Impact of oceanographic
fluctuations on the

[

paglf! J
tu} LB
l} l'

1North Pacific Fisheries Commission (Tokyo);
- 2TINRO-Center (Vladivostok, Russia)




Ainsworth C. H., Pitcher T. J., Heymans J. J., Vasconcellos M. Reconstructing historical marine Spec. Publ. Fish. Aquat. Sci. 121: 475-482.
ecosystems using food web models: northern British Columbia from pre-European contact to

present, Ecological Modelling 2008:216:354-368. Crain C. M., Kroeker K., Halpern B. S. Interactive and cumulative effects of multiple human

s 1 attare 20N0-11:19N04.1315.

:sponse in the sea to climatic changes.

Energy

slogical synergies. Ecology Letters

ogical processes within major fisheries

1apin F. S., Groffman P. M.,

2 in Ecosystems. US Climate Change
2009.

nal-report-all.pdf.

l[, > A -
% F/.Wopi@mt o0

f#

ate change, production trends, and
adjacent waters. N. Pac. Anadr. Fish

;q,é\ y

”A‘Y\ b, L e

6CO2+6H0 CeHy 206+60 M., Devol A., Krembs C.,etal. The
2 2 61 2-6 2 ! :
, iration on pH and carbonate saturation
ROIRSYIIRESTS. nce 2010;88:442-449.

J., Fabry V. J., Millero F. J. Impact of
Science 2004;305:362-366.

lement approaches in the northern
| rsity of Washington; 2004. p. 408 pp.

Fisheries 15(6): 7-9.

O > 7B O TOT™S NA™> B =SNOB> OB T

Oceanogr. 3: 279-291.
| lexity on marine ecosystem models.

-Early} Ice Retreat

an acidification: the other CO2 problem.

C—> Late Bloom, Warm Water - Large Copepod Biomass

Klyashtorin, L.B. 1998. Long-term climate change and main commercial fish production in the
Atlantic and Pacific. Fish. Res. 37(1-3): 115-125.

Klyashtorin, L.V., and A.A. Lyubashin. 2005. Cyclic climate changes and fish productivity.
Moscow, VNIRO Publishing.

Lawler J. J., Tear T. H., Pyke C., Shaw M. R., Gonzalez P., Kareiva P., Hansen L., et al.
Resource management in a changing and uncertain climate. Frontiers in Ecology and the
Environment 2010;8:35-43.

Mackas D. L., Tsuda A. Mesozooplankton in the eastern and western Subarctic Pacific:
community structure, seasonal life histories, and interannual variability. Progress in
Oceanography 1999;43:335-363.

Mantua, N.J., S.R. Hare, et al. 1997. A Pacific interdecadal climate oscillation with impact on
salmon production. Bull. Am. Meteorol. Soc. 78: 1069-1079.

Martell S. J. D. Variation in pink shrimp populations of the west coast of Vancouver Island:
oceanographic and trophic interactions. VVancouver BC, Canada: PhD thesis, University of
British Columbia; 2002. p. 156 pp.

Miller A. W., Reynolds A. C., Sobrino C., Riedel G. F. Shellfish face uncertain future in high
CO2 world: influence of acidification on oyster larvae calcification and growth in estuaries.
PL0S One 2009;4:e5661.

Morén X. A., Lopez-Urrutia A., Calvo-Diaz A., Li W. W. Increasing importance of small
phytoplankton in a warmer ocean. Global Change Biology 2009;16:1137-1144.

Mullin M. M., Checkley D. M., Thimgan M. P. Temporal and spatial variation in the sizes of
California current macrozooplankton: analysis by optical plankton counter. Progress in
Oceanography 2003;57:299-316.

OrrJ. C., Fabry V. J., Aumont L., Bopp L., Doney S. C., Feely R. A., Gnanadesikan A., et al.
Anthropogenic ocean acidification over the twenty-first century and its impact on calcifying
organisms. Nature 2005;437:681-686.

Orsi, J.A., M.V. Sturdevant, et al. 2000. Seasonal habitat use and early marine ecology of

shifts in the large marine ecosystems ofjuvenile Pacific salmon in southeastern Alaska. N. Pac. Anadr. Fish Comm. Bull. 2: 111-122.

Pearcy, W.G. (Editor). 1984. The influence of ocean conditions on the production of salmonids
in the North Pacific. Oregon State University Sea Grant Program, Corvallis, Oregon. 327 pp.

| 5):
el A s e e s e e T S
5 NOAA 2011
B
Bouman H. A., Platt T., Sathyendranath S., Li W. K. W., Stuart V., Fuentes-Yaco C., Maass H., ann‘:igoggp i
et al. Temperature as indicator of optical properties and community structure of marine : 3 L
phytoplankton: implications for remote sensing. Marine Ecology Progress Series 2003;258:19- Harley C. [ : Sl 2N M B
30. Rodriguez =

2 22
Brander K. M. Global fish production and climate change. Proceedings of the National Academy 006;9:228 Late Ice Retreat 2
of Sciences of the USA 2007;104:19709-19714. Helle, J.H.,
Brodeur, R.D., E.A. Daly, et al. 2007. Interannual and interdecadal variability in juvenile coho temperaturt 5
salmon (Oncorhynchus kisutch) diets in relation to environmental changes in the northern Hollowed,
California Current. Fish. Oceanogr. 16(5): 395-408.
Brodeur, R.D., J.P. Fisher, et al. 2004. Juvenile salmonid distribution, growth, condition, origin,
and environmental and species associations in the North California Current. Fish. Bull. 102: 25— southeaster
46. Integrating
Brown C. J., Fulton E. A., Hobday A. J., Matear R. J., Possingham H. P., Bulman C., potential ur h
Christensen V., et al. Effects of climate-driven primary production change on marine food webs: 1018
implications for fisheries and conservation. Global Change Biology 2010;16:1194-1212. i 1
Ishida, Y., '

