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INTRODUCTION

Gray whales Eschrichtius robustus occur in the
North Pacific Ocean and adjacent seas. An eastern
stock ranges between Baja California and the Arctic
Ocean. That stock is abundant and not assigned any
special protective status (Carretta et al. 2015). The
situation in the western North Pacific is more compli-
cated. Historical evidence indicates that gray whales
were resident in the western Pacific prior to modern
commercial whaling, which began there in the 1890s
and removed about 2000 animals during the 20th

century, mainly in Korean and Japanese waters (Kato
& Kasuya 2002, IWC 2015). Historically, many and
possibly most of the gray whales in the western
Pacific migrated along the Asian coast between east-
ern Russia and the South China Sea, judging by the
location and timing of catches and other data (Weller
et al. 2002, Reeves et al. 2008). However, sightings
had become very infrequent by the middle of the
20th century, and there were suggestions that the
western stock of gray whales (WGWs) was extinct
(Bowen 1974), although this was rebutted (Brownell
& Chun 1977).
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ABSTRACT: Western gray whales Eschrichtius robustus (WGWs) are endangered, and their range
overlaps areas where several important commercial fisheries operate in the Russian Far East
(RFE). Throughout their range, gray whales commonly become entangled or entrapped in fishing
gear. In the western North Pacific, they have been killed in set nets and seen entangled with ropes
and float lines. Signs of fishery interactions on 28 of 150 living whales photographed near
Sakhalin Island were reported in a published study. We describe characteristics of RFE fisheries
that might entangle WGWs, including fishing effort based on daily catch reports from 2010−2014.
We make a preliminary qualitative assessment of entanglement risk, taking into account factors
including (1) evidence that the gear type has entangled large whales, (2) fishing effort, and
(3) geographic and temporal overlap between WGWs and fishing activity. Fishing for salmonids
with pelagic gillnets is no longer allowed in the RFE, and as long as the prohibition is being fol-
lowed such fishing poses no risk to WGWs. In contrast, the coastal salmon set net fishery poses a
high entanglement risk off northeastern Sakhalin and Kamchatka where WGWs feed very close
to shore, and that situation should be mitigated. Bottom-set gillnet, demersal longline, snurrevad
(also called Danish seine), and trap and pot fisheries overlap substantially with WGW distribution,
and bycatch in those fisheries should at least be monitored. More rigorous risk assessment would
require additional information on WGW distribution and movements.
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In recent decades, observations off northeastern
Sakhalin Island and southern Kamchatka indicate
that at least 200 gray whales now use those regions
regularly during the summer and autumn feeding
season, and numbers have been increasing steadily
since the early 2000s (Western Gray Whale Advisory
Panel [WGWAP]-17 report1). WGWs are listed as en -
dangered in the Russian Red Data Book and under
the US Endangered Species Act, considered de ple -
ted and strategic under the US Marine Mammal Pro-
tection Act, and are listed as Critically Endangered
on the Red List of Threatened SpeciesTM maintained
by the International Union for Conservation of
Nature (IUCN) (Reilly et al. 20082). Although genetic
studies have shown differences between the eastern
and western populations (Lang et al. 2011), telemet-
ric tagging (Mate et al. 2015) and photographic and
genetic matching of individuals seen in both the east-
ern and western North Pacific (Weller et al. 2012)
indicate that a proportion of the Sakhalin and Kam-
chatka animals migrate to coastal waters of western
North America in the winter, where their distribution
overlaps that of the eastern stock (see IWC 2015,
2016). In this paper, we refer to all gray whales that
spend at least part of the year in the western Pacific
south of 55° N latitude as WGWs (the gray whales
that use waters of the Bering and Chukchi Seas dur-
ing the summer/autumn feeding season are consid-
ered eastern gray whales).

Since 2002, two international bodies, the Interna-
tional Whaling Commission (IWC) Scientific Com-
mittee (SC) and the IUCN-led WGWAP, have been
monitoring and evaluating reported instances of
entanglement or entrapment (generally referred to
as ‘bycatch’) of WGWs in fishing gear. At workshops
and meetings, the SC recommended that WGW pho-
tographs be examined for evidence of disease, scars
from killer whale Orcinus orca attacks, and human
interactions (e.g. ship strikes and fishing gear entan-
glements and entrapments; IWC 2004); that an edu-
cation campaign be conducted for fishermen and
others throughout the potential range of WGWs,
focused on documentation of stranded or bycaught
whales and the need for efforts to release inciden-
tally caught whales; and that all range states organ-
ize stranding networks and conduct aerial surveys
and beach surveys for stranded or entangled gray
whales (IWC 2006).

The report of IUCN’s Independent Scientific Re -
view Panel (the predecessor of WGWAP) included a
review of the evidence available at the time (2004−
2005) concerning bycatch (including all forms of
entanglement and entrapment) of WGWs in fisheries
in east Asia, and fishery-caused mortality was cited
among the factors contributing to cumulative effects
on the population trajectory (Reeves et al. 2005).
 Subsequent observations of WGW entanglements
(Weller et al. 2008, 2014, Kato et al. 2013, and see
below) and recognition that additional mortality due
to bycatch could cause the population to decline
(IUCN 2009) led to a statement in a draft IWC/ IUCN
conservation management plan for WGWs that
entrapment and entanglement in fishing gear was
the greatest known threat (Brownell et al. 2010).

The present study had the following objectives:
• Describe and map the distribution and movements

of WGWs in the Russian Far East (RFE)
• Collect and describe all available evidence of

WGW entanglements in fishing gear throughout
their range

• Describe and map the RFE fisheries that use gear
that might catch gray whales

• Qualitatively assess the risks posed to WGWs from
the fisheries in the RFE

• Suggest approaches for mitigating this risk.

METHODS

The authors of this paper have been directly in -
volved in WGW studies and whale entanglement
research and have participated in IWC and IUCN-
WGWAP meetings dealing with those topics. Rele-
vant information provided at those meetings, and in
associated papers and reports, was reviewed as part
of this study. Additional information on the distribu-
tion and movements of WGWs in the RFE and on
WGW entanglements in fishing gear was obtained
from searches of published literature and direct con-
tact with knowledgeable colleagues.

