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Onucanue 6a3bl JaHHbIX

Mepuoa Bpemenun: 1913-1999
Yucno pencos: 158
CyMMapHoOe 4Mcno cTaHumin: 4,608

3,046 craHumi

2,947 craHumi

1,998 craHuumn

385 craHuumn

1,539 cranuwmii/4,275 npob
2,475 craHuui/9,081 npob

TemnepaTtypa:
ConéHocTb:
Kucnopoa:
Xnopogunn:
DUTONNAHKTOH:
300MNaHKTOH:

PeliCbl Ha aTOMHbIX 1e0KoNax
Mepuoa Bpemenn: 1996-1999

Yucno peiicos: 5
Yucno crtaHumin: 188

Description of the database

Time period: 1913-1999
Number of cruises: 158
Total number of stations: 4,608

3,046 stations

2,947 stations

1,998 stations

385 stations

1,539 stations/4,275 samples
2,475 stations/9,081 samples

Temperature:
Salinity:
Oxygen:
Chlorophyll:
Phytoplankton:
Zooplankton:

Cruises on nuclear icebreakers
Time period: 1996-1999
Number of cruises: 5
Number of stations: 188

Distribution of stations

_ 80°N 85°N

20°E

60°E

100 % 85°N

1913 - 1999
158 cruises

MepBuyHbiE AaHHbIC, HA OCHOBE KOTOPbIX 6a3nupyeTcs Hac-
TOALWMIA aTnac, NOArOTOBNEHbI AN MEXAYHAPOAHOro pac-
npocTpaHeHus 6e3 orpaHuuennit Ha CD-ROM u yepe3 uH-
TEPHET COrNacHO NpUHUMNOB MUPOBONO LEHTPA A3HHbLIX
MeXayHapoAHOro COoBeTa HayuHbiX OGbeAuHeHun U Mex-
roCyAapCTBEeHHOW oxeaHorpaduueckoin komuccuu FOHECKO

This Atlas and associated data are being distributed
internationally without restriction via CD-ROM, and
Internet in accordance with the principles of the World
Data Center system of the International Council of
Scientific Unions and the UNESCO Intergovermental
Oceanographic Commission
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Phytoplankton sampling during the expedition of the Murmansk Marine Biological Institute
on the nuclear icebreaker Soviet Union in the Barents and Kara Seas. March-April, 1998
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D17.
D18.
D19.
D20.
D21.
D22.
D23.
D24.

MpunoxxeHue E: PUTONNAHKTOH

Temnepatypa (°C)
ConéHocTb (pss)

ConéHoctb (pss)
Temnepatypa (°C)
Temnepatypa (°C)
ConéHocTb (pss)
ConéHoctb (pss)
Temnepatypa (°C)
Temnepatypa (°C)
ConéHoctb (pss)
ConéHoctb (pss)

®deBpanb-anpenb
®eBpanb-anpenb
®deBpanb-anpenb
ABrycr-ceHTa6pb
ABrycT-ceHTa6pb
ABrycr-ceHTa6pb
ABrycr-ceHTa6pb
deBpanb-anpenb
deBpanb-anpens
®eBpanb-anpenb
deBpanb-anpenb

E1l. Pacnpeaenexue CtaHUui No GUTOMNAHKTOHY

bapeHueBo Mope. AHanu3 AaHHbIX. [pubpexHas 30Ha

E2.1.
E2.2.
F2.3.
E2.4.
E2.5.
E2.6.
E2.7.
E2.8.
E2.9.

E2.10.
E2.11.
E2.12.
E2.13.
E2.14.
E2.15.
E2.16.
E2.17.
E2:19;
E2.20.
E2.21.
E2.22.
E2.23.
E2.24.
E2.25.
E2.26.
E2.27.
E2.28.
E2.29.
E2.30.
E2.31.
E2.32.
E2.33.

lNoBepXHOCTb-AHO
[oBepxHOCTb-AHO
[oBEpPXHOCTL-AHO
MoBepxHOCTb-AHO
[oBepXxHOCTL-AHO
MNoBepxHOCTb-AHO
MoBepxHOCTb-AHO
MoBepxHOCTb-AHO
MoBepxHOCTb-AHO
lNoBepxHOCTb-AHO
MoBepxHOCTbL-AHO
lNoBepXHOCTbL-AHO
loBepxHOCTb-AHO
MoBepxHOCTb-AHO
MoBepxHOCTb-AHO
MNoBepXHOCTb-AHO
MoBepxHOCTb-AHO
[oBepXHOCTb-AHO
[oBepXxXHOCTb-AHO
MNoBepxHOCTb-AHO
lNoBepXHOCTb-AHO
MoBepXHOCTL-AHO
MNoBepxHOCTb-AHO
MNoBepxHOCTb-AHO
MoBepXHOCTL-AHO
MoBepxHOCTb-AHO
[oBepXHOCTb-AHO
[oBepXHOCTb-AHO
[oBEepXHOCTb-AHO
[oBEpPXHOCTb-AHO
lNoBepXHOCTb-AHO
[oBepXHOCTb-AHO

Yucno suaos

Yuncno knetok

Bbuomacca

Bvopa3sHoobpasue
leorpauyeckne xapakTepucTUKu
SKONOrnyecKne XapakTepucTUKu
TakCOHOMUYECKUIA COCTaB

Yucno Buaos

Yncno KneTok

buomacca

Buopa3Hoobpasve
leorpaduueckue xapakTepucTuku
SKONOrnYecKne XapakTepucTuku
TakCOHOMUYECKMIN COCTaB

Yucno sngos

Yncno knetok

Buomacca

[eorpaduyeckme xapakTepucTUKu
SKONOrnyecKne XapakTepucTuku
TaKCOHOMUYECKUI COCTaB

Yucno sngos

Yncno kneTok

buomacca

Buopa3Hoobpasue
leorpaduueckmne xapakTepucTMKn
SKONOrnyecKne XapakTepucTuKu
TaKCOHOMMYECKMUI COCTaB

Yucno sngos

Yncno kneTok

Bbuomacca

Bvopa3Hoobpasue
Feorpaduyeckmne xapakTepucTuku

1950-1960 Tny6buHa 100 M
1950-1960 [ny6buHa 0 M
1950-1960 TIny6bunHa 100 M
1920-1940 TnybuHa O M
1920-1940 Tny6bwuHa 100 M
1920-1940 InybunHa 0 M
1920-1940 TnybuHa 100 M
1920-1940 TIny6uHa O ™
1920-1940 Iny6uHa 100 M
1920-1940 Tny6uHa O M
1920-1940 Tny6buHa 100 M

CeHTa6pb, 1954
CeHTs6pb, 1954
CeHTs6pb, 1954
CeHTs6pb, 1954
CeHTs6pb, 1954
CeHTs6pb, 1954
CeHT56pb, 1954
Anpenb, 1955

Anpenb, 1955

Anpenb, 1955

Anpenb, 1955

Anpenb, 1955

Anpenb, 1955

Anpenb, 1955
Anpenb-mau, 1957
Anpenb-maii, 1957
Anpenb-mau, 1957
Anpenb-maii, 1957
Anpenb-maii, 1957
Anpenb-mai, 1957
CeHT6pb-0KTAGPL, 1957
CeHTA6pb-0KTA6PL, 1957
CeHT6pb-0KTA6pL, 1957
CeHT6pb-0KTA6PL, 1957
CeHT6pb-0KTA6pPL, 1957
CeHT6pb-0KTA6pL, 1957
CeHTs6pb-0KTA6pL, 1957
Hos6pb-aekabpb, 1985
Honbpb-aekabpb, 1985
Hos6pb-aekabpb, 1985
Hosbpb-aexabpb, 1985
Hos6pb-aexkabpb, 1985
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D14.
D15.
D16.
D17.
D18.
D19.
D20.
D21.
D22.
D23.
D24.

Temperature (°C)
Salinity (pss)
Salinity (pss)
Temperature (°C)
Temperature (°C)
Salinity (pss)
Salinity (pss)
Temperature (°C)
Temperature (°C)
Salinity (pss)
Salinity (pss)

Appendix E: Phytoplankton
E1. Distribution of phytoplankton data

February-April
February-April
February-April
August-September
August-September
August-September
August-September
February-April
February-April
February-April
February-April

Barents Sea. Data analyses. Coastal zone

E2.1.
E2.2;
E2.3.
E2.4.
E2.5.
E2.6.
E2.7.
E2.8.
E2.9.

E2.10.
F2.11.
E2.12.
E2.13.
E2.14.
E2.15.
E2.16.
E2.17.
E2.18.
E2.19.
E2.20.
E2.21.
E2.22.
E2.23.
E2.24.
E2.25.
E2.26.
E2.27.
E2.28.
E2.29.
E2.30:
E2.31.
E2.32.
E2.33.

Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom
Surface-Bottom

Number of species
Number o fcells
Biomass

Biodiversity
Geographical variables
Ecological variables
Taxonomic composition
Number of species
Number of cells
Biomass

Biodiversity
Geographical variables
Ecological variables
Taxonomic composition
Number of species
Number of cells
Biomass

Biodiversity
Geographical variables
Ecological variables
Taxonomic composition
Number of species
Number of cells
Biomass

Biodiversity
Geographical variables
Ecological variables
Taxonomic composition
Number of species
Number of cells
Biomass

Biodiversity
Geographical variables

1950-1960 Depth 100 m
1950-1960 Depth O m
1950-1960 Depth 100 m
1980-1990 DepthOm
1980-1990 Depth 100 m
1980-1990 DepthOm
1980-1990 Depth 100 m
1980-1990 DepthOm
1980-1990 Depth 100 m
1980-1990 DepthOm
1980-1990 Depth 100 m

September, 1954
September, 1954
September, 1954
September, 1954
September, 1954
September, 1954
September, 1954

April, 1955

April, 1955

April, 1955

April, 1955

April, 1955

April, 1955

April, 1955

April-May, 1957

April-May, 1957

April-May, 1957

April-May, 1957

April-May, 1957

April-May, 1957

April-May, 1957
September-October, 1957
September-October, 1957
September-October, 1957
September-October, 1957
September-October, 1957
September-October, 1957
September-October, 1957
November-December, 1985
November-December, 1985
November-December, 1985
November-December, 1985
November-December, 1985
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E2.34. ToBEPXHOCTb-AHO DKOJOrMYecKne xapaktepuctmkn  Hosbpb-gekab., 1985
E2.35. T[loBepxHOCTb-AHO TaKCOHOMMUYECKUI COCTaB Hosbpb-gekab., 1985
bapeHLeBo Mope. AHanu3 AaHHbIX. 3anuBbl KONbCKOro noayocTposa

E2.36. [lonoxeHue ctaHuui

E2.37. KonuuyectBeHHble xapakTepuctuku [y6a SpHbiwHan 1968

E2.38. CTpyKTypHble XapaKTepuCTUKM l'y6a SApHbilwHas 1968

E2.39. KonuuyectBeHHble xapaktepuctukm  yba JanbHe3seneHeukas 1968

E2.40. CTpyKTypHble XapakTepuCTUKu ly6a [JanbHeseneHeukas 1968

E2.41. KonuuyectBeHHble xapaktepuctuku [yba JanbHe3eneHeukas 1970

E2.42. CTpyKTypHble XapakTepuCTUKu l'y6a JanbHe3eneHeukas 1970

E2.43. KonuuecTtBeHHble xapaktepuctuku  yba [lanbHeseneHeukas 1986

E2.44. CTpyKTypHble XapakTepuCTUKu lyba JanbHe3eneHeukas 1986

E2.45. KonuuectBeHHble xapaktepuctukm  yba JanbHe3leneHeukas 1987

E2.46. CTpyKTypHble XapakTepuCTUKu l'y6a OanbHe3eneHeukas 1987

E2.47. KonuuyecTBeHHble xapaktepuctukn  'yba [anbHe3eneHeukas 1988

E2.48. CTpyKTypHbl€ XapaKTEPUCTUKM l'y6a OanbHe3eneHeukas 1988

E2.49. KonuuyecTBeHHble xapaktepuctukn  yba [anbHe3leneHeukas 1989

E2.50. CTpyKTypHble XapaKTepuCTUKK ly6a OanbHe3eneHeukas 1989

bapeHueBo mope. AHanu3 AaHHbIX Pa3pe3sbl. 0606uieHre ans cnos NoBEPXHOCTb-AHO
E2.51. TMosepxHocTb-gHO CyaHo Coko/mya  Man, 1921

E2.52. TMosepxHocTb-gHO CyaHo Cokosmya  Asryct, 1921

E2.53. MosepxHocTb-gHO CyaHo /Tomop Anpenb, 1985

E2.54. MMosepxHocTb-aHO CyaHo /Tomop Mawm, 1997

bapeHueBo mope. AHanu3 AaHHbIX Paspesbl. BepTukanbHble pacnpeaeneHus

E2.55. Yucno suaos Maw, 1997

E2.56. Yucno knetok Mai, 1997

E2.57. bBuomacca Maw, 1997

E2.58. Buopa3Hoobpasue Mai, 1997

E2.59. Teorpaduueckue xapaktepuctmku  Mau, 1997

E2.60. 3konormuyeckue xapakTepucTuku Mawn, 1997

E2.61. TaKCOHOMUYECKUIA COCTaB Mawm, 1997

E2.62. Ywucno Bupos ABryct, 1988

E2.63. Y4mcno knetok ABryct, 1988

E2.64. bBuomacca ABrycT, 1988

E2.65. Buopa3Hoobpasue ABrycr, 1988

E2.66. Tleorpaduueckne xapaktepuctukn  Asryct, 1988

E2.67. 3konorumyeckue xapakTepucTuku Asryct, 1988

E2.68. TaKCOHOMWMYECKUM COCTaB Asrycrt, 1988
Kapckoe Mope. AHanu3 AaHHbIX

E3:1. MoBepxHOCTb-AHO  YMCNo BMAOB ABrycT-ceHTs6pb, 1981
E3.2, MoBepXHOCTb-AHO  YMCNIO0 KNEeTOoK ABrycr-ceHTs6pb, 1981
E3.3. MoBepxHOCTb-AHO  Buomacca ABrycT-ceHTa6pb, 1981
E3.4. TosepxHOCTb-AgHO  BuopasHoobpasune ABrycT-ceHTa6pb, 1981
E3.5.  ToBepxHOC Tb-AHO [eorpaduyeckune xapakTepuctmkn  ABrycT-ceHTabpb, 1981
E3.6. MOBEPXHOCTb-AHO  DKONOrMYECKUe XapakTEPUCTUKM ABrycr-ceHTa6pb, 1981
E3.7. MoBEpXHOCTb-AHO  TAKCOHOMMYECKUIA COCTaB ABrycr-ceHTs6pb, 1981

10
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E2.34.
E2.35.

Surface-Bottom Ecological variables
Surface-Bottom Taxonomic composition

Barents Sea. Data analyses. Bays of the Kola Peninsula

E2.36.
E2.37.
E2.38.
E2.39.
E2.40.
E2.41.
E2.42.
E2.43.
E2.44.
E2.45.
E2.46.
E2.47.
E2.48.
E2.49.
E2.50.

Position of stations
Quantitative variables
Structural variables
Quantitative variables
Structural variables
Quantitative variables
Structural variables
Quantitative variables
Structural variables
Quantitative variables
Structural variables
Quantitative variables
Structural variables
Quantitative variables
Structural variables

Yarnishnaya Bay 1968
Yarnishnaya Bay 1968
Dalnezelenetskaya Bay 1968
Dalnezelenetskaya Bay 1968
Dalnezelenetskaya Bay 1970
Dalnezelenetskaya Bay 1970
Dalnezelenetskaya Bay 1986
Dalnezelenetskaya Bay 1986
Dalnezelenetskaya Bay = 1987
Dalnezelenetskaya Bay = 1987
Dalnezelenetskaya Bay = 1988
Dalnezelenetskaya Bay = 1988
Dalnezelenetskaya Bay 1989
Dalnezelenetskaya Bay 1989

Barents Sea. Data analyses. Sections. Averaged from the surface to bottom
Surface-bottom Vessel Sokolisa May, 1921

Surface-bottom Vessel Sokolisa  August, 1921
Surface-bottom Vessel Pomor April, 1985
Surface-bottom Vessel Pomor May, 1997

E2.51.
E2.52.
E2.53.
E2.54.

Barents Sea. Data analyses. Section. Vertical distributions

E2.55.
E2.56.
E2.57.
E2.58.
E2.59.
E2.60.
E2.61.
E2.62.
E2.63.
E2.64.
E2.65.
E2.66.
E2.67.
E2.68.

Number of species
Number of cells
Biomass

Biodiversity
Geographical variables
[Ecological variables

Taxonomic composition

Number of species
Number of cells
Biomass

Biodiversity
Geographical variables
Ecological variables

Taxonomic composition

Kara Sea. Data analyses
Surface-bottom  Number of species August-September, 1981

Surface-bottom  Number of cells August-September, 1981

E3.1.
E3.2,
E3:3
E3.4.
E3.5.
E3.6.
E3+7:

Surface-bottom Biomass
Surface-bottom  Biodiversity

May, 1997
May, 1997
May, 1997
May, 1997
May, 1997
May, 1997
May, 1997
August, 1988
August, 1988
August, 1988
August, 1988
August, 1988
August, 1988
August, 1988

August-September, 1981
August-September, 1981

Surface-bottom  Geographical variables  August-September, 1981
Surface-bottom  Ecological variables August-September, 1981
Surface-bottom Taxonomic composition  August-September, 1981

11
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E3.8.
E38,

E3.10.
E3.11.
E3.12.
E3:13.
E3.14.

Pelicbl aTOMHbIX 1€40KON0B

MNoBepXxHOCTb-AHO
MoBepXHOCTb-AHO
MoBepXHOCTL-AHO
[oBepXHOCTb-AHO
[NoBepxHOCTL-AHO
[oBepXHOCTb-AHO
MoBepXHOCTL-AHO

E4.1.
E4.2.
E4.3.
E4.4.
E4.5.
E4.6.

Yucno smaos
Yncno KneTok
buomacca
Bbuopa3Hoobpasue

ABrycr-ceHTa6pb, 1991
ABrycr-ceHTa6pb, 1991
ABrycr-ceHTabpb, 1991
ABrycr-ceHTs6pb, 1991

leorpaduyeckune xapakTepucTmkm  ABrycr-ceHTabpb, 1991

SKONOrMUYECKME XapaKTEPUCTUKU
TaKCOHOMUYECKUI COCTaB

MoBepxHOCTb  llepokon ApKTuka
MNosepxHocTe  Mepokon Coserckmi Coro3  Anpenb 1-9, 1996

MosepxHocTb  Nepokon Coserckmi Coro3  Anpenb 17-22, 1996
MosepxHocTe  Mepokon Basray
MosepxHoCTb  lepokon Poccusa
MosepxHocTb  MNepokon Coserckmi Cowo3  despanb-mapt, 1999

Mpunoxexue F. 300NNaHKTOH

ABrycr-ceHTa6pb, 1991
ABrycr-ceHTa6pb, 1991

Anpenb-man, 1996

®eBpanb, 1998
Anpenb, 1998

OkTa6pb-HOA6pPL, 1952
OkTa6pb-HOS6pPL, 1952
Anpenb, 1953

Anpenb, 1953

Wionb, 1953

Wionb, 1953
CeHTs6pb-0KTA6pb, 1953
CeHTs6pb-0KTS6pb, 1953
Hosbpb-aexabpb, 1953
Hosbpb-aekabpb, 1953
[exkabpb, 1954
Dekabpb, 1954
®eBpanb, 1955
®eBpanb, 1955
Anpenb, 1955

Anpenb, 1955

Mai, 1955

Mawm, 1955

MioHb, 1955

MioHb, 1955

Wionb, 1955

Wionb, 1955
ABrycr-ceHTs6pb, 1955
ABrycr-ceHTs6pb, 1955

ABrycr-okTa6pb, 1936
ABrycr-ceHTs6pb, 1981

F1. PacnpegeneHue aaHHbIX NO 300M1AHKTOHY
bapeHueBo Mope. AHanun3 AaHHbIX

F2.1. [oBepxHOCTb-AHO Buomacca

F2.2. MoBepxHOCTb-AHO  BuopasHoobpasne
F2.3. MosepxHOCTbL-AHO  Buomacca

F2.4. MoBepxHOCTb-AHO  BuopasHoobpasue
F2.5. MNMoBepxHOCTL-AHO  Buomacca

F2.6. MoBepxHOCTb-AHO  BuopasHoobpasue
F2.7. MosepxHoCTL-AHO  Buomacca

F2.8. MoBepxHOCTb-AHO  BuopasHoobpasue
F2.9. MoBepxHOCTL-AHO  Buomacca

F2.10. lMoBepxHOCTb-AHO bBuopa3sHoobpasuve
F2.11. [osepxHOCTbL-AHO bBuomacca

F2.12. TloBepxHOCTbL-AHO bBuopa3Hoobpasue
F2.13. TlosepxHOCTb-AHO bBuomacca

F2.14. ToBepxHOCTb-AHO bBuopa3Hoobpasve
F2.15. TloBepxHOCTb-AHO buomacca

F2.16. TMoBepxHOCTb-AHO bBuopasHoobpasue
F2.17. ToBepxHOCTb-AHO bBuoMacca

F2.18. TloBepxHOCTL-AHO bBuopa3Hoobpasue
F2.19. ToBepxHOCTb-AHO bBuomacca

F2.20. TloBepxHOCTb-AHO bBuopa3sHoobpasve
F2.21. TosepxHOCTbL-AHO bBuromacca

F2.22. TloBepxHOCTb-AHO bBuopasHoobpasue
F2.23. TloBepxHOCTb-4HO bBbuomacca

F2.24. ToBepxHOCTb-AHO Buopa3Hoobpasue
Kapckoe Mope. AHanu3 AaHHbIX

F3:1; MoBepxHOCTL-AHO  YnCNo BMAOB
F3.2. MoBEepXHOCTbL-AHO  YnCNo BMAOB
F3.3. MoBepxHOCTb-AHO  OTHOCUTENbHOE obunue
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E3.8.

E3:9.

E3.10.
E3.11.
E3.12.
E3.13.
E3.14.

Surface-bottom
Surface-bottom
Surface-bottom
Surface-bottom
Surface-bottom
Surface-bottom
Surface-bottom

Number of species
Number of cells
Biomass
Biodiversity

Ecological variables

Cruises of nuclear icebreakers

Geographical variables

Taxonomic composition

August-September, 1991
August-September, 1991
August-September, 1991
August-September, 1991
August-September, 1991
August-September, 1991
August-September, 1991

April-May, 1996
April 1-9, 1996
April 17-22, 1996
February, 1998

E4.1. Surface Icebreaker Arctic

E4.2. Surface Icebreaker Soviet Union
E4.3. Surface Icebreaker Soviet Union
E4.4. Surface Icebreaker Vaygach
E4.5. Surface Icebreaker Russia

E4.6. Surface Icebreaker Soviet Union

Appendix F. Zooplankton
F1.