Building confidence in projections of the responses of living marine resources to climate change northern Ja [ ] 1 U 1
ICES J. Mar. Sci. (2016) 73 (5): 1283-1296 Keeriyama, : s | v 4y 9 { ¥ L ! :
Bulling M. T., Hicks N., Murray L., Paterson D. M., Raffaelli D., White P. C. L., Solan M. Pacific saln gl  E Y 4 3
Marine biodiversity—ecosystem functions under uncertain environmental futures. Philosophical Fish. Ocear : Mam 7 Apr“ May June / LS v
Transactions of the Royal Society, Series B 2010,365:2107-2116. Keeling R. Pt . ', W ' 3 :
Byrme R. H., Mecking S., Feely R. A., Liu X. Direct observations of basin-wide acidification of Review of | oY A A . Huntet al. 20Q2

the North Pacific Ocean. Geophysical Research Letters 2010;37:L02601.

Cheung W. W. L., Lam V. W. Y., Sarmiento J. L., Kearney K., Watson R., Pauly D. Projecting
global marine biodiversity impacts under climate change scenarios. Fish and Fisheries

Kim, S., C.-I. Zhang, et aI 2007 Climate varlablllty and its effects on major fisheries in Korea.
Ocean Sci. J. 42(3): 179-192.

Kina 1R (EFditarl 2006 Rennrt af the <tiidv aroinin on the ficheriee and ecncvetem reennneec to

Fish Comm. Tech. Rep 1:8.10.
Yatsu, A., K.Y. Aydin, et al. 2008. Elucidating dynamic responses of North Pacific fish

it mme b mamtin Fmrmimee Tl immmm mf B cd s cbrmtmrmn s Deme Namemmee 7709 9\. A



Bering-Aleutian Salmon International Survey (BASIS),
2002-2013

* North-western Bering Sea

« 2002-2013

» Upper epipelagic (0-40 m)

* Ecosystem surveys




Changes in water circulation

Pelagic fish Zooplankton
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Direction and speed of the currents in the Bering Sea in winter
and summer, 40 m depth, based on the data of 510 drifting
buoys, 1986-2007
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Dynamic topography of the surface waters in the Bering Sea
relative to 1000 db in fall
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Dynamic topography of the surface waters in the Bering Sea
relative to 1000 db in summer
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Water transport (Sv) from the Aleutian Basin to west
(latitudinal flow) and from the Near Strait to north

(longitudinal flow) in fall 2002-2012
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Significant change in water
circulation occurred in the BS
in 2007-2011 that probably
resulted in lower water inflow
to the north areas
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Pelagic fish



Changes of weight percentage of nekton species in the upper
epipelagic layer of the Aleutian Basin in fall 2002-2013
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Year-to-year changes in total nekton biomass in the upper
epipelagic layer of the Aleutian Basin
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Classification of the dominant nekton species by similarity of
year-to-year dynamics of their biomasses in the Aleutian Basin
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Changes in immature salmon abundance in the western
Bering Sea in fall 2002-2013
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Abundance of immature salmon in the western Bering Sea sharply decreased after

change in water circulation (2007-2010) and then increased as soon as water circulation
changed back (2012-2013) probably resulting from weakening of oceanic water inflow to
the Bering Sea
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Before change

After change

2002-2006

2007-2011

Changes in salmon abundance in the Aleutian and
Commander Basins
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Pacific saury distribution in the western Bering Sea in

September—October
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Zooplankton



Zooplankton biomass in the western Bering Sea averaged
for 2002-2006 and 2007-2011
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Changes in zooplankton biomass in the western Bering Sea

1400
1200
1000
800
600
400
200

Biomass, mg/m3

400
350
300
250
200
150
100

50

Biomass, mg/m?3

in 2002-2011

Large Zooplankton (>3.2 mm)

2003 2004 2005 2006 2007 2008 2009 2010 2011
=@=Anadyr Bay =@=C&A Basins

Euphausiids

2003 2004 2005 2006 2007 2008 2009 2010 2011
=@-Anadyr Bay =@=C&A Basins

Volkov 2013

Biomass, mg/m3

Biomass, mg/m?3

800
700
600
500
400
300
200
100

0

200

150

100

50

Copepods

2003 2004 2005 2006 2007 2008 2009 2010 2011
=@=Anadyr Bay =@=C&A Basins

Amphipods

2003 2004 2005 2006 2007 2008 2009 2010 2011
=®-Anadyr Bay =@=C&A Basins



Relative biomass of Themisto libellula and Oithona similis
averaged for 2002-2006 and 2007-2011
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Winter ice cover anomalies, Bering Sea, and
SST anomalies, Pribilof Islands
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Zooplankton biomass, western vs eastern Bering Sea,
averaged for 2002-2006 and 2007-2011
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Zooplankton biomass, western vs eastern Bering Sea,
averaged for 2002-2006 and 2007-2011
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Relative biomass of Themisto libellula and Oithona similis
averaged for 2002-2006 and 2007-2011
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Trophic interactions
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Food consumption by fish and squids in the Aleutian Basin
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Food consumption by fish and squids in the Aleutian Basin
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SUMMARY

Change in water circulation in 2007-2011

Affected distribution and abundance of highly
migratory fish and might cause biomass fluctuations of
squids and mesopelagic fish

No pronounced changes in total zooplankton biomass in
the WBS. Increase in biomass of T. lubellula and
decrease in biomass of O. similis throughout the sea

Intensity of trophic flows between different nekton
species and zooplankton changed while total food
consumption by nekton remained at the similar level

NW BS ecosystem



Thank you

Northwestern Bering Sea, 2006