Commercial fisheries in the RFE use various types
of gear and vessels, some of which can be hazardous
to gray whales. Because very little information exists
on WGW bycatch and interactions with fishing gear
in the RFE, we used published information on large
whale entanglements and entrapments elsewhere
(Heyning & Lewis 1990, Baird et al. 2002, Gilman et
al. 2006, Artukhin et al. 2010, Song et al. 2010, Ben-
jamins et al. 2012, Meÿer et al. 2011, Reeves et al.
2013, Werner et al. 2015) to identify fisheries that
employ potentially dangerous gear types. These

1All WGWAP meeting reports are available at https://
www.iucn.org/western-gray-whale-advisory-panel/ panel/
meetings/ glance-meeting-reports

2An updated assessment of ‘Endangered’ is scheduled for
November 2018



Lowry et al.: Western gray whale entanglement risk

include fisheries that use long and loose ropes or
cables for deployment of gear such as pots, hooks,
and nets. We excluded trawl fisheries and most seine
fisheries from our analysis because, by analogy with
the more extensive data on gray whale entanglement
in the eastern Pacific (Heyning & Lewis 1990, Baird
et al. 2002, IWC 2016) and given the complete
absence of direct evidence of gray whale interactions
with these types of fisheries in the western Pacific,
we considered them of lower concern. We did, how-
ever, include the snurrevad (also called Danish seine)
fishery. The snurrevad is a common gear type in the
RFE that is used to catch demersal fish on the conti-
nental shelf, and there is evidence that large whales
can become entangled in the gear. Other fisheries
preliminarily identified as being of primary concern
are coastal salmon set nets; drift gillnets set for
salmon; bottom-set gillnets for demersal fish; all
types of crab pots and traps, octopus pots, and whelk
pots; and vertical longlines set for squid and bottom-
set longlines for demersal fish.

Our analysis covered several Food and Agricultural
Organization (FAO) fishing areas in the RFE where
WGWs are likely to occur (Fig. 1). We used a deper-
sonalized daily catch report (DCR) dataset obtained

from the Russian government-financed institution
‘Centre of Fishery Monitoring and Communications’
for 2010−2014. The Russian Federation requires that
each fishing boat capable of fishing trips lasting over
24 h submit results of fishing activity electronically at
the end of each day (i.e. a DCR). The DCR contains a
unique boat identification code, the vessel’s position
(latitude and longitude) at the time the report is sub-
mitted, fishing gear code, number and total length of
time of fishing operations that day, fish caught by
species in metric tons including target and non-tar-
get species, and the code for the zone where fishing
occurred. A total of 445 431 DCRs exist in the 5 yr
dataset for all types of marine fisheries; this includes
312 types and modifications of fishing gear. In total,
we selected and analyzed 238 735 DCR records
 pertaining to the fisheries listed above and shown
in Fig. 1 and Table 1. To map fishing effort, DCRs
were assigned to 10 km grid cells and plotted. Maps
were created using various tools of the R computing
environment (R Core Team 2016). Map layouts
were generated using the ‘maps’ package (Becker
et al. 2013) and the CIA World Data Bank II data
(https://www. rdocumentation. org/ packages/ mapdata/
versions/ 2.3.0/ topics/world2Hires). Bathymetry was
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Fig. 1. FAO fishing zones (blue lines) and daily catch report locations (red dots) for selected fisheries for 2010−2014 that were 
used in analysis of potential interactions between western gray whales and Russian Far East fisheries
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generated using the General Bathymetric Chart of the
Oceans data set with 30 s resolution (GEBCO 2014).

The coastal salmon set net fishery does not submit
DCRs, so for it we used publicly available information
on salmon fishing permits and rights, commercial
salmon fishing regulations, quotas, and catches to as-
sess potential effort. We also used information pro-
vided by Dmitry Lisitsyn and Nikolay Vorobiev (from
Sakhalin Environment Watch [SEW], a local non-gov-
ernmental organization in Yuzhno-Sakha linsk) on ac-
tual locations where salmon set nets were fished at
Sakhalin Island, derived from high-resolution satellite
imagery. We included in our analysis only official
commercial fishery effort information and did not in-
clude any illegal or non-commercial fishing effort for
which no reliable information is available.

RESULTS

Distribution and movements of WGWs in the RFE

The historical distribution and abundance of gray
whales in the Okhotsk Sea once greatly exceeded
what is presently observed (Yablokov & Bogos lovs -
kaya 1984). European and American whalers operat-
ing in the western North Pacific (mainly in the
Okhotsk Sea) took gray whales from the late 1840s to
at least the mid-1880s (Henderson 1984, 1990).
Reeves et al. (2008) plotted the approximate positions
and dates (i.e. months) of 160 kills and sightings of
gray whales by American whalers in the Okhotsk

Sea in the latter half of the 19th cen-
tury. Gray whales were observed
 consistently in the bays and gulfs of
the far northeastern Ok hotsk Sea from
early May to the end of August and
near Magadan along the north-central
Okhotsk Sea coast from at least early
June to early July and from mid-
 August to mid- or late September.
American whalers apparently did not
visit the coastal waters off northeast-
ern Sakhalin Island where, since at
least the 1980s, WGWs have assem-
bled to feed throughout the summer
and autumn.

Today, the northeastern Sakhalin
shelf is the main feeding ground for
WGWs in the RFE (Weller et al. 1999;
see Fig. 2). This feeding ground is
centered near the mouth of Piltun
Lagoon and includes a nearshore and

a nearby offshore feeding area (Demchenko et al.
2016). In a given year, approximately 100−150
whales use these areas. From 2002−2017 at Piltun,
131 individuals were documented to have used both
nearshore and offshore areas either in the same year
or over several years (Tyurneva et al. 2018). Mothers
and calves use only the nearshore feeding area,
especially the shallow waters very close to shore. In
addition to the Piltun region, occasional sightings
have been reported during the summer and fall in
nearshore waters between Cape Elizabeth in north-
ern Sakhalin and Vostochny Nature Reserve along
the central east coast. In 2005, a summer sighting of
several gray whales was reported in Severny Bay in
northwestern Sakhalin (SEIC 2011).

