spp.) and Pacific cod (Gadus macrocephalus) pose a risk of
entanglement. In the winter of 2008-2009 and 2009-2010 the spatial distribution
of 21 satellite tagged bowhead whales partially overlapped areas in which pot
fisheries for cod and blue king crab (Paralithodes plarypus) occurred. However, these
fisheries ended before whales entered the fishing areas, thus avoiding temporal
overlap. A fishery for snow crab (Chionoecetes opilio) typically runs from January to
May and provides the greatest potential for bowhead whales to encounter active pot
gear. Tagged whales did not enter the area of the snow crab fishery during this study
and generally remained in areas with >90% sea ice concentration, which is too con-
centrated for crab boats to penetrate. Pack ice sometimes overruns active fishing
areas, resulting in lost gear, which is the most likely source of entanglement. The
western Arctic stock of bowhead whales was increasing as of 2004; as such, inciden-
tal mortality from commercial pot fisheries is probably negligible at this time.
Regardless, entanglement may increase over time and should be monitored.

Key words: bowhead whale, Balaena mysticerus, Bering Sea, commercial pot fisheries,
pot gear, entanglement, Bering Sea-Aleutian Island Crab Rationalization Program,
Pacific cod.

Entanglement in fishing nets and lines is a documented source of injury and mor-
tality for baleen whales worldwide, including North Atlantic right whales (Exbalaena
glacialis; e.g., Knowlton and Kraus 2001, Johnson ez #/. 2005, Knowlton ez 2/. 2012),
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North Atlantic and North Pacific humpback whales (Megaptera novacangliae; e.g.,
Robbins and Mattila 2001, 2004; Johnson ¢t /. 2005; Neilson 2009), and gray
whales (Eschrichtins robustus; e.g., Bradford ez al. 2009).

In Alaska, approximately 10% of bowhead whales (Balaena mysticetus) harvested by
subsistence whalers have rope scars indicative of entanglement (Reeves ¢z /. 2012).
While a small number of scars might be due to harpoon lines attached to whales that
were previously struck but lost, all observed entanglements implicate commercial pot
fisheries. To date, at least six beach-cast, two harvested, and three swimming
bowhead whales have been observed tangled in lines. Three of these whales, two
beach-cast and one harvested, were confirmed to be tangled in commercial pot gear.
The remaining whales were tangled in line consistent with that used as buoy lines in
commercial pot fisheries (Philo ez /. 1992; George 2010; Reeves er 2/. 2012; North
Slope Bureau, unpublished data). This stock of whales, known as the Western Arctic
or the Bering-Chukchi-Beaufort stock, summers primarily in the Beaufort and Chuk-
chi seas and winters in the Bering Sea (Moore and Reeves 1993, Quakenbush ez 4/.
2010, Citta et al. 2012). Intensive fall and winter pot fisheries occur in the Bering
Sea, but currently no commercial pot fisheries occur in the Beaufort or Chukchi seas.

Bowhead whales are usually found north of the shelf break in the Bering Sea
(Moore and Reeves 1993, Citta et al. 2012). Pot fisheries currently found north of the
shelf break include red king crab (Paralithodes camtschaticus) in Bristol Bay and Nor-
ton Sound, blue king crab (Paralithodes platypus) near St. Matthew Island, and snow
crab (Chionoecetes opilio) (Fig. 1). The snow crab fishery is the largest and geographi-
cally most extensive, ranging from southeast of the Pribilof Islands to St. Matthew
Island. There is also a fall pot fishery for Pacific cod (Gadus macrocephalus), which
extends from the Aleutian Islands along the shelf break to the central Bering Sea and
on to the vicinity of St. Matthew Island. A Tanner crab (Chionoecetes bairdi) fishery
was open east of 166°W in 1999, but was closed in 2010. Similar fisheries occur in
Russian waters. Blue king, snow, and Tanner crabs are all found in shelf waters south
and southeast of Cape Navarin (Slizkin and Safronov 2000, Pereladov and Miljutin
2002). In general, the Russian fisheries are active from spring through late fall rather
than during winter.” More specific information on the Russian pot fisheries is
unavailable.

In the American fisheries discussed above, pots are set individually as opposed to
multiple pots tethered to a long ground line. Pots are constructed of steel pipe and
heavy nylon web. They are rectangular, typically with a top and bottom of
198 x 198 cm to 244 x 244 cm, and sides of 70-99 cm (Zhou and Kruse 2000).
Weight of empty pots ranges from approximately 270 to 320 kg (Burns 1993, Blau
1997). All pots are required to have a panel of biodegradable web to insure that if lost
they cannot continue to catch and retain crabs or fishes.

