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Abstract

1. Cetacean species are highly mobile, most of them regularly travelling over long distances,
thereby presenting complex obstacles to their conservation. Identification of their critical
habitats, specifically those parts of a cetacean’s range that are essential for day-to-day survival
and for maintaining a healthy population growth rate, is essential for their effective protection.

2. This study presents a summary of the data on cetacean sightings during surveys that covered
substantial parts of the Russian Far East coastal waters from the Okhotsk Sea to Chukotka in
order to determine important areas for particular cetacean species. Sixteen cetacean species
were registered during the surveys, and for 12 of them with sufficient numbers of sightings,
zones with maximum sighting rates were identified.

3. Only 13% of all cetacean sightings and 22% of sightings of protected species occurred within
marine protected areas (MPAs). The highest sighting rates for protected species were
concentrated off North-eastern Sakhalin Island, in the Shantar Area, in Anadyr Gulf, in Kresta
Bay and in the waters off eastern Chukotka. The analysis of the distribution patterns of various
cetacean species in Russian Far East seas provides a solid base for future conservation
planning. Lack of specific MPAs for protection of cetaceans and associated biodiversity
hinders marine conservation in Russian Far East seas.

4. The study highlights the specific zones important for various cetacean species, suggests the
extension of some existing MPAs and the creation of new MPAs for future spatial habitat
protection measures.
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Introduction

Cetacean species are highly mobile, most of them regularly travelling over long distances, thereby
presenting complex obstacles to their conservation. Spatial protection of the entire home range of
foraging toothed whales, much less migrating baleen whales, is impractical. There are, however,
strategies to address this problem. The starting point is the identification of critical habitats,
specifically those parts of a cetacean’s range that are essential for day-to day survival during specific
seasons, as well as for maintaining a healthy population growth rate (Hoyt, 2011). Various criteria
have been proposed for defining critical habitats for cetaceans, such as their importance for feeding,
calving, socializing and other vital activities, as well as sufficient habitat size, species diversity and
ecosystem integrity (e.g. Ross et al., 2011; Hoyt & Notarbartolo di Sciara, 2014). More recently, these
criteria have been incorporated into the concept of ‘important marine mammal areas’, or IMMASs
(IUCN Marine Mammal Protected Areas Task Force, 2018; Notarbartolo di Sciara & Hoyt, 2020).
Important marine mammal areas utilize a set of criteria closely matched to other systems for
identifying biodiversity, including Convention on Biological Diversity (CBD), ecologically or
biologically significant areas (EBSAs), IUCN key biodiversity areas (KBAs) and BirdLife
International’s important bird and biodiversity areas (IBAs) (Corrigan et al., 2014; Hoyt &
Notarbartolo di Sciara, 2014; Notarbartolo di Sciara et al., 2016). Important marine mammal areas, as
well as EBSAs, KBAs and IBAs, are not marine protected areas (MPAs) but may be used to design
new MPAs, or expand, zone or inform reviews of existing MPAs, as well as functioning as layers for
marine spatial planning (Notarbartolo di Sciara & Hoyt, 2020). For now, while IMMASs await
identification in Russian Far East waters, researchers have been gathering cetacean data contributing to
assessments of cetacean conservation needs leading to potential spatial protection measures such as
MPA:s.

Russia has many terrestrial protected areas, but few MPAs with cetacean habitat (Hoyt, 2011). Many
cetacean species inhabit Russian Far East waters including the western North Pacific and adjacent
Arctic waters, which is a hotspot of marine mammal species at risk of extinction (Davidson et al.,
2012). Effective conservation of cetaceans requires knowledge of species biology, population structure
and distribution as well as threats to cetaceans; however, little is known about many cetacean species
in Russian waters. Large whales were severely depleted in the years of commercial whaling; since that
time, some species have begun to recover (e.g. humpback whale, Barlow et al., 2011), but others
remain rare (e.g. blue whale, North Pacific right whale). Government fisheries institutions in Russia
receive little funding for cetacean monitoring, and therefore have no means to obtain the data for
decision-making by government bodies. This is of critical concern in light of mounting threats:
developing oil exploration and drilling, high fisheries pressure on ecosystems and direct impacts on
cetaceans, underwater noise from shipping (especially, along the growing Northern Sea Route) and
industrial activities, and climate change.
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Oil and gas development has occurred for many years on the shelf east of Sakhalin Island (south-
western Okhotsk Sea) but has now spread to other parts of the Okhotsk Sea (Fadeev, Ilyinsky & Ilyin,
2020). Drilling was launched off the west coast of Kamchatka Peninsula (eastern Okhotsk Sea), and
there are plans for drilling to begin near Magadan (North-western Okhotsk Sea). The Arctic
continental shelf is also viewed as a potential oil and gas source for future development (Kontorovich
et al., 2010). In total, significant areas of Russian Arctic seas (up to 40% of the current exclusive
economic zone [EEZ]) are already covered by oil and gas contracts (pers. comm. Boris Solovyev,
WWF Russia).

Fisheries contribute to anthropogenic pressure on cetaceans in several ways: entanglement of whales
and dolphins in fishing gear (including bycatch), depletion and dispersal of food resources, and,
together with other industries, noise pollution. Entanglement in fishing gear is one of the most
commonly observed causes of human-caused marine mammal mortality (Baulch & Perry, 2012).
Gillnets targeting demersal species were suggested to pose the greatest potential risk to cetaceans
(Brown, Reid & Rogan, 2013), but other types of fisheries, including the pelagic drift net fishery
(Artukhin, Burkanov & Nikulin, 2010), coastal salmon set net fishery (Lowry et al., 2018), trawls
(Dans et al., 2003) and longlines (Forney, 2004) also often cause lethal entanglements of cetaceans.
Bycatch in drift nets was an important factor of mortality in Russian Far East seas (more than 2,000
cetaceans killed over the period of 1992-2001, Artukhin, Burkanov & Nikulin, 2010); this type of
fishing gear was finally prohibited in Russian waters in 2016.

Overfishing is a global problem (Jackson et al., 2001), and extends into Russian Far East seas. Many
fish species in Russian waters are depleted due to unsustainable fishing. For example, the Korf-
Karaginsky herring population — the important food source for the local humpback whale population —
was abundant until the late 1950s, but has since been significantly depleted (Naumenko, 2010). Atka
mackerel was an important prey for killer whales (Orcinus orca) in Avacha Gulf of Kamchatka, but
uncontrolled fishing led to the collapse of important spawning grounds and forced the whales to rely
more on salmon (Nagaylik et al., 2010).

Underwater noise pollution also threatens cetaceans, with shipping being the most widespread and
chronic noise source (McDonald, Hildebrand & Wiggins, 2006). Increased global shipping has led to a
rise in ocean ambient noise levels by 0.5 dB re 1 uPa per year (Ross, 2005). Since the 1950s, noise
levels at the lower frequencies have increased by an average of 3-4 dB per decade based mainly on
studies in the north-eastern Pacific (Ross, 1993; Andrew et al., 2002; McDonald, Hildebrand &
Wiggins, 2006). Thus, the sound intensity of this background noise has increased substantially over a
period of time roughly comparable to the lifetime of a whale. Persistent noise exposure negatively
affects cetaceans in different ways: it decreases the detection range of their own and their conspecifics’
signals due to acoustic masking and shifts in hearing thresholds, potentially reducing their ability to
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hunt and find mates; this effectively degrades and reduces their usable habitat, and it can also
compromise health (Richardson et al., 1995). In addition, acute noise impacts from oil and gas seismic
work and Navy sonar have led to individual as well as mass stranding events (Weilgart, 2007).

All types of activities with vessel traffic present the risk of vessel strike to cetaceans (Laist et al., 2001;
Silber et al., 2021). The Bering and the Chukchi Seas are listed among the high risk areas where
collisions between ships and whales can occur (Silber et al., 2021). Vessel strikes have been shown to
cause injuries and significant levels of mortality in some cetacean species (Mullen, Peterson & Todd,
2013; van der Hoop et al., 2015).