Distribution of zooplankton data

Barents Sea. Data analyses

F2.1.  Surface-bottom
F2.2.  Surface-bottom
F2.3.  Surface-bottom
F2.4.  Surface-bottom
F2.5.  Surface-bottom
F2.6.  Surface-bottom
F2.7.  Surface-bottom
F2.8.  Surface-bottom
F2.9.  Surface-bottom
F2.10. Surface-bottom
F2.11. Surface-bottom
F2.12. Surface-bottom
F2.13. Surface-bottom
F2.14. Surface-bottom
F2.15. Surface-bottom
F2.16. Surface-bottom
F2.17. Surface-bottom
F2.18. Surface-bottom
F2.19. Surface-bottom
F2.20. Surface-bottom
F2.21. Surface-bottom
F2.22. Surface-bottom
F2.23. Surface-bottom
F2.24. Surface-bottom

Kara Sea. Data Analyses

F3.1. Surface-bottom
F3.2.  Surface-bottom
F3.3.  Surface-bottom

Biomass
Biodiversity
Biomass
Biodiversity
Biomass
Biodiversity
Biomass
Biodiversity
Biomass
Biodiversity
Biomass
Biodiversity
Biomass
Biodiversity
Biomass
Biodiversity
Biomass
Biodiversity
Biomass
Biodiversity
Biomass
Biodiversity
Biomass
Biodiversity

Number of species
Number of species

April, 1998
February-March, 1999

October-November, 1952
October-November, 1952
April, 1953

April, 1953

July, 1953

July, 1953
September-October, 1953
September-October, 1953
November-December, 1953
November-December, 1953
December, 1954
December, 1954
February, 1955

February, 1955

April, 1955

April, 1955

May, 1955

May, 1955

June, 1955

June, 1955

July, 1955

July, 1955
August-September, 1955
August-September, 1955

August-October, 1936
August-September, 1981

Relative abundance August-October, 1936
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F3.4. [oBepXHOCTb-AHO OTHoCUTENbHOE 0bunve  ABrycT-ceHTs6pb, 1981

F3.5.  [oBepXHOCTb-AHO Obunue ABrycr-ceHTa6pb, 1981
F3.6.  lNoBepXxHOCTb-AHO buopa3Hoobpasue ABrycT-ceHTa6pb, 1981
F3.7. Paspesl Obunue ABrycT-ceHTs6pb, 1981
F3.8. Paspesl buopa3Hoobpasue ABrycr-ceHTa6pb, 1981
F3.9. Paspe32 Obunue ABrycr-ceHTa6pb, 1981
F3.10. Pa3pe32 Buopa3Hoobpaszue ABrycr-ceHTa6pb, 1981
F3.11. Pa3pe33 O6bunue ABrycT-ceHTa6pb, 1981
F3.12. Pa3pe33 buopa3Hoobpasue ABrycT-ceHTa6pb, 1981

Npuno)xexune G. [JOKYMEHTUPOBaHME U3MEHEHMH NJIAHKTOHHOro coobuiecrsa
Gl.  ®utonnaHkToH  bapeHueBo Mope 69-72°N, 33°30'E 1921 vs. 1997

G2.  ouTonnaHKTOH  bapeHueBo Mope 71°N, 33°30'E 1921-1957-1985-1997
G3. 300M1aHKTOH Kapckoe mope 1936 vs. 1981

G4. 300N1aHKTOH bapeHueBo Mope 1953-1955 vs. 1956-1957
G5. dutonnaHkToH  bapeHueBo mope Koneckmii pazpe: 1921 vs. 1997

G6. 300NN1aHKTOH bapeHueso mope TpeHabl 1952-1959
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F3.4. Surface-bottom  Relative abundance August-September, 1981

F3.5. Surface-bottom Abundance August-September, 1981
F3.6. Surface-bottom  Biodiversity August-September, 1981
F3:7- Sectionl Abundance August-September, 1981
F3.8. Sectionl Biodiversity August-September, 1981
F3.9. Section2 Abundance August-September, 1981
F3.10.  Section2 Biodiversity August-September, 1981
F3.11.  Section3 Abundance August-September, 1981
F3.12.  Section3 Biodiversity August-September, 1981

Appendix G: Documentation of changes of the plankton community

G1. Phytoplankton Barents Sea 69-72°N, 33°30'E 1921 vs. 1997

G2. Phytoplankton Barents Sea 71°N, 33°30'E 1921-1957-1985-1997
G3. Zooplankton Kara Sea 1936 vs. 1981

G4. Zooplankton Barents Sea 1953-1955 vs. 1955-1957
G5. Phytoplankton  Barents Sea Kola Section 1921 vs. 1997

G6. Zooplankton Barents Sea Trends 1952-1959
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NPEANCNOBMUE

BapeHLeBo u Kapckoe Mops cnyxaT TPaaULMOHHLIM O6BEKTOM UCC/IEA0BAHUS ANS MHOMMX MOKOMEHMI
POCCUIACKMX YYEHBIX. POCCUS PErynsipHO CHapsXKana 3KCNeAuUMM B 3T MOPS, HauuHas C KoHua 19
BEKa, YTO MO3BO/IUO HAKOMUTL K HACTOALLEMY BPEMEHU OFPOMHbIM OOBbEM (DU3NYECKUX, MMAPOXUMU-
UECKMX W rMapobMONOrMYecKMX AaHHbIX. ITO 06CTOATENLCTBO AenaeT BapeHueso u Kapckue mops
YAOOHBIM MOMUIOHOM AN UCCIIEAOBAHUS WIMPOKOTO Kpyra (yHAAMEHTasbHbIX NpobneM ecrecTBo3Ha-
Hus. BMecTe C TeM, bapeHUEeBO Mope npuHaanexar cucteMe MonbdCTpUMa, Tak Kak ABNSETCA KOHeY-
HbIM MyHKTOM TpaHC(opMaumn Boj ATNaHTUHECKOrO OkeaHa. M03ToMy Ans NMOHMMaHWUs NPUpoAbl NPo-
LUECCOB B AaHHOM paitoHe, HeO6X0AMMO PacCMOTpeHMe BCeit CUCTEMbI MonbdCTpUMa OT MonyocTpoBa
®nopuaa Ao apxunenara Hosas 3emns. 3TOT (akT onpeaenseT AONTOBPEMEHHBLIE LIENW COTPYAHM-
yectBa MypMaHCKoro Mopckoro 6uonorumueckoro uHcTUTyTa, Poccus (MMBM) 1 MupoBoro LeHTpa
AdHHbIX NO okeaHorpacdwmu, Silver Spring (WDC) kak B nnaHe GopMmpoBaHua 6a3bl okeaHorpaduyec-
KUX [aHHbIX, TaK U B NsiaHe eé UCNoNb30BaHUA ANA UCCIEA0BaHUA KNMMaTa OKeaHa.

buonorndeckmi arnac mopesi Apktvkun 2000: nnaHKToH bapeHuyesa n Kapckoro Mopes SBnseTcs BTo-
poit pabotoii, BbinonHeHHo MMBWU u WDC B pamkax npoekta GODAR (rnobanbHoe criaceHve u
apX1BaUMKU OKEAHONIOMMYECKMX AdHHbIX), MOAAEPXXMBAEMOro MeXroCyAapCTBEHHOW OKeaHorpadu-
ueckomn komuccveit KOHECKO. Mepsas - Kmmmarmqeckwii arnac bapeHyesa mops 1998: remneparypa,
COMIEHOCTL, KnCopog Bbiwna B 1998 rogy M YacTb TMpaxa 3ToW paboThl nepefaHa B pasnuuHble
yuebHble 3aBeaeHus, BKIIOYas M LWKONbI MypMaHcka. AHanorMuHbIM 06pPa3oM Mbl MaHUPYeM noc-
TYNUTb U C HacTosLwein paboToil, Nonaras, YTo 3T0 CTUMYNIMPYET MHTEPEC MONOASKU K UCCNEA0BAHMIO
oKeaHa u ero buopecypcos.

lMepBuyHbIE AaHHbIE, HA OCHOBE KOTOPbLIX 6a3vpyeTcs HACTOSALMIA aTnac, NOArOTOBNEHSLI ANIA MEXAY-
HApOAHOro pacnpocTpaHeHus 6e3 orpaHuueHuit Ha CD-ROM M uepe3 MHTEPHET B COOTBETCTBUM C
NpUHUMNAMU MUpOBLIX LIEHTPOB AaHHbIX MeXayHapOAHOro COBETa HAyUHbIX 06beAuHEHUI U Mexro-
CyAapCTBEHHOW OkeaHorpaduueckon komuccuen FOHECKO.

Cugreri Jlesutyc, QNpekTop AkapeMuk [eHHagmi Matniwos, QupekTop
MUPOBOM LEHTP AaHHbIX NO OKeaHorpaduy, MypMaHCK1A MOPCKOI 6UONOrUUECKMiA
Silver Spring, JlTabapaTopus MOPCKOro KiMMarta MHCTUTYT, KONbCKUI HAYYHbIN LEHTP
HauuoHanbHbI LEHTP OkeaHorpadUUeckux Poccuiickas Akagemus Hayk, Poccus

AaHHbIX/HOAA, CLLA
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PREFACE

Both the Barents Sea and the Kara Sea have been the focus of historical studies performed by many
generations of Russian researchers. Because Russia has sent expeditions to this area since the 15th
century, a large amount of physical, hydrochemical, and hydrobiological data have been collected
from this region. These data are useful for the study of a broad range of fundamental problems in
oceanography, particularly since the Barents Sea is the final element in the Atlantic Ocean water
transformation through the Gulf Stream system. For better understanding of the nature of the
processes in this region of the Arctic basin and their prediction, the Gulf Stream system from the
Florida Peninsula to the Novaya Zemlya archipelago should be considered as a whole. These reasons
outline the long-term objectives in cooperation between the Murmansk Marine Biological Institute,
Russian Federation (MMBI) and the World Data Center for Oceanography, Silver Spring (WDC) for
generating an oceanographic database and its utilization for ocean studies.

The Biological Atlas of the Arctic seas 2000 is the second stage in the joint study performed by the
MMBI and the WDC within the framework of the GODAR Project (Global Ocean Data Archaeology and
Rescue). The first study—Climatic Atlas of the Barents Sea 1998: Temperature, Salinity, Oxygen—was
published in 1998 with copies forwarded to different scientific centers, including Murmansk schools.
We are planning to distribute the present publication in a similar way. We believe that this will
stimulate an interest in young generations for further examination of the ocean and its biological

resources.

This Atlas and associated data are being distributed internationally without restriction via CD-ROM,
and Internet in accordance with the principles of the World Data Center system of the International
Council of Scientific Unions and the UNESCO Intergovermental Oceanographic Commission.

Sydney Levitus, Director Academician Gennady Matishov, Director
World Data Center for Oceanography, Silver Spring Murmansk Marine Biological Institute
Ocean Climate Laboratory Kola Scientific Center

National Oceanographic Data Center/NOAA, USA Russian Academy of Sciences, Russia
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BJIATOAAPHOCTH

Bnarogaps ycunmaM HECKONbKUX MOKOMEHWU POCCUMCKMX Y4Y€HbIX, Habniogatenei, mopskos 1910-
1950 ropos cobpaHbl AaHHbIE, MO3BONAKOWME HAM CErOAHA MCCNIEA0BaTb NPUPOAY MOpeW ApKTUKMW.
MHorve aBTopbl HacTosLen paboTbl yuunuck Ha Tpyaax A. Jiunko, K. [epiorvHa, b. ManTteidens, M.

KaMwwunoBa, 3. 3eNMKMaH 1 ApYrux YYeHbIX CTapLuero noKoieHus.

Ha npoTs)XeHun MHOrMX neT akunaxu cyaos MMBW [lomop v fansHue 3eneHuysl obecneunsany Bo3-

MOXHOCTb C60pa AaHHbIX B ADKTUKE, HECMOTPS Ha CypOBble YCIIOBUS MONSPHBIX LWXPOT.

Ocobyto 6naroaapHOCTb 3aC/TYXXMBAIOT 3KUNAXM aTOMHbIX NeA0KON0B ApkTuka, CoBerckmi Cor3, Bau-
ra4y, Poccusa. IHpOpMaums O NnaHKToHe, cobpaHHas B MEPUOA MaBaHMS HA aTOMHbIX NefjoKonax,

NO3BONAET U3y4aTb PaOHbI, PAHEE HEAOCTYMHLIE AN UCC/IEA0BAHMNA.

Axkapemua Hayk Poccum n Konbckuin HayuHbi LieHTp BMeCTe ¢ HaumoHanbHbIM LIEHTPOM M0 U3y4eHuio
OxkeaHa n Atmocdepbl (NOAA) B pamkax /Iporpammbl Knnmar n [7106a/1bHbIe U3MEHEHNS TNOAAEPXKU-
BasM paboTy No CO3AaHUI0 rMApobuonornyeckor 6asbl AaHHbIX M PACYETAM XapaKTEPUCTUK MNAHKTO-

Ha Ans paioHoB bapeHuesa u Kapckoro Mopei.

MexayrocynapcreeHHas OkeaHorpadmueckas Komuccma HOHECKO (IOC) noaaepxuBaeT npoekT
GODAR, 6naropaps 4eMy cnaceH 60nbLion 06bEM AaHHbLIX. BaXKHBIMU UCTOYHUKAMU @HHbIX AN HaC-
Tosiwen pabotbl aBnanuck LieHTpanbHas 6ubnuoteka NOAA (Silver Spring, MD, CLUA), CnassHckoe u
BanTuitckoe oTaenexue nybnuuHon 6ubnuotekn Heto-Mopka (CLUA), 6ubnuoteka [laptMya Konnemxa
(Hanover, NH, CLUA), CnaBsiHckas 6ubnmoTeka (XenbcuHku, GUHNSHANS)

Mbl 6narogapum konnektms MMBU u B ocobenHocT [1. Mouceesa, T.Ky3Heuosy, E. [pyxkosy, M.
l'pomoBa, J1. MaTiowesy, [. LLinpokono6osy, a Takke cotpyaHukos WDC, Silver Spring u NODC/NOAA,
A. AxtoHoBa, T. Boepa, M. KonkpawT, P. lendenpa, A. [AxoHcoH, K. Caszama, K. CredeHc, . Tpam-
men, K. ®opru, C. duaunc 3a noMoLUb Npu co3pannm 6asbl AaHHbIX. Mbl BbipaXaeM 61aroaapHocTs E.
MakapeHKko, 3a nepeBsof 3TON paboTbl C PYCCKOrO f3blka Ha aHrAMACKWMIA. OCOBEHHO Mbl XOTUM
nobnaroaapute AokTOpoB Hayk C. [pobbiwesy (MOAAPHLIA MHCTUTYT pPLIGHOMO XO35CTBA W
okeaHorpadum, MypmaHck, Poccus), E. Mapxacéy (3oonoruueckuit uHCTUTYT, C. MeTepbypr, Poccus),
A. NMukonno, Mopdwu (HOAA, Silver Spring, MD, CLLIA), kKOTOpbIe PeLeH3MpoBanu AaHHY0 paboTy.
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BMOJIOFMYECKUUA ATNIAC MOPEM APKTUKM 2000:

naaHKTOH bapeHuesa n Kapckoro mope#

I'. Matuwos, M. Makapesuy, C. Tumodees, J1. Ky3Hewos, H. IpyxKos,
B. JlapuoHos, B. lony6es, A. 3yes, H. Agpos, B. lenucos, I'. UnbuH,
A. Ky3xeuos, C. [leHnceHko,B. CaBuHOB, A. LLIaBbIkuH

(MypMaHCKui? MOPCKO BUONOrMYECKMIA MHCTUTYT, Poccus)

W. Cmonsp, C. flesutyc, T. O'bpaiaH, O. bapaHoBa
(MupoBoi LiEHTP AaHHbIX Mo okeaHorpadwuu, Silver Spring
JlabopaTopus MOpCKoro kiMMarta

HauvoHanbHbIM LEHTP okeaHorpaduueckmnx AaHHbIx, CLLA)

AHHOTAUUA

MpuBoasTcs ¢msndeckue u Guonornyeckue (UTO- M 300NIAHKTOH) AaHHbIE 158 PENCOB HayuHbIX
CypoB 3a 1913-1999 rogpl, a Takke AaHHble NO (UTOMNAHKTOHY, cobpaHHble B 1994-1999 roabl B
nepuoj nnaBaHua aTOMHbIX NTEA0KON0B M3 bapeHueBa B Kapckoe Mope. MNpeacTaBneHb! Cincku BUaoOB
GUTO- M 300NNaHKTOHA MOpen ApPKTUKM. [LNsi KaXaoro Buaa (UTONNAHKTOHA yKasaHa KOMormyeckas
¥ reorpadmueckas xapakTepucTuku. [ins MaccoBbiX BUAOB (DMUTOMNAHKTOHA NpuBeaeHsl doTorpadum
XMBbIX KNETOK. PacCMOTpEHbI OCHOBHbIE 3aKOHOMEPHOCTW rOAOBOrO LMKIA Pa3BuTUS MIaHKTOHA. ITu
3aKOHOMEPHOCTU ONUCaHbl B KOJIMYECTBEHHBIX TEPMUHAX M MOKa3aHa BO3MOXXHOCTb MX MCMOSb30BaHMUS
AN KOHTPONSA Kayectsa GMONOrMyecknx AaHHbIX. MeToabl 06LEKTUMBHOMO aHanM3a MCNoNb30BaNUCh
ANA KapTUPOBaHUs pacnpefeneHns U3nYecknx M GMonornyeckux XapakTepuctuk bapeHuesa u
Kapckoro mopeii. [poBeaeHo CpaBHEHWE CTPYKTYpbl (UTO- 1 300nnaHkToHa 30-X, 50-x 1 90-x rogos.
MoKasaHo, YTO BbISIB/IEHHBLIE PA3/IMUMA HAMHOTO MPEBbLILLAIOT OLUMOKY, BHOCUMYIO 3@ CYET Pa3/IMyHbIX
MeToAMK 0T6opa Npob nNnaHKToHa.
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BIOLOGICAL ATLAS OF THE ARCTIC SEAS 2000:
Plankton of the Barents and Kara Seas

G. Matishov, P. Makarevich, S. Timofeev, L. Kuznetsov, N. Druzhkov,
V. Larionov, V. Golubev, A. Zuyev, N. Adrov, V. Denisov, G. Iliyn,

A. Kuznetsov, S. Denisenko, V. Savinov, A. Shavikyn

(Murmansk Marine Biological Institute, Russia)

1. Smolyar, S. Levitus, T. O'Brien, O. Baranova
(World Data Center for Oceanography, Silver Spring
Ocean Climate Laboratory,

National Oceanographic Data Center/NOAA, USA)

ABSTRACT

Presented are (a) physical and biological data collected during 158 scientific cruises carried out in the
period 1913-1999 and (b) data on phytoplankton collected in 1994-1999 during cruises of nuclear ice-
breakers in the region extending from the Barents Sea to the Kara Sea. Listed are phytoplankton and
zooplankton species of the Arctic seas. Ecological and geographic characteristics are given to each
individual species. Pictures of live cells illustrate the dominant species. Based on the pattern of the
annual cycle of the plankton variability, proposed criteria are presented for the quality control of
phytoplankton and zooplankton data. The methods of objective analysis are used for mapping the
distribution of physical and biological characteristics of the Barents and Kara Seas. Comparisons of the
structure of the plankton community in the 1930’s, 1950's, and 1990’s are presented. It is
demonstrated that observed differences substantially exceed the error resulting from the use of

various methods for plankton sampling.
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1. BBEAEHME

MNaHKTOH ABNSETCS 6MONOrMUEcKon KOMMOHEHTOM MUPOBOro OKeaHa 1 KOPMOBOM 6a30i ANs MHOrMX
obutateneit MOpPCKoi cpeabl. 3TO 0BCTOATENLCTBO AENAET NPOGNEMY U3YYEHUS MIAHKTOHA BaXHOM
COCTaBHOMN YaCTbIO UCCIEA0BAHWS OKEaHa U ero 6uopecypCos.

U3yueHne bapeHuesa, Kapckoro mopeit Hayanucb BO BTOpOiA nonosuHe 19 Beka. MUK UccieaoBaHuii
npuxoauTcs Ha 1960-1990 roawbl, KOoraa AECATKW CyOB NPOBOAUNN EXEMECAYHO CHOp (PU3MUECKMX,
rMApOSMUONOrMYECKUX AaHHBIX B 3TOM peruoHe. MonyuyeHHas MHGOpMaLmMs MOXET BbiTb MCMOMb30BaHa
AN PELEHNs LIMPOKOro Kpyra 3aAay OKeaHosoruu, ruapobuonorum, pbibonoBcTBa. Ha npaktuke,
WUCro/b30BaHUE 3TUX AAHHBIX COMPSXXEHO C PSAOM TpyaHOCTen. OaHa U3 OCHOBHBLIX NPUYMH 0Bycnas-
JMBAIOLLME 3TN TPYAHOCTU — OTCYTCTBUE AOCTYMHON ANS rmapobruonoros 6asbl AaHHbLIX MO MNAHKTOHY.
OB6bI4HO, NEPBUYHbIE AAHHBIE HAXOAUTCA Y CMELMANNCTOB, KOTOPLIE 3TOT MaTepuan cobpany u obpa-
6oTanu, 1 HeAOCTYNHbI LWMPOKOMY KpYry UcCiegoBaTenein. Kpome atoro, [aHHble, cobpaHHblie B 20-50
FOAbl, XPAHATCA B PYKOMMCHBIX TETPAAAX C MHOXECTBOM MOMETOK O TOM, Kak OHW CoBMpanuce 1 06pa-
BaTbiBannCh. PacumdpoBaTb 3TU 3anNMC MPU CMEHE MOKONIEHUI YUEHBIX CTAHOBUTCS BCE TpYAHEN.

[laHHble 06CTOATENLCTBA B 3HAUUTENLHOW CTEMNEHM TOPMO3AT ruapobMONOrMYECKUE UCCIIEA0BAHNS.

Lenb pabotbl — BHEAPUTL B NPaKTUKY UCCIIEAOBAHUS KIMMaTa OkeaHa MHMOPMALMIO O MIaHKTOHe
Mopen ApKTuku. Ucxoas u3 3Toro, 3agavamMmu paboTbl ABNSIOTCA:

a) co3paHue 6a3bl AaHHBIX MO NNAHKTOHY BapeHuesa, Kapckoro Mopeis,

6) AOKYMEHTMPOBaHUE U3MEHEHWI NNAHKTOHHOrO COOBLLECTRa.

UcTouHnkammn nHGOpMaumn ans HacToswen paboTbl NOCAYXWKM HAabNIOAEHUS COTPYAHUKOB MMBM 3a
nepuoa 1953-1999, a Takke AaHHble 3a nepnoa 1913-1964 ony6nMKOBaHHBIE B POCCUIICKUX U aMepu-
KaHCKUX M3AaHWAX. ITU U3[aHUs HaxoasTcs B LleHTpanbHon 6ubnuoteke HOAA (Siver Spring, MD,
USA), CnassHckoit 6mbnuoteke (r. XenbCuHkM, OUHNAHAWA), NyBGAUYHOM 6MBRMOTEKM Hbto-Mopka
(CLLA), 6ubnuoteke [laptmya konneaxka (Hanover, NH, CLLA).

Paznen @ororpagum kneTok guTonsiaHkToHa NOAroToBNeH K.6.H. M. MakapeBuyeM Ha OCHOBE Mare-
puanos, cobpaHHbix UM B 1998-1999 ropax. Pasaen Merogsl HENpepbIBHbIX HAG/IOAEHMI NOArOTOB-
NEH K.T.H. A. LLIaBbIKUHbIM Ha OCHOBE JaHHbIX 72 peiica JasibHue 3eneHusbl.
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1. INTRODUCTION

Plankton is a biological component of the World Ocean and a major food source for a variety of
marine life. This fact makes the problem of plankton investigation an important part of the study of

the Ocean and its biological resources.

Hydrobiological investigations of the Barents Sea and the Kara Sea were launched in the second half
of the 19th century. Peak studies occurred between 1960 and 1990 when dozens of scientific research
vessels were carrying out monthly collections of physical and hydrobiological data in this region. These
data are potentially useful for a variety of oceanographical, biological, and fishery problems. In
practice, utilizing these data has been problematic because they have not been compiled
systematically into a single database accessible to the broad scientific community. Compiling the data
is a challenging project for several reasons. The data collected in the 1920°s-1950’s are available only
as manuscripts, many of which are written in Russian. Additionally, the methods of collection and
sample processing have changed over time. Unless the methods were extremely well documented, it
is very difficult to evaluate the comparability of the data collected, and to obtain a coherent data set.

The goal of this work was to implement the information of the plankton communities of the Arctic
seas into the study of the ocean climatic system To reach this goal we needed to solve the following
problems:

a) develop an electronic plankton database for the Barents and Kara Seas;

b) document the variation of the plankton community over periods of time.

As an information data source, we used the observations of MMBI performed during 1953-1999, and
data presented in Russian and U.S. publications during the period 1913-1964. These publications are
available in the NOAA Central Library (Silver Spring, MD, USA.), the Slavic Library (Helsinki, Finland),
the New York Public Library (New York, USA), and the Dartmouth College Library (Hanover, NH, USA).

The section Photographs of Phytoplankton Living Cells was prepared by P. Makarevich, Ph.D., based
on materials collected in 1998-1999. The section Methods of continuous observations was prepared by
A. Shavykin, Ph.D., based on the information acquired during cruise 72 of R/V Dalnie Zelentsy.
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2. UICTOPUSA TMAPOBUOJIOTMYECKUX UCCNEAOBAHUM

MHorue CTpaHbl NpoBoAWNM ruapobuonornyeckue uccneaoBanms bapeHuesa u Kapckoro mopen. Pe-
3yNbTaTbl HOPBEXCKMUX, AHINUACKUX, HEMELIKUX WU APYrUX SKCMEAULMIA OnyBnMKOBaHbl B aHrNOS3blu-
HOW nuTepaType U AOCTYMHbI YYEHBIM Pa3HbIX CTpaH. PaboTbl pOCCUICKUX Y4€HbIX OnybnukoBaHbl, B
OCHOBHOM, Ha PYCCKOM $i3blK€ U HEAOCTYMHbI ANS aHINOA3bIYHBLIX YMTaTeNein. Mo3TOMy B HACTOSLLEM
pasaene, rnaBHbIM 06pa3oM, npeacTasneHbl paboTbl POCCMMCKMX CNEUMAnUCToB. Npu 3TOM OCHOBHOM
yrnop AeNaeTca Ha ONMCaHUe OCHOBHbIX 3aKOHOMEPHOCTEW Pa3BUTUS NNAHKTOHA, TakK Kak Ha UX OCHOBE

MOryT ObiTb MPEASIOXKEHbI KPUTEPUN KOHTPONSA KAaueCTBA rmapoBUONOrMueckmnx aHHbIX.

2.1 OUTONNAHKTOH

bapeHueBo mMope

WUccneposanuns dutonnankToHa BapeHuesa Mops 6epyT Hauyano B 70-x rogax 19 cronetus (Manubux,
1903-1906; AeptoruH, 1915; JInHko,1907). Ha nepBoM 3Tare, KOTOPbIi 3aBepLUMCa NpUMepHo B 1910
rogy, WNO /uWb HakomjeHne aKTuyeckoro matepuana 6e3 ero pfetanbHOro aHanusa. B
UCCNEAOBAHMAX B 3TOT NEPUOA NMPUHUMANKN y4yacTue yuyeHble ABCTpuM, AHrnuM, benbrum, FepmaHuy,
Aanum, Hopseruun, Poccum, Liiseuun. B TeueHne 3toro 3tana 6bi10 BbinonHeHo 300-500 craHumit, 3

KOTOpPbIX 60MbLUAA YaCTb BbINOHEHA MypPMaHCKOM HAay4HO-NPOMBIC/IOBOM SKCNEANLIMEN.

Hauano 20 Beka 03HaMEHOBANOCb WHTEHCUBHBIMKA PaboTaMM MO M3y4YEHMIO nenaruyeckont Ghnopsbl
bapeHuesa mops (MaHTeitdens, 1938; MoceHuosa, 1939; Schulz, Wulff, 1929), caenaHbl nepebie
obobLyeHuns u TeopeTuueckue BbiBoAbI (Kucenes, 1928; Ycaues, 1935). Pesynstatamu paboT B 3TOT
nepuoj CTano paclWwuUpeHWe BUAOBOMO CrUCKA apKTUMYECKOro (UTOMNNIAHKTOHA, YTOYHEHWE ero
TaKCOHOMWUYECKOro COCTaBa. PaboTbl, B OCHOBHOM, BenMCb MHCTUTYTOM no u3yuennio Cesepa u
MoNAPHLIM HAy4YHO-WUCCNEA0BATENLCKOMY MHCTUTYTY PbIGHOrO X03SIMCTBa M okeaHorpadmm (MUHPO).
3a 3710T nepuopa 6bi10 NpoBeaeHo 20 3KCNEAUUMIA U BLINOAHEHO nouTH 800 CTaHUMIA..