As described in a general profile of the fishery NPFMC 2012), each pot has a short
bridle generally made of 2.54 cm (1 in.) diameter buoyant polypropylene line. Buoy
line is attached to this bridle and includes multiple lengths of 1.9 cm (¥ in.) buoyant
polypropylene line, each 60 m long. These sections do not extend to the sea surface.
The topmost section is a length of 1.9 ¢cm (¥4 in.) nonbuoyant line to which two sut-
face buoys are attached; the main buoy and 4—5 m after it, at the end of the line, a
“trailing” buoy. In this configuration, buoyant line prevents snagging on the seafloor

*Personal communication from Vladimir I. Radchenko, Deputy Director General, Pacific Scientific
Research Fisheries Center (TINRO-Center), 4 Shevchenko Alley, Vladivostok 690950, Russian Federa-
tion, 27 November 2012.
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Figure 1. General areas of fall and winter pot fisheries in the Bering Sea during 2008—
2011. Approximate primary winter range of bowhead whales is shown in red crosshatching
and the 200 m isobath denotes the shelf break. Pot fisheries in Russian waters are poorly docu-
mented and are denoted with question marks.

or on submerged hazards. Nonbuoyant line at and near the surface is important to
avoid interfering with vessels or their propellers. A pot is retrieved by snagging the
“trailing” line between the buoys, using a hand-thrown grapple hook. Gear modifica-
tions to reduce entanglement of marine mammals, such as “weak links” connecting
lines to buoys that are designed to break if a whale entangles (e.¢., Higgins and Salva-
dor 2010), are currently not required.

Here, we examine the spatial and temporal overlap among the locations of 21 bow-
head whales instrumented with satellite transmitters during the winters of 2008/
2009 (2 = 11) and 2009/2010 (z = 10), the distribution of the crab and cod fisher-
ies, and the concentration/dynamics of sea ice. Sea ice is an important factor because
it may affect the distribution of pot fisheries and whales (albeit in opposite ways). We
limit our consideration to three pot fisheries: snow crab, St. Matthew Island blue king
crab, and Pacific cod. Fisheries beyond the known winter range of bowhead whales
(e.g., Bristol Bay and Norton Sound red king crab fisheries; Fig. 1), those for which
more detailed information is not available (e.g., the Russian pot fisheries), and
fisheries that are within the winter range of whales, but are currently closed, were not
considered. Closed fisheries include those for the Pribilof Islands Tanner and blue
king crabs, due to depleted stocks, and the Pribilof Islands red king crab fishery, due
to concerns regarding bycatch of Pribilof Islands blue king crabs. Although the St.
Matthew Island blue king crab fishery was closed prior to the 2009 season due to
depleted numbers, this fishery reopened during the winter of 2009 and is included in
this analysis.

MATERIALS AND METHODS
Whale Tagging

We used the satellite-linked transmitter attachment and deployment system devel-
oped by the Greenland Institute of Natural Resources (Heide-Jprgensen ez /. 2001,
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2003) to deploy tags manufactured by Wildlife Computers (Redmond, WA).
Dimensions of the tags are described in Quakenbush er 2/ (2010). Tags were
deployed using a 2 m or 4 m long fiberglass pole as a jab-stick (Heide-Jorgensen
et al. 2003). Due to permitting requirements, calves <1 yr of age and cows with
calves were avoided. Of the 21 whales used in this study, all were tagged in fall; three
near Atkinson Point, Canada (69.94°N, 131.42°W), and 18 near Point Barrow,
Alaska (71.29°N, 156.79°W).

Location Processing

Transmitter locations were derived using signals received by Argos satellites when
whales were at the surface. Location error was estimated by the Argos system and
characterized by “location classes” (see the Argos User's Manual for a complete
description, available at http://argos-system.org/manual/). Location classes (B, A, 0,
1, 2, 3) are only an approximate representation of location accuracy (e.g., Vincent ez /.
2002). Instead of using only the locations representing the highest accuracy (2 or 3),
we chose to use all available location classes and a location filter developed by Freitas
et al. (2008) in R version 2.5.1 (available at http://R-project.org) to remove less accu-
rate locations. Successive whale locations that resulted in swim velocities of >1.94
m/s were removed unless they were <5 km from the previous location. The threshold
velocity of 1.94 m/s is the maximum observed swim speed of bowhead whales not
fleeing vessels or assisted by currents (e.g., Zeh et a/. 1993). The location filter also
included an angular component to account for locations with a high degree of location
error that fall far from the line of travel, forming acute angles between adjacent loca-
tions (e.g., Keating 1994, Freitas ez /. 2008). We used default settings to define the
angular components of the location filter. Locations within 2.5 km of the trackline
that resulted in angles <15° were removed and locations between 2.5 and 5 km of the
track line were removed if they resulted in angles <25°. We then removed locations
that fell on land to establish the final set of locations used in analyses.