In addition to direct anthropogenic impacts, Russian Far East seas are experiencing signs of climate
change. Rapid increases in annual temperatures lead to changes in ocean circulation and ice cover,
which severely affect regional ecosystems (Wassmann et al., 2011). Rising temperatures are having a
dramatic effect on the local biodiversity, such as a decrease in range and abundance of some cold-
water and/or ice-dependent species (Laidre et al., 2015; Laidre & Regehr, 2017; Silber et al., 2017),
dispersal of boreal species to the higher latitudes (Fossheim et al., 2015; Hunt et al., 2016), biological
invasions (Spiridonov & Zalota, 2017) and sea-ice habitat loss (Amstrup, Marcot & Douglas, 2008;
Moore & Huntington, 2008).

Cetaceans have weak protection in Russia. By law, they are considered ‘aquatic biological resources’,
i.e. they have the same legal status as fish. There is no special law considering cetaceans or marine
mammals as a distinct group requiring a specific approach for conservation and management. The
forms of zonal protection of aquatic biological resources provided by the Fisheries Law are not
adapted for cetaceans. Moreover, in July 2020 a package of laws was adopted to support
entrepreneurial activity in the Russian Arctic. The lenient tax, administrative, insurance and other
provisions established by these laws were designed to promote economic activity in Arctic waters. In
view of this legislation and the lack of specialized measures for cetacean protection, there exists a high
risk of the degradation of cetacean habitats with the consequent reduction in population numbers. At
present, the only legal recourse would apply to species listed in the Russian Red Book
(http://publication.pravo.gov.ru/Document/View/0001202004020020) of endangered species (Table
1). This gives those few species some legal protection, but the Red Book offers few practical actions to

ensure conservation other than prohibiting and prosecuting direct takes. Therefore, in absence of other
legal mechanisms for cetacean conservation, a pragmatic approach may be to adapt existing Russian

legislation to protect more of their marine habitat.

Russia’s system of nature protected areas developed during the Soviet period includes strictly
protected natural reserves, or zapovedniks (IUCN Protected Area Category Ia), national parks (IUCN
Category II), preserves (IUCN Category IV/VI), natural monuments (IUCN Category III) and regional
protected areas (IUCN Category Ib). However, most of these areas were designed to protect terrestrial

This article is protected by copyright. All rights reserved.


http://publication.pravo.gov.ru/Document/View/0001202004020020

ecosystems. Russia currently has no MPAs without a terrestrial component: by common practice, the
officials expect that a protected area should include land first and sea as an addition. Coastal waters of
terrestrial reserves are considered an integral part of protected areas, though less important (PAME,
2015). MPAs comprise only about 3% of Russia’s exclusive economic zone (WWF, 2020). The largest
marine protected area (MPA) in Russia is the Commander State Nature Biosphere Reserve which has a
30 nm zone around the islands, totalling 34,633 km?. This area has a high abundance and diversity of
cetacean species. Most other MPAs comprise only 1-6 nm wide waters adjacent to the coasts of
terrestrial reserves. As they are relatively small, few of them overlap with cetacean hotspots, and
indeed cetaceans were not considered at all when these zones were established. Until recently, Russian
waters also included special Marine Mammal Protection Zones that were created in 1986 to protect
pinniped rookeries and sea otter habitat (Order of the Ministry of Fisheries of the USSR from 30 June
1986 No. 349); however, these zones were invalidated in 2020 (Resolution of the Government of the
Russian Federation from June 13, 2020 No. 857).

To develop an effective network of MPAs and appropriate protection zones for cetaceans and the
biodiversity their habitats contain, a first step is to determine which particular areas are used with
higher frequency, and for what purpose (breeding, feeding, resting, socializing). A useful reference
point is the Convention on Biological Diversity EBSA workshop process which in 2013 identified
EBSAs in the North Pacific, including the Russian Far East, as well as in the adjacent Arctic region,
some of which were identified on the basis of cetacean habitat, although the EBSAs did not use the
various data presented in this paper. In the waters of the Russian Far East, no consistent large-scale
assessment of cetacean distribution has yet been published. Cetacean surveys have been either small-
scale or opportunistic (e.g. Istomin et al., 2013; Shulezhko & Burkanov, 2013; Belonovich &
Gutovsky, 2017; Myasnikov et al., 2017), and no effort has been made to analyse the presence of
various cetacean species on a large scale. This study presents a comprehensive summary of the data on
cetacean sightings during surveys from several research teams covering substantial parts of Russian
Far East coastal waters in order to determine important areas for particular cetacean species.

Methods
Data sources

The data used for this study were obtained through dedicated cetacean surveys as well as
opportunistically during pinniped surveys and tourist cruises in the summer seasons (May-September)
0f 2003-2018, spanning more than 4,000 km from the western Okhotsk Sea to Wrangel Island in the
Chukchi Sea (Figure 1).

The vessels used for the data collection varied from 10-15 m yachts to cruise ships up to 72 m in
length. During the dedicated surveys, two observers scanned the area with the naked eye and
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binoculars on two-hour shifts, weather permitting. During the opportunistic observations, the number
of observers and duration of observation shifts varied. When cetaceans were detected, the observers
recorded the GPS position, species and number of individuals. During the dedicated surveys, the
bearing and distance to the cetaceans were also recorded, but these data were not used for this study
because no comparable bearing and distance data were collected during the opportunistic surveys.

Local shore-based or small boat-based surveys were not included in this study.
Effort calculations

For all dedicated cetacean surveys and Steller sea lion surveys, the GPS tracks were recorded along
with detailed weather conditions. For this study, the observations were assumed to be on-effort if the
following conditions were met: visibility > 1.5 km, swell <2 m, wind speed on Beaufort scale < 5.
Off-effort observations were excluded from the analysis. To calculate the effort for each zone, the Sum
Line Lengths tool in QGIS was used (QGIS Development Team, 2020).

Besides marine mammal surveys, some data on the opportunistic sightings of cetaceans from cruise
ships were used for this study. These data were recorded by cruise guides or experienced whale
watching tourists (the tourists’ competence was assessed by the guides). No systematic effort data
were available for observations from cruise ships. The effort for these observations was calculated
based on the information from the cruise guides about their normal observation routine. The
calculations were based on the marine mammal (cetacean, pinniped or sea otter) sighting records
because, according to the guides, the observations were usually conducted in situations when there was
a high probability of marine mammal encounters (good weather and visibility and/or location known
for marine mammal presence). If the time lag between two consecutive sighting records was one hour
or less, then the observational effort was assumed to be continuous between these points. In this case,
the points were joined into a track line that was treated in the further analysis similarly to on-effort
track lines of dedicated surveys. For the single records that had no consecutive sightings one hour or
less before and after, the observation effort was assumed to last for one hour. Therefore, to calculate
the observation track length corresponding to each single marine mammal sighting record, the average
vessel cruising speed (19 km/h) was multiplied by one hour. This value was added to the effort track
length in the corresponding zone, but these tracks were not shown on the map because in many cases
the direction of vessel movement was not obvious from the data.

Calculation of encounter rates

The study area was divided into 33 zones according to oceanographic features and natural borders,
such as capes (Figure 1). Boundaries between the coastal and oceanic (pelagic) areas were drawn
following the shelf slope where feasible. Coastal areas received finer division because more effort was
concentrated there. A zone around the Commander Islands followed the 30 nm protected zone of the
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Commander Reserve. The encounter rate for each zone was calculated as a ratio of the number of
encountered individuals of each species in the particular zone to the length of track lines in that zone.
The number of individuals of each species in the particular zone was calculated using the ‘Count
points in polygon’ plug-in in QGIS, and the length of track lines in each zone using the ‘Sum line
length’ plug-in in QGIS. Only species with at least five sightings were used to calculate the encounter
rate per zone.

To identify zones that are especially important to protected species, the sighting rates were summed
only for the species listed in the Russian Red Book (Table 1), weighted by their protection status.
There are six categories in the Russian Red Book: 0 — Probably extinct, 1 — Endangered, 2 —
Decreasing numbers or range, 3 — Rare, 4 — Uncertain status, 5 — Recovered or recovering. To
calculate the weighted sighting rate, the sighting rate of a species in a particular zone was divided by
its protection status. Therefore, the weighting factor varied from 1 for endangered species to 0.2 for
recovering species. Then, the weighted sighting rates for each zone were summed to get the combined
weighted sighting rate for protected species. IUCN Red List ratings for each species in Table 1 were
not used in the analysis and provided for information only.