Waters off southeastern Kamchatka, particularly
Olga Bay, are apparently used at least occasionally for
feeding by small numbers of gray whales (Ver tyankin
et al. 2004). Of 161 gray whales individually photo-
identified in coastal waters off southern and south-
eastern Kamchatka from 2004−2012, 85 were also
photo-identified off Sakhalin (Tyurneva et al. 2018).
In addition to southeastern Kamchatka, occasional
summer sightings of gray whales have been reported
along the east coast as far north as Karaginsky Gulf
(Tyurneva et al. 2010). Gray whales have also been
reported off southwestern to northwestern Kamchatka
in the summer and autumn (Bradford et al. 2010).

There have been sporadic reports of gray whales
off Kekurny Bay, Babushkin Bay, and Gizhiginskaya
Bay in the northern Okhotsk Sea (SEIC 2011, Fila-
tova et al. 2016) as well as off the Shantar Islands in
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Fishing gear types Number of vessel-days with catch (yr−1) 5 yr total
2010 2011 2012 2013 2014

Gillnets
Bottom-set 1035 1025 1086 1112 916 5174
Drift 2544 2497 2797 2213 2335 12 386

Longlines
Demersal 5862 6627 6730 6389 5648 31 256
Pelagic 455 0 0 0 0 455
Vertical 3669 4946 5305 8356 7458 29 734
Snurrevad 20 656 18 484 18 034 15 984 16 477 89 635

Demersal traps
Crab cone 10 840 12 657 11 828 11 095 9615 56 035
Crab (large) 712 725 658 763 722 3580
Demersal fish 5 62 152 2 0 221
Octopus 583 433 554 317 332 2219
Shrimp 729 683 621 738 744 3515
Whelk 1328 968 825 839 565 4525

Grand total 48 418 49 107 48 590 47 808 44 812 23 8735

Table 1. Fishing effort for selected marine fisheries in known or potential 
western gray whale habitat in the Russian Far East, 2010−2014
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the far western Okhotsk Sea during the summer
(Weller et al. 2013). In the past several decades, gray
whales have been sighted occasionally off the north-
ern Kuril Islands (Paramushir and Shiashkotan) in
the eastern Okhotsk Sea, and near the Commander
Islands (Medny and Bering) in the southwestern
Bering Sea (Weller et al. 2013).

The majority of gray whale sightings in the RFE
occur in coastal waters, often within 5 km of the
shore, but non-calves are also seen regularly at loca-
tions such as the offshore feeding area near Piltun
which is 20−45 km from the coast. Results from a
recent satellite-tracking study in 2010−2011 showed
3 WGWs departing the Piltun feeding area in late
November or early December and crossing open
pelagic waters of the Okhotsk Sea as they moved
eastward to the coast of southwestern Kamchatka
(Mate et al. 2015). All 3 whales then made long
migrations further eastward towards North America.

Fig. 2 shows a schematic of the known distribution
and movements of gray whales in the RFE, based on
recent and historical sightings, entanglements and
strandings, and on satellite tracking of tagged
 individuals.

Evidence of gray whale entanglement and 
entrapment in fishing gear

Because they commonly feed near the bottom,
often in nearshore areas, and generally use coastal
migratory routes where fishing gear is concentrated,
gray whales have a substantial risk of entanglement
and entrapment.

RFE

Bycatch is not monitored systematically in many
RFE fisheries, and data on whale entanglements and
entrapments are therefore far from complete. Coastal
regions are not systematically surveyed for beach-
cast animals, and carcasses are only detected and
reported opportunistically. Those that are detected
are rarely examined carefully for possible evidence
of entanglement or other causes of death. Nonethe-
less, large whales (most of which were not identified
to species but some of which could have been gray
whales) are known to have been entangled in salmon
driftnets in the RFE (Kornev 1994, Artukhin et al.
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Fig. 2. Known and suspected distribution of western gray whales in the Russian Far East. Migration routes are not intended to 
represent narrow corridors with sharp edges but rather the general directions of migratory movements
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2010). During 1993−1999, when a large-scale Japan-
ese salmon drift net fishery operating in the RFE was
monitored by marine mammal observers every sea-
son, the estimated bycatch of large whales (most of
them not identified to species) was 27−45 (Burkanov
& Nikulin 2001, Nikulin & Burkanov 2001, Burkanov
et al. 2007). Of those, 6−12 occurred on the Pacific
side of the northern Kuril Islands. These estimates
are minimums because there were numerous occa-
sions when the net was not retrieved and the entan-
gled object was not identified.

There is clear evidence of WGW−fishery interac-
tions off eastern Sakhalin Island. In early September
2009, the stranded carcass of a 10 m male was ex -
amined by personnel from the Sakhalin Energy
Investment Company (SEIC), a local veterinarian,
and representatives of relevant authorities (Federal
Supervisory Natural Resources Management Service
[Ros pri rodnadzor] and Federal Service for Veterinary
and Phytosanitary Surveillance [Rosselkhoznadzor]).
Al though cause of death was not determined, photo-
graphs showed scarring which indicated that the
whale had experienced a previous non-lethal en -
tanglement (WGWAP-7 report). Photographs of a
weathered whale carcass (approximately 8 m) found
on the southeastern shore of Sakhalin in early Octo-
ber 2010 showed rope among the bones, and experts
who examined the photographs concluded that
entanglement could not be ruled out as a cause of
death (WGWAP-16 report). A live WGW photo -
graphed off northeastern Sakhalin on 22 August
2013 had rope around its caudal peduncle similar in
color and type to that used in the nearby salmon set
net fishery (Weller et al. 2014). A rope-related wound
on the peduncle appeared relatively fresh. The same
whale was seen the next year without the rope and
with no evidence of serious injury apparent in photo-
graphs (WGWAP-14 report). This incident coincided
with the first known deployment of salmon set nets
directly in the Piltun feeding area since 1995 when
annual research on gray whales in the region began
(Weller et al. 2014). In 2014, fishermen reported that
a large whale (reportedly >10 m, species undeter-
mined) was found dead in a salmon trap south of Pil-
tun Lagoon, where gray whales are the most com-
mon large whales (WGWAP-14 report). A WGW was
photographed in the Piltun area on 12 September
2016 entangled by a long rope with numerous floats,
identical to those used in coastal salmon set nets. The
whale was not seen and reported again afterwards
(WGWAP-16 report). Finally, a gray whale was en -
tangled in a salmon set net in southern Karaginsky
Gulf in early July 2017. A video of the event (https://