Sea Ice

To generate monthly average sea ice concentrations, we used data from the
Advanced Microwave Scanning Radiometer (AMSR) instrument aboard NASA’s
Earth Observing System AQUA satellite (known as AMSR-EOS or, more commonly,
AMSR-E). AMSR-E data are currently available through the National Snow and Ice
Data Center at http://nsidc.org/data/amsre/. We calculated monthly average concen-
trations using a sample of daily ice concentrations and the “cell statistics” tool within
ArcMap 10. Starting on the first day of each month, we sampled the ice concentra-
tions every fourth day.

Location of Pot Fisheries

Location of the pot fisheries was based on the latitude and longitude from multiple
pots sampled by onboard observers. Regulations adopted by the Alaska Board of
Fisheries in 1999 authorized the Alaska Department of Fish and Game (ADF&G) to
place observers onboard any vessel participating in the Bering Sea/Aleutian Island
crab fisheries (Boyle and Schwenzfeier 2002, Bowers er /. 2008). Regulations
required all vessels that process Chionoecetes spp. (including Tanner and snow crabs),
red king crab, blue king crab, or golden king crab (Lithodes aequispinus) at sea to have
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observers onboard. Regulations also authorized ADF&G to place observers on fishing
vessels, as needed, for collecting data necessary for fishery management (e.g., inciden-
tal catch of nontarget species, age composition of the catch, etc.). In practice, the per-
cent of fishing vessels with observers ranged from 30% for the extensive snow crab
fishery to 100% for smaller fisheries, such as the one for St. Matthew Island blue king
crab. Observers collected data from a sample of the catch, including the sex and size
class of crabs and the geographic locations of sampled pots. The Pacific cod pot fishery
in the Bering Sea is managed by the National Marine Fisheries Service (NFMS).
Under the North Pacific Groundfish Observer Program (U.S. Federal Register 2010),
observers were placed on board all pot fishing vessels >18.3 m in length that fished
longer than 3 d. Data, including latitude and longitude, were recorded for at least
30% of the cod pot sets. The boundaries of all pot fishing areas (cod and crab) were
mapped as polygons to maintain the confidentiality of the locations of individual pot
sets.

REsULTS

During the winter of 2008/2009, the 11 southward migrating whales (Table 1)
entered the Bering Sea over an approximate two month period from 7 November to
11 January (x = 14 December). Movement of whales into the Bering Sea was corre-
lated with the formation and expansion of sea ice (Fig. 2). The cod pot fishery closed
in September 2008. The snow crab fishery opened in November and continued

Table 1. Number of satellite locations of 21 bowhead whales in the Bering Sea, by winter
and month. These are the locations that are presented in Figures 2-5.

Whale Length Montch

Winter 1D Sex  (m)  November December January February March April
2008-2009 B08-01 F 11 15 63 23 9 13
2008-2009 B08-03  ? 15 107
2008-2009 B08-06  ? 10 419 359 181
2008-2009 B08-07 M 10 76 252 319 305 68
2008-2009 B08-08  ? 10 30 262 272 110
2008-2009 B08-09 M 9 21 52 127 231 133
2008-2009 B08-10 F 10 185 336 409 112
2008-2009 BO08-11 M 10 22 50 207 367 377 199
2008-2009 BO8-12 M >9 124 154 199 306
2008-2009 BO08-13  ? 10 38 207 130 39
2008-2009 B08-14 M >14 12 1 183 209 204 80
2009-2010 B09-01 F 15 342 321
2009-2010 B09-02 ? 14 44 75 53
2009-2010 B09-03  ? 12 38 37
2009-2010 B09-04 M 10 64 74 81 74 56
2009-2010 B09-05 M 10 21 156 110 111 68 31
2009-2010 B09-08 M 14 2 11 5
2009-2010 B09-09  ? 14 38 248 124 105 134 61
2009-2010 B09-13 F 8 47 179 123 62 88 79
2009-2010 B09-15 F 11 27 123 81 17 33 12
2009-2010 B09-16 M 13 17 90 135 27 69
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Figure 2. Bowhead whale locations (red circles; monthly sample size, 7, of tagged whales is
for the Bering Sea), sea ice concentration (%), and location of the snow crab fishery in U.S.
waters (green polygons) between November 2008 and April 2009. Red arrows denote the gen-

eral direction of whale movement.