3HauMMbIM 3TarnoM B M3yyeHUn (UTONNAHKTOHa BapeHueBa MOps SBUAMCL PaboTbl POyXusViHEH, Bbl-
nonHeHHble B 1950-1960 rogax. OHW MONOXWAM Hayano CUCTEMATUYECKOMY MCC/IEAOBAHMIO (UTO-
nnaHkToHa B MMBU. B eé pabotax (PoyxusitHeH, 1956, 1960, 1961a,6, 1962a,6, 1964, 1965, 1966a,6,
1967) paccMaTpuBaloTCA U OBCYXKAAOTCA TAKCOHOMUYECKMIA COCTaB, MPOCTPAHCTBEHHO-BPEMEHHOE

pacnpeaeneHne, AMHaMUKa CE30HHOW M3MEHYMBOCTM (CYKLECCMOHHAs cucTeMa) (MTOMMAHKTOHHBIX
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2. THE HISTORY OF HYDROBIOLOGICAL INVESTIGATIONS

Many countries have been carrying out hydrobiological investigations in the Barents Sea and the Kara
Sea. The results of many Norwegian, English, German, and other scientific cruises are published in
English and are accessible to the scientists of many countries, whereas the papers of Russian
scientists have been published mainly in Russian, which makes them almost inaccessible to English
readers. This section references papers of Russian scientists, giving special emphasis to the
description of the annual cycle of plankton, which could serve as a basis for synthesis of hydrobiolo-
gical data quality control criteria. All publications cited in this section are presented in Appendix A.

2.1 Phytoplankton

Barents Sea
The study of Barents Sea phytoplankton started in the 1870’s (Palibin, 1903-1906; Deryugin, 1915;

Linko, -1907). Only factual material without any detailed analysis was accumulated during this first
stage that came to an end by 1910.

At that time, scientists from Austria, England, Belgium, Germany, Denmark, Norway, and Sweden also
began carrying out hydrobiological observations in the Barents Sea. During this stage 300-500 stations
were sampled.

The early 20th century was characterized mostly by scientists studying the phytoplankton of the
Barents Sea (Manteifel, 1938; Mosentsova, 1939; Schultz, Wulf, 1929). At that time a great volume of
data on species composition and distribution allowed for the first conclusions (Kiselev, 1928; Usachev,
1935). These papers resulted in a list of species of Arctic phytoplankton giving details of its taxonomic
composition. Studies were performed mostly by scientists of the Institute of the Northern Studies
(Russia). Later the leadership transferred to the Polar Institute of Fisheries and Oceanography
(PINRO). During that period, data from 20 expeditions (nearly 800 stations) were collected.

Valuable work begun in 1950-1960 by M. Roukhiyainen initiated the systematic study of phytoplankton
at MMBI. Her papers (Roukhiyainen, 1956, 1960, 1961a, 1962b, 1967) considered and discussed
taxonomic composition, spatial distribution, dynamics of seasonal variability (the succession system) of
phytoplankton communities and the coastal waters of the Kola Peninsula. Of extreme importance was
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coobuecTs, NpuGpexHbIX BOA KONbCKOro nonyocTpoBa. POyxusiiHEH NOAroToBMna, Haubonee MnosHbIi
cnucok utonnaHkToHa (PoyxusiiHeH, 1966a), a TakkKe BCKPbITUE OBLUMX 3KONOrMHYECKMX MEXaHN3MOB
BEPTMKANbHOro pacnpeaesieHns nearnyecknx Mopckux sogopocnen (PoyxusiiHeH,19666).

U3 nybnukaumi 3TOro nepuopa CresyeT ynoMsHyTb Takke pabotel H.W. KawkuHa (1963, 1964) no
3Konorun n buoreorpadmn OTAENLHBLIX TaKCOHOB BOAOPOCNeiA, pabotsl K. Bapawkosa (1962 v ap.)
no 6MOXMMUYECKOMY COCTaBy KNIETOK (PUTOMIAHKTOHHBIX OpraHu3moB, M.M.Kamwwunosa (1950) no
NPOCTPaHCTBEHHOMY PACnpEAENEHNIO OTAENbHBLIX BUAOB AMATOMOBbIX. B 70-X rogax Buiwnu paboTbl
A.A. Conosbeson (Conosbesa, 1973, 1975, 1976; Cokonosa, Conosbesa, 1971; BepepHukos, Cono-
BbeBa, 1972; Cokonoea, 1972; Conosbesa, YypbaHoBa, 1980) u ee KoOnner, B KOTOPbIX paccMaTpu-
BaeTCs NpobneMbl TAKCOHOMUYECKOTO COCTaBa, MEPBUYHON MPOAYKLUWM M COAepXaHus xiopodunna,
AVHaMUKM UTONNAHKTOHA. B 70-80-e roabl NosBNSEeTCs psaf CTaTel PbDKOBA, MOCBSALLEHHbIE CEe30H-
HbIM 1 reorpaMyeckuM rpynnupoBKaM nenaruyeckux BOAOPOC/IEN, U3YUEHMIO BO3AENCTBUA (PPOHTa-
NbHbIX 30H HA pacnpeaeneHne (UTONNAHKTOHA, WUCMOJMIb30BaHUIO BOAOPOC/EH KaK GMOMHAMKATOPOB
BOAHbIX Macc (Pubkos, 1976, 1985, 1986; Puixos, Cio3eBa, 1974; Pbixos u ap., 1987).

Yucno akcneamumia 3a 1950-1980 rogsl NOYTH AOCTUrano CTa. bbino BbINOAHEHO 0kono 2000 CTaHuMiA.

OuepeaHoit 3Tan UcCieaoBaHUA GUTONNAHKTOHA BapeHLeBa MOpS, CBS3aH C NOSBNEHWMEM HOBOrO
nokonexus ruapobuonoros 8 MMBWU Bo BTOpoit nonosuHe 80-x rogos. PaboTbl 3TOro 3tana 6biiu
OPVEHTUPOBAHbI Ha W3yYeHUE TAKCOHOMUYECKOrO cocTaBa (uronnaHkToHa (JlapuoHos, 1995;
Makapesuy, 1996, 1997; Makarevich, Larionov, 1992; Druzhkov, Makarevich, 1999), npocTpaHCTBeH-
HO CTPYKTYpbl ([pyxkoB, Makapesuy, 1989; 1996; JlapuoHos, 1993, 1997; Larionov, 1992) u npo-
AYKUMOHHBIX XapakTepucTuk dutonnaHkToHa (bobpos, 1985; KysHeuos u ap., 1994; Savinov, 1992;
CaBuHoB, 1997), a TaKke Ha MCCNefoBaHWe CyKLECCUOHHOM CUCTEMBI, CE30HHOCTU pa3BUTUSA ¢uTo-
ueHa (Apyxkos, Makapesuy, 1991; [Ipy>kos u gp., 1997).

B 90-e roabl ocoboe BHuMaHue obpalaeTcs Ha npubpexbe apxunenaros Hosas 3emns, 3emns
®paHua-Uocuda u Lnuubepren, xxenob Ce. AHHbI B CeBEPHOM J1e10BUTOM OKeaHe, Meyopckoe Mope,
paitoH Obb-EHMCEiCKOro MenKoeoabs B KapckoMm Mope. BOMbLIMHCTBO 3TUX OBnacTeit HUKOraa He
UCCnenoBannucb paHee. Percebl aTOMHBIX NIEIOKONOB 3uMoi U3 bapeHuesa B Kapckoe Mope 1 06paTHO
No3BONMAM COBPaTL Matepuan O COCTOAHUM (DUTOMNAHKTOHA B PAUOHAX MOKPLITHIX NbAOM.

26




International Ocean Atlas Series, Volume 2 4+ 4 4+ Biological Atlas of the Arctic seas 2000

that Roukhiyainen’s study resulted in the compilation of the most complete taxonomic list of the
Barents Sea phytoplankton (Roukhiyainen, 1966a), and revealed general ecological mechanisms of the
vertical distribution of the pelagic marine algae (Roukhiyainen, 1966b).

Among all the other scientific papers published during the 1950's-1960's, emphasis should be given to
the papers of N. Kashkin (1963, 1964) on the ecology and biogeography of several algae species, of
G. Barashkov (1962 et al.) on the biochemical composition of phytoplankton cells, and of M. Kamshilov
(1950) on the spatial distribution of several diatom species. The papers of A. Solovieva and her
colleagues (Solovieva, 1973, 1975, 1976; Sokolova, Solovieva, 1971; Vedernikov, Solovieva, 1972;
Sokolova, 1972; Solovieva, 1980) published in the 1970's considered a wide range of problems on
taxonomic composition, primary production, chlorophyll concentration, and the dynamics and spatial
distribution of phytoplankton. In 1970-1980, a number of papers of Ryzhov gave high priority to the
seasonal and geographic groups of phytoplankton, the effect of frontal zones on phytoplankton
distribution, and on using phytoplankton species as bioindicators of various water masses in the
Barents Sea (Ryzhov, 1976, 1985, 1986; Ryzhov, Syuzeva, 1974; Ryzhov et al, 1987).

In 1950-1980, more than 2,000 stations were sampled during 100 scientific cruises.

In the second half of the 1980’s another generation of hydrobiologists started their work in the MMBI,
and opened a new stage of the Barents Sea phytoplankton study. Their investigations were focused
on the examination of phytoplankton taxonomic composition (Larionov, 1995; Makarevich, 1996,
1997; Makarevich, Larionov, 1992; Druzhkov, Makarevich, 1999), spatial structure (Druzhkov,
Makarevich, 1989, 1996; Larionov, 1992, 1993, 1997), productivity characteristics of phytoplankton
(Bobrov, 1985; Kuznetsov et al., 1994; Savinov, 1997), the succession system, and the seasonal effect
on phytocenosis (Druzhkov, Makarevich, 1991; Druzhkov et al., 1997).

In the 1990’s, the attention of scientists was focused mostly on the nearshore waters of Novaya
Zemlya, Franz-Josef Land, Spitsbergen, and St. Ann Trough in the Arctic Ocean, Pechora and Kara
Seas. Most of these regions had never been examined before. Cruises of nuclear icebreakers from the
Barents to Kara Sea and back during winter allowed for the collection of phytoplankton data in ice
covered regions.
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B 3TOT nepuos uccneaosaHus (GUTOMNAHKTOHA bapeHueBa MOps NPOBOAMNMCH Takxke [loNnspHbIM
MHCTUTYTOM PbIGHOrO XO3fCTBa M OKeaHonoru, MypMaHck, MHCTUTYTOM okeaHonoruu, Mocksa
BoraHuueckum nHcTutyToM, C. Metepbypr, MypMaHCKUM ynpaBneHue ruipoMeTCy>obl.

3a nepuop ¢ 1980 roaa no Hacroswee BpeMa nposeaeHo Bonee CTa akcneauuui ¢ yydactmeMm puro-
MIAHKTOHO/IOrOB U BbIMOSIHEHO MOYTU TPU ThICAYM CTaHUMI. PalioHAMM UCCNEA0BaHUI ABNAIOTCA Mpa-
KTUYECKM BCE apKTUyeckne Mops , a Take Hopsexckoe, CeBepHoe u benoe Mopsi, noapobHO u3yya-
I0TCA OTAENbHbIE rybbl U 3anuBbl bapeHuesa u Kapckoro mopeit . B rybe [lanbHeseneHeukas nposo-
AWNCH MHOrONETHUI 3KONOrMYECKUA MOHUTOPUHI (py>xKoB u ap., 1990).

MpunoxxeHnn Al coaepXXvT OCHOBHbIE paboTbl NO UTONNAHKTOHY. B Tabnuue 1 npeacTaBneHsb! 3Tansbl

uccnefoBaHua PUTONNAHKTOHa BapeHueBa MOpPsi POCCUMCKUMU CrieLuanmcTamm.

Kapckoe mope
Uctopus n3yuenus dutonnaHkToHa Kapckoro mops 6epet Hauano B 1875 r ¢ akcneauumm A. HopaeH-

wenbaa. Kapckoe MOpe OT/IMHAETCS CYpPOBbIMU MOrOAHLIMU YCNIOBUSIMM, OHO MOKPLITO Nbaamu 8-9
MeCsLEB B rofy, B CBA3u C 3TUM, YMCNO IKCNEANUMIA, B KOTOPbLIX COBMPancs GUTONNAHKTOH B Nepuoa
1900-1980, He npesbILAET HECKONbKUX AecATKOB (Ycaues, 1968). B 1974 r. coctosnace ApKTuyeckas
aKcneanuma MOCKOBCKOrO roCyAapCTBeHHOro yHusepcuteta (MIY) usyuasluas MUKpodnopy ceBepo-
BOCTOUHbIX PaitoHOB Kapckoro Mops, rae Ha 25 craHumsx 66110 oTobpaHo 148 npob.

Hauanom cospeMeHHOro 3tana paboT, CBA3aHHOr0O C KPYNHOMACLLTAbHbIM U3yYeHUEM (DUTOMNAHKTOHA
Kapckoro mops asnstotca 1980 rogbl. B 3TOT nepuoa pacluMpseTcs HanpaBIeHHOCTb MAAHKTOHHBIX
uccneposaHuin. bnarogaps MCNONb30BAHMIO aTOMHbLIX NIEAOKOMOB B HAYYHbIX LENIAX, CTano BO3MOX-
HbIM NPOBEAEHWE 3KCNeAULMIA B TPYAHOAOCTYNMHbIE U3-33 NIEfOBON OBCTAHOBKM paloHbl Kapckoro
MOPSi B 3UMHWIA U BECEHHWIA Nepuoabl. Ba3oBoit Hay4YHOW OpraHu3auuen, sBefyllen UCCNefoBaHUS B
aTon obnactu, sensetcs MMBU (Bo6pos 1 ap., 1989; Makapesuy, 1993, 1994, 1995). SKCNeANLMOH-
Hble paboTbl nposoasTcs Takke WMHCTUTyTOM OkeaHonoruu, r. Mockea (Vedernikov et al, 1994),
ApKTUYECKMM U AHTapKTU4eckuMm HayuyHo-uccneposatensckum uHCTUTyToM, C. Metepbypr v psaom
APYrUx opraHu3auui. 3a 3TOT nepvoa B KapckoM mope 6bino npoBeaeHo noutn 20 skcneauumii, B

KOTOpbIX 6b110 cobpaHo okono 1200 npob. 3HauuTeNbHas YaCTb 3TOr0 MaTepuana BOWAa B HACTO-

AWy pabory.




International Ocean Atlas Series, Volume 2 4+ 4+ 4 Biological Atlas of the Arctic seas 2000

During the 1990's, investigations of Barents Sea phytoplankton were carried out by the Polar Institute
of Fisheries and Oceanography (PINRO), Murmansk, the Institute of Oceanology, Moscow, the
Botanical Institute, St. Petersburg, and the Murmansk Hydrometeorological Service.

From the 1980's untill the present, more than 100 scientific cruises were carried out, collecting about
3,000 samples. In addition to almost all the Arctic seas, the region of investigation covers the
Norwegian Sea, the North Sea, and the White Sea, with thorough study of individual fjords and bays
of both the Barents Sea and the Kara Sea. In Dal’'nezelenskaya Bay multi-year complex ecological
monitoring was carried out (Druzhkov at el., 1990).

The list of publications of the Barents Sea phytoplankton has been presented in Appendix Al. The
stages of phytoplankton study of the Barents Sea by Russian scientists are presented in Table 1.

Kara Sea

The history of phytoplankton studies of the Kara Sea started from the scientific cruise of A.
Nordensheld in 1875. The Kara Sea is distinguished by severe weather conditions. It is covered with
ice for 8-9 months, and as a result during 1900-1980 the number of scientific cruises did not exceed
several dozens. The Arctic scientific cruise of Moscow State University (MSU), conducted in 1974
focused on microflora of the northwest Kara Sea and resulted in 25 stations and 148 samples.

The present stage of studies, started in 1980, is focused on large-scale examination of the Kara Sea
phytoplankton. During this time the plankton studies are analyzing more aspects, expanding the
territory of examination, and adding data from more years and seasons. The use of nuclear ice-
breakers for scientific purposes makes it possible to conduct scientific cruises in inaccessible regions of
the Kara Sea in winter and spring. Examination of this region is conducted mainly by the MMBI
(Bobrov et al., 1989, Makarevich, 1993, 1994, 1995). Scientific work in the Kara Sea was also carried
out by the Institute of Oceanology, Moscow (Vedernikov et al, 1994), the Arctic and Antarctic
Research Institute, St. Petersburg, and some other institutions. About 20 scientific cruises, providing
1,200 samples, have already been conducted during this period. The major portion of this material is
used in the present review.
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Tabnuua 1. XpoHOnorus UCCNeaoBaHuin hUTonnaHKToHa bapeHueBa MOps POCCMMCKUMM YYEHbIMU
Mepuopn ABTOp Coaeprx«anue pabor PaiioH uccnenoBaHunm
1898-1913 Mannbux W.B. TaKCOHOMUYECKUIA COCTaB CeBepHas U 10XXHas

JNnHko A.K. Ce30HHasa BCTPEYaeMOoCTb Macco- 4acTb
OeprornH K.M. BbIX BUOOB
1920-1940 Kucenes U.A. TaKCOHOMUYECKUM COCTaB HOro-3anagHas v oro-
Kupeesa M.C. Ce30HHas BCTpPeYaeMoCTb Macco- BOCTOYHAs 4acTw,
LLianosa T.®. BbIX BUAOB NpUGPEXHbIE panoHbI
MoceHuoBa T.H. KonbCkoro nonyocrposa
MaHTendens B.MM.
1950-1960 PoyxusitHeH M.W. | ¢  TakCOHOMUYECKUIA COCTaB HOxHas 1 LeHTpanbHas
KawkuH H.W. e [IMHaMMKa YMCNEHHOCTU n 61o- yactm
MunenkoBCKumit Macchl (CE30HHAs U MHOrONETHSASA)
C.A. e [1pOCTpaHCTBEHHOE
pacnpeneneHue
e buonorus n 3Konorva BUAOB
e Xnopodunn
e [lepBuyHas npoaykumus
1970-1983 Coxonosa C.A. e  TaKCOHOMMYECKMI COCTaB HOxHas 1 UeHTpanbHas
ConoBbeBa A.A. e /IMHAMMKA YUCIIEHHOCTU U Bu1o- yactu
PbbkoB B.M. Maccbl (Ce30HHas U MHOrOMETHAA)
CrozeBa H.I'. e [lpocTpaHCTBEHHOE
CanaxyTauHoB pacnpegeneHue
A.H. Xnopodunn
BacrotuHa H.IM. MepBu4yHas npoaykums
Makaposa W.B.
bo6pos H0.A.
Xpomos B.M.
CasuHoB B.M.
BenepHukos B.U.
1984-1990 Makapeswy [1.P. TaKCOHOMUYECKUI COCTaB KO)Has 1 LeHTpanbHas
JNapuoHos B.B. [vHaMMKa YUCNEHHOCTU U 6Uuo- yactu
[Opyxkos H.B. Macchbl (CE30HHasA U MHOTONETHASA)
PbbkoB B.M. ¢ [lpocTpaHcTBEHHOE
Ky3Heuos J1.J1. pacnpegeneHue
Bbobpos 10.A. e Xnopocdwunn
CasuHos B.M. e [lepBuyHas nNpoaykums
1991-2000 Makapesuu MN.P. | e TakCOHOMUYECKUI COCTaB Bcsa akBaTopusi
JNapuoHos B.B. e [IMHaMuKa YUCNEHHOCTM U 6uo-
Opyxkos H.B. Macchbl (CE30HHAA U MHOTONETHAA)
[Opyxkosa E.WN. e [lpoCTpaHCTBEHHOE pacrnpe-
BenepHukos B.W. aenexve
larapvH B.U. e Xnopodwunn
Tutos O.B. e [lepBuuHas npoayKuus
LLiaBblkuH A.A.
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Table 1. Chronology of the phytoplankton study of the Barents Sea by Russian scientists

Period Author Content Regions of the
Barents Sea
1898-1913 Palibin I.V. Taxonomical composition North and south
Linko A.K. Seasonal dynamic of dominant
Derjugin K.M. species
| 1920-1940 Kiselev I.A. Taxonomical composition South-west and
j Kireeva M.S. Seasonal dynamics of south-east, coastal
| Schapova T.F. dominant species waters of the Kola
| Mosentsova T.N. Peninsula
| Manteifel B.P.
1950-1960 Roukhiyainen M.I. Taxonomical composition South and central
Kashkin N.I. Abundance and biomass
| Mileikovsky S.A. dynamic
| e Spatial distribution
¢ Biology and ecology of
dominant species
e  Chlorophyll
e  Primary production
1970-1983 Sokolova S.A. e Taxonomical composition South and central
Solovieva A.A. e Abundance and biomass
Ryzhov V.M. dynamics (seasonal and
Syuzeva N.G. e multi-year)
Salahutdinov A.N. | ¢ Spatial distribution
Vasyutina N.P. e  Chlorophyll
Makarova 1.V. e Primary production
Bobrov Yu.A.
Khromov V.M.
Savinov V.M.
Vedernikov V.I.
1984-1990 Makarevich P.R. ¢ Taxonomical composition South and central
Larionov V.V. e Abundance and biomass
Druzhkov N.V. dynamics (seasonal and
Ryzhov V.M. e multi-year)
Kuznetsov L.L. e Spatial distribution
Bobrov Yu.A. e  Chlorophyll
Savinov V.M. e Primary production
1991-2000 Makarevich P.R. ¢ Taxonomical composition The whole sea
Larionov V.V. e Abundance and biomass
Druzhkov N.V. dynamics (seasonal and
Druzhkova E.I. multi-year)
Vedernikov V.I. Spatial distribution
Gagarin V.I. Chlorophyll
Titov O.V. Primary production
Shavikin A.A.
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2.2 300N/1IaHKTOH

bapeHLeBo Mope
NcTopus U3yueHus 300MM1aHKTOHa bapeHueBa Mops HauMHaeTCs ¢ HayyHO-NPOMBICTIOBO SKCNEANLIMK,
opraHu3oBaHHoM B 1898 r. H.M. Knunoeuuem. Skcneauums pabotana Ao 1914 roga. ExeroaHo
cOBMpPanca 300MNaHKTOH U3 PasfinuHbIX paitoHax bapeHueBa Mops, NPEeUMYLIECTBEHHO B NPUOPEXHOM
30He 1 B KonbCkoM 3anuee. PesynbtaThl paboT otobpaxeHbl B MOHorpadmax A.K. Jiuuko (1907) n
K.M. JepioruHa (1915). MaBHOM Lenbio ulyyeHus Gbino obecneyeHune pbibakoB NPOrHO30M CPOKOB
noaxoAa K nobepeXbio Tak Ha3biBaEMON "HAXKMBOUHOM Pbibbl” (MPEXAE BCEro MOWBbI), UCNO/b3yeMOoi
npv SPYCHOM NPOMbIC/IE TPECKU. KpoMe TOro, 3TU Xe AaHHbIE UCMOMb30BaNUCh ANA NPOrHO3MpoBaHuUs
MUrpaumi 6enyx, KOTOpble CNefoBanv BAO/MbL MOGepexbs BCMeA 3a KOCAKaMU MOMBbl. Konmuectso
3KCNEeAnUMIA, B KOTOPbIX COBUpancs MaTepuan no 300MnaHKToHy - 15-20, konuyectso npo6 - 300-500.

Cnepytowmit 3tan (1930-1950 roabl) u3yuyeHus 300MNaHKTOHa bapeHuesa Mops CBsi3aH C Heobxo-
AMMOCTBLIO MPOrHO3MPOBaHUS MPOMbICNA Cenbau B 3TOT nepuoa pa3pabaTbiBalOTCA KONMUYECTBEHHbIE
metoabl cbopa ¥ aHanu3a nnaHkToHa (boropos, 1927, 1933, 1934, 1938a,6, 1939a,6, 1940a),
dopMupyeTcs ceTka CTaHuui. MTOrom 3TOro 3Tana M3y4yeHus 300M/1aHKTOHa bapeHuesa Mops
cuuTaetca paborta b.M. MaHTeidens (1941).

B 1950-€ roabl. HAUMHAETCA EXEroAHbIN 0TEOP NPO6 300NNAHKTOHA MO €ANHOWM METOAUKE, HAa OAHMUX K
Tex xe craHumuax. C 1953 ropa. cobupaetcs Matepuan no obunuio 3BgaysueBbiX PakoobpasHbIX
(Apobbiwesa, 1979, 1988, 1994; Apobuiwesa, Hecreposa, 1996), a ¢ 1959 roaa. - N0 ME30300M/1aH-
kToHy ([ertepesa, 1979; [ertepesa, HecrepoBa, 1985; Hecreposa, 1990). Ot6op npob6 3sday3uma
OCYLLECTBNAETCA B 3UMHWI NEPUOA, @ ME30300MJIAHKTOHA - ABAX/AbI B rOA (anpenb-Mai U Mai-UioHb).
B 70T e nepuoa 6bina peanvsoBaHa nporpamMMa 6onee AeTanbHOro UCCIEA0BaHUA 300MIAHKTOHA B
npubpexxHon 30He MypMaHa, Bkouas MotoBckuii 3anue (Kamwwmnos v ap., 1958; 3enukmaH,
Kamwwmnos, 1960; 3enukmaH, 1977), a Takke B Oro-BOCTOYHON YacTu bapeHuesa mops (3enMKMaH,
1961a, 1966; Msamerc, Bengpe, 1964). OCHOBHOE BHWM@HWE NpU 3TOM YAENANOCH CE30HHOM
AVHAMUKE MNAaHKTOHA, BIMSIHMIO OTHOLLEHUIA "XMLLHMK - XepTBa" Ha BHYTPUIOAOBYIO U MEXIOAOBYIO
M3MEHYMBOCTb 06UNUS 300MNaHKTOHA, 6MONOrMK MACCOBbLIX BUAOB 300MnaHKkToHa (Kamwwunos, 1951,
1952, 1955, 1958a,6; 3enukmaH, 1958a, 6, 1961a,6,8, 1964; MetpoBckas, 1960; PxenuiueBCKuiA,
1958a, 6, 1960a, 6). KonnMuyecTso 3kcneanumMi, B KOTOPbIX COBUPAncs Matepuan rno 300M/1IaHKTOHY B
nepuoa 1950-1960roaos - 60-80, konuuectso npob - 3,000-4,000.
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2.2 Zooplankton

Barents Sea

The history of study of the Barents Sea zooplankton started with the Murmansk Scientific and
Fisheries Expedition organized by N. Knipovich in 1898. The expedition functioned effectively until
World War I (1914) and had accumulated annual material characterizing the zooplankton community
development in different regions of the Barents Sea (mostly in its coastal zone and in the Kola Bay).
The results obtained during that series of investigations were presented in monographs by Linko
(1907) and Deryugina (1915). Zooplankton studies performed during the expeditions were targeted at
forecasting for fishermen, giving them information when “bait fish” were approaching the coast
(mostly capelin were used as a "bait fish" during fishing of cod). The same data were used for
forecasting migrations of white whales following shoals of cod along the coastline. There were 15-20
expeditions with zooplankton data, with 300-500 samples collected.