www.youtube.com/watch?v=9Qv9FYyK8bQ) and
com munications with the fisherman indicate that the
whale was completely disentangled and swam away
(A. Burdin pers. comm.).

Bradford et al. (2009) examined photographs of
WGWs at Sakhalin and found that 28 of 150 individ-
uals (18.7%) had signs of injury from fishing gear at
least once. Unfortunately, in this type of analysis the
locations where whales encountered the gear and
the specific fisheries involved cannot be determined.

Other Asian waters

Thousands of ‘set nets’ (alternatively called ‘sta-
tionary uncovered pond nets’) are used all along the
coast of Japan. They consist of a long, anchored lead
net (up to 1 km) that is meant to guide large fish and
other marine animals shoreward and into a large
anchored enclosure (up to 50 m × 250 m) where they
usually stay alive for several days or until they are
removed by the fishermen. For details see Nédélec &
Prado (1990) and IUCN (2009).

During 2005−2007, 4 gray whales died in set nets of
this type along the Pacific coast of Honshu, Japan
(Weller et al. 2008, Kato et al. 2013). The first was a
young female that was seen repeatedly in Tokyo Bay
from mid-April until early May 2005, when it was
found dead in a net. In mid-July 2005, a mother and
her female calf died in a set net off Enoshima Island,
and in January 2007, a young female was entrapped
in a set net in Yokahama Bay. Photographs were
taken of all 4 whales, but only those from 1 whale
were suitable for photo-identification. Comparisons
with the WGW photo-identification catalogue re vea -
led that this individual had been photographed and
biopsied as a calf off northeastern Sakhalin in July
and August 2006 (Weller et al. 2008).

On 5 November 2011, a 13.1 m female gray whale
died from entanglement in a set net in the Taiwan
Strait near the mainland coast of China (Wang et al.
2015). Comparisons of photographs of that whale with
the eastern and western North Pacific gray whale
photo-identification catalogues revealed no matches.

US waters

IWC (2016) tabulated known entanglements of
gray whales in the eastern North Pacific, not includ-
ing Alaska, for the period 1978−2012. In this 35-year
period there were 79 recorded deaths caused by
entanglement in fishing gear and 202 injuries (de -
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gree of injury was not specified). The documented
by catch rate (including deaths and injuries) was
about 8 whales yr−1 for that region. Carretta et al.
(2015) reported on the documented bycatch of gray
whales, including serious injuries and mortality
(SI/M), along the US west coast, including Alaska,
during 2008−2012, where the average annual known
fishery-caused SI/M was 4.4 whales yr−1. Incidents,
including those that were not judged to cause SI/M,
were reported from January to October, in nets (8),
pot gear (7), lines/buoys only (9), and trawls (1).
While these assessments provide some data on levels
of human-caused SI/M and the types of fishing gear
associated with such, they represent only a minimum
count of impacts because not all, and perhaps only a
small proportion, of these incidents are detected and
reported (Carretta et al. 2017).

During 2012−2016, a total of 52 entangled gray
whales were reported along the US west coast. In the
21 cases where the type of fishing gear was con-
firmed or suspected, 8 involved nets and 13 involved
pot lines. In 11 cases, the gear was identified as orig-
inating from the Dungeness crab Cancer magister
pot fishery (L. Saez pers. comm.).

Description of fisheries that may entangle or entrap
WGWs in the RFE

The following is a summary of the characteristics
of selected RFE fisheries. Additional details are pre-
sented in Tables S1−S6 and Figs. S1−S13 in the
 Supplement at www.int-res.com/articles/suppl/ n037
p133_ supp.pdf.

Gillnet fisheries

Two types of marine gillnet fisheries operated in
the RFE in 2010−2014, the drift gillnet fishery for
Pacific salmon (Oncorhynchus spp. and the bottom-
set gillnet fishery that principally targets Pacific hal-
ibut Hippoglossus stenolepis.

During 2010−2014, the Russian salmon drift gillnet
fishery operated over a vast area offshore of eastern
and southwestern Kamchatka and the Kuril Islands.
Fishermen used synthetic monofilament nets 30−
60 m long and 6−10 m deep with mesh sizes of 60−
80 mm. As many as 100−150 nets were connected in
1 line, and boats sometimes set several lines a day.
Soak time varied between 6 and 15 h. Total annual
effort when catch was reported averaged 2477 ves-
sel-days (range 2213−2797). A total of 88 Russian

vessels participated in the fishery with an average of
54 (range 46−59) vessels fishing annually. The fish-
ing season started in early or mid-May, with fishing
activity increasing from May to July, then dropping
sharply in August and ending in early to mid-Sep-
tember. Essentially no fishing occurred during Octo-
ber−April. The commercial salmon driftnet fishery
has been banned in Russia since 1 January 2016
(Anonymous 2015).