through April. The geographic extent of the snow crab fishery was relatively limited
in November and December (Fig. 2) but expanded between January and April. At
maximum extent, the snow crab fishery extended from approximately 166°W to
177°W, along the shelf break, generally south of the ice edge. Tagged bowhead
whales remained north of the ice edge and west of the snow crab fishery. Tagged
whales never overlapped pot fishing areas in U.S. waters before migrating north in
April 2009 (Fig. 3) and were never closer than 290 km to the nearest fishery, which

was for snow crab.
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In 2009/2010 the 10 tagged bowhead whales (Table 1) migrated into the Bering
Sea over a period of less than one month. Entry dates ranged from 14 November to 4
December (x = 26 November). Tagged whales ranged farther east than during the
winter of 2008/2009 (compare Fig. 2 and 4). Of six transmitters that functioned
until the spring migration, five transmitted within 100 km of St. Matthew Island.
As in spring 2009, the northward migration began the first week of April. Tagged
whales never came closer than 210 km of an active pot fishery in U.S. waters (Fig. 4).
There was, however, considerable overlap of whale locations and both the Pacific cod
and the St. Matthew blue king crab pot fishery areas (Fig. 5). The cod pot fishery
occurred west of St. Matthew Island in September 2009 and the St. Matthew blue
king crab fishery occurred in the vicinity of St. Matthew Island in November and
December 2009 (Fig. 5). Four of ten tagged whales entered the region where cod pots
had previously been fished in September. Six of ten tagged whales entered the
region where the pots set for St. Matthew blue king crab were previously fished in
November and December.

DiscussioN

Although there was some spatial overlap of bowhead whales and active pot fisher-
ies, there was no temporal overlap. Bowhead whales range mainly north of the ice
edge, while pot fishing boats set gear south of the ice edge (Fig. 2, 4). We have only
a general understanding of Russian pot fisheries in the western Bering Sea, yet
conversations with Russian scientists indicate those fisheries near Cape Navarin end
in December due to thickening and advancing sea ice, and do not reopen until the
following spring. In U.S. waters, tagged whales did not enter any of the pot fishing
areas until the end of December. Hence, entanglements are due either to whales
venturing south of the ice edge into active pot fishing areas in Alaskan waters
(presuming there are no winter pot fisheries in Russian waters) or are due to lost gear.
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Figure 3. Locations obtained from 11 bowhead whales in relation to pot fisheries in U.S.
waters between November 2008 and April 2009.
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Figure 4. Bowhead whale locations (red circles; monthly sample size, 7, of tagged whales is
for the Bering Sea), sea ice concentration (%), and location of the blue king crab fishery (yellow
polygon) and snow crab fishery (green polygon) in U.S. waters between November 2009 and
April 2010. Red arrows denote the general direction of whale movement.

The locations of tagged whales can be used to identify where most whales winter,
yet satellite tag data underestimate the entire distribution of bowhead whales in the
Bering Sea. Bowhead whales have been sighted near the Pribilof Islands (Braham
et al. 1980) and are detected on passive acoustic recorders as far east as 164.057°W
(~350 km east of the Pribilof Islands) in some winters (Stafford and Mellinger 2009).
Furthermore, although none of the whales we tagged ventured south of the marginal
ice edge (Citta et a/. 2012), bowhead whales have been observed adjacent to the
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Figure 5. Locations obtained from 10 bowhead whales in relation to pot fisheries in U.S.
waters between November 2009 and April 2010. There was spatial overlap between whales
and pot fisheries but no temporal overlap.

marginal ice edge in open water (e.g., Braham ez 2/. 1980, Brueggeman 1982, Ljung-
blad 1986). Pots are set near the ice edge during the snow crab fishery (Fig. 2, 4),
and if whales venture south of the ice edge near the Pribilof Islands they may encoun-
ter active pot sets.