The next stage in the study of the Barents Sea zooplankton was targeted at providing data on the
herring fishery (1930-1950). During this period, quantitative methods for collection and analysis of
plankton were developed (Bogorov, 1927, 1933, 1934, 1938a, b, 1939a, b, 1940a), and an
observation network for the Barents Sea was developed. The paper of Manteifel (1941) can be
considered as an encyclopedia of zooplankton study in the Barents Sea during that period.

In 1950, scheduled (annual) sampling of zooplankton was launched using standard methods and
stations. Since 1953, the data on abundance of euphausiid crustaceans was collected (Drobysheva,
1979, 1988, 1994; Drobysheva, Nesterova, 1996). Since 1959, the material on zooplankton was
accumulated (Degtereva, 1979; Degtereva, Nesterova, 1985; Nesterova, 1990). Samples of
euphausiids were taken in winter, and sampling of mesozooplankton was done twice a year (April-
May, May-June). During the same period (1953-1959), a program of more detailed examination of
zooplankton in the coastal zone of Murmansk (Kamshylov et al., 1958; Zelikman, Kamshylov, 1960;
Zelikman, 1977) as well as in the southwest Barents Sea (Zelikman, 1961a, 1966; Myaemets, Veldre,
1964) was conducted. The focus was on the seasonal dynamics of plankton, the effect of "predator-
prey" relationships, inter-year and intra-year variability in zooplankton abundance, and the biology of
dominant species of zooplankton (Kamshylov, 1951, 1952, 1955, 1958a, b; Zelikman, 19583, b, 1961a,
b, ¢, 1964; Petrovskaya, 1960; Rzhepishevsky, 1958a, b, 1960a, b). During this period, 60 to 80
expeditions were carried out and 3,000 to 4,000 zooplankton samples were collected.
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Mepuoa 1960-1990 - 3Tan B UCTOPUM U3yuYeHUs 300MJIaHKTOHa bapeHueBa MOps, CBs3aHHbIM C HEO6-
XOAUMOCTBIO MOyyYeHueM MHGOpMauuMm O KOPMOBOWM 6a3e JIMUMHOK M MONOAU OCHOBHBIX MPOMBIC-
noBbix pbl6 (AHTMNOBa M Ap., 1974; [ertepesa, 1979; [ertepesa, Hecreposa, 1985; Hecreposa,
1990). Kpome TOro, AaHHble MO 300MIAHKTOHY MCMNOSb30BanuCb MpU MPOrHO3MPOBaHUM MPOMbICNA
movBbl ([ertepeBa u ap., 1990). C atom xe uenbio B 1982-1993 roabl OCYLWECTBAANOCh €XeroaHoe
CNeXeHue 3a COCTOSIHMEM 300M/1aHKTOHa B LEHTpanbHOU YacTu bapeHuesa Mops (TepeweHko u ap.,

1994), roe paHee Takue paboTbl He NPOBOAUUCD.

B MMBM B nepuoa 1976-984 npoBOAVMAUCL WCCNEAOBAHWUS CE30HHOW AMHAMUKM 300MIaHKTOHA
(®omuH, 1978, 1991; domuH, Unpkosa, 1988; ApyxkoB, ®oMuH, 1991), u3HeHHOro uukna Calanus
finmarchicus (domuH, 1995), aBday3neBbix paukos (Tumogees, 1996a).

MypMaHCckoe ynpaBeneHve ruapoMeTcinyx6bl B 1980-e roabl OCYLWECTBAANO SKONOMUYECKUIA MOHUTO-
pyHr KonbCKOro 3anmBa, B paMKax KOTOPOro oTbupanuck npobbl 3oonnaHkToHa (Mnyxos v ap., 1992).
Konuuectso akcneauumin B nepuog 1950-1990, B KOTOPbIX cObupancs matepuan no 300M1aHKTOHY —
90-100, konuyectso npob - 10,000-15,000.

HaunHas ¢ 1990 u3yyeHus 300nnaHKTOHA bapeHueBa MOpPA XapakTepusyloTCH, Npexae BCero, TeM,
YTO, C OAHOWN CTOPOHbI, 6biNM NpekpaLLeHbl WMPOKOMACcWTabHble C6Opbl 300MIAHKTOHA, TOrAa Kak C
APYrow, - YCWIEHUMEM BHUMaHUA K HOro-BOCTOYHOM YacTu bapeHuesa Mops (Tumodees, 1992a; Tumo-
¢ees, LUnpokonobosa, 1996; Makapesuy, [pyxuHuHa, 1997; Croros, AHuyneswd, 1995, 1996).
MocneaHee cBsf3aHO C 0obHapyxeHveM B MeyopckoM mope HedTu. PaHee cunammu CeBepHOro otaene-
HUsA MONAPHOro MHCTUTYTa PbLIGHOr0 X03AMCTBA U OKeaHorpadum (r. ApxaHrenbCk) 300M/1aHKTOH UC-
C1ea0Bancs B 3TOM parioHe B CBA3M C NPOMBLICIOM HaBaru (YykcuHa, 1979; 3anecckumx, 1986, 1990). B
3TOT Xe nepuog MMBW Bo306HOBNSET UCCNeAOoBaHUS 300M/1aHKTOHa B KONbCKOM U MOTOBCKOM 3anu-
Bax (MnbuH n ap., 1992; Tumodees, LLinpokonobosa, 1993; [pyxuHuHa, 1997; Tumodees, 1997a,
1998). KonuuecTBo 3KCMEAMUMi, B KOTOPbIX cobupancs Matepuan no 300M/1aHKTOHY, OPUEHTUPO-
BOYHO - 20, konuyectso npob - npumepHo 1000-2000.

B 1970-e rogbl HAYMHAKOTCA UCUIEAOBAHUS 300M/IAHKTOHA HOPBEXCKMMWU YYeHbiMU. [MepBOHayanbHO
paboTbl Benuch Nuuwb Bo ropaax CeeepHon Hopserum, npeumyuiectseHHo B bancdsopae (Hopkins,
1981). B 1980-1990-e roabl uMCCIenoBaHWs 300MIAHKTOH MEPEHOCATCS B LEHTPasnbHYl 4acTb
BapeHuUeBa MOpS M KOHUEHTPUPYIOTCA NPeUMMYLLECTBEHHO B paMkax AByx npoekTos (1984-1989 - PRO
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In the history of Barents Sea zooplankton studies, the years, from 1960-1990 were valuable for
providing information on food stocks for the larvae and juveniles of dominant commercial fishes
(Antipova et al, 1974; Degtereva, 1979; Degtereva, Nesterova, 1985; Nesterova, 1990). Moreover,
data on zooplankton, very important for the capelin fishery forecast, were collected (Degtereva et al.,
1990). In 1982-1993, the zooplankton state was examined annually in the Central Barents Sea
(Tereshchcenko et al., 1994), where similar surveys had not been previously performed.

In 1976-1984, scientists of the MMBI recommenced studies on the seasonal dynamics of zooplankton
(Fomin, 1978, 1991; Fomin, Chirkova, 1988; Druzhkov, Fomin, 1991), the life cycle of Calanus
finmarchicus (Fomin, 1995), and euphausiid crustaceans (Timofeev, 1996a).

In the 1980's, samples of zooplankton were collected in the Kola Bay during environmental monitoring
by the Murmansk Regional Hydrometeorological Service (Glukhov et al.,, 1992).

The number of expeditions during the period 1950-1990 were 90-100, with 10,000-15,000 samples
collected.

In the history of investigations of the Barents Sea zooplankton, the 1990’s are characterized, by large-
scale sampling, and also by enhanced southeast Barents Sea monitoring (Timofeev, 1992a; Timofeev,
Shirokolobova, 1996; Makarevich, Druzhinina, 1997; Stogov, Antsulevich, 1995, 1996). The latter was
associated with the detection of oil deposits in the Pechora Sea. Previously, as a result of the navaga
fishery, zooplankton was studied in that region by the Arkhangel branch of the Polar Institute of
Fishery and Oceanology (Chuksina, 1979; Zalessky, 1986, 1990). During the same period, the MMBI
continued investigations of zooplankton in the Kola Bay and the Motovsky Bay (Ilin et al, 1992;
Timofeev, Shirokobolova, 1993; Druzhinina, 1997; Timofeev, 1997a, 1998). Valuable data on
zooplankton were provided by 1,000-2,000 samples collected during approximately 20 cruises.

Zooplankton studies were started in the 1990's by Norwegian scientists who primarily examined the
fjords of the northern Norway, mostly in Balsfjord (Hopkins, 1981). During 1980-1990, studies of
zooplankton were moved to the central Barents Sea and focused mostly on two projects (1984-1989,
PRO MARE; 1990-1994, MARE NOR). Their results were published in the materials of some symposia

35




International Ocean Atlas Series, Volume 2 4+ 4+ 4+  Biological Atlas of the Arctic seas 2000

MARE; 1990-1994 - MARE NOR), a ux pe3synbtaTbl 0606LLeHbI B MaTepuanax cuMnosnymoB (Sakshaug
et al., 1991; Skjoldal ef al, 1995). Mpun 3TOM u3yyeHne 300MIAHKTOHA, TaK Xe Kak u B Poccum, 6bino

CBA3aHO C NPOMbIC/IOM MOVBbI U cenbau.

3HauuTeNbHan 4acTb AaHHbIX, CObpaHHbIX B nepuoa 1950-1998 roabl o6obuieHa v npeacraBneHa B
BuAe kapT, rpadmkos, Tabnuu:

e pacnpegeneHue obunus 3Bgay3ueBbix pakoobpasHbix 3a nepuog 1953-1996 ([pobbiwesa,
1988; Opobbiwesa, Hecreposa, 1996);

e  MHOrONETHAS AWMHaMUKa 06unus 3Bday3MeBbIX PakoobpasHbIX B HOXKHOW 4YacTn bapeHuesa
mops 3a nepuoa 1953-1996 ([pobbiwesa, 1988; [pobuiwesa, Hecreposa, 1996);

e pacnpepenexve 6MoMacCbl ME30300MIaHKTOHa B HOro-3anagHou Yactu bapeHuesa mops 3a
nepuoa 1959-1990 (Hecreposa, 1990);

e  MHOrOfEeTHAS AMHaMMKa GMOMacChl Me30300rJ1aHKTOHA Ha pa3pese "KonbCkuit Mepuaman" 3a |
nepuog 1959-1990 (Hecteposa, 1990);

e MHOrONETHAN AMHAaMMKa 6MOMacchl MEe30300MaHKTOHA B NpubpexHoN 30He MypMaHa 3a
nepvop 1953-1959 (Kamwwunos v gp., 1958; 3enukmaH, Kamwwunos, 1960; 3enukmaH, 1977);

e MHOrONETHAS U CE30HHAA AuHaMMKa Guomacchl 300MnaHKToHa B Konbckom 3anuse (Mnyxos u
Ap., 1992);

e pacnpepeneHve 6MOMacCbl ME30300M/IaHKTOHa B LEHTpanbHOM yactv BapeHueBa mops 3a
nepvop 1982-1993 (TepeleHko 1 ap., 1994);

e MHOrONETHAS [AMHaMUKA YMCNEHHOCTM MacCoBbIX NpeAaCTaBUTenei  Me30300M/1aHKTOHa
(CGalanus finmarchicus, Oithona similis, Appendicularia) Ha pa3pe3e "Konbckui MepuamnaH" 3a
nepuop 1959-1983 (Jertepesa, 1979; [ertepeBa, Hecteposa, 1985);

e MHOrONeTHAs AuHaMMKa obunus nenarndeckux ambunoa-runepuma 3a nepvog 1980-1988
(Apobbiwesa, Hecteposa, 1992);

e  MHOrONETHAA AMHaMUKa OBUNMUSA MKPbl U IMYUHOK OCHOBHBIX NMPOMbBICNOBbLIX pbl6 bapeHuesa
Mops 3a nepuoa 1959-1990 (MyxwuHa, 1992).

MomMuMOo 3TOro, ONY6NMKOBaHbI JaHHbIE, MONYYEHHbIE HOPBEXCKUMM YYEHBIMU MO AUHAMUKE:
e 6MOMacChbl 300M1AHKTOHA B LiEHTpanbHOM YacTu bapeHuesa mopsa 3a nepuoa 1979-1984 (Rey
et al., 1987);
e 06unua nenarnyeckux ambunoa-runepung 3a nepuog 1982-1993 (Dalpadado et al., 1994);
obunua 3sday3mesbix pakoobpasHbix 3a nepuog 1982-1993 (Dalpadado, Skjoldal, 1995).
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(Sakshaug et al, 1991; Skjoldal et al, 1995). Again, the study of zooplankton, both in Norway and
Russia was associated with the capelin and herring fishery.

Most of the data collected during 1950-1998 are generalized and presented by investigators in maps,

figures and tables:

Distribution of abundance of euphausiid crustaceans during 1953-1996 (Drobysheva, 1988;
Drobysheva, Nesterova, 1996);

Multi-year dynamics of abundance of euphausiid crustaceans in the South Barents Sea during
1953-1996 (Drobysheva, 1988; Drobysheva, Nesterova, 1996);

Distribution of mesozooplankton biomass in Southwest Barents Sea during 1959-1990 (Nesterova,
1990);

Multi-year dynamics of mesozooplankton biomass along the Kola Meridian transect during 1959-
1990 (Nesterova, 1990);

Multi-year dynamics of mesozooplankton biomass in the Murmansk coastal zone during 1953-1959
(Kamshylov et al., 1958; Zelikman, Kamshylov, 1960; Zelikman, 1977);

Multi-year and seasonal dynamics of mesozooplankton biomass in the Kola Bay (Glukhov et al.,
1992);

Distribution mesozooplankton biomass in the central Barents Sea during 1982-1993 (Tereshchenko
et al., 1994);

Multi-year dynamics of abundance of dominant mesozooplankton species (Calanus finmarchicus,
Oithona similis, Appendicularia) along the Kola Meridian transect during 1959-1983 (Degtereva,
1979; Degtereva, Nesterova, 1985);

Multi-year dynamics of abundance of pelagic hyperiids during 1980-1988 (Drobysheva, Nesterova,
1992);

Multi-year dynamics of abundance of eggs and larvae of dominant Barents Sea commercial fishes
during 1959-1990 (Mukhina, 1992).

Norwegian scientists published on the topics:

Zooplankton biomass dynamics in the central Barents Sea during 1979-1984 (Rey et al., 1987);
Dynamics of the abundance of pelagic hyperiids during 1982-1993 (Dalpadado et al., 1994);

Dynamics of the abundance of euphausiid crustaceans during 1982-1993 (Dalpadado and Skjoldal,
1995).
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Kapckoe Mope
MNepBbie CBeAEHUs O 300MnaHKTOHe Kapckoro Mopsi MpuBEAEHbI B TpyAax Hay4HO-NpOMbICIIOBOA

akcneavumm, Pycckoit nonspHom akcrieamummn (1900-1903) v Mopckoit nonspHoi akcneavumm 1910-
1915 ropos (JluHko, 1908,1913; Muneikosckuit, 1970; EBrenos, Kyneukuin, 1985). PaboTel noces-
LWEeHbl OMMCAHMIO BUAOBOrO COCTaBa 300M/IAHKTOHA, 6roreorpamuyeckoit U 3KOMOrMYECKon xapakre-

PUCTUKE MacCOBbIX BUAOB. B yKa3aHHbIX 3KCneavumsx cobpaHo okono 100 npob nnaHKToHa.

B 1920-1940-e roabl CO60pbl 300MIAHKTOHA OCYLIECTBAAMUCL MPAKTUYECKU BO BCEX 3KCNeAuuusX,
KoTopble pabotanu B 310 Bpems B Kapckom Mope u Mope JlanteBbiX. [lonyuyeHbl AaHHbIE O
pacrpefeneHun 300M1aHKTOHa, OLEHEH YPOBEHb KOMIMYECTBEHHOrO pPa3BuUTUS 300M/1IaHKTOHA, NMoKasa-
Ha BO3MOXHOCTb MCMOMb30BaHUA 300MJIaHKTOHA B KayecTBe MHAMKATOpa BOAHbLIX Macc (PocconvMo,
1927; SwHos, 1927, 1940; BepHwreitH, 1931, 1934; Xmbiznukosa, 1931, 1935, 1936a, 6, 1946;
Boropos, 1945; MoHoMapesa, 1949, 1957). KonnMuyecTBO 3KCNEAULMIA, B KOTOPLIX cObupancsa matepuan
NO 300NNaHKTOHy B nepuoa 1920-1940 rogos - 10-15, konuyecTso npob - okono 1000.

B 1950-1970-e roabl 300M/I@HKTOH B OTKPLITOM 4YacTu Kapckoro MOps MPaKTUYECKM HE M3y4yarncs.
BepyTcs nuwb uccnenosaHus B O6ckoi rybe, EHMCENCKOM 3anmMBe ¥ HEKOTOPbIX APYrvX NPUOPEXHbIX
paitoHax Kapckoro mops (Ipese, 1957; NewwmHckas, 1962; Nleneko, 1985; MupoxHukos, 1985; Yuc-
nexko, 1972a, 6). Haubonee MHTEPECHLIMU NPEACTABAAIOTCA pe3ynbTaTbl CE30HHOrO HabnoaeHus 3a

YMU3HBIO 300MNAHKTOHA, BbIMOMHEHHbIE B EHUceickoM 3anmee 1 B 6. [InkcoH (Yucnenko, 19723, 6).

B 1981 un 1982 roast MMBU nposen 2 akcneamuum (300 npob) B toro-3anagHyto YacTb Kapckoro mMops.
BblIM Noy4eHbl CBEAEHU NO pacnpeAeneHnio GMOMacChl 300MNaHKTOHa M ero 3aBUCUMOCTU OT rua-
PONOrMYECKON CTPYKTYPbl BOAHOMN TOJILLM, MO PacnpeAeneHnio U YUCIEHHOCTU MacCoBbIX BUAOB, BbisiB-
NEHbl OCOBEHHOCTU XXM3HEHHbIX LMKINOB HekoTopbix BuaoB (Tumodees, 1983, 1985, 1989a, 1995;
®oMuH U ap., 1984; domuH, MNetpos, 1985; ®omuH, 1989a; 3ybosa, 1990; Timofeev, 1990).

1990-e rogp! - Neproj akTUBM3aLMN UCCNIEA0BaHMIA B 0r0-3anagHoi Yactv Kapckoro Mops, 4to obyc-
NOBNEHO OBHapyXXeHueM 3aecb 6onblwmnx 3anacoB HedTH 1 rasa. U3yueHue 300M1aHKTOHa BEAETCA B
paMKax KOMIIEKCHOrO 3KOIOrM4YeCcKoro MOHMTOpUHra Kapckoro Mops. MonyyeHsl cBeaeHns o pacnpe-
[ENEHNN, YNCIIEHHOCTU M 6MOMACCe 300MNAHKTOHA, O XXM3HEHHbIX LMknax Maccosbix Buaos (Hoso-

cenos, 1993; BuHorpapos v ap., 1994a, 6; BuHorpagos, 1995; HayuHbiit otuyet, 1996; Bo3xmHCkas
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Kara Sea

The first information on the Kara Sea zooplankton was presented in the reports of scientific and
fisheries expeditions: the Russian Polar cruise of 1900-1903, and the Marine Polar cruise of 1910-1915
(Linko, 1908, 1913; Milekovsky, 1970; Evgenov and Kupetsky, 1985). The papers of that period
emphasized studies on zooplankton species composition, and the biogeographical and ecological
characteristics of dominant species. Almost 100 plankton samples were collected during these
scientific cruises.

In 1920-1940, zooplankton sampling was carried out during most cruises, examining both the Kara
Sea and the Laptev Sea. Zooplankton distribution and abundance was estimated, and the possibility of
using zooplankton as an indicator of water masses of different origins was illustrated (Rossolimo,
1927; Jashnov, 1927, 1940; Bernshtein, 1931, 1934; Khmyznikova, 1931, 1935, 1936a,b, 1946:
Bogorov, 1945; Ponomareva, 1949, 1957). In 1920-1940, 10 to 15 cruises examining zooplankton
collected nearly 1,000 samples.

In 1950-1970, zooplankton of the open Kara Sea was poorly examined. Studies were conducted only
in the fjord of the Ob Gulf, the Yenisey Bay and some other nearshore Kara Sea waters (Greze, 1957;
Leshchinskaya, 1962; Leleko, 1985; Pirozhnikov, 1985; Chislenko, 1972a, b). Of the most interest
were the results of seasonal observations on zooplankton carried out in the Yenisey Bay and the Dixon
Bay (Chislenko, 1972 a, b).

In 1981 and 1982, the MMBI conducted two scientific cruises (300 samples total) in the southwestern
Kara Sea. Information on zooplankton biomass distribution became available. Zooplankton biomass
distribution was considered as a function of water column hydrological structure. Data on the
distribution and abundance of dominant species were collected, and characteristics of the life cycles of
some species were analyzed (Timofeev, 1983, 1985, 1989a, 1990a, 1995; Fomin et al., 1984; Fomin,
Petrov, 1985; Fomin, 1989a; Zubova, 1990).

In 1990, an intensive study in the southwestern Kara Sea was launched, induced by exploration of oil
and natural gas stocks detected in that region. The zooplankton study was conducted within the
framework of complex ecological monitoring of the Kara Sea ecosystem and made available some new
information on distribution, abundance, and biomass of zooplankton, and on the life cycles of the

dominant species (Novoselov 1993; Vinogradov et al, 1994a, b; Vinogradov, 1995; Scientific
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n ap., 1997; OpyxuHuHa, 1998). KonnyecTBo aKkcrneavumii, B KOTOPbIX cOBMpanca mMatepuan rno 300r-

NAHKTOHY - npumMepHo 10, konuuyectBo npob - okono 300.

Kanauyc (Calanus finmarchicus) bapeHuesa mops
MepsbIM pycckuM uccneaoeartenem kansHyca B bapeHuesom mope 6bin A.K. JIHKO, KOTOpbI 0606LWwun
c6opbl NNaHKTOHa MypMaHCKON Hay4HO-MPOMBICIOBOM 3Kcneauumn (pykosoautenu H.M. KHunosuy u
N.J. bpentdyc) 3a nepuoa 1898-1906 rogoB B Buage MoHorpacdum (Siueko, 1907). A.K. JIMHKO
nokasan, yto C. finmarchicus SBNAETCA AOMUHUPYIOWMM BUAOM B 300MN1aHKTOHe bapeHueBa mops, v
MOXET CNYXWUTb MHAMKAaTOPOM BOA aT/IAHTUHECKOrO MPOUCXOXAEHMA. BepTukanbHoe pacnpeaeneHve
C. finmarchicus, n3y4eHHoe B NPUEPEXHbIX PaloHax U B OTKPLITOM MOPE, MOMHOCTLIO ONpeaenseTcs
BEPTUKANbHON CTPYKTYpPOi BOAHOW TonwM. Paukn B BapeHUEBOM MOpe BCTPEYalTCs MpU TeMne- |
patype ot -1.8 go +10.6 °C, coneHoctv ot 32.12 ao 35.08 pss.

TaKCOHOMUYECKUIA aHanu3

B.A. flwHoB (1939a) npuwen K BbIBOAY, YTO ceBepHee 75° C.w. 0BUTaeT 3HAeMuuHas nonynsaums C.
finmarchicus, reHeTU4eCKn He CBA3aHHas C MOMyNsUMEN, HACensloWen KXKHYI YacTb bapeHuesa
MOpSA. ITOT BbIBOA MOCAYXXWN CTUMYSIOM ANS BbINOMHEHUS TLLATENbHbLIX MOP(ONOrMyeckux uccne-
AoBaHuiA, M B 1955 r. B.A.AWwHOB ony6nnkoBan pesynbTaThl PEBU3NMKM CUCTEMATUKU popa Calanus, B
KOTOpOM 6blN0 AAHO OnucaHue HoBoro Buaa C. glacialis, seinenenHoro w3 C. finmarchicus. B koHUe
1950-x rogos B.A.AwHoB (1955, 1957, 1958) onybnukoBan paboTbi, B KOTOPbIX PacCMOTPEHbI

OCHOBHbIE acnekTbl MOpdonoruM, pacnpPoCTPaHEHUst U CUCTEMATUKKU BUAOB Calanus finmarchicus s.1.

K.A.Bpoackuit (1959, 1967, 1972) npogomkun Mopdonoruyeckme uccnefosanus. OH MCnonb3osan
MHOro 6onbLue npu3Hakos, yeM B.A.AWHOB, u caenan BbiBog, uto C. finmarchicus v C. glacialis He Mo-
ryT CYATaTLCA CaMOCTOATENbHLIMM BuaaMu u uto C. finmarchicus v C. glacialis sBnsOTCS noaBuaamm
O[HOro BWAQ, CYLUECTBYIOLWIErO MpU pasHbiX 3Konornyeckux ycnoeusix. Kpome Toro, K.A.Bpoackum
(1972) 6bin0 BbICKA3aHO NPEANONOXEeHUe, YTO CoxHas rpynna C. finmarchicus s.. HaxoauTcs B
CTaaun «He3asepLlueHHOro BuaoobpasosaHus». OgHaKo yxe K Hadany 1980-x rogoB (nocne ony6nu-
koBaHusa ctaTteu b.B.®pocta (Frost, 1974)) B pycckos3bi4HOW Hay4HOWU nuTepaType Bo3obnagana Tou-
Ka 3penus B.A.SwHosa n C. finmarchicus v C. glacialis Ctanu CuuTaTbCst «XOPOLUMMM BUAAMU». ITO
HalWIO OTpaxeHne M B nocneaHein moHorpadmmu K.A.Bpoackoro (Bpoacku u ap., 1983), rae C.
finmarchicus, C. glacialis w C.marshallae Ha3BaHbl «BUAaMU-6NU3HELAMI».
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Report, 1996; Vozzhynskaya et al., 1997; Druzhinina, 1998). In all, 10 scientific cruises on zooplankton
studies were conducted and about 300 samples were collected.

