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Goal: to determine mechanisms of climate change influence on
the cod fishery in Russian waters of northern Bering Sea

1. Instability of the cod fishery in Russian waters of northern Bering Sea

2. Recent environmental changes in the Bering Sea: their nature and
consequences for the marine ecosystem

3. Conceptual model of climate change influence on the feeding stock of
pacific cod in the northwestern Bering Sea and the Russian fishery of cod
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Annual catch, 103 t

Instability of the Russian cod fishery

Dynamics of annual catch of pacific cod in the Bering Sea by Russian fleet is distinguished by fluctuations caused by sharp
year-to-year changes of the stock feeding in summer-fall in the northwestern Bering Sea, that is unusual for long-living species

Because of this instability, the cod stock is exploited irrationally, values of the total allowed catch (TAC) are not optimal —
insignificantly small portion of the stock was landed in some years (< 3% in 2016), whereas about % of the stock was landed in
other years (in early 2020s). Obviously, the annual catch dynamics lags behind the stock changes. For example, the catch
increasing started in 2017, when the stock had reached its maximum, but the catch achieved its maximum in 2020, when the
stock already decreased. This lag is caused by the fishery regulation with TAC value calculated with the models which
assimilated the data of previous years but not a current year. As the result, the undercatch of cod happened in the late 2010s
and danger of cod overfishing was averted by emergency measures in the early 2020s.
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Instability of the Russian cod fishery

The stock of cod in the northwestern Bering Sea depends on abundant but irregular migrations of this species from the
southeastern Bering Sea to the north for feeding. In the mixed feeding stock in Russian waters, the natural size composition
of fish with age-by-age abundance decrease is strongly distorted because of the migrants input presented mostly by 4-7-year
olds. The portion of migrants in the years of trawl surveys is determined for each year-class as a residual of the assessed
abundance from the number of local population predicted by cohort analysis. This portion fluctuated from 72 to 94% that
means that 6-48% of the southeastern population migrated annually from the US waters to the Russian waters for feeding.
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Recent environmental changes

The cod migrations occur on the background of fast climate changes in the North Pacific. Particularly in the Bering Sea,
dynamics of all environmental parameters is determined by winter processes, generally explained by the ice cover. That's
why all the main environmental indices have here the same tendency — to warming, and similar cyclic dynamics.
The most extreme warming happened here in 2016-2019, and relaxation after this “heat wave” is observed recently.
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Recent environmental changes

Cyclic fluctuations in environments in the Bering Sea are caused by shifts of the
Aleutian Low. When it moves eastward — north winds prevail in winter over the western
Bering Sea and south winds over its eastern part, that is normal situation, but if it moves
westward — southerlies prevail over the entire Bering Sea that provides anomalously

warm winter and influences correspondingly on environments in other seasons.

Beyond these cyclic changes, a climatic trend to warming was not noted in the Bering
Sea until 21t century, but became apparent recently because of the Hawaiian High
strengthening in conditions of active transport of air from equatorial zone to subtropics in
macroscale circulation cells. If the spur of this anticyclone spreads to Alaska — it pushes
the Aleutian Low to the west, sometimes to Kamchatka, as happened in 2016-2019.
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Recent environmental changes

The anticyclonic gyre forms on the Bering Sea shelf around the near-bottom St. Lawrence Cold Water Pool with low salinity.
A part of this gyre is the northward Navarin Current across the northern shelf. It became weak and unstable in warm years.
On the contrary, the Bering Sea Slope Current became stronger supported by south winds and stronger density gradient.
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Recent environmental changes

These changes in water circulation are important for spatial distribution of large-sized zooplankton, as the crucial species
for fish feeding — the krill Thysanoessa inermis. They spawn mainly in Zhemchug canyon at the eastern continental slope
and the progeny is transported by Slope Current to Cape Navarin. This food resource attracts mass fish species from the
eastern Bering Sea populations, including pollock, in the fall season when large-sized copepods sink to the depth for

spawning. Cod follows to migrations of their prey. Activity of this migrations corresponds to intensity of the Slope Current.
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Llenb paboTbl: NOHATb MEXaHN3M BAUAHUA KAMMATUYECKUX
N3MEHEHUN Ha MPOMbICEN TPECKN B AOCTYMHOM POCCUMNCKUM
pblbakam akBaTopuun bepuHrosa mops

1. HeycToM4mMBOCTb TPECKOBOrO Npombicia B bepmMHrosom mope 1 eé npuymnHa

2. CoBpeMeHHble KIMMATUYeCKne nameHeHna B bepnHrosom mope, nx
npuMpoaa 1 NocneAcTBUA AN SKOCUCTEMDbI

3. KoHuUenTyanbHaa MoAeNb BAMAHMA KANMATUYECKUX U3MEHEHMI Ha
Hary/bHbI 3aNac TPECKKU B 3anaaHoM YacTu bepunHrosa mopa 1 eé npombicen

4. MNpaKTnyeckme pekomeHaaumm no peryiMpoBaHnIo NPOMbIC/Ia TPECKU



Conceptual model

All found interrelations in the ecosystem of Bering Sea concerning the cod migration to the Russian waters could be

generalized as a scheme of 2 scenario:
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Conceptual model

So, we link the dynamics of stock for demersal species (cod) stock with changes is circulation at the sea surface. This
paradoxical assumption is confirmed by the closest correlation of this dynamics with SST but not with the cold water pool are a.
This relationship is explained by the proposed mechanism of environmental influence that is based on conditions of migration

concerned to water dynamics but not on conditions of reproduction or wintering.
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Conceptual model

So, we link the dynamics of stock for demersal species (cod) stock with changes is circulation at the sea surface. This
paradoxical assumption is confirmed by the closest correlation of this dynamics with SST but not with the cold water pool are a.
This relationship is explained by the proposed mechanism of environmental influence that is based only on conditions of
migration concerned to water dynamics but not on local conditions in the northwestern Bering Sea or on abundance of cod in
the southeastern Bering Sea.
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Conclusions:

Composition of the cod feeding stock in NW Bering Sea — The mixed stock includes both local fish and
migrants; the portion of migrants (mostly 4-5-years aged fish) in total biomass of cod in this area varied
between 72-94%.

Recent increasing of the cod feeding stock in NW Bering Sea — The increasing in 2016-2019 was caused
by active seasonal migrations of cod from the southeastern shelf to the northwest, mostly to the area at Cape
Navarin, in conditions of extreme warming and strong Bering Sea Slope Current.

Environmental influence to cod migrations — Active transport of krill Thysanoessa inermis with the Bering
Sea Slope Current is considered as the main reason for the active cod migration to the north-west. This
phenomenon could be predicted on the data of ice cover in winter, so far as the winter conditions determine
patterns of water circulation in Bering Sea in summer. The conditions favorable for active migration can be
expected again in the end of current decade
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