The bottom-set gillnet fishery for demersal fish op-
erated almost entirely in the Okhotsk Sea, with most
effort off western Kamchatka and northeastern and
southeastern Sakhalin Island. Bottom-set nets are
quite similar to driftnets but have heavier lead lines
and are held on the bottom with anchors. One anchor
has a buoy and line going to the surface. Bottom-set
gillnets are used to catch halibut, Atka mackerel Pleu-
rogrammus monopterygius, and thorny heads Sebas-
tolobus spp. Annual effort when catch was reported
averaged 1035 vessel-days (range 916− 1112). A total
of 48 Russian vessels participated in the fishery with
an average of 23 (range 16−29) vessels fishing annu-
ally. Over 70% of fishing effort occurred in areas with
depths of 500 m or more, with those vessels targeting
halibut and thornyheads. About 20% of the effort oc-
curred on the shelf at 20−100 m depth and targeted
Atka mackerel. Fishing effort steadily increased from
January to June and decreased from July to De -
cember. In total, 88% of the fishing effort occurred in
April−December.

Longline fisheries

Two types of longline fisheries in the RFE are
 common in WGW habitat, namely the demersal
groundfish longline fishery and the squid vertical
longline fishery. The groundfish and squid fisheries
are about equal in fishing effort — the combined
annual effort for the period 2010–2014 averaged
12 198 vessel-days (range 9531− 14 745). A total of
345 vessels participated in the fisheries during
2010−2014, with an average of 204 (range 163−242)
vessels fishing annually.

Target species in the groundfish longline fishery
are Pacific cod Gadus macrocephalus, Pacific hal-
ibut, Greenland turbot Reinhardtius hippoglossoides,
Kamchatka flounder Atheresthes evermanni, thorny-
heads (Sebastidae), rattails Macrourus spp., rockfish
Sebastes spp., Atka mackerel, and eelpouts (Zoarci-
dae). Many other demersal fish species such as sable-
fish Ano plopoma fimbria, batoids or rays (Batoidea),
gobies (Gobiidae), flatfishes (Pleuronectidae), crabs
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(De ca poda), and cephalopods (Cephalopoda) are
caught as non-target species, but their catch volume
is very small compared to that of the target species.
Six different types of longline gear were used in the
RFE in 2010−2014. In general, they use a synthetic
main line 1−2 km long with shorter lines with hooks
attached via swivels. One longline set has 1000−2000
hooks. Both ends of the set have lines that go from an
anchor to a buoy at the surface. One boat usually sets
3 or more longlines. Soak time is 6−24 h.

Along the east coast of Kamchatka, the fishery uses
a large portion of the shelf at depths of 100−300 m.
Over 92% of effort was within this depth range, and
54% was within 100−200 m. Only 5% of the fishing
effort was reported in depths of 20−100 m. A similar
distribution of fishing effort was reported in the
northern Kuril Islands area, with 81% of the effort in
the shelf break zone (100−300 m) and half of that
effort in the 100−200 m zone. Only 4% of the effort
occurred in 20−100 m and 15% was in areas deeper
than 300 m. Most of the RFE groundfish longline
effort in WGW habitat (67%) occurs in the Okhotsk
Sea along the western Kamchatka coast. In that
region, only 28% of the fishing effort was in 100−
300 m depths and only 5% of that was in 100−200 m
and <1% was in <100 m. The majority of the effort
(71%) was in waters over 300 m deep. Demersal
longline vessels fished year-round, with the greatest
fishing effort in January and February and the least
in September and October.

The vertical longline fishery targets Pacific flying
squid Todarodes pacificus, and, to a much lesser ex -
tent, other squids such as neon flying squid Ommas-
trephes bartramii. Nearly the entire fishing area is
located in the Sea of Japan. Operational depth is
10−100 m. It is a seasonal fishery that occurs in July−
October.

Snurrevad fishery

The snurrevad fishery is one of the most common
groundfish fisheries in coastal waters of the RFE, es-
pecially along both sides of Kamchatka and the north-
ern Kuril Islands, and in the Primorie region in the
northern Sea of Japan. Substantial effort also occurs
in the western Kuril Islands, southern Sakhalin Island,
and the northern Okhotsk Sea near Magadan. Total
annual effort when catch was reported averaged
17 927 vessel-days (range 16 477− 20 656). A total of
392 vessels from 20−50 m in length participated in the
fishery during 2010−2014, with an average of 287
(range 260−316) vessels fishing annually.

The snurrevad is a type of seine gear that is
deployed while the boat moves in a circle. Deploy-
ment starts by putting a buoy with 500−800 m of
cable attached in the water as the boat moves for-
ward. After this cable is out, the seine goes in the
water and after the seine a second cable of the same
length as the first. The boat continues making a circle
to the buoy where the operation started. Then the
boat pulls both cables and the cables slip along the
bottom pushing fish to the middle of the circle and
then into the seine.

The snurrevad fishery operates mostly on the con-
tinental shelf at 20−200 m depths, where 84% of the
effort occurs. Target species are walleye pollock
Gadus chalcogrammus, Pacific cod, and flatfishes. A
large variety of other demersal species such as
sculpins (Cottidae), Pacific halibut, saffron cod Elegi-
nus gracilis, and herring Clupea harengus are caught
as bycatch. The fishery operates year-round, but in
summer months the effort is 2−2.5 times higher than
in late fall and winter.

Demersal trap and pot fisheries

A large-scale fishery using demersal traps and pots
exists in the RFE. During 2010−2014, fishing effort was
spread widely in the Okhotsk Sea and Sea of Japan,
with major fishing areas located on the shelf along
western Kamchatka, in the northern Okhotsk Sea,
along the shelf off the east coast of Sakhalin, and along
the Asian mainland shelf in the Sea of Japan. Annual
effort when catch was reported averaged 14 019 ves-
sel-days (range 11 978−15 528). A total of 216 Russian
vessels participated in the fishery with an average of
139 (range 120−148) vessels fishing annually.

Trap and pot gear is deployed on the bottom by 2
methods. One is to set several dozen traps or pots that
are connected to one another with a line 1000 m or
more long that is anchored at each end. Each end of
the set has a rope connected to a surface buoy that
fishermen use to retrieve the gear. The other method
is to set single traps or large pots on the bottom, each
of which has a rope that goes to a surface buoy.