Calanus finmarchicus in the Barents Sea
A. Linko was the first Russian scientist to investigate the Barents Sea. He summarized plankton

samples collected during the Murmansk scientific and commercial cruises during 1898-1906 (headed
by Knipovich and Breitfus), and presented them in @ monograph (Linko, 1907). Linko established that
C. finmarchicus, a dominant species in the Barents Sea zooplankton, could be used as an indicator of
the waters of Atlantic origin. He pointed out that the vertical distribution of C. finmarchicus in the
nearshore zones and open sea was determined by the water column vertical structure. These
crustaceans were observed in the Barents Sea in a temperature range of —1.8 to +10.6 °C and salinity
range of 32.12 to 35.08 pss.

Taxonomic analysis
V. Jaschnov (1939a) established that the region north of 75°N was inhabited by an endemic

population of C. finmarchicus, unrelated genetically to the population dwelling in the southern Barents
Sea. This conclusion stimulated to do more precise morphological studies. In 1955, V. Yashnov
published his review on Calanus systematics, which described a new species, C. glacialis distinct from
C. finmarchicus. In the late 1950’s, Yashnov (1955, 1957, 1958) published a set of papers scrutinizing
basic aspects of the morphology, distribution, and systematics of Calanus finmarchicus s.1.

Brodsky (1959, 1967, 1972) continued the morphologic studies. He used more features than Jaschnov
and drew the conclusion that C. finmarchicus and C. glacialis could not be considered as a separate
species. He assumed that both were subspecies of the same species existing under various ecological
conditions. Brodsky (1972) supposed that the complicated group of C. finmarchicus s.I. was in the
stage of “incomplete species formation”. By the early 1980’s, after publication of Frost’s paper (Frost,
1974), Jaschnov’s viewpoint became dominant and thus, both C. finmarchicus and C. glacialis were
considered as “good species”. These ideas were published in the latest monograph of K. Brodsky
(Brodsky et al., 1983), where C. finmarchicus, C. glacialis, and C. marshallae were termed as “sibling

species”.

41




International Ocean Atlas Series, Volume 2 4+ + 4 Biological Atlas of the Arctic seas 2000

TouHas BupoBas uaeHtudwukauus C. finmarchicus w C. glacialis aBnseTcs Cepbe3HOo NpobneMo,
0COBEHHO B paiioHax COBMECTHOrO 0buTaHus obovx BUAOB. ITa Npobnema pellaeTcs Wi Ha OCHOBE
UCMONb30BaHMA MOHATUSA O TaK Ha3biBaeMOW «CMewaHHoU nonynsauww» C. finmarchicus s./. (BuHorpa-

OB u ap., 1995,1996), unn Ha OCHOBE UCMOMNb30BaHWs pa3MepHoro kputepus (Mumm, 1991).

HecMOTpst Ha TPYAHOCTM B TOYHOW BMAOBOW wuaeHTUduMKauumm C. finmarchicus w C. glacialis 310
Heobx0AMMO AenaTtb, NOCKOJbKY B MPOTUBHOM CJly4ae BO3HUKAET PUCK CAeNaThb OWMOOYHbIE BbIBOAbI O
TEHAEHUMM M3MEHEHWs 300r1aHKToHa. Hanpumep, B pabote C.HO. Hosocenosa (1993) nposeaeHo
CpaBHEHWE 300M1aHKTOHa balaapaukon rybbl (Kapckoe mMope) ans pasHbix nepuoaoB (1945-1946 u
1991). B npobax 1991 r. 6bino MHoro C. glacialis, a B npobax 1945-1946 rogoB 3TV pauyku
otcytcTeyloT (lMoHoMapeBa, 1957). Ha oCHOBe 3TOro caenaH BbiBOA, YTO B CTPyKType ayHbl
300MM1IQHKTOHA NPOM30LWIM  3HAYUTENbHbLIE W3MEHEHUs U 4YTO 3TU U3MEeHeHUs O0byC/IoBNEeHbI
MOXONOAAHUEM ADKTUKU. ITO YTBEPXXAEHUE OCHOBAHO Ha TOM, uTo C. glacialis - apKTUHECKuiA BUA.
BoiBog C.HO. HoBocenosa o noxonoaaHuy ApKTuUKM B Hauane 1990-x rofoB NpOTUBOPEYUT peanbHOM
CUTYaumn, NOCKONMbKY MMEHHO B 3TOT nepuog npoucxoaut notennenve Apktuku (Carmack et al.,
1997; Morison et al., 1998). laHHoe npoTuBopeune obbsicHsieTca TeMm, yto C.HO. HoBocenos He yuen
TOoro, yto B 1945-1946 ropax C. glacialis ewe He 6bin BbigeneH M3 cocrtaBa cbopHoro Buga C.
finmarchicus s.1.

PacnpocrpaHeHue

[lo koHua 1950-x rogos, korga B.A.AwHoBbiM (1955, 1957, 1958) 6bin nokasaH COOPHLIM XapakTep
Hapeuaa C. finmarchicus s.l., kanaHyc 0603Ha4YanCca Kak OKEaHMYeCKUin BUA OTKPLITOrO MOpS, LUMPOKO
pacnpoCTpaHeHHbIM B Boaax cesepHoro nonywapus (bpoackwuit, 1950). Mocne pesusuu Haasuaa
apean cobcreeHHO C. finmarchicus 3Ha4UMTENbHO COKPATUIICA U B HACTOALLEE BPEMSA €ro NpPUHATO CYu-
TaTb 60peanbHLIM CeBEPOATNIaHTUYECKUM BMAOM, PAaCcNpPOCTPaHEHHbIM TaKKe U B BOAAX 3anajgHoM vac-
1 ApkTudeckoro 6acceitHa, rae C. finmarchicus SBNSETCA MHAMKATOPOM aT/laHTUYeCKux Boa (SWwHoB,
1955, 1958, 1961, 1966; A6pamoBa, 1956; KawkuH, 1962; CywkuHa, 1962; bpoackuit, 1965).

Bromacca, YMCNeHHOCTb, NPOAYKLUUS

BvoMacca nnaHKToHa B HOro-3anagHon yactu bapeHuesa Mops Ha 84 % COCTOMUT M3 KansHyca SLWHOB
(19396). B cpeaHeM 3a roa 6uomacca C. finmarchicus coctaBnset 24 T KM, HauMeHblUas BENMYMHa
6uomaccel (8.5 T kM2) oTMeueHa B MapTe-anpene, Haubonbluas (43 T km?2) - B aBrycre. Moaosas
npoaykuus C. finmarchicus B.A.SIWHOBbIM OLeHeHa B 65 T kM, a no aaHHbIM MUHPO 3a 1950-1970-e
rozbl NPOAYKLMA paykoB coctasnset 77.5 T kv ([lertepesa, Hecreposa, 1985).
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It should be mentioned that accurate species identification for C. finmarchicus and C. glacialis is still a
serious problem, especially in the regions of joint occurrance of both species. The species were
determined by size criteria (Mumm, 1991) or by using the concept termed “mixed population”
developed Vinogradov et al. (1995, 1996).

Despite the existing problems, it is important to give an accurate species identification for both C.
finmarchicus and C. glacialis, otherwise there exists a risk of erroneous conclusions on the tendency of
zooplankton community variation. For example, S. Novoselov (1993) made a comparison between
zooplankton of the fjord Baidaratskaya Guba (the Kara Sea) for different time periods: 1945-1946 and
1991. The presence of a large number of C. glacialis in samples of 1991 and their absence in the
samples of 1945-1946 (Ponomareva 1957) allowed for the conclusion that cooling of the Arctic seas
had caused substantial changes in zooplankton fauna. This assumption was based on the knowledge
that C. glacialis related to Arctic species. The conclusion of S. Novoselov on the Arctic cooling in the
early 1990’s was in contradiction with the real situation as exactly during that period the Arctic
warming occurred (Carmack et al., 1997; Morison et al., 1998). This contradiction can be explained by
an assumption that S. Novoselov did not take into account the fact that in 1945-1946 C. glacialis was
not distinguished from composite species C. finmarchicus s.1.

Distribution
Until the 1950’s, when V.Jaschnov (1955, 1957, 1958) demonstrated the composite character of the
superspecies C. finmarchicus s.l., Calanus was identified as oceanic, open sea species widely

distributed in the waters of the Northern Hemisphere (Brodsky 1950). After some revisions of the
superspecies, the area of C. finmarchicus itself had been reduced sufficiently, and at present Calanus
is usually considered as a boreal North Atlantic species, abundant as well in the waters of the west
Arctic basin, where C. finmarchicus is a good indicator of Atlantic waters (Jaschnov 1955, 1958, 1961,
1966; Abramova 1956; Kashkin 1962; Sushkina 1962; Brodsky 1965; Brodsky et al., 1983).

Biomass, abundance, production
Jaschnov (1939b) determined that 84% of plankton biomass in the southwestern Barents Sea consists

of Calanus. The average biomass of C. finmarchicus comprised 24 ton/km?; with a minimum biomass
value (8.5 ton/km?) in March and April, and a maximum in August. V. Yashnov estimated the annual
production of C. finmarchicus to be 65 ton/km?, and from the data of the PINRO (1950-1970) the
crustacean production comprised 77.5 ton/km? (Degtereva, Nesterova, 1985).
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B npubpexHbIX BoAax posib KansHyca B (OpMMPOBaHMM BMOMACChl 300M1aHKTOHa cocToBnaeT60-64 %
(ManTeidens, 1939; ®omuH, 1978, 1995), a B OTAENbHBbIE MOALI €M0 3HAYEHUE MOXET CHUXKATLCA A0
13-34 % (Kamwwuno u ap., 1958). Ce3oHHas auHamuka 6uomaccel C. finmarchicus B npubpexbe
BapeHLeBa MOPs XapaKTepU3yeTCa HasMuMeM OAHOMO MaKCMMyMa, KOTOPbIMA Yalue BCero NpuypoYeH K
nepuoay WioHb-utonb (Kamwunos v ap., 1958; 3enukmaH, Kamwwunos, 1960; ®omuH, 1978, 1995).
loaoeas npoaykuvs C. finmarchicus B npubpexee coctasnset 277.3 Mr M (Kamwunos, 1958a).

C koHua 1950-x ropos MUHPO exerogHo NPOBOAUT MOPCKME 3KCNEAUUMM B BECEHHE-NETHWUI nepuog,
B XOA€ KOTOPbIX COBMPAETCs MaTepuan no 300MN/IaHKTOHY NPeuMyLIeCTBEHHO 3anaaHou Yactn bapeH-
uesa mops ([ertepesa, 1979; [ertepesa, HecrepoBa, 1985; [ertepesa u ap., 1990). OnybnukosaHb!
AaHHbIE, B KOTOPbIX NPUBEAEHbI CBEAEHUA O YNCIEHHOCTU UL, HAYNIMYCOB M KOMENOAUTHBIX CTaauin
C. finmarchicus Ha pByx paspesax (Mbic Hopakan - ocTpoB MeaBexuit n «KOnbCkuii MepuanaH») 3a
nepuoa 1959-1983 rogos lNpu 3TOM O6HapYeHbl 3aBUCMMOCTU MEXAY UYUCIIEHHOCTLIO HAyrnycoB

KansaHyca v TEMNEPaTypoi BOAbI B BECEHHWI NEPUOA:
y =774.6x- 2035.2,

rAe y - YUCNIEHHOCTb HayNIMycoB B MypMaHCKOM TeyeHun B TeyeHuu B aioe 0-50 M (3k3/M3),

X - TeMnepaTtypa Bo/bl B MypMaHcKoM TeueHum B cioe 0-50 m (°C).

YKU3HEHHbIN LMK

MepBbie cBEAEHUA O XWU3HEHHOM uukne C. finmarchicus B bapeHueBoM Mope Obinv nonyyeHsl B.l.
BoropoBbiM (1932, 19396), b.M. MaHTendenem (1939, 1941) n B.A. AwHosbiM (1939a). B pesynbTate
YKU3HEHHbIN LMK KansiHyca CTan NpeaCTaBAAaTLCA B CIEAYIOWEM BUAE:

e  31IMOM pauKM HAXOAATCA B CTPYsX HOPAKANCKOro TeueHus Ha 60NbLLOW rnybuHe;

e B KOHLE MapTa Habniogaetca noaveM C. finmarchicus K NOBEPXHOCTY;

e anpenb-Mai - Pa3MHOXEHWE, MPUYEM CHauana Ha tro-3anage, OTKyAa NocTeneHHo 3TOT Mpo-
LIeCC pacnpoCTPaHAETCA K BOCTOKY U CEBEPO-BOCTOKY. OTHEpeCcTMBLUMECs 0COBM ONyCKaloTCs B
HWKHUE C/IOU BOAbl, A€ YMUPAIOT UK MOEAAK0TCA XULLHUKAMU;

e MOBbILLEHME TEMMEPATypbl BOAbI BEPXHErO C/10A B UKONE-CEHTAOpe BbI3bIBAET OMyCKaHWEe pay-
KOB B MPUAOHHbIE C/IOM. B 3TOT nepuoa npekpawaeTcs pocT PaykoB U U3MEHSETCS OKpacka.

Co BTOpo¥1 nonoBuHbl aBrycta C. finmarchicus coBepluaeT BepTvKasibHble MUrpauuu;
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In the nearshore waters, the impact of Calanus on zooplankton biomass comprises 60-64% (Manteifel,
1939; Fomin, 1978, 1995) and during some years its impact can decrease to 13-34% (Kamshilov et
al, 1958). Seasonal dynamics of C. finmarchicus biomass in the nearshore Barents Sea is
characterized by the presence of one maximum that usually occurs in June and July (Kamshilov et a/,
1958; Zelikman, Kamshilov, 1960; Fomin, 1978, 1995). The annual production of C. finmarchicus in
the coastal zone is less than in the west Barents Sea and comprises 277.3 mg/m? (Kamshilov 1958a).

Since the late 1950’s the PINRO has been conducting annual spring and summer cruises during which
the information on zooplankton, mostly of the western Barents Sea, is collected (Degtereva, 1979;
Degtereva, Nesterova, 1989; Degtereva et al, 1990). Data on the number of eggs, naupli, and
copepodite stages of C. finmarchicus were presented at two transects carried out in 1959-1983 at
North Cape - the Bear Island and the Kola Meridian section. The relationship between the number of
Calanus nauplii and water temperature in spring was determined as follows:

Y = 774.6X - 2035.2,

in which: Y is nauplii abundance in the Murman drift in the layer of 0-50 m (individuals/m 3);
X is temperature in the Murman drift in the layer of 0-50m (°C).

Life cycle
The first information on the life cycle of C. finmarchicus of the Barents Sea was obtained by Bogorov

(1932, 1939), Manteifel (1939, 1941), and Jaschnov (1939a). As a result, the C. finmarchicus life cycle
can be presented as follows:

e During winter C. finmarchicus is at depth and concentrated in streams of the Nordkapp drift;

e In late March, C. finmarchicus rises to surface;

e April-May is a period of reproduction, starting mostly in the southwest and then distributing
gradually to the east and northeast. Spawned specimens descend to deeper water layers,
where they die or are used as a food by predators;

e In July-September, as a result of a water temperature rise in the upper layers (up to 6-7°C),
C. finmarchicus descend to near-bottom layers. During this period it stops growing and
changes its color (red becomes yellow and white). Starting from the second half of August, C.
finmarchicus initiate it diurnal vertical migrations;
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e B OKTbpe-HOosbpe payku COCPefoTauMBaOTCA B My6OKOBOAHBLIX YAaCTAX MOPS, NOCTENEHHO NpeK-

PaLllaoTCa CyTO4YHbIE BEPTUKAJIbHbIE MUDALIU.

TaKoW XXM3HEHHbIN LMK CBUAETENLCTBYET, YTO Ha Bonbliei yactu bapeHuesa mopsa C. finmarchicus
MoHouMKnyeH. OHAKO B OTAENbHbIe roAbl C 3anaja BHOCUTCS BTopas reHepauma C. finmarchicus
(ocobu, poavBLUMECs, BEPOATHO, Y CEBEpO-3anagHoro nobepexbs Hopserum). Monoab 3ToM reHepa-
LMW He pacmpoCTPaHAETCs Ha BOCTOK AanbHe 33°30 B.4. Mosenexwe ocoben C. finmarchicus BTOpon
reHepauum B i0oro-3anagHoM 4actu bapeHueBa Mops b.[1. Mantendens (1939,1941) obwbsacHseT
notennenveM, Habnoaaswmmca B 1930-e roawl (Fu et al., 1999).

B 1950-e roabl 66U NpoBEAEHbI UCCNEAOBAHUA XM3HEHHOro uukna C. finmarchicus B npubpexXHoOu
30He bapeHueBa MOpsi Ha AonroTe npumepHo 36° B.4. B pe3ynbTtarte 6bin CAenaH BbiBog O 6UUMKINY-
HOM >KM3HEHHOM LMKJIe KansHyca B 3TOM paioHe: 0CObM BECEHHEeN reHepaumm XXMBYT OKONO 3 mecs-
LieB, NIETHE-OCEHHEN - okono 9 Mecsues (Kamwunos, 1952, 1955; HecmenoBa, 1966). MoBTOpHOE M3Y-
yeHne B 1964 roagy He noateepauno 3ToT BbiBoA (Hecmenosa, 1968). Cnepyrowas cepus 3kcne-
pumeHTOB B 1976-1977 rogax NOATBEPAUNO OULMKAMYHOCTL XXM3HEHHOro UMKkna kansHyca (PoMuH,
1978, 1995). Mpu 3TOM B NocnegHeM Clyyae 6bi10 OTMEYEHO, YTO BECEHHMIN NEPUOA pa3MHOXeHUs C.
finmarchicus pacTaHyT BO BPEMEHU W MOLLHbIA, TOrAA KaK OCEHHWUM - OTHOCUTENILHO KOPOTKUM U Cna-
6bi1 (GoMuH, 1978, 1995). Kak pe3ynbTaT 3TUX UCCIIEA0BaHWUI CTano NPeACTaBieHne O MOHOLMKINY-
HOM >KM3HEHHOM LMKNIE KansiHyca B XONOAHble roAbl U GuumknnyHoM - B Tennbie (3envkmaH, 1982).
Kpome Toro, 66110 YCTAaHOBNEHO, YTO CPOKWU pasMHoXenus C. finmarchicus B bapeHUeBOM MOpe Takoke
onpeaenseTcs TepMUMYeckuM pexumoM roga ([Jertepesa, 1971, 1973, 1979; Oertepesa v ap., 1990).
M.M. KamwwunosbiM (1955) 6bina onpeaeneHa nnoaoBUTOCTb caMok C. finmarchicus: noTeHUManbHas -
2000, dakTnueckas - 1000-1500 SMLEKNETOK Y OAHOM CaMKM.

Cnuncoku nuTepaTypsl

Jlutepatypa no uccneaoBaHWMKO 300MNAHKTOHa bapeHueBa Mops npeactaeneHa B [MpunoxeHun A2.
CraTby, NOCBALUEHHbIE pacnpeaeneHmio, Guonornm U 3KoNorMmn 3Bday3veBbIX PaYKOB HE BKJIKOYEHbI B
MpunoxeHne A2, Tak kak 0630pbl MO AaHHLIM PakoobpasHbIM coaepXaTcs B pabotax [ipobbilueBoi
(1994), Tumodeesa (1996a).
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e In October-November C. finmarchicus is concentrated in deep-water parts of the Barents Sea
and gradually stops its diurnal vertical migrations.

Such a life cycle suggests that over most of the Barents Sea, C. finmarchicus is monocyclic but during
some years the second generation of C. finmarchicus comes from the West (specimens hatched in
nearshore northwest Norwegian waters). The young of this generation do not spread farther East than
33°30" E. Appearance of C. finmarchicus specimens of the second generation in the southwest Barents
Sea (Manteifel, 1939, 1941) can be explained by the ocean warming observed in the 1930s (Fu et
al., 1999).

In the 1950's, a study of the C. finmarchicus life cycle was conducted in the nearshore Barents Sea at
a longitude of 36°E. It resulted in a conclusion on the bicyclic character of Calanus life cycle in that
region: specimens of the spring generation lived about three months and specimens of summer and
fall generations lived about 9 months (Kamshylov, 1952, 1955; Nesmelova, 1966). The study
performed in 1964 did not confirm that conclusion (Nesmelova 1968). In 1976-1977, the next run of
experiments justified the bicyclic character of Calanus life cycle (Fomin, 1978, 1995). In the latter
case, spring reproduction of C. finmarchicus was established to be more extended in time and more
intensive, whereas fall reproduction was relatively short-term and not intensive (Fomin, 1978, 1995).
The study resulted in the conclusion that a monocyclic Calanus life cycle existed during cold years,
and bicyclic Calanus life cycle existed during warm years (Zelikman, 1982). Moreover, a conclusion
was made that the changes in reproduction of Barents Sea C. finmarchicus had resulted from
variations of the annual temperature regime (Degtereva 1971, 1973, 1979; Degtereva et al., 1990). M.
Kamshylov (1955) had determined fertility of C. finmarchicus females: potential fertility was 2,000
eggs per female, the observed was between 1,000 and 1,500 eggs.

References
The list of papers on the Barents Sea zooplankton are presented in Appendix A2. The papers on

distribution, biology, and ecology of euphausiid crustaceans are not included, as reviews on these
crustaceans are presented in the papers of Drobysheva (1994) and Timofeev (1996a).
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2.3 3o006eHTOC
[LenunceHko C.I, 3oonoruueckuit uHcTuTyT, C. MeTepbypr

Kpatkas ucropuuyeckas cnpaska (bapeHueBo mope)

Hauano m3yuyenus 3006eHTOCa bapeHueBa MOps AaTUpYeTcs BTOpPOM MONOBMHOM 18 Beka, koraa y
6eperos MypmaHa H. O3sepeukoBckuii (1804) BbINONHUN CO6OpPbI MOPCKUX XXMBOTHbLIX. MnaHOMepHoe
M3y4yeHue BUAOBOr0 COCTABa M pacnpeaeneHns AOHHbIX 6eCcrno3BOHOYHbLIX Havanocb B bapeHueBoM
Mope B nocneaHein yetBept 19-ro CToneTvs B CBA3WU C MHTEHCUMMKaumeln poibHOro npombicna. Oa-
HUM U3 BaXXHEWLIMX HaNpaBNEeHUN 3TUX UCCNEA0BaHUM BbUIO - U3yYEHUE PONU OTAENbHLIX (DAaKTOPOB

cpeabl B pacnpeaeneHun opraHu3MoB.

PesynbTaTthl paboT noa pykoBoacTBOM H. KHMNOBMYA 3aN0XMAM Hay4yHble OCHOBbI 3KCrulyaTauuu
6uopecypcoB bapeHueBa MOps M NpWneratowmx pavnoHoB cesepHou ATnaHTuku (KHunosud, 1902,
1904). MHOrouMcneHHble 30010rnyeckme co6opbl MO3BOMAM BrEPBbIE OCYLECTBUTL Guoreorpaduyec-
KOe palloOHMPOBaHME MOPS U KOHCTATUPOBaTb (DaKT YBEIMUEHUS TEMMOBOAHbIX aT/IaHTUUYECKUX BUAOB
B ¢ayHe Konbckoro 3anuea B nepuoa 1893-1908 rogos ([AeptoruH, 1915). B uenom k 1915 roay
cbopbl 6eHTOCa 6bi1n BhINONHEHLI 6onee yeM Ha 3000 CTaHUMsX, ABE TPETU U3 KOTOPbIX, NPUXOAUTCS

Ha AOMI0 POCCUMCKMX 3kcneauumin (Mankun, 1979).

B 1920-1925 rr. 6bina noaTBEpXKAEHA rMnoTe3a 0 BO3MOXHOCTU CMELLEHUs Buoreorpacuyeckux rpa-
HUL 3006eHTOCa B bapeHUeBOM MOpe M3-3a U3MEHEHUs TemnepaTypbl MOpPCKoM cpeabl (TaHacunuyK,
1927; LopbirmH, 1928).

HauuHas ¢ 1924 roaa, B UccieaoBaHusaX 6EHTOCa NOMUMO KauyeCTBEHHbIX OPYAMIA NIOBa NPUMEHSIOTCA
AHouepriaTenu n otTpabaTbiBaeTCA METOAMKA KONIMHYECTBEHHOMO yyeTa A0HHON (ayHbl. ITO NO3BOAMNIO
B 20-30-e roab! Bnepsbie BbINOMHUTL AOCTATOYHO MOJMHYO U NOAPOGHYI0 6EHTOCHYIO ChbeMKy bapeHue-
Ba MopA. B pesynbTtate 6bin BbisBNIEHbI 3aKOHOMEPHOCTU pacnpeaenieHns OTAENbHbIX TAKCOHOMUYEC-

KuX rpynn u ecero 3006eHToca B Lenom (bpoukas, 3eHkesny, 1939; dunatosa, 1938).
Bcero ¢ 1921 no 1940 rr. c6opbl 6eHTOCa 6biK BbINONHEHLI HA 5000 CTaHUMSAX, U3 KOTOPLIX Ha A0S0

POCCUINCKMX 3KCMeanumin npuxoanTcs okono 4800 (MankuH, 1979). Ha pucyHke 1 npuBeAEHO pacnono-
»eHue 2700 6eHTOCHbIX cTaHumi B 1920-1940 roab!.
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2.3 Zoobenthos
S. Denisenko, Zoological Institute, S. Petersburg

Brief Historical Note (Barents Sea)
The initiation of Barents Sea benthos studies date back to the second half of 18th century, when

Ozeretskovsky (1804) began gathering collections of marine animals in nearshore Murman waters. The
systematic study of species composition and distribution of the bottom invertebrates started in the
Barents Sea with the intensification of the fisheries in the last quarter of the 19th century. The study
was focused on the effect of various environmental factors on the distribution of organisms.