Lost Pot Gear and the Bering Sea-Aleutian Island Crab Rationalization Program

In the Bering Sea, pot gear is sometimes lost during episodes of rapidly advancing
sea ice. The southern extent of ice is largely determined by wind; strong or prolonged
wind from the north can cause the pack ice in the Bering Sea to rapidly advance
southwards (Niebauer and Schell 1993) overrunning large numbers of pots, some of
which are not recovered (Burns 1993). Such an event occurred in January 2012 (after
this study), when sea ice covered 562,000 square km of the Bering Sea, ~23% more
than the 1979 to 2000 average (NSIDC 2012), and the severe ice conditions resulted
in the loss of ~800 crab pots (~6% of the total number set) during the snow crab
fishery.

How long lost pots are capable of entangling whales is unknown. Sea ice may
quickly crush and sink buoys or detach buoy lines, lowering the risk of entanglement.
However, buoy lines commonly have breaking strengths in excess of 3,000 kg and
buoy eyelets commonly have breaking strengths greater than 450 kg. Therefore, pots
may simply be dragged and redistributed by moving sea ice. We think that unless
buoys are damaged and sink, the attached lines pose some risk for entanglement and
suspect most entanglements may occur under the sea ice following rapid ice advance
(Burns 1993).

Fortunately, the number of pots lost has declined over time. Before 2000, crab fish-
eries in Alaska were managed as a “derby” system where boats competed for a limited
harvest in an open access fishery during short predetermined open fishing periods.
The season closed when the total quota of crabs was harvested. As a result of this race
for crabs, seasons were typically short, often a week or two in duration, and some
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boats set pots in extreme weather. In March 2005, new federal regulations were
promulgated that established the Bering Sea-Aleutian Island Crab Rationalization
Program. The new management regime was in accord with the provisions adopted by
the North Pacific Fishery Management Council as Amendments 18 and 19 of the
Fishery Management Plan for the commercial king and Tanner crab fisheries (U.S.
Federal Register 2005). The Crab Rationalization Program established a quota
system for allocating the entire harvest in each of the Bering Sea-Aleutian Island crab
fisheries to qualifying vessels. ADF&G now sets an annual total allowable catch
(TAC) for each fishery according to state regulations and NMES distributes the TAC
as quota shares to qualifying fishermen as individual fishing quotas (IFQ).

There are currently fewer vessels and pots in the crab fisheries, partly due to the
Crab Rationalization Program and partly due to overfishing prior to the implementa-
tion of the program. In the snow crab fishery there was an annual average of 222 reg-
istered vessels and 46,162 registered pots from 1990 to 2005. In contrast, after
implementation of the Crab Rationalization Program there was an average of 73 reg-
istered vessels and 12,364 registered pots from 2006 to 2011. A similar pattern is
observed in the St. Matthew blue king crab fishery. Between 1990 and when the fish-
ery was closed due to a depleted population in 1999, there was an average of 101 reg-
istered vessels and 8,697 registered pots. This fishery reopened in 2009, but is
relatively small. There were only 7 registered vessels (1,022 registered pots) in 2009
and 11 registered vessels (1,615 registered pots) in 2010. The Tanner crab fishery
was even more extensive than the snow crab fishery before it was closed in 1997 due
to population depletion. Between 1990 and 2007, there was an annual average of 235
registered vessels and 67,852 registered pots. The Tanner crab fishery has not reo-
pened west of 166°W and the current fishing area is mostly east of the winter range
of bowhead whales. Hence, there are fewer vessels setting fewer pots in all the winter
crab fisheries.

Fewer pots are also being lost in these fisheries. Because of the IFQs and a vessel
“cap,” each vessel has a maximum catch limit and there is no longer need for a very
short season. Vessel operators can choose when they want to fish within what is now a
much longer open season and thus avoid setting pot gear when weather and ice fore-
casts are unfavorable. As a result, fewer pots are lost under the Crab Rationalization
Program than were lost under the derby system. Prior to 2006, data on lost pots were
collected sporadically by ADF&G and can only be approximated. Those data suggest
109%—20% of all pots fished under the derby system were lost annually, perhaps
5,000—10,000 per year. By comparison, between 2006 and 2011, 1%—4% of pots
were lost per year in the snow crab fishery and 1.5% were lost during the 2009/2010
St. Matthew blue king crab fishery (ADF&G, unpublished data). Although the per-
centage is low, the total number of lost pots is not trivial, especially for the more
extensive pot fisheries. Cumulatively, between the 2006/2007 and 2009/2010 sea-
sons, approximately 1,400 pots were lost during the snow crab fishery, compared to
the loss of 15 pots during the 2009/2010 season for the small St. Matthew blue king
crab fishery. Pot loss statistics are not kept for the Bering Sea cod fishery. This fishery
usually closes by the end of September, well before both the formation of seasonal sea
ice near the shelf break and the arrival of bowhead whales near the cod fishing area.
The number of cod pots lost is reportedly low but, unfortunately, unknown.