These types of gear are used to catch crabs, demer-
sal fish, octopus, shrimp, and whelk. Over 85% of the
fishing effort in the trap and pot fishery is for crabs.
The major target species are Alaskan king crab Par-
alithodes camtschaticus, spiny king crab P. brevipes,
blue king crab P. platypus, golden king crab Lithodes
aequispinus, triangle tanner crab Chionoecetes an -
gu latus, tanner or bairdi crab C. bairdi, beni-zuwai
crab C. japonicus, and snow or opilio crab C. opilio.
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The fishery uses the shelf (0−200 m) and shelf
break (201−500 m), for 47 and 38% of total effort. It
operates year-round but is most active in May−June
and September−November, when effort is 3−4 times
higher than in the other months.

Coastal salmon set net fishery

The average annual catch of Pacific salmon in
coastal waters of the RFE (not including the offshore
drift gillnet fishery) in 2010−2014 was over 400 000 t
(range 324 600−504 600 t; Shuntov et al. 2017).
Salmon are harvested all along the coast from the
Anadyr River in Chukotka to Peter the Great Gulf in
the Primorie region, including the Kuril Islands. The
most effort occurs along the east and the southern
half of the west coast of Kamchatka and the east
coast of Sakhalin Island (Fig. 3). All 6 species of
Pacific salmon inhabit RFE rivers and surrounding
seas, but those of primary commercial value (96−
99% of total catch in 2010−2014) are pink Oncorhyn-
chus gorbuscha, chum O. keta, and sockeye O. nerka
(Radchenko 1998, Shuntov et al. 2017). Salmon fish-

eries are managed by regional governments, and the
annual commercial catch varies greatly depending
on the size of runs. During 2011−2015, the commer-
cial catch at Sakhalin fluctuated between 75 000 and
220 000 t, and at Kamchatka between 132 000 and
261 000 t. The 2 regions accounted for 76−96% of the
total coastal catch in the RFE (Nagornov et al. 2016,
Shpigalskaia et al. 2017, Shuntov et al. 2017).

Three main types of gear are used to catch
salmon in coastal waters, lagoons, and rivers: set
nets, small seines, and set gillnets. Seines and gill-
nets are used mostly in rivers and lagoons and
should not pose a risk to whales. Set nets are used
for most of the salmon harvest in Kamchatka and
Sakhalin, where about 700−800 such nets are
fished annually (our estimate based on Nagornov
et al. 2016).

Of particular concern for WGWs is the set net fish-
ing around Sakhalin Island. The entire coast is a
potential salmon fishing ground, and it is divided into
small sections assigned by the Sakhalin Government
to local private fishing companies for a 20 yr period
(Fig. 4A). Once salmon fishing rights for an area are
assigned to a company, only that company has the
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Fig. 3. Distribution of the main coastal salmon fisheries using small seines and set gillnets (gray shading) and the coastal 
salmon set net fisheries (red shading) in the Russian Far East
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right to fish salmon there, and it is responsible for all
fishing operations. Several sections can be assigned
to 1 company. The net used is a large structure
attached to the beach with up to 3 km of 10 m high
meshed fence-line set perpendicular to the coast
(Fig. 5). The fence guides salmon into 1 or more
attached floating traps. Many ropes and cables, some
extending up to several hundred meters, are used to

anchor the net to the seafloor. This gear is func -
tionally identical to the Japanese set nets discussed
earlier.

The commercial salmon fishing season usually
starts in early July and lasts until early or mid-
 September, but fishing activity on the coast and in
coastal waters may actually start in early June and
last until mid- or late September. Installation of the

set net requires 20−30+ people, small
wooden, fiberglass, or metal fishing
boats, and barges 6−20 m long. Catch
is usually transferred to processing
factories on shore, but during years
with high salmon runs, large vessels
anchor near the set nets to process
and freeze the catch. After the salmon
fishing season is closed, fishermen re -
move the set nets. Some ropes or
cables that break during the fishing
season or in the net removal process
may be left at the fishing location with
buoys or a few floats attached. This
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Fig. 4. Locations of coastal salmon set net fishing activity around Sakhalin Island, 2011−2015. (A) All of Sakhalin. (B) Detail of
the area that includes the Piltun and offshore feeding grounds of gray whales. Green lines along the coast are salmon fishing
parcels that have been allotted to private companies and local communities. Red lines show actual set net locations along the
Sakhalin coast in 2001−2015. Note that the near-shore fishing parcels at Piltun overlap substantially with the whale feeding 

ground (blue area) which extends nearly to the shoreline

Fig. 5. General layout of a coastal salmon set net like those used on Sakhalin
Island (from Datsun et al. 1999). 1: main meshed line that serves as a 2−3 km
long fence; 2: anchors or sand bags; 3: salmon traps; 4: anchor ropes; 5: central 

buoy; 6: coastline



Lowry et al.: Western gray whale entanglement risk

gear could be used during the next fishing season or
be abandoned.

The Sakhalin Government permits companies to
install 550–650 coastal salmon set nets annually. The
actual number of installations within permitted par -
cels is determined by the fishermen, and during
2011− 2015, more than 400 set nets were usually set
at Sakhalin mostly along the central and southeast
coasts (Fig. 4A). Effort was lower along the northeast
coast where the WGW summer feeding grounds are
located (Fig. 4B), but in 2015, several nets were set
very near the entrance of Piltun Lagoon.

SEW monitored the coastal salmon fishery on
Sakhalin Island in 2011−2015 using high-resolution
satellite imagery to verify compliance with the regu-
lations. Observations included distance between set
nets and from mouths of nearest rivers, length of the
meshed fence-line attached to the shore, and the
fence-line configuration. The SEW study also pro-
vided the information on actual set net locations pre-
sented in Fig. 4B (D. Lisitsyn & N. Vorobiev pers.
comm.). The study found that, in violation of fishery
regulations, the main fence-lines of some set nets
extended up to 5.7 km offshore.