Environmental correlates of species presence

The depth values for the study area were obtained with 4-minute resolution using the getNOAA.bathy
function from the marmap package (Pante & Simon-Bouhet, 2013) in R (R Core Team, 2020). From
these values, the respective depth value was calculated for each cetacean sighting using the function
get.depth. The distance from each sighting position to the shore and to the shelf slope (140 m isobath)
was also calculated using the dist2isobath function.

Results

The dataset included 3,861 sighting records of 17,848 individuals from 16 species in the period of
2003-2018 (Table 1). Cetacean species encountered during the surveys included Dall’s porpoise
Phocoenoides dalli, harbour porpoise Phocoena phocoena, beluga whale Delphinapterus leucas,
sperm whale Physeter macrocephalus, Baird’s beaked whale Berardius bairdii, Cuvier’s beaked whale
Ziphius cavirostris, killer whale Orcinus orca, Pacific white-sided dolphin Lagenorhynchus
obliquidens, common bottlenose dolphin Tursiops truncatus, humpback whale Megaptera
novaeangliae, fin whale Balaenoptera physalus, common minke whale Balaenoptera acutorostrata,
blue whale Balaenoptera musculus, gray whale Eschrichtius robustus, bowhead whale Balaena
mysticetus, and North Pacific right whale Eubalaena japonica. Dall’s porpoise was the most frequently
observed species over the study period. Humpback whale and killer whale were the next most
frequently observed taxa. Five species were sighted only a few times: blue whale, common bottlenose
dolphin, Cuvier's beaked whale, Pacific white-sided dolphin and North Pacific right whale.

Twelve species with at least five sightings were included in the analysis of the sighting rate per zone
(Table S1): Dall’s porpoise, harbour porpoise, beluga whale, sperm whale, Baird’s beaked whale,
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killer whale, humpback whale, fin whale, common minke whale, gray whale, bowhead whale, and
North Pacific right whale.

Zones important for each species

The sighting rates of six odontocete (Figure 2) and six mysticete (Figure 3) species were analysed in
the various zones of the study area.

Dall’s porpoises were frequently sighted in most zones except the waters of Chukotka and some
coastal regions of the Okhotsk Sea: Penzhinsky Gulf, Middle and North-eastern Sakhalin, Sakhalin
Gulf and Shantar Area.

Harbour porpoises were recorded with high sighting rates in Gizhiginsky Gulf, in the Northern Kuril
Islands, off North-eastern Sakhalin, in Karaginsky Gulf, Olutorsky Gulf and in the pelagic zones of the
Okhotsk Sea.

Beluga whales formed stable summer aggregations in the coastal waters of the Okhotsk Sea, Chukotka
and adjacent areas. In the Okhotsk Sea, belugas were most frequently observed in the Sakhalin Gulf,
Gizhiginsky Gulf and Shantar Area, and less frequently in the waters of North-eastern Sakhalin,
Penzhinsky Gulf and Western Kamchatka. In Chukotka, belugas regularly occurred only in the Anadyr
Estuary, and some encounters were also registered in Kresta Bay and off the Koryak Coast. In other
areas of Chukotka, belugas were observed infrequently.

Sperm whales were mostly found off the shelf slope and in deep-water pelagic areas. The highest
sighting rate of sperm whales was in the Middle Kuril Islands. High sighting rates were also recorded
in the Northern and Southern Kuril Islands, in the Southern Pelagic Okhotsk Sea off the Kuril Islands,
in the Commander Islands, in the pelagic Pacific Ocean and in Kronotsky Gulf. Some sightings were
also registered in Avacha Gulf and in the pelagic Bering Sea.

Baird’s beaked whales were mostly found near the shelf slope in coastal areas off eastern Kamchatka
and in the Commander and Kuril Islands, as well as in the deep water of the Southern Pelagic Okhotsk
Sea and in the Pacific zone off the Commander Islands.

Killer whales were mostly encountered in coastal waters. The highest sighting rate was in the Middle
Kuril Islands. High sighting rates were also recorded in the Northern and Southern Kurils, as well as
off the eastern Kamchatka coast and off the Commander Islands, in the coastal western Okhotsk Sea,
in Anadyr Gulf and eastern Chukotka.

Humpback whales form feeding aggregations in particular areas of the Russian Far East that have
been stable for years. The highest sighting rate was in Kresta Bay in Chukotka. Other areas with high
sighting rates were off the Chukotka coast north of Cape Navarin and in the Chukchi Sea, the
Commander Islands and Karaginsky Gulf in Kamchatka. Humpback whales were also regularly
observed in other areas off eastern Kamchatka, including the offshore area between Kamchatka and
the Commander Islands. This species was rarely observed or completely absent in most zones of the
Okhotsk Sea, except for a small feeding aggregation in the northern Kuril Islands.
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Fin whales had the highest sighting rate in the offshore Bering Sea. High sighting rates were also
observed in the offshore Southern Pelagic Okhotsk Sea and Pacific Ocean as well as in coastal areas:
off the eastern and south-eastern coast of Sakhalin Island, in Ozernoy Gulf and Karaginsky Gulf off
eastern Kamchatka, and in the waters of Anadyr Gulf and eastern and northern Chukotka Peninsula.

Common minke whales were observed both in coastal and offshore areas, but the highest sighting
rates were found in shallow coastal areas of northern and western Okhotsk Sea in the Shelikhov Gulf,
the Shantar Area and off the North-eastern Sakhalin coast.

Gray whales occurred in clustered feeding aggregations found in the same areas from year to year.
The highest sighting rates were off eastern Chukotka in the Senyavin Strait area and north to the
Bering Strait, and also off North-eastern Sakhalin. This species was also regularly sighted in other
coastal areas of Chukotka from Olutorsky Cape to Chukchi Sea and in the Kronotsky Gulf of eastern
Kamchatka.

Bowhead whales were observed in two distinct areas: in coastal western and northern Okhotsk Sea
and in the Chukchi Sea. The highest sighting rate was found in the Shantar Area in the western
Okhotsk Sea.

North Pacific right whales were observed only in the waters of the Northern Kuril Islands and South-
eastern Kamchatka. There were only five sightings of this species in the dataset, which were made in
three different years (2009, 2013 and 2014) and in different surveys, suggesting that this area is indeed
a summer feeding ground for this species.

Zones with highest sighting rates of all and protected species

The highest sighting rates of all species were found in Sakhalin Gulf, Anadyr Estuary, Gizhiginsky
Gulf and the Shantar Area because of the large beluga whale summer aggregations in these zones
(Figure 4). The next highest sighting rates were in Kresta Bay, Senyavin Strait and Mechigmensky
Gulf because of the regular presence of summering aggregations of humpback and gray whales. The
Middle Kuril Islands also had high sighting rates because of the high density of Dall’s porpoises, killer
whales and sperm whales. The lowest sighting rates were found in the Middle Sakhalin zone, in South-
eastern Kamchatka south to Povorotny Cape, as well as in the northern Okhotsk Sea — in the Magadan
zone, in Penzhinsky Gulf and in Shelikhov Gulf.

The highest sighting rates for combined protected species were concentrated off North-eastern
Sakhalin Island (western gray whales), in the Shantar Area (Okhotsk Sea bowhead whales, mammal-
eating killer whales), in Anadyr Gulf (gray, humpback and fin whales), in Kresta Bay (gray and
humpback whales) and in the waters off eastern Chukotka (gray and humpback whales) (Figure 4).

Species distribution related to the existing MPAs
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The total area of the federal MPAs in the study region is currently 66,365 km? (Gulbina, 2020). The
majority of this area belongs to the Commander State Nature Biosphere Reserve (34,633 km?) and
Wrangel Island Reserve (14,300 km?) (Figure 4). Only 13% of all cetacean sightings and 22% of
sightings of protected species occurred within the MPAs. Endangered (category 1 in the Russian Red
Book) species and populations also appeared to be poorly protected by the existing area-based
conservation measures: only three out of 95 sightings of the Okhotsk Sea bowhead whale population
were within the marine protected zone of the Shantar Islands National Park. For gray whale, the
sightings of the western (category 1) and the eastern (category 5) populations could not be
distinguished because they overlap in the Okhotsk Sea, where they mostly feed off North-eastern
Sakhalin in unprotected waters (Briiniche-Olsen et al., 2018), and in eastern Kamchatka, where they
commonly occur within the protected marine zone of the Kronotsky Reserve. All sightings of the
endangered North Pacific right whale and endangered blue whale occurred outside MPAs.