The Bering Sea-Aleutian Island Crab Rationalization Program was originally
implemented to improve the conservation of crab species, reduce bycatch, reduce
excess harvesting and processing capacity (i.c., there were not enough crabs for all
harvesters and processors), create more economic stability for harvesters, processors,



CITTA ET AL.: BOWHEAD WHALE ENTANGLEMENT 11

and coastal communities, and to promote human safety at sea (NPFMC 2004). An
unanticipated benefit of this program is an almost certain reduction in the number of
cetacean entanglements by decreasing the number of lost pots.

Entanglement Mortality and Serious Injury

Under Section 117 of the Marine Mammal Protection Act, the National Marine
Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service (USFWS) are
required to summarize mortality and “serious injury” incidental to commercial fish-
ing. The intent is to reduce mortality and serious injury to insignificant levels
approaching a zero rate (U.S. Federal Register 2004). Serious injury was defined by
Angliss and DeMaster (1998) as an injury likely to result in death or one that impairs
reproduction. Current NMEFES policy is to interpret 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 a marine mammal.” Injuries
known to result in mortality in more than 50% of documented cases are considered
serious injuries. When such data do not exist, expert opinion is used (NMFS 2012).
For harvested and beach-cast whales entangled in pot gear, observers can assess the
severity of entanglement. For harvested whales, the health of the animal can also be
assessed. Whales with healed line scars are no longer likely to die from entanglement,
and thus their previous entanglement can no longer constitute serious injury. How-
ever, most line scars are found on older whales (North Slope Borough, unpublished
data). Perhaps some calves and younger whales did not survive entanglements long
enough to be seen with attached lines or to be harvested. Within North Atlantic
right whales, calves and juveniles are known to have a higher incidence of serious
entanglements than adults (Knowlton ez #/. 2012) and the same may be true for bow-
head whales. Alternatively, because fewer pots have been lost in recent years, many of
the scars observed may be the result of entanglements that occurred before 2006,
when the Crab Rationalization Program was implemented.

It is also important to know which fishery is responsible for entanglements. The
Marine Mammal Protection Act authorizes NMES to manage incidental take of mar-
ine mammals in domestic commercial fisheries through regulation. However, regu-
lating U.S. fisheries will not reduce the number of entanglements that occur in
foreign fisheries and may pose an unnecessary hardship on domestic fishermen. As
such, determining whether bowhead whale entanglement occurs predominantly in
Russian or U.S. waters is important. If most entanglements occur when whales
encounter intact pot gear under sea ice and if most of this gear is lost during episodes
of advancing ice, then it is reasonable to assume that most entanglements result from
winter fisheries. Russian pot fisheries are not thought to be active in winter, so there
is no reason to assume that entanglements only occur in Russian waters. Rather, the
opportunity for entanglement is probably greatest due to the winter snow crab
fishery, which occurs in U.S. waters.

Whether additional regulation or modification of pot gear is currently warranted
is unclear. This stock of bowhead whales has been increasing (George er /. 2004,
Zeh and Punt 2005) despite the observed entangled whales, the observed incidence
of whales with rope scars, and a subsistence hunt in which ~40 whales are landed
annually (Suydam and George 2004). Thus, if any mortality is caused by entangle-
ment from the Bering Sea crab and cod pot fisheries, the level of that mortality
appears negligible. As defined by the NMES, a “negligible impact” is one that
“cannot be reasonably expected to, and is not reasonably likely to, adversely affect
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the species or stock through effects on annual rates of recruitment or survival” (50
CFR 216.103).

We recommend continued monitoring for evidence of entanglement on beach-cast
whales, floating dead whales, and on whales landed in the subsistence harvest. The
spatial and temporal overlap of commercial fisheries and bowhead whales may
increase over time, possibly leading to more entanglements. How a warming climate,
changes in the distribution of sea ice, or changing oceanography may affect the
distribution of crabs, cod, and bowhead whales is unclear, as is how those factors may
affect entanglement of whales. Even a low number of entanglements may become
unacceptable if other sources of mortality, such as ship strikes, increase.
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