DISCUSSION

General considerations

Set nets are known to entrap or entangle, and kill,
WGWs off Japan (Weller et al. 2008), and recent
observations show that the whales also become
entangled in coastal salmon set net gear in the RFE
(Weller et al. 2014, WGWAP-17). Similar types of
fishing gear entrap other species of large whales in
other areas (Song et al. 2010, Benjamins et al. 2012).
Heyning & Lewis (1990) reported that most gray
whale entanglements off California were attributable
to inshore set gillnets and consisted predominantly of
whales 3 yr old or younger. Baird et al. (2002) found
that gray whale entanglements off the coast of British
 Columbia, Canada, occurred in salmon drift gillnet,
salmon seine, herring net pen, longline, and trap/pot
fisheries.

Even without clear knowledge of when, where,
and in what fisheries whales are becoming entan-
gled, it is possible to use GIS analysis to assess the
risk of entanglement based on distributions of the
whales and of the potentially entangling gear. Saez
et al. (2013) conducted such a study of commercial
fixed-gear fisheries along the coasts of California,
Oregon, and Washington. To do this, they used port-

based landings data and depth-defined potential
fishing areas to represent commercial fishing effort,
along with a model of seasonal gray whale density
(DeAngelis et al. 2011), to identify areas and times
when entanglement was expected to be more likely.
Gray whales were determined to be at greatest risk
of entanglement during their annual migration
between December and June, and several areas and
times of high co-occurrence were identified. The
Dungeness crab fishery had the highest co-
 occurrence scores and thus was judged to be the
highest-risk fishery for all whale species considered
in the study by Saez et al. (2013) (gray, humpback
Megaptera novaeangliae, blue Balaenoptera muscu-
lus, fin B. physalus, and sperm whales Physeter
macrocephalus).

An analysis similar to that of Saez et al. (2013)
would be useful to examine the risk of WGWs
becoming entangled in fishing gear in the RFE. This
paper presents much of the needed information on
characteristics of RFE fisheries, focusing on the types
of gear thought to represent the highest risk. How-
ever, the information currently available on WGW
distribution and movements is insufficient to model
seasonal density patterns. The best that can be done
at present is to conduct a preliminary and qualitative
assessment of risk. We do so below taking into
account factors including (1) evidence that the gear
type has entangled large whales, described above,
(2) fishing effort (see Tables S1–S6), and (3) geo-
graphic and temporal overlap between WGWs and
fishing activity (see Figs. S1–S13). We also assume
that the fishery data analyzed here accurately repre-
sent current and near-term future effort in the vari-
ous fisheries.

Entanglement risk in RFE fisheries

Most of the historical effort in the RFE commercial
salmon driftnet fishery was in the Pacific Ocean far
offshore, and effort was concentrated in summer
months when most of the gray whales in the western
Pacific are feeding near shore. Some WGWs may
have encountered salmon driftnets near southern
Kamchatka and the northern Kuril Islands during
their seasonal movements, and some large whales
are known to have been caught and killed in those
areas. Drift gillnet fishing for salmon is now banned
in Russia and therefore should, in principle, no
longer be an issue. However, several fishing boats
were stopped and their captains arrested in summer
2016 along the Pacific coast of Kamchatka because
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they were fishing illegally for salmon with driftnets
using permits issued for the scientific floating salmon
set net fishery. Similar activity was observed along
the Pacific side of the northern Kuril Islands in early
July 2016 (V. N. Burkanov unpubl. data). Al though
there is currently a ban on drift gillnets, fishermen
are exploring ways to get around the ban, for exam-
ple by anchoring the net in deep water and calling it
a ‘set net.’

There are no records of the bottom-set gillnet fish-
ery interacting with WGWs. The fishery overlaps
with the known distribution of WGWs in space and
time off eastern Sakhalin Island, off southwestern
Kamchatka, and north of the northern Kuril Islands.
Most fishing occurs well offshore of the known sum-
mer and fall feeding areas, but whales may pass
through these regions when making seasonal move-
ments. Fishing effort is highest in summer months
when whales are relatively abundant at Kamchatka
and continues in the late fall and winter when some
gray whales from Sakhalin have been tracked mov-
ing through this area on their eastward migration.
Therefore, the bottom-set gillnet fishery poses some
risk to WGWs.

Longline fishing gear has only infrequently been
identified as entangling gray whales, but rope and
line, some of which may have come from longline
gear, are commonly reported on entangled animals.
The demersal longline fishery overlaps in space and
time with known WGW distribution offshore in the
Okhotsk Sea, along eastern and western Kamchatka,
and around the northern Kuril Islands. There are no
known records of gray whale interactions with long-
line fisheries in the RFE, but based on year-round
fishing, substantial fishing effort, and areas where
fishing occurs, there is high likelihood that entangle-
ments occur in some areas. The vertical longline fish-
ery for squid operates in the Sea of Japan during late
summer and early fall. The fishery does not overlap
with any currently known WGW feeding areas. In
the past several decades, gray whales have been
occasionally reported in the Sea of Japan but usually
not during months when the fishery has operated,
and the likelihood of interactions with this fishery is
low.

Effort in the snurrevad fishery is the highest of all
fisheries that are analyzed in this report, and fishing
is conducted year-round. The area of most intense
fishing overlaps with the known seasonal distribution
of WGWs along the Kamchatka Peninsula and in the
northern Kuril Islands. These fishing operations are
also quite active along the southern Sakhalin coast
and in the southwestern Sea of Japan. Long and

loose cables, especially when vessels deploy the
gear, may entangle whales. There is an anecdotal
report of a large dark whale (possibly a gray whale)
entangled in snurrevad gear in the northern Kuril
Islands in the late 1980s, and firm documentation
(video available at https://www.youtube. com/ watch?
v=0SP5z1oIsbM) of a humpback whale entangled in
a snurrevad seine near the Kamchatka Peninsula in
2015 (V. N. Burkanov unpubl. data). It is likely that
some WGWs become entangled in this fishery, espe-
cially in southern Kamchatka and the Kuril Islands.