The results of commercial and biological endeavors headed by Knipovich served as the scientific basis
for the use of biological resources of the Barents Sea and the adjacent North Atlantic regions
(Knipovich, 1902, 1904). For the first time, the collected zoological data provided valuable information
for biogeographical zoning, and showed the increase of the Atlantic origin species in the Kola Bay in
1893-1908 (Deryugin, 1915).

By 1915, more than 3,000 benthos stations were sampled, two thirds of these during Russian
expeditions (Galkin, 1979).

In the period 1920-1925, a hypothesis on the possibility of shifting zoobenthic biogeographic
boundaries in the Barents Sea, as a result of marine environment temperature, was verified
(Tanasiichuk, 1927; Shorygin, 1928).

Since 1924, besides quantitative sampling equipment, grabs have been used for benthic studies, the
methods for quantitative accounting of the bottom fauna have been refined, which allowed for
comprehensive and detailed benthic surveys of the Barents Sea in the 1920's-1930's. A result of these
surveys was the identification of patterns of the distribution of some zoobenthic taxonomic groups and
the zoobenthic community (Brotskaya, Zenkevich, 1939; Filatova, 1938).

From 1921-1940, benthos collections were carried out at 5,000 stations, of which 4,800 stations were

made by Russian investigators (Galkin, 1979). Figure 1 depicts the locations of data from 2,700
benthic stations collected in the period 1920-1940.
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80°N 80°N

40°E - o 80°E
Puc. 1. Pacnpegenenune 6eHTOCHbIX cTaHumi B 1920-1940 roabl

Bo BTOpon nonosuHe 40-x roaos, 6narogaps ycunusm MUHPO u MBC, BO306HOBMAMCHL LIMPOKO-
MacwrabHble uccnefoBaHus 6eHToca. BbiMONHEHHble paboTbl NO3BOMMAM M3YYUTb NIUTOPAnbHbLIE U
cybnuTopanbHbie COO6LLECTBa I0KHOMN M 10ro-BOCTOMHOM YacTh BapeHLEeBa MOpS, BbIABUTL 3aKOHOMEp-
HOCTU PAaCrpeAeneHns BaXHENLIMX TaKCOHOMUYECKUX MPYnn W MPOaHanM3upoBaTh TPOMUUECKYIO
CTPYKTypy 3006eHToCca B uenom (KysHeuos, MatBeeBa, 1948; Typnaesa, 1948; MNeprameHTt, 1957;
3auenuH, 1962; lankuH, 1964; 3auenuH, PutTux, 1968a; 19686; Ky3Heuos, 1970).

Matepuanbl Npoao/mKeHHbIX B 40-e u 50-e roabl HabnoaeHwin 3a AOHHOM hayHOM Ha paspese Kosib-
CKWH MEPMANAaH NOCTYXXUNWN OCHOBOWM ANS aHANM3a MHOrOSIETHUX U3MEHEHUI IOHHOM (ayHbl B 3TOM
paitoHe (Hecuc, 1960).

C Hauyana 60-x rogos B Poccum nonyunn paseuTie BOAOJA3HbIA METOA rMAPOBMONOrMUECKUX NCCNeAo-
BaHW. C UCMONb30BaHMEM 3TOTO METOAA BblM U3YUeHb! AOHHBIE IKOCUCTEMBI BEPXHEN Cy6nuTopani B
rybax u 3anmeax BoctouHoro u 3anagHoro Mypmada, B Yewckon rybe, B paiioHe 3emnun ®paHua-
Wocnda n Hoson 3emnu (Mponn,1966; MywkuH, 1968; BuoueHosbl wenbha, 1977; Fonukos, ABepuH-
ues, 1977). B 3T1 Xe roAbl 3KOCMCTEMHbIN NOAXOA B UCC/IEA0BAHUAX 3006EHTOCAa PacnpOCTPaHUICA U
Ha COOBLIECTBA IMTOPANIbHON 30HbI, YTO MO3BOSIUIO U3YUNTb HE TONMBLKO CTPYKTYPY, HO U (DYHKLIMOHM-
POBaHME 3KOCUCTEM MNUCTO-NECYaHbIX oTMenei (CTpenbuos u ap., 1974).
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80°E

Fig. 1. Distribution of benthic stations for the period 1920-1940

In the second half of the 1940’s, thanks to the efforts of the PINRO and the Murman Biological Station
(MBS), wide-scale benthos investigations were restored. The collected material made it possible to
study littoral and sublittoral zone communities of the south and southeast Barents Sea, to determine
patterns in the distribution of important taxonomic groups, and to analyze zoobenthos trophic
structure as a whole (Kuznetsov, Matveeva, 1948; Turpaeva, 1948; Pergament, 1957; Zatsepin, 1962;
Galkin, 1964; Zatsepin and Rittikh, 1968a, 1968b; Kuznetsov, 1970).

The samples of the bottom fauna collected in the 1940's-1950's along the Kola Meridian transect,
served as a basis for the analysis of the bottom fauna multi-year fluctuations in that region (Nesis,
1960).

Since the early 1960’s the “scuba diving method” of hydrobiological studies has been developed in
Russia. This method was used for investigation of the bottom ecosystems of the upper sublittoral zone
in the fjords and bays of the Murman region, the Frants-Josef Land and the Nonaya Zemlya areas
(Propp, 1966; Pushkin, 1968; Shelf Biocenosis, 1977; Golikov and Averintsev, 1977). During the same
years the ecosystem approach in the zoobenthos investigations was targeted at the communities of
the littoral zone, which made it possible to study the ecosystem structure and it functionality
(Streltsov et al., 1974).
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B 1968-1970 rr. MMHPO B CxaTble CPOKMU U MO €AUHON METOAMKE BbINOMHUI TOTasIbHYK BEHTOCHYIO
CbéMKy bapeHuesa mops (Puc. 2). MonyyeHHbie AaHHbIE CBMAETENLCTBYIOT O CYLLECTBEHHOM MOHMKe-
Hue Buomacchl 3006eHToca no cpasHeHuio ¢ 20-30-mu rogamu (AHTUNOBa, 1975).

80°N 80°N
z

4 70°N

40°E 80°E

Puc. 2. PacnpepneneHune 6eHTOCHbIX CTaHumi B 1968-1970 rogpl

B uenom, B 1945-1977 rr. B bapeHueBoM Mope 6bli0 BLINONHEHO OKOMO 4000 GEHTOCHBIX CTaHUMM
(FankuH, 1979), 13 KOTOPbIX Ha AONKO POCCUACKMX IKCMEANLIMIA NPUXOANTCS okono 3400.

B 80-x roaax B pOCCMIACKUX reonorMyeckux OpraHn3aumsx npu NaHAwapTHO-3KONOrMYECKUX UCccneao-
BaHUAX Wenbda npuMeHseTcs noasoaHas ¢otocbeMka B npouecce cbopa 6eHtoca (Mypesuy, Kasa-
KoB, 1989). KonnuyecTBo BbINONMHEHHbIX TakMM 06pa3oM GEHTOCHBIX CTaHLMI [OCTUraeT HECKOMbKMX
ThICAY. 3TU AaHHbIE B BMONOrUYECKUX UCCIEA0BAHUAX HAXOAAT OrPaHUUYEHHOE MPUMEHEHWE U3-3a OT-
CyTCTBUS MeTaAaHHbIX. Ha CTaHumax, napannensHo ¢ poToCbeMKoMn, 6panca oauH AHoYepnaTens, U3
KOTOPOro, KpoMe >XMBOTHbIX, OAHOBPEMEHHO OTOMpanuch ewe u npobbl ocapkoB. Kauectso nony-
UEHHbIX Mpu 3TOM oTorpaduii NO3BONANO Pacno3HaBaTb TOMLKO MErabeHTOC U KpynHbie (hopMbl
MakpobeHToca 13 anudayHbi.

MpuMeHeHUe TPaAMUMOHHLIX MeTOoAoB cbopa GeHToca B KOMOGMHAUMM C BOAONA3HbLIMM cHopamu K
noasoAHoN HoToCcLEMKON No3BoNMN0 MMBU n 3UH AeTanbHO M3yunTh CTPYKTYPY AOHHBIX SKOCUCTEM
B rybax ¢mopaosoro tuna Ha nobepexse MypmaHa ()Kykos , 1988; CemeHos, 1991; lonukos u ap.,
1993; Mmppobuon. Uccnen. 1994).
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In 1968-1970, using one standard method PINRO conducted a total survey of the Barents Sea (Figure
2), which revealed a substantial decrease in zoobenthos biomass in comparison with the 1920's-1930’s
(Antipova, 1975).

70°N

40°E 80°E
Fig. 2. Distribution of benthic stations for the period 1968-1970

On the whole, in the period 1945-1977, data from 4,000 benthic stations were collected in the Barents
Sea (Galkin 1979), of which approximately 3,400 stations were collected by Russian investigators.

In the 1980’s, under-water photographic surveys and benthos collections were widely used by Russian
geological institutions for performing landscape and ecological shelf investigations (Gurevich, Kaza-
kov, 1989). Today the total number of benthic stations carried out with these methods is about
several thousand. These data have limited utility due to the lack of detailed metadata. Simultaneously
with photo surveys, the gathering of collections was usually conducted at stations using the same
gear for both animals and sediments. The quality of photographs was only good for recognizing
megabenthos and large-scale forms of macrobenthic epifauna.

The use of traditional methods of benthos collection with the combination of advanced underwater
imaging techniques made it possible for the MMBI and the Zoological Institute (St. Petersburg) to
study in detail the structure and functioning of the bottom ecosystems in the fjords of the Murman
waters (Zhukov, 1988; Semenov, 1991; Golikov et al., 1993; Hydrobiological Study, 1994).
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CoBMecCTHble paboTbl N0 UCCNEAOBaHMIO 3006eHTOCa BbUn BbinonHeHsl MMBU 1 MUHPO npu noucke m
OKOHTYPUBAHUM MOCENEHUI XO3AUCTBEHHO-LIEHHbIX 6ECMO3BOHOYHBIX (B OCHOBHOM, PakooBpasHbiX,
MOJIIIOCKOB W UINIOKOXMX). Pe3ynbTaThl 3TUX uccneaoBanuii B 70-e n 80-e rofbl NIErNIM B OCHOBY pa-
LIMOHANbLHON 3KCMyaTaumm 6UOpeCypcoB CEBEPHOM KPEBETKU M WUCIAHACKOrO rpebewka B BapeH-
uesom mope (bpsa3ruH, 1981; [leHucenko, 1988; lennceHko, bnnsHuuerko, 1989; bBepexboim, 1992).

Hapsgy C Hay4HO-MPOMBIC/IOBbIM M3y4YeHMEM OTAENbHbIX BWAOB NPOAO/DKANIUCE M Klaccuyeckue
uccnefosaHus 3006eHToca. WX 3agayel CTano, B OCHOBHOM, YTOYHEHWE (DOHOBOrO COCTOSHUS
MOPCKON 6MOTbI B paitoHax MNpeanosiaraéMon UHTEHCUUKALUMM XO3SUCTBEHHOW AEATENbHOCTU MM
oxpaHseMbix Tepputopun (Averintzev, 1993; Luppova et al., 1993; [leHuceHko u ap., 1995; Denisenko
et al.,, 1997). MNpeumywwecTBeHHO 3TU paboTbl BLINONHANUCL 3KCneauumnsMm MMBU B koonepauum ¢
YYEHbIMU ApYrUx CTpaH. B nocneaxve roabl NpeAnpUHUMANUCL TaKKe MOMbITKM BO30GHOBUTL pery-

napHble HabnoaeHns 3a AOHHOW dayHOI Ha paspese Kosbckmii Mepuanar (JeHncerko, 1999).
KonuuecTBo BbINOMHEHHbIX GEHTOCHBIX CTaHuuin B 1978-1999, 6e3 yueta noaBOAHLIX (HOTOPAbOT,
cocraenset 6onee 2000. O6paboTka AaHHbLIX, COOPaHHBLIX B 3TUX SKCMEAULMSX, ELUE HE 3aKOHYEeHa U

MO3TOMY UX aHanu3 ewé fanék oT 3aBepLueHus.

3006€HTOC KaK MHANKATOP KAMMATUYECKUX U3MEHEHUN

MHorve uccneaosaTeny CHUTAOT MAakpO3006EHTOC XOPOLIMM MHAWUKATOPOM U3MEHEHUIA OKPYXaloLien
cpefbl, NOCKOsbKY GOMBLUMHCTBO AOHHBIX XXUBOTHLIX BEAET ManonoABUXHbLIN 00pa3 XXW3HU U UMeeT
AOCTaTOMHO A/IMTENbHDBIW XXU3HEHHbIW LMK, OCHOBOMOMOXHUKOM U3YYEHUS MHOMONETHUX U3MEHEHMUI
AOHHOW (hayHbl BapeHueBa Mops MOXHO cuuTaTb K. JeptoruHa (1915), obHapyxwusLero B 1908-1909
rr. B KO/IbCKOM 3anunBe HECKONbKO HEOObIYHbIX Ansi 3Toro ¢uopaa BuaoB. OH 06BLACHWA 3TO SIBNEHUE

(bnykTyaumusmMm TemnepaTypHOro peXxxuma MOpCKoin Boabl ([eptorvH, 1924).

A.lWopbirnH (1928), H.TaHacuituyk (1927), B.UepeMucuHa (1948) Ha npuMepe pasHbiX TaKCOHOMUYEC-
KWX rpynn 3006eHToca 060CHOBaNN BO3MOXHOCTb CMELLEHNs 6uoreorpadmueckux rpaHuL, BCneacTeme
TeMmnepaTypHbix dnyktyaumuin. E. M'ypbsaHosa (1947) ces3ana nosieneHue B benom mope psaa atnaHTu-
YECKMX U aPKTUYECKUX rMAPOBUOHTOB C MHOTONETHUMM MMAPONOrMYECKUMU (NYKTYaUMsaMU B CEBEPO-
BOCTOYHON ATnaHTuke. P. bnakep (Blacker, 1957; 1965) npuiuen K BbiBOAY O TOM, YTO GEHTOC MOXET
pearMpoBaTb Ha NOTEM/IEHNE UK NOXONoAaHUE APKTUKM TONbKO C 3ana3abliBaHUEM BO BPEMEHU. 3TO

noarsepaun K.Hecuc (1960), nccneposaB MHOroNeTHUE M3MEHEHUs GOpearnbHbIX M apKTUYECKUX BU-
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Zoobenthos investigations were jointly carried out by MMBI and PINRO, searching for and identifying
populations of commercially important invertebrates (mostly crustaceans, mollusks, and echinoderms).
In the 1970’s and 1980’s, the results of these studies served as a basis for the rational use of northern
shrimps and Icelandic scallops in the Barents Sea (Bryazgin, 1981; Denisenko, 1988; Denisenko,
Bliznichenko, 1989; Berenboim, 1992).

Along with the scientific and commercial study of some species, traditional investigations of
zoobenthos was continued. However it was mostly targeted at detailed information on the background
state of marine biota in the regions planned for intensification of economic activity or the regions
under ecological protection (Averintsev, 1993; Luppova et al, 1993; Denisenko et al, 1995;
Denisenko et al, 1997). These studies were mostly conducted by expeditions of the MMBI, organized
in cooperation with international scientists. During recent years, some attempts were made to restore

regular observations along the Kola Meridian transect (Denisenko, 1999).

During 1978-1999, the number of benthic stations sampled, excluding underwater surveys, was 2,000.
The processing of the data collected during these expeditions has not been finalized, and as a result
their analysis is far from complete.

Zoobenthos as an indicator of climate change
Many investigators believe that the macrozoobenthos is a good indicator of the environmental multi-

year fluctuations, as most of the bottom animals are characterized by a sedentary mode of life and a
long life cycle. One can consider Deryugin (1915) as the initiator of studies on multi-year fluctuations
of the Barents Sea bottom fauna. In 1908-1909, in the Kola Bay, he detected several species unusual
for that fjord. He related this phenomena to the fluctuation of the water temperature (Deryugin,
1924).

Based on various zoobenthic taxonomic groups, Shorygin (1928), Tanaisiichuk (1927), Cheremisina
(1948) et al. substantiated the possibility of shifting biogeographic boundaries in the Barents Sea as a

result of temperature fluctuations. Gurianova (1947) related the occurrence of some Atlantic and
Arctic species in the White Sea to multi-year hydrological fluctuations in the northeast Atlantic. Balker
(1957, 1965) concluded that the benthos might react to Arctic seas warming or cooling with a lag time
depending on the particular species. This was also confirmed by K. Nesis (1960), who analyzed multi-
year fluctuations of boreal and Arctic species along the Kolsky Meridian section as a function of
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Q0B Ha pa3pese Kossckmi MEpHANAaH B CBA3N C KonebaHuaMMU rMapOnornyeckoro pexmuma. 0. ranku
(1964, 1984, 1998) Ha NpuMepe MOJUIIOCKOB MOKasas HaMumMe U3MEHEHUI B UX pacrpoCTPaHEHUU B

3aBUCMMOCTM OT KOniebaHuin TEMNEPATYPHOro peXxuma.

MHoroneTHue HabnoaeHus 3a namMeHeHnsaMmn 3006eHToca bapeHuesa MOps Mokasasnu, YTO HEKOTOPbIe
BUAbl GopeanbHbIX 6ECNO3BOHOYHbIX PEArupytoT Ha U3MEHEeHWe COCTosHMA cpeabl (YepemncnHa, 1948;
Hecuc, 1960). 3TO NPOSBNSETCS, HE B U3MEHEHUN MOJIOXKEHUS TPaHULL WM NJIOLIAZEHA apeanos, a B

M3MEHEHUN YNCNIEHHOCTW ocobeit B nonynaumsx, obuTalowmx Ha kpasx apeana (Galkin, 1998).

Hapsagy c aHanu3oM 6uoreorpacuyeckoro cocrtaBa 3006€HTOCa 418 U3yYeHUs KmMaTa, CyLecTByioT U
apyrve BecbMa 3(hdeKTUBHbIE METOAbI, NMO3BONAIOWME TOYHO BbIMOMHATL TEMMNEpaTypHbie naneope-
KOHCTPyKUmm (3onotapes, 1989). MHOTME MOPCKME XMBOTHBIE MMEIOT kapboHaTHbIe 06pa3oBaHus (pe-
FUCTPUPYIOLME CTPYKTYpbl), B POCTE KOTOPbIX, MOAOGHO rOAOBLIM KOMbLIAM [EPEBLEB U Yellye pbib,
Habnopaetca ce3oHHas putMmuka (Clark, 1974). AHanu3 perucTpupyowmx CTPYKTYp NO3BOJISET CYAUTb
O COCTOSIHUM Cpeaibl 0bUTaHMa opraHu3Ma. B apkTuyeckux Mopsx 06uTaeT AOCTaTOYHO MHOro AONrO-
XUBYLIMX GEHTOCHBIX XXMBOTHBIX: ABYCTBOpUATbLIE MONMIOCKW Serripes groenlandicus, Arctica islandica,
Modiolus modiolus, Mmopckue exu popa Strongylocentrotus, HekoTopble 3mMeexBocTkn (Ophiuroidea),
YCOHOrme pakoobpasHbie poaa Balanus v ppyrue, KOTopbie MOMyT XWTb HE OAUH AECATOK NeT. B Hayy-
HbIX YUpEXAEHUAX POCCUM U APYrvX CTPaH MMEIOTC MHOrOUYUC/IEHHbIE KOJIIEKLIUM STUX MACCOBbIX BU-
[OB, cobupaBluMecs B BapeHLEBOM MOpE B TEUEHWE HECKOJSIbKWUX MOCNEAHUX CTONEeTUn. AHanus pe-

MACTPUPYIOLMX CTPYKTYP 3TUX XKMBOTHbIX NO3BONMUI 6bl IOKYMEHTUPOBATL K/IMMATUYECKUE TPEHABI.

Mpobnembl HKU bnykTyaumin 3006eHToca

AHanu3 m3MeHeHuin B (PyHKLIMOHANbHbIX XapaKTepuCTUKax 3006€HTOCa, Kak NpaBwuio, OCHOBbLIBAETCA
Ha pe3ynbTaTax 06paboTKM KONMUECTBEHHBIX NPo6. OAHAKO B (hayHUCTUYECKUX M Groreorpaduuecknx
UCCNefoBaHNUAX UCMO/b30BAHME 3TUX MATEPUANoB 4acTo ObIBAeT 3aTpyAHUTENIbHBIM, MOCKOJbKY ap-
XVBHbBIE CMIUCKN CYLLIECTBEHHO KOPOYE COBPEMEHHBIX MO MPUYMHE HECOBEPLUEHCTBA KOHCTPYKLMIA CTa-
pbiX AHouyepnatenen, 6onee BbICOKOM KBanMMUKaLMM COBPEMEHHBLIX CUCTEMATUKOB WU MOCTynatesib-
HOro pasBUTMA TaKCOHOMUU. B CBA3M C 3TUM COMOCTAaBUMOCTb KAYECTBEHHbIX CMWCKOB, HE CMOTPA Ha
UX HEMOJNIHOTY, YaCTO OKa3bIBAETCs 60N1ee BbICOKOWN, NMOCKONbKY B HUX (UrypuUpyIOT B OCHOBHOM Kpyn-
Hble Maccosble (POpPMbI, XOPOLWO Ob6naBMBaeMble NPOCTbIMK OpyAUAMU f10BA. Kpome TOro, BeposT-
HOCTb MOMaAaHNsA B HUX PEAKWX XMBOTHBLIX ropaszo 6onblue 3a cyeT Gonblueit obnasnmeaeMon nnio-
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hydrological regime. Galkin (1964, 1984, 1998) presented multi-year variations of mollusks as a
function of the temperature regime.

The monitoring of the benthic community of the Barents Sea showed that some boreal species can
react to environmental changes (Cheremisina 1948; Nesis, 1960). This is due to variations in the
population size at the habitat boundaries, not because of changes in the sizes and shapes of the
habitats (Galkin, 1998).

Besides the analysis of zoobenthos biogeographic composition for studies of climatic tendency, there
are some other effective and easily standardized methods that allow for accurate determination of
temperature paleoreconstructions (Zolotarev, 1989). Many marine animals have massive carbonate
formations, which act as a recording structure. As with tree rings and fish scales, these carbonate
formations record seasonal growth patterns (Clark, 1974). Analysis of the recording structure allow for

descriptions of environmental conditions.

A great number of long-lived benthic animals dwell in the Arctic seas; clams such as Arctica islandica,
and Serripes groenlandicus;, horse mussel Modiolus modiolus; sea urchins of the genus
Strongylocentrotus, brittle stars (Ophiuroidea); barnacles of the genus Balanus, and other animals
that can live several dozens of years. Multiple samples of these dominant species collected in the
Barents Sea during the last several centuries are present in the scientific institutions of Russia and
other countries. Analys of recording structures may allow for the documentation of climatic trends.

Problems of estimation of zoobenthos fluctuations

The analysis of fluctuations in zoobenthos functional characteristics is usually based on the results of
quantitative collection techniques. In faunistic and biogeographic investigations, the use of these data
is often hindered because the archive lists are frequently less comprehensive than present ones as a
result of the limited capabilities of the older sampling equipment, the greater experience of modern
taxonomists, and the progressive development of taxonomy. Comparability of qualitative lists, despite
their incompleteness, is often more effective as they present mostly large-scale dominant forms easily
collected with simple sampling equipment. In addition, the probability of catching rare animals with
the use of these tools is greater, as a result of covering more surface area
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waau, a UMeHHO Ha HUX cnegyer o6pamaTb BHUMAHUE Npu NOUCKE MHAMKATOPOB MNOTEMJIEHUA 1IN NO-

xonopaHus (3eHkeBny, 1963).

Psia npobnem B oueHke (rykTyauuii 3006eHToca 06yCnoB/IEH HAaBUrAUMOHHBLIMU MOTPELIHOCTAMU U
HeKaueCTBEHHbIMU OTOOPOM, MPOMbIBKOW, COPTUPOBKOM M XpaHeHWeM GeHTOCHbIX Npob. Mo MHeHuio
CNeumanucToB OWMBKU B ONPEAEIEHUN MECTOHAXOXKAEHNA CyaHa 6e3 KOHTPO/sA NO CEKCTaHTYy, CcucTe-
Me CMYTHUKOBOI HaBUrauMn WM CUCTEME PaAMOMAsKOB B TeuyeHue 2-3 aHen morim gocturate 20-30
MWAb. [O3TOMY CMELLEHUE SIOKanM3aumn nonynauMiA Ha ykasaHHOe pacCTOsiHUE MOXET ObiTb Cnea-

CTBUEM HaBUIMALMOHHbIX NMOrpeLIHOCT en.

Mpn aHanu3e BO3MOXHbIX U3MEHEHUI B IOHHOW (ayHe bapeHuesa MOpsi BCIEACTBUE K/IMMATUHECKUX
WM APYTUX NPUUMH HEOBXOAMMO YuMTBLIBATL BCE NIEMEHTBI npouecca cbopa u 06paboTku BEHTOCHBIX

npo6. 3TN 3NEMEHTbI AO/MKHbI 6bITb (HOPMANU30BaHb! U BIJTIOYEHbI B NPOTOKOJ OMMUCAHNS AaHHbIX.
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for their collection. Key attention should be focused on these specimens as they can be good
indicators of both warming and cooling (Zenkevich, 1963).

Some problems in the estimation of zoobenthos fluctuations result from navigational errors and poor-
quality collecting, washing, sorting, and storing procedures of the benthic samples. The errors in
determination of the ship location without any control via sextant, for system of satellite navigation or
system of radiolights during 2-3 days could be up to 20-30 miles. Thus a 20-30 mile deviation in

localization of one or another population or community can result from navigational errors.