Environmental correlates of species presence

The depth, distance to shore and distance to the shelf slope were compared to the species presence of
the various cetaceans (Figure 5). Some species showed distinct patterns in habitat preferences that
were reflected in the combination of these three factors. Bowhead whales, beluga whales and gray
whales comprised a group of seasonal shallow-water coastal species that occurred in the areas with
depths up to 60 m (rarely up to 100 m) close to the shore (commonly up to 50 km, sometimes up to
100 km) but showed no association with shelf slope. By contrast, Baird’s beaked whales and sperm
whales were normally found close to the shelf slope at depths > 500 m but did not demonstrate any
specific preferences for being close to shore. Killer whales also showed more consistency in their
association with shelf slope than with shore, but it was less pronounced than in sperm whales and
Baird’s beaked whales. Rorquals (fin, common minke and humpback whales) and both species of
porpoises had a wider range of habitat preferences, occurring both in coastal and pelagic waters, at
different depths and distances to the shelf slope. The presence of humpback whales related to the shelf
slope and of fin whales related to depth showed a distinctive bi-modal distribution, indicating that
these species can demonstrate preferences to different environmental factors.

Discussion

Cetaceans are especially vulnerable to human impacts due to their life history parameters: slow growth
and reproduction rates, high metabolic requirements and extremely large home ranges. This paper
presents a comprehensive overview of the distribution patterns of various cetacean species in Russian
Far East seas, providing a starting point for future conservation measures. In this study, the effort was
mostly concentrated in coastal waters which are more vulnerable to anthropogenic impacts. The
impacts on coastal ecosystems and the cetaceans living there are associated with various human
activities, including fisheries, oil and gas development, and pollution from mainland runoffs, among
other anthropogenic factors (Read, Drinker & Northridge, 2006; Crain et al., 2009).
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Patterns of species distribution

The distribution of particular species often had obvious environmental correlates. Two Arctic species
and one Arctic seasonal resident — bowhead whale and beluga whale, and gray whale respectively —
mostly occurred in shallow coastal waters and showed no association with shelf slope. For gray
whales, these results agree with the data from other areas (Moore, DeMaster & Dayton, 2000);
however, bowhead and beluga whales often showed different preferences from other studies. For
example, Moore, DeMaster & Dayton (2000) found that in the Beaufort Sea, bowhead whales selected
continental slope waters in summer and preferred inner shelf waters in autumn; beluga whales
inhabited slope and open basin waters in summer and outer shelf and slope in autumn. In a later study
of the same area, bowhead sighting rates were highest in the outer shelf habitat in July and the inner
shelf-shallow habitat in August-October; beluga whales were associated with continental slope habitat
in all months (Clarke et al., 2018). This difference is likely related to local conditions. In contrast to
the narrow shelf and steep continental slope of the Beaufort Sea, the Chukchi and Okhotsk seas have a
wide shelf often spanning several hundred kilometres from the shore, and the shelf slope is gradual.
Besides, in the Okhotsk Sea, ice is normally absent in July-October, which makes beluga whales and
young bowhead whales vulnerable to killer whale predation. A combination of these factors drives the
habitat preferences of these species in Russian Far East waters. In the Okhotsk Sea, both beluga and
bowhead whales concentrate in the inner parts of shallow coastal bays (Figure 2,3).

For beluga whales, habitat selection is highly dependent on prey species. In subarctic and temperate
regions, where salmon runs are abundant, they usually concentrate in river estuaries (Lowry et al.,
2008; Solovyev et al., 2015). In Arctic seas, estuarine waters play a lesser role in beluga summer
distribution. In these areas beluga whales are thought to follow the concentrations of their principal
prey, Arctic cod (Boreogadus saida) (Richard et al., 2001; Hornby et al., 2017).

There are several populations of beluga whales in the Russian Far East. In the Okhotsk Sea, two
populations are currently recognized: western Okhotsk Sea and north-eastern Okhotsk Sea
(Meschersky et al., 2013). The western Okhotsk Sea belugas comprise four summer ‘nursery’
aggregations, usually recognized as different stocks. There is no data on stock differentiation of the
north-eastern Okhotsk Sea beluga population. The only stock that summers in the coastal waters of the
Russian Far East outside the Okhotsk Sea is the Anadyr stock. This stock spends summer months in
the Anadyr River estuary (Litovka et al., 2002). In other areas of Chukotka, encounters of migratory
belugas were only rarely registered during the ice-free season. Beluga whales mostly occur in the
shallow inner parts of the bays and in river estuaries both in our surveys and in previous studies
(Solovyev et al., 2015). Beluga whales demonstrate extreme site-fidelity (O’Corry-Crowe, 2009),
which makes this species especially suitable for area-based conservation measures.

Okhotsk Sea bowhead whales mostly concentrate in the mainland bays, which is consistent with
previous studies (Shpak & Paramonov, 2018). It would be useful to extend protection efforts for these
two species, especially the endangered Okhotsk Sea bowhead whale population, by expanding the
protected zone of the Shantar Islands National Park to include the mainland bays.
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No MPA covers the distribution of gray whales off North-eastern Sakhalin Island. This feeding
aggregation contains whales from both the recovered eastern and endangered western populations
(Briiniche-Olsen et al., 2018). Intensive oil drilling can be a significant threat to the whales in this area,
which is considered the main feeding ground for the few remaining western gray whales (Villegas-
Amtmann et al., 2017). Designation of an MPA is long overdue for this area.

In Chukotka, gray whales are frequently found all along the coast from Chukchi Sea south to the
Koryak coast, but bowhead whales in the summer are found almost exclusively in the Chukchi Sea.
Neither of these populations is considered endangered: these gray whales are part of the recovered
eastern population wintering in Baja California (Durban et al., 2015), and the bowhead whales belong
to the recovering Bering-Chukchi-Beaufort Sea (BCB) population (Givens et al., 2013). The BCB
population in early summer feeds mostly in the Beaufort Sea, but in late summer and autumn they
migrate to the Chukchi Sea and form aggregations near Wrangel Island and off the northern Chukotka
coast on their way south to the Bering Sea, where they spend the winter (Quakenbush et al., 2010;
Citta et al., 2015; Citta et al., 2021). Despite these populations not being endangered, they are still
listed in the Russian Red Book under category 5 (‘recovered or recovering’). The high sighting rates of
these species, as well as the humpback whales in coastal Chukotka waters, suggest that these waters
represent an important summer feeding area. The waters around Wrangel Island are protected as part
of the Wrangel Island Nature Reserve, and some areas along the Chukotka mainland coast belong to
Beringia National Park. However, most of the protected waters include only the inland bays where
whales rarely or never occur (the notable exception is Senyavin Strait area where large aggregations of
gray and humpback whales are found). The expansion of the terrestrial clusters of Beringia National
Park into adjacent coastal waters could help to protect important habitat for cetaceans in Chukotka.

In contrast to beluga, bowhead and gray whales, Baird’s beaked whales and sperm whales were
normally found close to the shelf slope at substantial depths, without any demonstrated preference for
nearshore closeness. These species feed on deep-water squid and demersal fish and normally occur in
deep waters near steep slopes and underwater trenches (MacLeod, 2018; Whitehead, 2018). The
highest sighting rates of these species were found in the waters of the Commander Reserve as well as
around the Kuril Islands and off eastern Kamchatka.

Killer whales also showed more consistency in association with the shelf slope than with the
nearshore. Two forms, or ecotypes, of killer whales occur in Russian waters: fish-eating R-type and
mammal-eating T-type (traditionally also called ‘resident’ and ‘transient’ respectively) (Filatova et al.,
2015). R-type killer whales are common in areas where the shelf slope is situated close to shore,
namely off eastern Kamchatka, the Kuril and Commander Islands; the T-type killer whales, which
have a protection status in the Russian Red Book, are more common in the wide shallows of the
western and northern Okhotsk Sea, western Kamchatka and in Chukotka (Filatova et al., 2019b). In
many of the sighting records, however, it was impossible to determine the ecotype, because no photos
were taken or they were of insufficient quality. Therefore, the distribution of the killer whale in our
study is shown as the combined habitat preferences of both ecotypes.