Trap/pot gear frequently entangles gray whales
(and other large whale species), presumably because
of the long, loose buoy lines, and lines connecting
pots and traps set in strings. Trap and pot fishing is
widespread along much of the coastline and on the
shelf and shelf break of the Okhotsk Sea and Sea of
Japan. It also occurs much less intensively in the
Kuril Islands and along eastern Kamchatka. WGWs
are likely to encounter trap and pot gear throughout
their distribution in the RFE. Much of the fishing
effort occurs in April−October when whales are most
abundant in the region, and the fishery operates
year-round with substantial effort in November−
December when the whales are migrating. Demersal
pot and trap fisheries pose a relatively high risk of
entangling WGWs.

The coastal salmon set net fishery uses a net fence
that extends from shore to 1−3 km or more offshore.
The fishery operates during summer and presents a
risk of entanglement/entrapment whenever it occurs
in areas that are used by gray whales. This gear is
used intensively in 3 major areas of the RFE, i.e. the
east coast of Sakhalin, the southern half of Sakhalin,
and the west coast of Kamchatka. During summer,
more than 100 WGWs, including mother−calf pairs
and newly weaned calves, are present and feeding
off northeastern Sakhalin. When coastal salmon set
nets are placed in areas used by whales, they ob -
struct movements and result in entanglements or
entrapments that lead to injury or death. Many
WGWs feed in the vicinity of Piltun Lagoon for 2 mo
or more, and the set nets extend completely across
and beyond the nearshore feeding area, creating a
very high risk of injuring or killing whales. Salmon
set net fishing gear also creates a risk to migrating or
feeding gray whales elsewhere, especially along the
west coast of Kamchatka.

The Okhotsk Sea population of bowhead whales
Balaena mysticetus is also listed as Endangered in
the IUCN Red List (Cooke et al. 2018). Shpak & Stim-
melmayr (2017) observed ‘linear scars at the base of
the peduncle consistent with line entanglement’ on
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photographs of several bowheads from the western
Okhotsk Sea in 2011–2013. Sightings compiled by
Shpak & Paramanov (2018) showed that bowheads in
the northwestern Okhotsk Sea spend much of their
time in very shallow water where salmon set nets are
in place. They also report observations by fishermen
that the whales sometimes strike and pass through
the nets, and that in 2012 a female bowhead and her
calf were entangled in a set net and the female was
released but the calf died. In April 2018, the carcass
of a subadult bowhead whale was found on the west
coast of Sakhalin Island with the flukes missing and
severe scarring from line entanglement on the
peduncle. An investigation and necropsy concluded
that the whale likely drowned in a set net in the
Shantar area and drifted to Sakhalin Island where it
came ashore (P. van der Wolf pers. comm.).

CONCLUSIONS AND RECOMMENDATIONS

In this paper, we have begun to identify and char-
acterize, by region, specific fisheries within the RFE
that may entangle or entrap gray whales (Table 2).
The information shows that entanglement risk in the
coastal salmon set net fishery near Piltun Lagoon is
very high. This is especially of concern because the
nearshore feeding area immediately north and south
of the lagoon mouth is used by adult females and
their calves at a critical time when the females are
recovering condition following pregnancy and lacta-
tion and the calves are being weaned. While options
(e.g. gear modifications) may exist to reduce this risk,
the only way to eliminate it is to stop the setting of
salmon set nets in or near the areas being used by the
whales. This change can be readily implemented if
the Sakhalin Government does not issue permits for
salmon set nets in this region, which is a relatively
very small portion of the entire salmon fishing extent
around the island. Entanglements of WGWs in set
nets in other parts of the RFE likely occur, and moni-

toring and reporting of such events should be re -
quired. Also, the salmon driftnet fishery, which has
been shown to entangle and drown large whales as
well as other marine mammals and seabirds (Artu -
khin et al. 2010), should remain closed.

Assessing the risks to WGWs from other open-
ocean fisheries is much more difficult. A major obsta-
cle to identifying the co-occurrence of those fisheries
and gray whales is the shortage of information on the
seasonal distribution and movements of the whales.
Mate et al. (2015) demonstrated that satellite-linked
tags can provide such information, and recommen-
dations for additional tagging efforts have been
made repeatedly (e.g. Brownell et al. 2010, IWC
2015, WGWAP-12 report). We believe that collecting
additional satellite-tag data from WGWs is the most
important next step in refining the assessment of
entanglement risk from fisheries. Additional re -
search approaches should also be supported, includ-
ing field surveys (from ships, manned aircraft,
drones, and shore), photo-identification, and passive
acoustics.

Observations and reports from fishermen repre-
sent another useful source of information on fishery−
whale interactions. In jurisdictions such as the US,
fishermen are required to report marine mammals
caught or injured in their operations, and observer
programs may be required in places where bycatch
is documented to occur. A similar system for report-
ing and monitoring bycatch is needed in RFE fish-
eries, particularly the bottom-set gillnet, demersal
longline, snurrevad, and trap and pot fisheries.

Additional work is also needed to document fishery
interactions throughout the range of gray whales in
the western Pacific. Once that information has been
collected, it should be combined in a GIS with gray
whale distribution and movement data to identify
‘hotspots’ of risk (e.g. fishery types, regions, and sea-
sons). This should lead to efforts to identify, evaluate,
and implement specific strategies to eliminate, or at
least mitigate, the entanglement risks — something
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Fishery Sea of Sakhalin Okhotsk Western Kuril Eastern 
Japan Island Sea offshore Kamchatka Islands Kamchatka

Salmon drift gillnet None None None None None None
Bottom-set gillnet None Some Some Some Some Some
Demersal longline None Some High High High High
Squid vertical longline Low None None None None None
Snurrevad Some Some None High High High
Trap and pot Some Some Some High High Some
Coastal salmon set net None Very high None High Some Some

Table 2. Preliminary summary of the risk of entanglement or entrapment to gray whales in Russian Far East fisheries
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that might best be undertaken regionally, or fishery
by fishery.

As a final point, it is clear that for WGWs to recover
throughout their historical range, accidental mortal-
ity and serious injury in fishing gear must be mini-
mized to the greatest extent possible (IUCN 2009).
Authorities, as well as fishermen and fishing compa-
nies, in all of the range states need to be made aware
of and acknowledge the risks that fisheries represent
to these animals.
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