In the analysis of possible fluctuations of the Barents Sea bottom fauna resulting from climatic or
other reasons, it is necessary to take into account the elements of collection and processing of benthic
samples. These elements should be formalized and included in the data description report.
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3. ®OTONPA®UU ®UTONJIAHKTOHA MOPEN APKTUKM

OnpezieneHne TakCOHOMUYECKOro COCTaBa Npobbl (UTOMIAHKTOHA SBNAETCA CaMbiM TPYAOEMKUM 3Ta-
noM 06paboTKn AaHHbIX. B KOHEYHOM CuéTe, KaYECTBO AaHHbIX 3aBUCUT OT TOrO, HACKO/IbKO AOCTOBEP-

HO onpeaeneHsl BuAbl OPraHU3MoB.

B npakTtuke paboTbl CMEUManUCToB MO CMCTEMATUKE MCMONb3YIOTCA ONpeAenUTEeNN PpasiMyHbIX rpynn
6MONIOrMYECKUX COOBLIECTB, COAepXalume PUCYHKU wu/unu dotorpadmmu OTAENbHBIX OPraHU3MOB.
J10CTOBEPHOCTb Pacrno3HaBaHUs BUAA OPraHu3Ma 3aBUCUT OT TOrO HacKOJbKO A€TasIbHO OH NPUBEAEH
Ha otorpacdmm unm pucyHke. Mmerowmecs onpeaeIMTeNny HeA0CTaTO4HO AETaIbHO OTPAXAKoT CTPyK-
TYPY KNETOK MUKPOBOAOPOC/EiA. ITO 3aTPYAHSET WX WUCTONb30BaHWE AN MAEHTU(DMKALMKM OpraHu3-
MOB. B CBA3u C 3TMM, BO3HMUKAET 3aAauya NoMyHeHUs N306pakeHnin KNeTok UTOMIAHKTOHA 61M3kuX K
€CTECTBEHHOMY. TEXHONOrMs MOyYeHUs Taknx U306paXKeHnid NpeACTaB/ieHa B HaCToslLeM paspene.
Ha puc. 3 npuseseHa dotorpacms 40 BUAOB uTONNaHKTOHA. LiBeTHbIE (oTorpadumn nomelle-Hel Ha

CD-ROM, npunaraembiii k atnacy. ®otorpadmumn AByX BUAOB (UTONNAHKTOHA NPUBEAEHbI Ha pUC. 4

BuaeocbéMka QUTOMIAHKTOHA

Mpobbl MUKPOBOAOPOC/EH OTEMPANUCh COMNAcHO CTaHAApTHLIM MeToAnKaM (PyKOBOACTBO, 1980). Onun
KOHLIEHTPUPOBanuCL MeToioM obpaTtHoii mnbTpaumm (Dodson, Thomas, 1964; CyxaHosa, 1983) c
NPUMEHEHWEM MOJEKYNAPHBLIX GunbTpoB AvameTpom nop 1.0 - 2.0 pm Npou3BOACTBaA 0O6beanHEHOro
UHcTuTyTa AaepHbix Uccneposanuid, ropoa [lybHa. ®UTONNAHKTOH NpoCMaTpuBanca B AeHb cbopa B
YMBOM COCTOSIHUM MOC/e TOro, Kak BOAOPOC/N TEPANU MOABWKHOCTL Ans n3bexxanns aedopmaumm v
pa3pyluenus kneTok. Mpobbi noasepranuce cnaboi dumkcaummn (pactsopom Jliorons, 1 % dgopmank-
AErvioM) Wan MOMEeWanucb U XpaHWIUCL B TepMocax. XKMBON (MTOMNAHKTOH AOCTABNANICA B Mae-
mioHe m3 KonbCKOro 3anuea, B aBrycte - u3 rybel [lanbHeseneeukas (69°07,08' N., 36°05,8' E).
CnaboduKCUPOBaHHBIN anbronornyeckuin Matepuan Gbin NpPUBE3eH B WIONe W3 IOXHYW YacTu bapeH-

ueBa MOps Ha cyaHe Buktop Kurrucenn. B pabote ucnonb3osaHbl Npobbl, cobpaHHbie B 1998 roay.

Tak kak 3agaveil HacTosAwWweh paboTbl ABNANOCL NOJTyYeHNe eCTeCTBEHHOrO U306paXKeHUs MUKPOBOAO-
pOC/iell, TO He MPUMEHANNCb LBETHAs PacTylueBka, 06BOJ KOHTYPOB, BblAe/ieHWe Kakux-nmbo ydac-
TKOB KNETOK. UCK/IIoueHne CoCTaBnano peTylmpoBanue obwero ¢oHa noss, Ha KOTOPOM HaxoAWnCs
06BEKT CbEMOK, B CJTy4asiX CU/IbHOMO 3arPA3HEHUs WK HanMuma Apyrux KIETOK B Nose 3peHns kaapa.
B 3aBMCMMOCTM OT pa3MepoB 06beKTa, CbeMka NPOM3BOAWIACck Npu yBenuuernm ot 80° ao 800*.
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3. PHOTOGRAPHS OF PHYTOPLANKTON OF THE ARCTIC SEAS

Identification of the phytoplankton taxonomic composition of a sample is the most critical stage of the
data processing. As a result, high level specialists are usually involved in this type of work. Ultimately,
the quality of plankton data depend on the accuracy of species identification.

In practice, for the identification of the various species in biological communities, systematic specialists
widely use taxonomic keys containing figures and/or photographs of organisms. The accuracy of the
species identification depends on the accuracy of the representation of details in a photograph or
drowing. The majority of modern illustrative materials do not present the detail structure of
microalgae cells. That substantially hinders their use for the taxonomic identification of the organisms.
This disadvantage brings up the problem of getting more realistic images of phytoplankton cells,
closest to the natural appearance. Figure 3 illustrates a black and white overview photograph of 40
phytoplankton species. Color photographs of the same species are presented on the CD-ROM
accompanying this atlas. Figure 4 shows images of two phytoplankton species in detail.

Phytoplankton filming
Algae samples were collected throughout the Barents Sea using standard methods (Manual, 1980).

The samples were concentrated by the usual method of reverse filtering (Dodon and Thomas, 1964;
Sukhanova, 1983) through specialized nuclepore filters (produced in the Integrated Institute of
Nuclear Research, Dubna) with a pore size of 1.0-2.0 pm. It was necessary to avoid deformation and
breakage of phytoplankton cells resulting from preserving or storing live samples. The samples were
preserved in a weak solution (Lougol solution, 1% formaldehyde) or were placed and stored in a
thermos. In May-June, water samples with live materials were collected from points located in the
Kola Bay. In August they were collected in the fjord Dalnezelenskaya (area of biological station of the
MMBI in the settlement Dalnie Zelentsy, 69°07°08"N, 36°05'08"E). Slightly preserved algological
material collected in July cruise was collected from the South Barents Sea on board of the Viktor
Kingisepp. Only phytoplankton collected in 1998 have been used for photography.

The experiment targeted natural microalgae images, which rejected the use of color shading, outline
tracing, or emphasizing any cell segment. Shading was applied only as a background in case of thick
mud/severe dirt or the presence of other cells within the exposure. Due to object size, the filming was
performed at magnifications from 80" to 800"
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Fig. 3. Images of dominant phytoplankton taxa of the Barents and Kara seas

62




International Ocean Atlas Series, Volume 2 4+ 4+ 4  Biological Atlas of the Arctic seas 2000

Dinophysis acuminata Clap. Et Lachm.

Image of the living cell L2 ]

Thalassiosira bioculata (Grun.) Ostf.

Image of the living cell

50 um

Fig.4. Examples of images of phytoplankton living cells
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doToans6om

UHdopmaums o dutonnaHkToHe bapeHuesa u Kapckoro mMopeit npeacraeneHa B suae (otoansboma.
dotoansb6om nomeléH Ha CD-ROM B hopmate HTML 1 cocTouT M3 ABYX pa3fenos: a) CUCOK BUAOB
duTonnaHkToHa, B) dotorpacmm 50 UBETHLIX M306paxeHui dutonnaHkToHa B dopmare JPG ¢ pas-
pewenuem 75 dpi.

B Tabnuue BMAOB (UTOMIAHKTOHA NMPUBEAEHbl Ha3BaHUA TaKCOHOB U yKa3aHa CMHOHWMWS COrNlacHoO
Tpe6oBaHUAM COBPEMEHHOM BOTAHMYECKON HOMEHKIATYPbI. 1S KaXAOro Buaa MUKPOBOAOPOCTEN Aa-
Ha BEIMYMHA BMOMACChI KNETKU BbIMUC/IEHHAA METOAOM reoMeTpuyeckoro nopobus ¢uryp (KonbLosa,
1970; Koxosa u ap., 1978; Plinski et al, 1984). MNpuBeaeHbl BMAOBas, aKonornyeckas v uroreor-
pacduyeckas xapaktepuctuku dutonnanktoHa (Pasaen 4.4). TakCOHbl CHabXeHbl HOMEpaMU Mexay-
HapoaHoro kogudmkatopa (ITIS u NODC Taxonomic Code). Mpunoxexune Bl copepxuT dparMeHT
Tabnuubl BUAOB utonnaHktoHa. Ha CD-ROM 3ta Tabnuua npuseaeHa nonHoOCTbio. OHa CoAepXUT

undopmaumio o 307 Bugax dutonnaHkToHa bapeHuesa u Kapckoro Mopeil.
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Photo album

Information on the Barents Sea and the Kara Sea phytoplankton is presented as a photoalbum, which
is present on the accompanying CD-ROM in HTML format and contains two sections. a) A list of
phytoplankton species. b) Photographs of 50 phytoplankton color images in JPG format with a
resolution of 75 dpi.

The table of phytoplankton species lists the taxa and their synonyms according to present botanical
nomenclature. Cell weight, calculated through the method of geometrical shape similarity, is given for
each species (Koltsova, 1970; Kozhova et al, 1978; Plinski et al, 1984). Taxonomic composition,
ecological, and phytogeographic characteristics of phytoplankton are presented (Chapter 4.4). Taxons
are also provided with identification numbers from international codes (Integration Taxonomic
Information System (ITIS) and NODC Taxonomic Code). Appendix B1 contains a part of a table of
phytoplankton species. The CD-ROM presents the same table in its entirety. The table lists information
on 307 phytoplankton species of the Barents and Kara Seas.

65




International Ocean Atlas Series, Volume 2 4+ + +  Biological Atlas of the Arctic seas 2000

4. QAHHbIE

4.1 OnucaHue 6a3bl AaHHbIX

MHBeHTapu3auums
B HacTosei paboTte UCnosb30Bannch AaHHble 158 peicoB, BbINONHEHHbIX B bapeHuesom, Kapckom u

Benom Mopsax B nepuoa 1913-1999 rogbl. benoe Mope BKIIOYEHO B pacCMOTpeHUe, YToObl He AenTb
peiicbl, KOTOpble HauMHanuch B BenoM, a 3akaHumBanack B bapeHuesom mope. U3 158 peiicoB oanH
BbINOSIHEH aMepuKaHCkuM cyaHoM Tanner (CD-ROM, dainn 31tn6370.csv) B 1963 rogy v oauH peinc
BbINOSIHEH HEMELIKUM nefokonom Polarstern (CD-ROM, dann 06aq9670.csv) B 1996 ropy. OcTanbHble
peinchl BbINOMHEHblI POCCUIACKUMU cyaamu. Kpome Toro B 6a3y AaHHbIX BKIOYEHbI C60pbl (UTO-
M/IaHKTOHA, BbIMOMHEHHbIE B ABYX 6yxTax Konbckoro nonyoctpoBa B nepuos 1968-1989 ropos. B

Kaxaomn 6yxTe u3MepeHus NPOBOAVINCL B OAHOM TOUKE C 4acToTolo 2-10 u3MepeHuii B Mecal,.

OCHOBHbIE XapaKTEPUCTUKK rMAPOOMONOrnyeckon 6asbl AaHHbIX:

Mepuoa 1913-1999; 158 peiicos; 4,608 craHumii (Mpunoxerune C1)

CTaHuMi C PU3NYECKMMU U XUMUUIECKMMU napameTpamu: 3,096 (Mpunoxexne C2)
Temnepartypa: 3,046 ctaHumi
ConéHocTb: 2,947 craHuui
Kucnopoa: 1,998 craHumi

Xnopodwunn - 385 craHumin (Mpunoxenne C3)

duTonnaHkToH — 1,539 craHumin n 4,275 npob (MpunoxeHue E1)

300nnaHKToH — 2,475 cranums v 9,081 npoba (Mpunoxenne F1)

B MpunoxeHun C4 npuseaeHbl KapThl pacripefenieHus AaHHbIX ANS Kaxaoro peiica. lMepeuuHbie
JlaHHble rnomelleHbl Ha CD-ROM B pa3zgene DATA\PRIMARY B copMaTte, 3n1eKTPOHHbIX Tabnuu.

NCTOo4YHMKM
ApxuB MMBW aBNSeTCA OCHOBHbIM MCTOYHUKOM Ji@HHbIX ANs HacToswen pabotbl. Kpome nHdopmaumm,
nosy4eHHoN B akcneamumsax MMBUM ¢ 1952 no 1999 rog, 3TOT apXMB BKJIIOYAET M pe3ynbTaTbl Habnto-

[EHWIA, BbIMOMHEHHbIX COTPYyAHMKaMn MypMaHckon 6uonornyeckon crtaHumm B 1920-1940 rogax. Lien-




International Ocean Atlas Series, Volume 2 4+ 4 4+  Biological Atlas of the Arctic seas 2000

4. DATA

4.1. Data Characteristics

Inventory

This atlas contains the data from 158 cruises carried out in the Barents, Kara, and White Seas from
1913-1999. The atlas includes the White Sea in order to not separate cruises that started in the White
Sea and were completed in the Barents Sea. One of the 158 cruises was conducted in the Barents Sea
by the American research vessel 7anner in 1963 (CD-ROM, file 31tn6370.csv). Another cruise was
carried out by the German research icebreaker Polarstern in 1996 (CD-ROM, file 06aq9670.csv), and
the other cruises were carried out by Russian vessels. In addition, the atlas includes phytoplankton
data carried out in two bays of the Kola Peninsula during 1968-1989. In each bay, measurements
were taken at the same station with a frequency of 2-10 measurements per month.

The hydrobiological database is characterized by:

Period of observations: 1913-1999; 158 cruises; 4,608 stations (Appendix C1)

Total number of stations with physical and hydrochemical data: 3,096 (Appendix C2)
Temperature: 3,046 stations
Salinity: 2,947 stations
Oxygen: 1,998 stations

Chlorophyll: 385 stations (Appendix C3)

Phytoplankton: 1,539 stations and 4,275 samples (Appendix E1)

Zooplankton: 2,475 stations and 9,081 samples (Appendix F1)

Appendix C4 contains the maps of the data distribution for each cruise. Original data are presented on
the CD-ROM in the folder DATA\PRIMARY, in a format adjusted for use of electronic tables.

Sources

The archive created by the Murmansk Marine Biological Institute (1952-1999) is a basic data source
for this atlas. It includes the data collected by the investigators of the Murmansk biological station in
1920-1940. The Central Library of NOAA (Silver Spring, MD, USA), the Slavic Library (Helsinki,
Finland), the Slavonic and Baltic Division of the New York Public Library (New York, NY, USA), and
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TpanbHaa 6ubnuoteka HOAA (Silver Spring, MD, CLLUA), CnaBsiHckas 6ubnuoteka (r. XenbCuHku,
OuHnaHausa), 6ubnuoteka faptmya konnemka (Hanover, NH, CLUA), nybnuuHas 6ubnuoteka Hbto-
Mopka (CLUA) SBUIMCh Talkoke MCTOYHMKAMM flaHHbIX 3a nepuoa 1913-1964 roab.

dopmar
dopmMart AaHHbIX, 6nm3oK K opmaTy, paspabotaHHoMy B OCL NODC/NOAA OH umeeT 6n104HyI0 CTPyK-

Typy. Kaxxabiit 6710k COCTOMT M3 Habopa AaHHbIX, KOTOPbIE ONPeAensoTCs KNYeBbiIMM CnoBamu. CuH-
TaKCUC KIIOYEBbIX C/IOB CTPOrO ONPEAEnéH, NopaaoK CIEA0BAHUA KIIKOUEBbIX C/IOB BHYTPU HEKOTOPbIX

6710KOB MOXET 6bITb NPOU3BO/IbHBIM. PACCMOTPUM 6/10KM M MX KOMIMOHEHTBI.

Bnok Cruiseinfo copepXut nHMOPMaLMIO O PENCE U C HErO HAYMHAETCA Kaxablih ain AaHHbIX. B aTOT

610K BXOAAT: HAa3BaHWE CTpaHbl, Ha3BaHWe CyAHa, CMUCOK CreUVanncToB, BbIMOMHABLLUMX U3MEPEHNUS.

Bnok Station copepxvt HGOPMaLMIO O KOOpAMHATaX U BPEMEHW BbIMOJIHEHUA CTaHUMK. 3TOT 650K

ABATCA 06A3aTENbHBLIM A1 KXKAON CTaHLMK, NOPAAOK KIOUEBbIX C/IOB B HEM (PUKCUMPOBAH.

MNocne Station cnepyoT 6nokun, cogepxawme MHMOpMaumilo O pesynbTaTax U3MEpPEeHUsi METEOPOJIO-
ruueckux (Meteo), rmapodusunueckux (Hydrology) n 6uonornyeckux napametpos (Plankton).

Bnoku, B Ha3BaHMe KOTOPbIX BXOAUT CJIOBO headersi, copepxat uH(popMaumio 0 METoAax M3mMepeHuii
1 yCnoBusX BbINONHEHUs Habmogenuin. Hanpumep, 6nok Type, Headers plankton, Phytoplankton co-
AepxuT nHdopMaumio o Tune npubopa ans otéopa Npob GUTONNAHKTOHA.

Ha CD-ROM B pa3gene DATA\FORMAT npuBefeHbl NepeyHn peXmnMoB, KTHOYEBLIX CI0B U A0NYCTUMbIE
npeaenbl U3MeHeHusi napamMeTpoB. brioyHas CTPyKTypa OpraHv3auun AaHHbIX MO3BOJISET Nierko dop-
Manu30BaTb HOBbIE TUMbl NApaMeTPoB 6€3 M3MEHEHUs CTPYKTYPbl e CylecTBylowmx (ainos. Ha
CD-ROM B caine DATA\PRIMARY\ 90BY9270.csv npuBeaeHbl AaHHble 67 peWca cyaHa JasbHne
3eneHuybl. B 3TOM peiice NpOBOAWIUCH U3MEPEHUs (DU3UYECKMX NapamMeTpoB MOPCKON Cpeabl, coopsbl
¢wuTonnankToHa n 6eHToca. Ha npuMepe 3TOro peica nokasaHa BO3MOXHOCTb (popmanu3auum 6eH-

TOCHbIX AaHHbIX.
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Dartmouth College Library (Hanover, NH, USA) are also sources of hydrobiological data collected from
1913-1964.

Format
The data format is based on a data format developed by the Ocean Climate Laboratory (National

Oceanographic Data Center/ NOAA, USA). 1t is of a block structure, with each block clearly defined by
a keyword, containing data identified by additional keywords. Let us consider the blocks and their

components.

Each data file starts with the block Cruiseinfo which presents cruise information. This block incorpora-

tes the country name, vessel name, and a list of the investigators performing the measurements.

The Station block contains station coordinates, date and time. This block is obligatory for each station.

Its word order is fixed.

The Station block is followed by the Type blocks, which contain information on the results of
measurements of meteorological (7ype, Meteo), hydrophysical (Type, Hydrology), and biological
(Type, Plankton) parameters.

The Header block presents information on the methods of measurements and observational
conditions. For example, the block 7ype, Headers plankton, Phytoplankton contains the information on
the type of the instrument used for sampling phytoplankton.

On the CD-ROM in the section DATA\FORMAT, the enumerations of modes, keywords and tolerance
limits of parameters are presented. The block organizational structure of this data format allows for
the easy addition of new types of data without modifying the structure of existing files. For example,
on the CD-ROM in the file DATA\PRIMARY\ 90BY9270.csv, the data of the 67th cruise of the R/V
Dalnie Zelentsy are presented. On this cruise, benthic samples were also collected and added to the
data. This demonstrates that it is possible to add benthic data to the existing data format.
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4.2 IncKkpeTHble U3MEpEeHuns

Cnaponorusa, rmapoxmMms
M3MepeHns DU3MUECKMX U M’MAPOXMMUYECKUX NapaMeTPOB MOPCKON BOAbI BbINOMHAKTCA B MMBU B

COOTBETCTBMU C CyLLECTBYHOLWMMU PYKOBOACTBAMU U METOAUKAMU.

o TemnepaTypa onpeaensnacs OnpoKuabIBalLLMMUCs TepmomeTpamu (PykoBOACTBO, 1977).

e CONeHoCTb BOAbl M3Mepsnach conemepoMm MM-65, KOTOpbI KanubpoBsancs no CTaHAapTHOMN
cuHTeTnyeckomn soge (PykoBoacteo 1977; International, 1966).

o [pobbl MOPCKOM BOAbI OTEMPanUCh Ha ropusoHTax 6atometpamn BM-48 (PykosoacTso, 1977).

e PacTBOPEHHLIN B BOAE KUCJIOPOA ONpeaensncs WOAOMETPUYECKUM TUTPOBAHWEM MO METOAY
BuHknepa (YepHsikosa , 1987).

e AKTMBHas peakuus pH onpeaensnacb NOTEHUMOMETPUYECKMM METOAOM Ha MOTEHUMOMETpax
"pH-121", "pH-340" co cTeknsHHbIM 3nekTpoaoM (borosisneHckun, iBaHeHkos, 1978).

e MunepanbHbil dochop (PO,) onpeaensncs metogom Morphy u Riley (1962), ucronb3ys
anekTpuyeckuin konopumetp KOK-2MM (Canoxhukos, 1978a).

e O6wwit hochop onpeaensncs OkuraHueMm obpasua Ha BoasHOW 6aHe ¢ AobaBneHneM Cyxoro
nepcynb(data kanua u 3atem onpeaensnca no meroay Morphy u Riley (CanoxHukos, 19786).

e  HutpuTHbiit a3oT (NO,) onpeaensnca metoaom pucca-Unocsas co CneKTpodOTOMETPUYECKUM
U3MEPEHNEM KOHLIEHTPALMIN HA SNEKTPUYECKOM konopumeTpe KOK-2MIM (KonHos, 1978).

e HurpatHeit asor (NOs) onpepensncs MetoaoM Bypa-Puuapaca-Apmctpodra (Wood et al.,
1967) co cnekTpoOTOMETPUUECKUM OKOHYaHWEM Ha 3nekTpodoTokanopumetpe KOK-2MII
(CanoxHukoB u ap., 1978).

e 06Wwmit a30T ONpeaensncs METOAOM OkuraHus obpasua C CyxuMm peakTUBOM nepcynbgaToM
Kanus B LLENOYHON Cpeae B aBTOK/IABE C NOCSIeAyIoWMM onpeaeneHneM HuTpaTtoB (Canox-
HukoB, Cokonosa, 1978).

o PacTBOPE&HHbIN KpEMHWIA onpeaensancs MeToaoMm MynuHa-Paiinn B moaudmkaumm CTpukiaHaa
n MNapcoHca no rony6oMy KpeMHEMONMO6AEHOBOMY KOMM/IEKCY CO CNEKTPO(OTO-METPUHECKUM
OKOHYaHWeM Ha 3nekTpogoTokanopumeTpe KOK-2MM (Mycaposa, 1978).

o [lepsBuuHas npoaykums onpeaensnace mMetogom Steemann-Nielsen (1952). Mpobel oT6upa-
nuce 10-NUTPOBLIMM NNAcTMKOBbIMM GaTomeTpamu c ropusonTtos 0, 5, 10, 20, 30, 50 M.
O6pa3sLibl pa3nMBanuCh B 2 CBET/bIE U 2 TéMHble 250-MUNMAUTPOBbIE CKIAHKK. [106aBnsanocL
no 1 mn NaHCO;3 (u3oton Cy4) aKTUBHOCTLIO 2 MUKPOKIOpK. 3aTemM 06pa3Libl BbIBELUMBA/IMCL HA
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4.2. Discrete Measurements

Hydrology, hydrochemistry

The measurements of physical and hydrochemical parameters of seawater have been carried out by
MMBI according to present manuals and method of applications.

e Water temperature was determined by deep-water reversing thermometers (Manual, 1977).

e Salinity was measured by salinometer GM-65, which was calibrated using standard synthetic
seawater (Manual, 1977; International, 1966).

e Seawater samples were collected by bathometers BM-48 (Manual, 1977).

e Dissolved oxygen was obtained by iodometric titration, through the method of Winkler
(Chernyakova, 1987).

e Active pH reaction was determined by potentiometric method using potentiometers "pH-121" and
"pH-340" with a glass electrode (Bogoyavlensky, Ivanenkov, 1978).

e Phosphate (PO4) was determined by the method of Murphy and Riley (1962) using electric
colorimeter KFK-2MP (Sapozhnikov, 1978a).

e Total phosphorus was determined by the method of Murphy and Riley (1962) (see, Sapozhnikov,
1978b).

e Nitrite (NO,) was determined by the method of Griss-Ilosway with spectrophotometric
measurement of concentrations using electric calorimeter KFK-2MP (Konnov 1978).

e Nitrate (NO3) was determined by the method of Wood-Richards-Armstrong (Wood et al., 1967)
using a spectrophometric cap on electrophotocalorimeter KFK-2MP (Sapozhnikov et a/, 1978).

e Total nitrogen was determined by the method of a sample burning in an autoclave with a dry
reagent potassium persulphate in alkaline medium with subsequent nitrate determination
(Sapozhnikov, Sokolova, 1978).

e Silicate was determined by the method of Mulin-Railly modified by Strickland and Parsons from
blue silicon and molybdenum complex using electrophotocolori-meter KFK-2MP with a
spectrophotometric cap (Gusarova, 1978).

e Primary production was determined by the method of Steemann - Nielsen (1952). Samples were
collected by 10-liter plastic bathometers at horizons of 0, 5, 10, 20, 30, 50m. Samples from each
horizon were poured into two transparent and two dark 250 ml bottles with the addition of 1 ml
NaHCO3 (isotope C14) of 2 microcurie activity. Then, the samples were suspended at depths
corresponding to the depth of collection. The samples were exposed for 4 to 5 hours, and after
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rNy6MHbI, COOTBETCTBYIOWME NybuHe oT6opa. Mpobbl 3KCMOHMPOBANMCL B TeueHue 4-5 Yacos.
3aTeM copepXuMoe CKNSHOK ubTpoBanock Yepes dunbtpsl "Millipore” Tuna NA ¢ nopamu B
0.45 MUKPOH. DUNLTPbI NPOMBIBANIMCb MOPCKOW BOAOW W BbICYLIMBA/IMCb B 3KCUKATOPE B Npu-
CYTCTBMM CBEXENPOKANEHHOIO CUNMKArens B TeueHne 24 4acoB. AKTUBHOCTb OCAXAEHHOTO Ha

(unbTpax ocajKa U3Mepsiach Ha yCTaHoBKe, CHabXEHHON CHETUMKOM BAJ1-25.

e Xnopodwunn a, b, ¢ onpepensncs metoaoM (Richards, Thompson, 1952). Mpo6bi otbrpanuce
10 NMTPOBBLIMM NNACTUKOBLIMM 6aToMeTpamu. Mpobbl BOAbI (He MeHee 2 MTPOB) (UNLTPOBA-
nmch yepe3 dunbTpbl "Whatman" GF/C, noa aasnexvem 0.1-0.2 atmocdepsl. Mocne dunb-
Tpaumn GUNLTPbLI NOMELIANNCH B SKCMKATOP CO CBEXENPOKANEHHBIM CunnKareseM v Bbiaep-
Xanucb B XONOAWIbHUKE B TeyeHue 12 4acoB A0 MOSIHOMO BbICYLUMBaHMA. 3aTeM (UNbTPbI
noMelanucs B LEHTPUdYXHbIe Npobupku, A06aBNANOCL Mo 8 M1 CBEXENPUrOTOBIEHHOMO
90% pacTBopa aueToHa M 3KCTParMpoBasioCb B TEYEHUE 2 4acoB, Mocne 4ero MONYYEHHbIN
3KCTPaKT ueHTpudyrnposanu 10 MUHYT npu ckopoctu 5000 060poTOB B MMHYTY, a 3aTeM
nepenuBanca B MEPHbIE MPOBMUPKK. DKCTPAKT M3 NPOGMPOK NEPEHOCUNN B 5 MUNIMAIUTPOBbIE
KIOBETHI M aHanuaupoBancs Ha cnektpodotomerpe SPECORDUV-VIS (Carl Zeiss, JENA).
KoHueHTpaumio xnopodunna nposogunu no dopmyne Jeffrey n Humphrey (1975).