The rorquals and porpoises showed a wide range of habitat preferences, occurring both in coastal and
pelagic waters, at different depths and distances to the shelf slope. Harbour porpoise was absent from
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the pelagic Pacific and Bering Sea, but relatively common in the pelagic Okhotsk Sea. Among
rorquals, the fin whale and common minke whale had wide and relatively uniform distribution,
occurring in most zones, while humpback whale distribution was more clustered. This species was
rarely recorded in the Okhotsk Sea, but formed dense aggregations off eastern Kamchatka, the
Commander Islands and Chukotka. It is unclear why this species is rare in the Okhotsk Sea despite the
abundant feeding opportunities utilized by other rorquals. The humpback whale is beginning to recover
from the commercial whaling in the 20" century (Barlow et al., 2011) and appears to be gradually
recolonizing its former range in Russian waters as well (Titova et al., 2020).

The humpback whale is listed in the Russian Red Book under category 5 (‘recovered or recovering’),
and fin whale — under category 4 (‘undetermined status’). The clustered structure of humpback whale
distribution makes the species a good candidate for area-based protection measures, more so than the
fin whale. One of the largest summering aggregations of the humpback whale is already protected
within the marine zone of the Commander Reserve, while the summering aggregation in Senyavin
Strait, eastern Chukotka, is protected within the marine zone of Beringia National Park. In both areas,
commercial fishing and any industrial activities are prohibited. However, the large aggregation in
Karaginsky Gulf has no protection and is subject to threats from the intensive fisheries in this area (for
example, a young humpback whale died due to entanglement in fishing nets in summer 2018,
https://ria.ru/20180702/1523745000.html [in Russian]). Humpback whales feeding near the northern
Chukotka coast are currently less impacted by anthropogenic activity, but the planned intensification
of traffic on the Northern Sea Route could threaten this species in the future. Another potential threat is
the expansion of long-line and crab pot fisheries northward and walleye pollock fisheries into the
Chukchi Sea.

North Pacific right whales in the waters of the Russian Far East are presumed to belong to a single
western North Pacific population numbering fewer than 1,000 individuals (Kenney, 2018). The species
is listed as ‘Endangered’ (category 1) in the Russian Red Book. One of the main threats for right
whales is entanglement in fishing gear due to its specific ‘skimming’ feeding technique (Knowlton,
2012). An MPA and/or local restrictions on fisheries (such as a full ban of gillnets, seasonal restriction
of long-line and crab fisheries and immediate implementation of the government marine mammal
bycatch programme) in the Northern Kuril Islands and South-eastern Kamchatka would help to ensure
the survival of this species. Besides the Northern Kuril Islands, Ovsyanikova et al. (2015) reported
several encounters near the Commander Islands, but in our study no sightings were registered in this
area. In 2018, a North Pacific right whale was encountered in eastern Chukotka, but this individual is
thought to belong to the eastern Pacific population (Filatova et al., 2019a). Critical habitat for North
Pacific right whales has been identified with protection measures under the U.S. Endangered Species
Act in the Gulf of Alaska and Bering Sea but, in Russian waters, currently only the Commander
Reserve could offer protection for this endangered species.

Suggestions for future MPA development, management and other protection measures

Cetaceans are indicators of high productivity and biodiversity, as well as of the health of the ocean
ecosystem, and protecting areas where they concentrate can serve as a starting point for ecosystem-
based management (Hoyt, 2011). As of 2021, IMMASs have been identified in 35% of the world ocean,
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mostly in the southern hemisphere. In the future, the [IUCN Marine Mammal Protected Areas Task
Force is planning to convene scientific workshops to identify IMMAs in the western North Pacific and
the Arctic, including the Russian Far East, but conservation action, including the identification of
MPAs, should not wait for this. Compared to most of the Arctic seas and marine waters of European
Russia, the waters of the Russian Far East are especially rich in cetaceans, including rare and
endangered species; therefore, the Russian Far East should be considered a priority region for cetacean
conservation action in Russia.

Lack of specific MPAs for protection of cetaceans hinders their conservation in Russian Far East seas.
Our study highlights the specific zones important for various cetacean species that can be used as
potential areas for future IMMASs, EBSAs, and KBAs as a route toward scientific agreement leading to
MPAs and other spatial habitat measures. Specifically, the important first step could be the extension
of the marine protected zone of some coastal reserves and national parks, such as the Kronotsky
Reserve, Shantar Islands National Park and Beringia National Park (Figure 6, areas 1, 4, 7, 10). The
coastal area near the Kronotsky Reserve (4 and 7 on Figure 6) is an important feeding area for
humpback whales, gray whales, fin whales and Baird’s beaked whales, and the extended part of area 4
off southern Kamchatka and Northern Kuril Islands is a hotspot for endangered North Pacific right
whales. Coastal bays located close to Shantar Islands National Park (1 on Figure 6) represent summer
critical habitat for beluga whales and endangered Okhotsk Sea population of bowhead whales. In this
study, only three out of 95 sightings of the Okhotsk Sea bowhead whale population occurred within
the marine protected zone of the Shantar Islands National Park; all other sightings occurred in
unprotected mainland bays. Beluga whales also concentrated mostly in the mainland bays. The waters
of eastern and northern Chukotka adjacent to Beringia National Park (10 on Figure 6) are important
feeding areas and migratory corridors for humpback whales, gray whales, bowhead whales, and
mammal-eating killer whales.

Additional areas important for cetaceans that should be assigned marine protected area status are: the
gray whale feeding area off North-eastern Sakhalin (2 on Figure 6): the mouth of Gizhiga river and the
adjacent part of Gizhiginsky Gulf, which is an important feeding area for beluga whales and an area of
sightings of gray whales and Okhotsk Sea bowhead whales (3 on Figure 6); the areas around Kekurny
and Shipunsky Capes (5 and 6 on Figure 6) which are important for humpback whales and killer
whales; Karaginsky Gulf (8 on Figure 6) which is one of the largest humpback whale feeding grounds
in Russia, hosting specifically the whales from the threatened Asian subpopulation, and also important
for fin whales and killer whales; and Kresta Bay (9 on Figure 6) frequented by humpback whales and
gray whales.

To identify IMMAS and cetacean MPAs in Russian Far East waters, the data presented in this paper
can serve as a starting point drawing on the recent fieldwork in the region. Substantial additional
information on cetacean distribution is available in various published and unpublished sources, and an
analysis of these data would assist the development of conservation action plans for all cetaceans in
Russian waters.

Bycatch is the most serious global threat for cetaceans (Young & Iudicello, 2007). An important step
in cetacean protection in Russia should be the immediate implementation of the Federal marine
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mammal bycatch monitoring programme. The Russian Far East is data deficient in terms of the overall
numbers, locations and specific fisheries implicated in marine mammal bycatch incidents, and this
programme could bring valuable data on fisheries-related marine mammal mortality at relatively low
cost to help identify problematic areas, including areas that need greater protection or enforcement.
The bycatch monitoring programme can thus contribute to the formulation of an action plan with
entanglement and bycatch reduction measures. These measures should include gear changes or zoning
within MPAs to eliminate fisheries that result in bycatch.

Russia is a party to the Convention on Biological Diversity yet, by 2020, had failed to fulfill Aichi
Target 11 to protect 10% of its national (EEZ) waters. To date, MPAs comprise only about 3% of
Russia’s EEZ (WWEF, 2020). Globally, nearly 8% of national waters has been proposed or is already
established as MPAs, although only 2.7% is fully protected (https://mpatlas.org). In 2020-21,
following the lead of IUCN and other international NGOs, the ‘30 by 30’ initiative was launched,
agreed currently by more than 100 countries, and counting, with the objective to protect at least 30%
of the global ocean by 2030. We suggest that, in the future, cetacean distribution established through
the present study and other available sources, as well as EBSAs and the future IMMA process, be
considered as an integral aspect of the assessment of new or expanded MPAs, and be used in other
spatial habitat conservation measures such as marine spatial planning in Russian EEZ waters and the
adjacent high seas.

Acknowledgements

Data analysis for this study was supported by the Pew Marine Fellowship for Marine Conservation.
Cetacean surveys were funded by the Pew Marine Fellowship for Marine Conservation, facilitated by
Whale and Dolphin Conservation, and Russian Geographical Society. Steller sea lion surveys that
were used for the opportunistic data collection of cetacean sightings were funded by NOAA. We are
grateful to Heritage Expeditions and specifically Rodney Russ for the opportunity to collect data on
cetacean sightings during the tourist cruises. We are grateful to all members of our expeditions and to
the ship and yacht crews. We also thank the journal editor and two anonymous reviewers for their
generous contributions to the manuscript.

References

Amstrup, S.C., Marcot, B.G. & Douglas, D.C. (2008). A Bayesian network modeling approach to
forecasting the 21st century worldwide status of polar bears. In: E.T. DeWeaver, C.M. Bitz, L.-B.

Trembla (Eds). Arctic sea ice decline: Observations, projections, mechanisms, and implications, pp.
213-268.

Andrew, R.K., Howe, B.M., Mercer, J.A. & Dzieciuch, M.A. (2002). Ocean ambient sound:
Comparing the 1960s with the 1990s for a receiver off the California coast. Acoustics Research Letters
Online, 3, 65-70. doi: 10.1121/1.1461915

This article is protected by copyright. All rights reserved.



17

Artukhin, Yu.B., Burkanov, V.N. & Nikulin, V.S. (2010). Accidental by-catch of marine birds and
mammals in the salmon gillnet fishery in the Northwestern Pacific Ocean. Moscow: Skorost' Tsveta.
264 pp.

Barlow, J., Calambokidis, J., Falcone, E. A., Baker, C. S., Burdin, A. M., Clapham, P. J. et al. (2011).
Humpback whale abundance in the North Pacific estimated by photographic capture-recapture with bias
correction from simulation studies. Marine Mammal Science, 27(4), 793-818. doi: 10.1111/5.1748-
7692.2010.00444 x

Baulch, S. & Perry, C. (2012). 4 sea of plastic: evaluating the impacts of marine debris on cetaceans.
Marine Mammal Commission Report SC/64/E10. 24 pp.

Belonovich, O.A. & Gutovsky, S.E. (2017). Opportunistic cetacean observations in North-Western
Pacific and Sea of Okhotsk in May—June 2017. The Researches of the Aquatic Biological Resources of
Kamchatka and of the North-West Part of the Pacific Ocean, 47, 91-102. doi: 10.15853/2072-
8212.2017.47.91-102

Brown, S. L., Reid, D. & Rogan, E. (2013). A risk-based approach to rapidly screen vulnerability of
cetaceans to impacts from fisheries bycatch. Biological Conservation, 168, 78-87. doi:
10.1016/j.biocon.2013.09.019

Briiniche-Olsen, A., Urban, R. J., Vertyankin, V. V., Godard-Codding, C. A., Bickham, J. W. &
DeWoody, J. A. (2018). Genetic data reveal mixed-stock aggregations of gray whales in the North
Pacific Ocean. Biology Letters, 14(10), 20180399. doi: 10.1098/rsbl.2018.0399

Citta, J. J., Quakenbush, L. T., Okkonen, S. R., Druckenmiller, M. L., Maslowski, W., Clement-
Kinney, J. et al. (2015). Ecological characteristics of core-use areas used by Bering—Chukchi—Beaufort
(BCB) bowhead whales, 2006-2012. Progress in Oceanography, 136, 201-222. doi:
10.1016/j.pocean.2014.08.012

Citta, J. J., Quakenbush, L. & George, J.C. (2021). Distribution and behavior of Bering-Chukchi-
Beaufort bowhead whales as inferred by telemetry. In: J.C. George and J.G.M. Thewissen (Eds.), The
Bowhead Whale Balaena mysticetus: Biology and Human Interactions. Academic Press, pp. 31-51.

Clarke, J. T., Ferguson, M. C., Willoughby, A. L. & Brower, A. A. (2018). Bowhead and beluga whale
distributions, sighting rates, and habitat associations in the western Beaufort Sea in summer and fall
2009-16, with comparison to 1982-91. Arctic, 71(2), 115-138. doi: 10.14430/arctic4713

Crain, C. M., Halpern, B. S., Beck, M. W. & Kappel, C. V. (2009). Understanding and managing human
threats to the coastal marine environment. Annals of the New York Academy of Sciences, 1162(1), 39-
62.

Corrigan, C., Ardron, J.A., Comeros-Raynal, M.T., Hoyt, E., Notarbartolo di Sciara, G. & Carpenter,
K.E. (2014). Developing Important Marine Mammal Area criteria: learning from ecologically or

biologically significant areas and key biodiversity areas. Aquatic Conservation: Marine and
Freshwater Ecosystems, 24 (Suppl. 2), 166-183. doi: 10.1002/aqc.2513

This article is protected by copyright. All rights reserved.



18

Dans, S.L., Alonso, M.K., Pedraza, S.N. & Crespo, E.A. (2003). Incidental catch of dolphins in
trawling fisheries off Patagonia, Argentina: Can populations persist? Ecological applications, 13 (3),
754-762. doi: 10.1890/1051-0761(2003)013[0754:1CODIT]2.0.CO;2

Davidson, A. D., Boyer, A. G., Kim, H., Pompa-Mansilla, S., Hamilton, M. J., Costa, D. P. et al. (2012).
Drivers and hotspots of extinction risk in marine mammals. Proceedings of the National Academy of
Sciences of the United States of America, 109(9), 3395-3400. doi: 10.1073/pnas.1121469109

Durban, J. W., Weller, D. W., Lang, A. R. & Perryman, W. L. (2015). Estimating gray whale
abundance from shore-based counts using a multilevel Bayesian model. The Journal of Cetacean
Research and Management, 15, 61-68.

Fadeev, A., llyinsky, A. & Ilyin, I. (2020). The development of the Sea of Okhotsk shelf: experience in
offshore projects development in difficult climatic conditions using the example of PJSC Gazprom Neft.
In IOP Conference Series: Earth and Environmental Science, 539(1), 012168. doi:10.1088/1755-
1315/539/1/012168

Filatova, O. A., Borisova, E. A., Shpak, O. V., Meschersky, L. G., Tiunov, A. V., Goncharov, A. A. et
al. (2015). Reproductively isolated ecotypes of killer whales Orcinus orca in the seas of the Russian
Far East. Biology Bulletin, 42(7), 674-681. doi: 10.1134/S1062359015070043

Filatova, O. A., Fedutin, I. D., Titova, O. V., Meschersky, I. G., Ovsyanikova, E. N., Antipin, M. A. et
al. (2019a). First encounter of the North Pacific right whale (Eubalaena japonica) in the Waters of
Chukotka. Aquatic Mammals, 45(4), 425-429. doi: 10.1578/AM.45.4.2019.425

Filatova, O.A., Shpak, O.V., Ivkovich, T.V., Volkova, E.V., Fedutin, [.D., Ovsyanikova, E.N. et al.
(2019b). Large-scale habitat segregation of fish-eating and mammal-eating killer whales (Orcinus
orca) in the western North Pacific. Polar Biology, 42(5), 931-941. doi: 10.1007/s00300-019-02484-6

Forney, K.A. (2004). Estimates of cetacean mortality and injury in two US pacific longline fisheries,
1994— 2002. NOAA-NMFS Administrative Report LJ-04-07. National Marine Fisheries Service. P.
19.

Fossheim, M., Primicerio, R., Johannesen, E., Ingvaldsen, R. B., Aschan, M. M. & Dolgov, A. V. (2015).
Recent warming leads to a rapid borealization of fish communities in the Arctic. Nature Climate Change,
5, 673-677. doi: 10.1038/NCLIMATE2647

Givens, G. H., Edmondson, S. L., George, J. C., Suydam, R., Charif, R. A., Rahaman, A. et al. (2013).
Estimate of 2011 abundance of the Bering-Chukchi-Beaufort Seas bowhead whale population. Paper
SC/65a/BRGO1.

Gulbina, A.A. (2020). Marine protected areas of the Far East: pages of history. Vestnik of Far Eastern
Branch of Russian Academy of Sciences, 2, 53-58. doi: 10.37102/08697698.2020.210.2.006

Hornby, C. A., lacozza, J., Hoover, C., Barber, D. G. & Loseto, L. L. (2017). Beluga whale
Delphinapterus leucas late summer habitat use and support for foraging areas in the Canadian Beaufort
Sea. Marine Ecology Progress Series, 574, 243-257. https://doi.org/10.3354/meps12178

This article is protected by copyright. All rights reserved.



19

Hoyt, E. (2011). Marine Protected Areas for Whales, Dolphins and Porpoises: A World Handbook for
Cetacean Habitat Conservation and Planning. Earthscan/Routledge and Taylor & Francis, London
and New York, 477pp.

Hoyt, E. & Notarbartolo di Sciara, G. (2014). Report of the Workshop for the Development of
Important Marine Mammal Area (IMMA) Criteria. Marseille, France, 22 Oct. 2013, [IUCN Marine
Mammal Protected Areas Task Force and International Committee on Marine Mammal Protected
Areas, 20pp.

Hunt, G. L., Drinkwater, K. F., Arrigo, K., Berge, J., Daly, K. L., Danielson, S. et al. (2016). Advection
in polar and sub-polar environments: Impacts on high latitude marine ecosystems. Progress in
Oceanography, 149, 40-81. doi: 10.1016/j.pocean.2016.10.004

Istomin, 1. G., Tatarnikov, V. A., Zharikov, K. A., Miyashita, T. & Akishin, V. V. (2013). Observation
of Cetaceans in the Sea of Okhotsk in 2009-2010. The Researches of the Aquatic Biological Resources
of Kamchatka and the North-West Part of the Pacific Ocean, 28, 116-128.

ITUCN Marine Mammal Protected Areas Task Force (2018). Guidance on the use of selection criteria
for the identification of Important Marine Mammal Areas (IMMAs). Version: March 2018. 82pp.

Jackson, J. B., Kirby, M. X., Berger, W. H., Bjorndal, K. A., Botsford, L. W., Bourque, B. J., et al.
(2001). Historical overfishing and the recent collapse of coastal ecosystems. Science, 293(5530), 629-
637. doi: 10.1126/science.1059199

Kenney, R.D. (2018). Right Whales. In: B. Wursig, J.G.M. Thewissen, & K.M. Kovacs (Eds).
Encyclopedia of Marine Mammals. Academic Press. pp. 817-821.

Kontorovich, A. E., Epov, M. 1., Burshtein, L. M., Kaminskii, V. D., Kurchikov, A. R., Malyshev, N.
A., etal. (2010). Geology and hydrocarbon resources of the continental shelf in Russian Arctic seas and

the prospects of their development. Russian Geology and Geophysics, 51(1), 3-11. doi:
10.1016/j.rgg.2009.12.003

Knowlton, A. R., Hamilton, P. K., Marx, M. K., Pettis, H. M. & Kraus, S. D. (2012). Monitoring North
Atlantic right whale Eubalaena glacialis entanglement rates: a 30 yr retrospective. Marine Ecology
Progress Series, 466, 293—-302. https://doi.org/10.3354/meps09923

Laidre, K. L. & Regehr, E. V. (2017) Arctic marine mammals and sea ice. In: D.N. Thomas (Ed.) Sea
Ice. 3rd edn. Wiley, New York, pp. 516-533.

Laidre, K. L., Stern, H., Kovacs, K. M., Lowry, L., Moore, S. E., Regehr, E. V. et al. (2015). Arctic
marine mammal population status, sea ice habitat loss, and conservation recommendations for the 21st
century. Conservation Biology, 29,724-737. doi: 10.1111/cobi.12474

Laist, D.W., Knowlton, A.R., Mead, J.G., Collet, A.S. & Podesta, M. (2001). Collisions between ships
and whales. Marine Mammal Science, 17(1), 35-75. doi: 10.1111/5.1748-7692.2001.tb00980.x

This article is protected by copyright. All rights reserved.



20

Litovka, D.I., Hobbs, R.C., Laidre, K.L., O’Corry-Crowe, G.M., Orr, J.R., Richard, P.R. et al. (2002).
Research of belugas Delphinapterus leucas in Anadyr Gulf (Chukotka) using satellite telemetry.
Marine Mammals of Holarcic: Abstracts of The 2nd International Conference, pp. 161-163.

Lowry, L.F., Frost, K.J., Zerbini, A., De Master, D. & Reeves, R.R. (2008). Trend in aerial counts of
beluga or white whales (Delphinapterus leucas) in Bristol Bay, Alaska, 1993—-2005. Journal of
Cetacean Research and Management, 10(3), 201-207.

MacLeod, C. D. (2018). Beaked whales, overview. In: B. Wursig, J.G.M. Thewissen, & K.M. Kovacs
(Eds.). Encyclopedia of Marine Mammals. Academic Press. pp. 80-83.

McDonald, M.A., Hildebrand, J.A. & Wiggins, S.M. (2006). Increases in deep ocean ambient noise in
the Northeast Pacific west of San Nicolas Island, California. The Journal of the Acoustical Society of
America, 120, 711-718. doi: 10.1121/1.2216565

Meschersky, 1. G., Shpak, O. V., Litovka, D. L., Glazov, D. M., Borisova, E. A. & Rozhnov, V. V.
(2013). A genetic analysis of the beluga whale Delphinapterus leucas (Cetacea: Monodontidae) from
summer aggregations in the Russian Far East. Russian Journal of Marine Biology, 39(2), 125-135. doi:
10.1134/S1063074013020065

Moore, S. E. & Huntington, H. P. (2008). Arctic marine mammals and climate change: Impacts and
resilience. Ecological Applications: a Publication of the Ecological Society of America, 18(2 Suppl),
s157—s165. doi: 10.1890/06-0571.1

Moore, S. E., DeMaster, D. P. & Dayton, P. K. (2000). Cetacean habitat selection in the Alaskan Arctic
during summer and autumn. Arctic, 53(4), 432-447. doi: 10.14430/arctic873

Mullen, K. A., Peterson, M. L. & Todd, S. K. (2013). Has designating and protecting critical habitat
had an impact on endangered North Atlantic right whale ship strike mortality? Marine Policy, 42, 293-
304. doi: 10.1016/j.marpol.2013.03.021

Myasnikov, V.G., Vinnikov, A.V., Ryabov, A.A., Tyupeleev, P.A., Gushcherov, P.S., Samonov, V.L
et al. (2017). Cruise report or the cetacean sighting survey in the northern Okhotsk Sea in 2015. Paper
SC/66b/1A presented the 66b IWC Scientific Committee in 2016.

Nagaylik, M. M., Filatova, O. A., Ivkovich, T. V., Burdin, A. M. & Hoyt, E. (2010). Area usage by killer
whales (Orcinus orca) in Avacha Gulf of Kamchatka peninsula. Zoologichesky Zhurnal, 89(4), 484-494.

Naumenko, N. 1. (2010). Dynamics of herring stock abundance Clupea pallasii val. in the Western
Bering Sea. Research on the Aquatic Biological Resources of Kamchatka and Northwestern Pacific
Ocean, 16, 140-145.

Notarbartolo di Sciara, G. & Hoyt, E. (2020). Healing the wounds of marine mammals by protecting
their habitat. Ethics in Science and Environmental Politics, 20,15-23. doi: 10.3354/esep00190

Notarbartolo di Sciara, G., Hoyt, E., Reeves, R., Ardron, J., Marsh, H., Vongraven, D. et al. (2016).
Place-based approaches to marine mammal conservation. Aquatic Conservation: Marine and
Freshwater Ecosystems, 26(S2), 85-100. doi: 10.1002/aqc.2642

This article is protected by copyright. All rights reserved.



21

Ovsyanikova, E., Fedutin, 1., Belonovich, O., Burdin, A., Burkanov, V., Dolgova, E., et al. (2015).
Opportunistic sightings of the endangered North Pacific right whales (Eubalaena japonica) in Russian
waters in 2003-2014. Marine Mammal Science, 31(4), 1559-1567. doi: 10.1111/mms.12243

O’Corry-Crowe, G.M. (2009). Beluga whale (Delphinapterus leucas). In: Perrin, W.F., Wiirsig, B. &
Thewissen, J.G.M. (Eds). Encyclopedia of marine mammals. Burlington: Academic Press. pp. 108—
111.

PAME (2015). Framework for a pan-Arctic network of marine protected areas. Akureyri: PAME
International Secretariat.

Pante, E. & Simon-Bouhet, B. (2013) marmap: A Package for Importing, Plotting and Analyzing
Bathymetric and Topographic Data in R. PLoS ONE, 8(9), €¢73051.

QGIS Development Team (2020). QGIS Geographic Information System. Open Source Geospatial
Foundation Project. http://qgis.osgeo.org

Quakenbush, L. T., Citta, J. J., George, J. C., Small, R. J. & Heide-Jorgensen, M. P. (2010). Fall and
winter movements of bowhead whales (Balaena mysticetus) in the Chukchi Sea and within a potential
petroleum development area. Arctic, 63(3), 289-307. doi: 10.14430/arctic1493

R Core Team (2020). R: 4 language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. URL https://www.R-project.org/.

Read, A.J., Drinker, P. & Northridge, S. (2006). Bycatch of marine mammals in US and global fisheries.
Conservation Biology, 20(1), 163-169. doi: 10.1111/5.1523-1739.2006.00338.x

Richard, P. R., Heide-Jorgensen, M. P., Orr, J. R., Dietz, R. & Smith, T. G. (2001). Summer and
autumn movements and habitat use by belugas in the Canadian High Arctic and adjacent areas. Arctic,
54(3), 207-222.

Richardson, W. J., Greene Jr, C. R., Malme, C. I. & Thomson, D. H. (2013). Marine mammals and noise.
Academic press.

Ross, D. G. (1993). On ocean underwater ambient noise. Acoustics Bulletin, January/February, 5-8.
Ross, D. (2005). Ship sources of ambient noise. [EEE Journal of Oceanic Engineering, 30, 257-261.

Ross, P. S., Barlow, J., Jefferson, T. A., Hickie, B. E., Lee, T., MacFarquhar, C. et al. (2011). Ten
guiding principles for the delineation of priority habitat for endangered small cetaceans. Marine
Policy, 35(4), 483-488. doi: 10.1016/j.marpol.2010.11.004

Shpak, O. V. & Paramonov, A. Yu. (2018). The bowhead whale, Balaena mysticetus Linnaeus, 1758,
in the western Sea of Okhotsk (2009—2016): distribution pattern, behavior, and threats. Russian
Journal of Marine Biology, 44(3), 210-218. doi: 10.1134/S1063074018030082

Shulezhko, T.S. & Burkanov, V.N. (2013). Results of killer whale opportunistic surveys in the North-
West Pacific in 2003 -2012. Features of the conservation of biodiversity of marine coastal ecosystems
of Kamchatka, pp. 319-324.

This article is protected by copyright. All rights reserved.


http://qgis.osgeo.org/
https://www.r-project.org/

22

Silber, G.K., Lettrich, M., Thomas, P.O., Baker, J., Baumgartner, M., Becker, E.A. et al. (2017).
Projecting marine mammal distribution in a changing climate. Frontiers in Marine Science, 4, 413. doi:
10.3389/fmars.2017.00413

Silber, G.K., Weller, D.W., Reeves, R.R., Adams, J.D. & Moore, T.J. (2021). Co-occurrence of gray
whales and vessel traffic in the North Pacific Ocean. Endangered Species Research, 44, 177-201. doi:
10.3354/esr01093

Solovyev, B. A., Shpak, O. V., Glazov, D. M., Rozhnov, V. V. & Kuznetsova, D. M. (2015). Summer
distribution of beluga whales (Delphinapterus leucas) in the Sea of Okhotsk. Russian Journal of
Theriology, 14, 201-215. doi: 10.3354/esr01093

Spiridonov, V. A. & Zalota, A. K. (2017). Understanding and forecasting dispersal of non-indigenous
marine decapods (Crustacea: Decapoda) in east European and north Asian waters. Journal of Marine
Biological Association of UK, 97(3), 591-611. doi: 10.1017/S0025315417000169

Titova O.V., Fedutin LD., Filatova O.A., Antipin M.A., Burdin A.M. & Hoyt E. (2020). The
characteristics of the feeding aggregation formed by humpback whales, Megaptera novaeangliae
(Borowski, 1781), in Senyavin Strait, off the Eastern Chukotka coast, according to photo-identification
data. Russian Journal of Marine Biology, 46(5), 330-337. doi: 10.1134/S10630740200501 19UNEP-
WCMC (2021). Protected Area Profile for Russian Federation from the World Database of Protected
Areas, October 2021. Available at: www.protectedplanet.net.

van der Hoop, J. M., Vanderlaan, A. S., Cole, T. V., Henry, A. G., Hall, L., Mase-Guthrie, B., et al.
(2015). Vessel strikes to large whales before and after the 2008 Ship Strike Rule. Conservation Letters,
8(1), 24-32. doi: 10.1111/conl.12105

Villegas-Amtmann, S., Schwarz, L. K., Gailey, G., Sychenko, O. & Costa, D. P. (2017). East or west:
the energetic cost of being a gray whale and the consequence of losing energy to disturbance.
Endangered Species Research, 34, 167-183. doi: 10.3354/esr00843

Wassmann, P., Duarte, C. M., Agusti, S. & Sejr, M. K. (2011). Footprints of climate change in the Arctic
marine ecosystem. Global Change Biology, 17, 1235-1249. doi: 10.1111/j.1365-2486.2010.02311.x

Weilgart, L. S. (2007). The impacts of anthropogenic ocean noise on cetaceans and implications for
management. Canadian Journal of Zoology, 85, 1091-1116. doi: 10.1139/Z07-101

Whitehead, H. (2018). Sperm whale: Physeter macrocephalus. In: B. Wursig, J.G.M. Thewissen, K.M.
Kovacs (Eds). Encyclopedia of Marine Mammals. Academic Press. pp. 919-925. WWF (2020).
https.://wwf.ru/resources/news/bioraznoobrazie/wwf-otsenil-uspekhi-rossii-v-dostizhenii-tseley-oon-po-
sokhraneniyu-bioraznoobraziya/

This article is protected by copyright. All rights reserved.


http://www.protectedplanet.net/

23

Table 1. Protection status, number of sightings and number of registered individuals of various species
over the study period.

Common . Russian TUCN Red List Number of Number of
Latin name Red Book C o
name category sightings individuals
category
Dall's porpoise  Phocoenoides dalli - LC 1287 5693
Harbqur Phocoena 4 LC 116 253
porpoise phocoena
Beluga whale Delphinapterus ; LC 184 2886
leucas
Sperm whale Physeter—_ VU 338 454
macrocephalus
Baird's beaked Berardius bairdii - DD 37 285
whale
Cuvier's i . .
beaked whale Ziphius cavirostris 2 LC 4 13
Mammal-
Killer whale Orcinus orca 2118 DD 437 3222
population
-4
Pacific white- Lagenorhynchus i LC | 4
sided dolphin obliquidens
Common
bottlenose Tursiops truncatus - LC 2 4
dolphin
Humpback Megaptgra 5 LC 541 2409
whale novaeangliae
Fin whale Balaenoptera 4 VU 107 223
physalus
Cgmmon Balaenoptera ) LC 318 401
minke whale acutorostrata
Blue whale Balaenoptera I EN 2 4
musculus
Eschrichtius  Eastern -5 Eastern — LC,
Gray whale robustus Western - 1 Western — EN 423 1937
Bering- Bering-Chukchi-
Chukchi-
Bowhead . Beaufort — LC,
Balaena mysticetus  Beaufort — 108 170
whale Okhotsk Sea —
5; Okhotsk
EN
Sea—1
North Pacific Eu.balae.na | EN 5 5
right whale Jjaponica
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Figure captions

Figure 1. Effort tracks (red lines) of the surveys used for this study, and the division of the study area
into 33 zones. Zone names are shown in black text, and land labels are shown in gray italic text.

Figure 2. Distribution and encounter rates of odontocetes in various zones of the Russian Far East seas.
Blue dots represent sighting records.

Figure 3. Distribution and encounter rates of mysticetes in various zones of the Russian Far East seas.
Blue dots represent sighting records.

Figure 4. Sighting rates for all species combined (left) and for the protected species combined (right)

in the various zones of Russian Far East seas overlapping with existing federal marine protected areas
(MPAs) and Convention on Biological Diversity (CBD) ecologically or biologically significant areas
(EBSAsS).

Figure 5. Environmental correlates of cetacean species presence: depth (top), distance to shore
(middle) and distance to shelf slope (bottom). Species abbreviations: BHW — bowhead whale, BLGW
— beluga whale, GW — gray whale, MW — common minke whale, HP — harbour porpoise, RW — North
Pacific right whale, KW — killer whale, BBW — Baird’s beaked whale, SW — sperm whale, DP — Dall’s
porpoise, HW — humpback whale, FW — fin whale.

Figure 6. Suggested Marine Protected Areas for cetaceans in the Russian Far East seas.
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