DUTOM/IAHKTOH

OT60p NPO6 MPON3BOANNICA CETLIO [DKEAN WM NNACTUKOBLIMM GaTOMETPaMK PasNMYHON eMKocTy (2 -
10 ) CO CTaHAAPTHbIX FUAPONOrMUEcKMX ropusoHToB (PykoBoacTBo, 1977; PykoBoAacCTBO, 1980).
HauuHas ¢ 1960-x roaos, oT6op npob Beaetcs Tonbko 6atomeTpamu. KoHueHTpauus npob npoBo-
avnach 0cajouHbiM MetopoM (CyxaHosa, 1983) wim metoaom obpatHon dwmnbTpaumm (Dodson,
Thomas, 1964; CyxaHoBa, 1983). MeTog 06paTtHoit unbTpaummn ucnonbsyerca 8 MMBU ¢ 1986 roaa.

OCafouHbIii METOA KOHLIEHTpaLmM nNpob 3aKkiouaeTcs B ceayioweM. OUkcupoBaHHbie nNpobbl, 0bbe-
MoM 1 n, OTCTamBaloT He MeHee 10 AHel B HEMOABMXXHOM COCTOSIHUM. oC/ie OCaXXAEHWUA KIIETOK Npo-
6a cnmBaetcs A0 obbema 30-50 mn. [1s 3TOrO MCMOMb3yeTcs CTersHHas Tpybka-CUOH, C OTTAHY-
TbIM M 3arHyTbiM Ha 2-3 CM BBEPX KOHLUOM. MeTop o6paTHON uUnbTPaLUMM OCHOBaH Ha NpUMEeHeHneMm
cneumanbHoN UNbTPALIMOHHON KaMepbl C UCTOMNb30BaHWEM SiepHbIX (GuUNbTPOB C AvameTpom nop 1.0
- 2.0 pm (Makapesuy, [pyxkos, 1989). T0 NO3BONSET B 3aBUCUMOCTM OT CE30HA U O6UNNSA NNIAHKTO-
Ha NPodUNLTPOBbLIBaTL A0 10 NMMTPOB BOAbI. KOHUEHTpauus nNpob nony4aeTcs 3a CYeT AaBneHus, Ko-

TOpOE CO3AAETCH Pa3HULIEH B BLICOTE HAXOXAEHUS (DUNLTPALIMOHHON YCTAHOBKM M €MKOCTH C Npo6oii.
O6paboTka (hMTONNAHKTOHA MPOXOAUNa no cnesyloweii cxeme. Mpoba duronnaHkToHa aenmnace Ha

TPU NOA-NPOBLI. KOMMUECTBEHHBIN YYET W ONpEAEneHne TakCOHOMUUECKOrO COCTaBa KaXAaol noa-

npobbl MPOBOAUINCL B CYETHOM kamepe Haxotta obbemom 0.05 mn v nnowaasio 1 cm? (®denopos,
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exposure the bottle content was filtered through membrane filters (Millipore of NA type with a
pore size of 0.45 micron). The filters were cleaned by sea water and dried in a dessicator with
freshly calcinated silica gel, for 24 hours. The activity of sediments on filters was measured by
equipment with a meter BFL-25.

Chlorophyll a, b, and c¢ determination are carried out using the method of Richards and
Thompson (1952). Sampling was carried out using 10-liter plastic bathometers. Water samples (of
no less than 2 liter) were filtered through "Whatman" glass fiber filters under a pressure of 0.1-0.2
atmosphere. After the process of filtration, the filters were placed into a dessicator with freshly
calcinated silica gel and were refrigerated for 12 hours, until completely dried. The dry filters were
placed into centrifuge test tubes, with the addition of 8 ml of fresh 90% acetone solution for 2
hours. The extract was then centrifuged for 10 minutes, at a speed of 5,000 revolutions per
minute, and poured into measuring bottles. Later the extract was placed into 5 ml cells and
processed using a scanning spectrophotometer SPECORD UV-VIS (Carl Zeiss, JENA). Chlorophyll
concentration was calculated from the formula of Jeffrey and Humphrey (1975).

Phytoplankton
Phytoplankton sampling was carried out with plankton nets (usually by Juday plankton net) or by

plastic bathometers of different capacity (2-10 I) at standard hydrological horizons (Manual, 1977;
Manual, 1980). Since 1960 only bathometers have been used for phytoplankton sampling. Sample
concentration utilized two methods: the settlement method (Sukhanova, 1983) and the method of
reverse filtering (Dodgson, Thomas, 1964; Sukhanova, 1983). The method of reverse filtering has
been used by the MMBI since 1986.

The settlement method of sample concentration is performed as follows: preserved 1 liter samples are
motionless and allowed to settle for no less than 10 days. After sedimentation of cells is complete, the
sample is slowly (drop by drop) poured off until its volume reduces to 30-50 ml. For this purpose, a
glass tube-siphon is used with an extended end that is bent 2-3 cm upwards. The method of reverse
filtering is based on the use of a special filtering counting chamber provided with nuclepore filters with
a pore size of 1.0-2.0 pm (Makarevich, Druzhkov, 1989). This allows for filtering of sea water up to 10
liters, depending on season and plankton abundance. When using this method, concentration of
samples is caused by pressure resulting from the difference between a height at which the filtering
equipment is placed and a level at which the bottle with sample is kept.

Phytoplankton processing was carried out according to the following scheme. Phytoplankton samples

were divided into three subsamples. A Najotte glass counting cell with a capacity of 0.05 ml and 1 cm?

dimention was used, with light microscope (100-400*), to determine the taxonomic composition and
number of cells in the sample (Fedorov, 1979; Manual, 1980). From the results of these three
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1979; PykoBoaCTBO, 1980) noa MMKDOCKOMNOM Mpu yBennueHnn 100 - 400%. Mo pesynbTatam 3TuX
HaBMIOAEHWI ONPEAENsICA BUIOBOI COCTAB M YUC/IEHHOCTb KaX/O0ro BuAa ANns BCeit npobbl B LESOM
(CyxaHoBa, 1983).

B nocnegnue roabl, B MMBW wucrionb3oBancs pacteopa Jliorons ans dukcaumm 1 obpabotku npo6
MUKpodUTONNaHKTOHa. MpuUroToBnANca pabounit pacTeop C coHueHTpauvein 1% un obbemom 200 Mn.
Mpobbl BAMBANCA B CKNsAHKY, coaepxaluyio dukcatop. Mocne OTCTauBaHusi B TeuyeHue 3 CyToK
(Recommendations , 1979) npobbl KOHLEHTpupoBanMCL A0 obbema 20-30 mn (CyxaHoBa, 1983) u
(MKCMPOBaNUCh HEATPasnbHbIM (POPManMHOM C KOHUeHTpaumen 2% (Muxeesa, 1989). KonuuecrseH-
Hblii y4eT MWUKPOBOAOPOC/IEN U reTepoTPOdHLIX (hnarennsT kpynHee 10 pm u ux naeHTuduKaums
NPOMU3BOAVICL B KaMEPE OPUrMHaNbHON KOHCTPYKUmK ([ipyxxkos, Makapesny, 1988; [pyxkos, 1989)
npu ysenuueHun 200°. MUKPOBOAOPOC/M M FETEPOTPOCHbIE XKIYTUKOBbIE Pa3MepoM MeHee 10 pm
yUUTBIBANUCh B OGBEME TOM e KaMepbl Npu yBenmueHnn 4007, KpynHbie U HEMHOrOUYMC/IEHHbIE NpeA-
cTaBuTenu (PUTONNAHKTOHA NOACYUMTHIBANUCH B MOMHOM obbeme Npobbl B kamepe «boroposa» npu

ysenuueHumn 32%,

PacueT YMCIIEHHOCTU MUKPOMUTOMNIAHKTOHA Ha eavHuly obbema (N) MpoBOAWICA MCXOAs U3 Cped-

HEro apuMeTUUECKOro YUCNa BOAOPOCTIEN B O/HO BbIGOPKE MO cneaytoweil hopmyne:
N = NK'VCK/vn'vKr

rae Ny - YACNO KIETOK MUKPOMUTOMNIAHKTOHA B CHETHOW KaMepe;
V, - 06bEM CYETHOMN KaMepbl;
V - 06bEM CKOHLEHTPUPOBAHHOMN NPobbl;
V, - 06bem npobbi.

PacueT 61MOMacC MUKPOBOAOPOC/IEN NPOM3BOAWICA C UCMOMNb30BaHWEM Tabnuu CpeaHnx o6bemMoB U
BecoB kneTok (Conosbesa, 1976; Makarevich et al, 1991, 1993). M3MepeHusi OCHOBHbIX Pa3MEPHbIX
napaMeTpoB KIETOK MPOM3BOAWIOCH C MOMOLYbI0 MUKpoMeTpa (yBennuenne 400, TOUHOCTb n3mepe-
HMA A0 3 pm). Bce 06beMbl KNETOK PacCUMTbLIBAIMCb METOAOM rEOMETPUYECKOro noaobus uryp, Kak
cpepHve mHavBuayanbHbix obbemos (Clarke ef. al, 1987) C ucnonb3oBaHMeM DPEKOMEHAOBAHHBIX
CUCTEM annpoKcuMaLmmn K NpoCcTbiM reoMeTpuyeckum Tenam (Konbuosa, 1970; Makaposa v Muykunel,
1970; Recommendations, 1979; Koxosa u ap., 1978; Plinski et. al.,, 1984).

74



International Ocean Atlas Series, Volume 2 4+ 4+ 4+ Biological Atlas of the Arctic seas 2000

observations species composition and abundance for each species for phytoplankton sample, as a
whole, were determined (Sukhanova, 1983).

During the last years, along with above mentioned methods of preserving and processing of
phytoplankton samples, the MMBI utilized a method using Lougol's solution. Water samples of 200 ml
were preserved in Lougol's solution (of final concentration 1%). The samples were rapidly poured into
a bottle containing a portion of preservative. After 3 days samples were concentrated until 20-30 ml of
liquid remained, and were preserved by neutral formalin with a final concentration of 2 percent
(Mikheeva, 1989). The counting of microalgae and heterotrophic flagellates exceeding 10 pm, and
their identifications were carried out in a counting chamber of original construction (Druzhkov,
Makarevich, 1988; Druzhkov, 1989) using a light microscope with a magnification of 200*. Microalgae
and heterotrophic flagellates exceeding 10 pm were examined in the same counting chamber with a
magnification of 400* (usually 1/3 of sub-probe volume). Large and less numerous phytoplankton
samples were calculated in full sample volume in the Bogrov counting chamber at a magnification of
32,

The phytoplankton abundance per unit volume (N) was calculated from the mean of cells in one
sample using the following formula:

N =N Vu/ Vi Vg,

in which: Ny is the number of phytoplankton cells in the counting chamber;
V, is the capacity of counting chamber;
V.« is a volume of concentrated sample;
V. is a sample volume.

Microalgae biomass was calculated using tables of average cell volumes and weights compiled for the
Barents Sea (Solovieva, 1976; Makarevich et al., 1991, 1993). In most cases measurements of the cell
volume were measured using a micrometer (magnification was 400%, measurement accuracy was up
to 3 pm). All cell volumes were calculated using the method of geometrical similarity of figures as
average values of individual volumes (Clarke et al., 1987) using recommended approximation models
for simple geometric bodies (Koltsova, 1970; Makarova, Pichkily, 1970; Recommendations, 1979;
Kozhova et al., 1978; Plinski et al., 1984).
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300n1aHKTOH

OT60p NPob 300MNAHKTOHa U UX 06paboTka OCYLUECTBNANNCL B COOTBETCTBUM C NPUHATLIMW NpaBuia-
mu (Boropos, 1927, 1934, 1938, 1940). [ina ot6opa Npob 300M/IaHKTOHA WCMO/b30BaNack 6onbluas
Mopenb NNaHKToHHON cetu [xeau (Juday). O6naBnMBanUCh CTaHAapTHbIE rOPU3OHTBI (AHO-100, 100-
75, 75-50, 50-25, 25-10 n 10-0 meTpoB). Ha OTAENbHBIX CTAHLMAX BbINONHANCS TOTasIbHbIA JIOB - OT
[Ha [0 NOBEPXHOCTW. Pa3Mep CeTu: AuaMeTp BXOAHOro OTBEPCTUs 37 CM, pa3Mep A4eu CETHOro nosio-
THa 168 um. Mpoby cnMBanu B 3apaHee NMpUroTOBNEHHYID EMKOCTb U (nKCcupoBani. dukcaTop - 40%-

/i HETPANM30BaHHbI (HOPMaIMH; KOHEYHas KOHUEHTpauus popmanuHa B npobe cocrasnset 4 %.

O6paboTka npob BrIOYana ABe NocneaoBaTesbHbIe Onepauun: Bo-nepsbix, onpeaeneHme Cblpoi Mac-
Cbl 300MNAHKTOHa W, BO-BTOPbIX, MAEHTU(PMKALMA U NOACYET OPraHM3MOB KaX/Joro Buaa B npobe ¢
Y4YETOM BO3PaCTHbIX CTaAuii U pa3mepHbix rpynn. Cbipas Macca 300M/1aHKTOHA OnpeAensniace nyTeMm
HENOCPEeACTBEHHOrO B3BELUMBaHUA NPOobbl Ha Becax C TOYHOCTbIO A0 0.1 Mr. KonuuecteeHHas obpa-
60TKa NPob OCYLLECTBNANACL CHETHBIM MeTOAOM leH3eHa (PykOBOACTBO, 1980). MoacyeT opraHU3MoB
npou3soawics B kamepe boropoea. Ecnu opraHn3moB B npobe Mano - OHa npocMaTpuBanach Lienin-
KOM. B NpoTMBHOM Ciiyyae u3 Npobbl yAansan KpyrHbie OpraHn3Mbl, KOTOPbIX ONPEAENsn, npocin-
TbiBaNW M U3MEpPANN oTaeNbHO. OCTaBLUYIOCA HacTb NPobbl KOHUEHTPUpOBaAn Ao obbema 50-100 mn.
3aTem npoby TIWATENbHO NepeMelLnBan u oTbupanm wreMnens-nuneTkon noa-npody (1, 2 wam 5 mn,
B 3aBUCMMOCTM OT O6beMa LUTEMMeNb-NMUNETKKU), KOTOPYID aHanu3uposasu B kamepe boroposa npu
noMoLuM BUHOKYNIIpHON Nynbil. Moa-Npo6 13 Kaxaon npobbl oténpanu 2-3. Pa3Huua B 3HAUEHUsAX U3
noa-npo6 He gomkHa npesbiwats 30 %, B NPOTMBHOM Crly4ae KO/IMHECTBO BbIOOPOK yBE/IMYMBanoCh.
MonyueHHble pe3ynbTaTbl OCPeAHANMCh. Mocne 3Toro BCio Npoby NpocMaTpuBany LESMKOM Ans onpe-

JIENeHna 1 NoacYeTa peaKux BU0B.
4.3 HenpepbiBHbIE U3MEPEHNA

B nepwop nposeaenus 72 peiica HUC JasbHme 3e1eHybl B bapeHUesoM MOpe B UioHE 1993 ropa
NPOBOAM/INCH HEMpEpbIBHbLIE M3MEPEHUsi TeMMNepaTyphl, CONEHOCTH, XI0pOdUINa @ B NOBEPXHOCTHOM
crioe Boabl B paiioHe 68°-74°N, 34°-46°E (CD-ROM, daitn DATA\PRIMARY\90BY936s.csv). [ina n3me-
peHus Xnopodunna a UCronb30BaNCa ABYXKaHanbHbi (ioopuMeTp KeaHT-7. Mpubop 2MT-65 npu-
MEHSSIC AN U3MEpPEeHNa TemrepaTypbl U CONEHOCTU MOPCKOW BOAbl. KoopauHaTbl CyaHa onpeaens-
NMCb € MCMONb30BAHMEM HaBUrauMoHHOM cucteMbl GPS RAYSTAR-900. Ha CD-ROM B paspene

DOC\SERIAL npuBeaeHbl AeTarnbHas TEXHONOMMA U3MEPEHUI U KanmbpoBOUHbIE KPUBbIE
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Zooplankton

Zooplankton were sampled and analyzed according to standard procedures used in Russia (Bogorov,
1927, 1934, 1938, 1940). For the sampling of zooplankton, the large model of the Juday plankton net
was used at standard water depths (bottom-100, 100-75, 75-50, 50-25, 25-10 and 10-0 meters).
Towing on all layers was carried out from the bottom to the surface only at some stations. The Juday
net has a diameter opening of 37 cm, and a mesh size of 168 um. The sample was poured into
prepared bottles and preserved with 4% neutral formalin.

Sample processing included two successive operations: first, determining the sample wet weight, and
second, quantitative sample processing (identification and calculation of each species, taking into
account life stage and size groups). Sample wet weight was determined using a torsion balance with
an accuracy of up to 0.1 mg. Quantitative processing of the samples was performed through the
calculational method of Hensen (Manual, 1980). Counting of organisms was carried out in the
Bogorov’s counting chamber. If the number of species in the counting chamber was insufficient, all
species were analyzed. In other cases, large specimens were taken out of the sample, identified,
calculated, and measured separately. The sample remainder was concentrated to a volume of 50-100
ml (or higher, depending on plankton abundance). Then the sample was carefully mixed and a sub-
sample was collected with a stamp pipette (1, 2 or 5 ml depending on the capacity of the stamp
pipette) and then analyzed in the Bogorov’s counting chamber using a binocular microscope. Two or
three similar subsamples were collected from each sample. The difference of values between
subsamples should not exceeded 30%, otherwise the number of samples was increased. The obtained
results were averaged, and the sample was analyzed as a whole for identification and counting of rare

species.

4.3. Continuous Measurements

In June 1993, during the 72nd cruise of the R/V Dalnie Zelentsy, continuous measurements of
temperature, salinity, and chlorophyll-@ were conducted in the surface layer of the region between
68°-74°N and 34°-46°E (CD-ROM, file DATA\PRIMARY\90BY936s.csv). A two-channel fluorometer
(KVANT-7) was utilized for chlorophyll-a measurements. Device EPT-65 was used for sea water

temperature and salinity measurements. Coordinates were determined using a GPS navigational
system (RAYSTAR-900). Section DOC\SERIAL presented on the accompanying CD-ROM illustrates
detailed technology for measurements and calibrating curves.
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4.4 CnUCKKN BUI0B NJIAHKTOHA

B Tabnuue BuaOB (PUTONMIAHKTOHA NpVBEAEHbI HA3BaHUs TAaKCOHOB M yKasaHa CMHOHWMWSA COracHO
Tpe6oBaHUAM COBPEMEHHON 60TaHWYECKON HOMEHKNATYpbl. OUTOMNAHKTOH pa3sjesieH Ha 8 rpynn,
XapaKTepu3ylolmecs TakcoHoMuueckum poacteom  (Bacillariophyta, - Chlorophycota, Chrysophyta,
Cryptophycophyta, Pyrrophycophyta, Euglenophycota, Haptophyta, Prasinophyta). C yuetos cuHo-
HUMOB 06LLEE KONMUYECTBO TaKCOHOB AOCTUraeT 527. [Ins Kaxaoro Bua MUKPOBOAOPOC/IEN AaHa Be-
MIMUMHA MACcChl KJIETKM, BbIUMC/IEHHAs METOAOM reoMeTpuueckoro nopobus duryp (Konbuosa, 1970;
KoxoBa u ap., 1978; Plinski et al, 1984). MNpuBeseHa BMAOBas, 3KOMOrMYECKas W uroreorpa-
duueckas xapakrepuctuka (PG — duroreorpaduueckas xapakrepucruka: A — apkTo-6opearnbHble BU-
Abl, B — 60peansHbie Buabl, C — KOCMONONMTHbIE BUAbI; EG — 3Konornyeckas xapa-Krepucruka: (O
okeaHunueckue opmbl, N — HepuTnueckue GopMbl, P — maHTanaccHbie dopmbl, M — MukpoduTo-
6eHToc, F - mpecHoBoaHble (OPMbI). TakCOHbI CHabXeHbl KOAaMM MEXAYHApOAHOrO KoaudMkaTopa
(NODC Taxonomic Code). Mpumep Tabnuubl BUAOB HUTONNAHKTOHA AAH B NpunoxeHun Bl. Cnuckm
BKUA0B (PUTONNaHKTOHa noMelleHbl B (paitn DATA\TAXA\TAXPHYTO.XLS.

CrMCOK TakCOHOB 3o0omnaHkToHa (Mpunoxenne B2) BapeHuesa u Kapckoro mopen Brsiouaet ~200
Ha3BaHMI KMBOTHbIX (BMECTE C CUHOHMMAMM 3TOT CMMCOK AoCTuraeT 282 Ha3saHus). Tabnuua, npea-
CTaBNAIOWAN 3TOT CNMCOK, MOCTPOEHA MO CieayoweMy npuHumny. BeCb 300M1aHKTOH pa3jenieH Ha
rPYnMbi, XapaKTepusylowmecs TakCOHOMUYECKUM POACTBOM. BoiaeneHa 60nbluas rpynna OAHOKNETON-
HOrO 300M/TaHKTOHAa. MHOTOKNETOYHbIN 300MNAHKTOH, NpeacTasneH rononnaHkToHoMm (Coelenterata,
Crustacea, Gastropoda, Chaetognatha, Appendicularia, Ctenophora, Rotatoria,) 1 MeponjiaHKTOHOM

(nenarnyeckme IMYUHKN JOHHbIX XXMBOTHbIX).

Mpumep Tabnuubl BUAOB 300M/IAHKTOHA fiaH B npunoxenun B2. Ha CD-ROM cnuckn BUAOB 300M1aH-
KTOHa nomelueHsl B (haiin DATA\TAXA\TAX_ZOO.XLS.
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4.4. Lists of Plankton Species

For this atlas, a table was created which contains the taxonomic names of 527 species of phyto-
plankton, including the synonymy according to the requirements of the modern botanical nomencla-
ture. All phytoplankton were separated into 8 taxonomical groups (Bacillariophyta, Chlorophycota,
Chrysophyta, Cryptophycophyta, Pyrrophycophyta, Euglenophycota, Haptophyta, Prasinophyta). For
each entry, a weight is provided, computed by the method of geometrical similarity of figures
(Koltsova, 1970; Kozhova et al, 1978; Plinski et al, 1984). Ecological and phytogeographical
characteristics of species are also presented (PG = phytogeographic characteristics; A = arctoboreal
species; B = boreal species, C = cosmopolitan species; EG = ecological characteristics; O = oceanic
forms; N = neritic forms; P = panthalassic forms; M = microphyto-benthos; F = freshwater forms).
Taxons are provided with the ITIS and NODC Taxonomic Code. The example of a phytoplankton
species table is given in the Appendix B1. The total list of phytoplankton species is on the CD-ROM,
file DATA\TAXA\TAXPHYTO.XLS.

The zooplankton list (Appendix B2) for the Barents and Kara Seas includes approximately 282
taxanomic names. The table is of the following structure: zooplankton are split into groups
characterized by taxonomic relationships. A large group of unicellular zooplankton is separated.
Whereas multicellular zooplankton are presented by both holoplankton (Coelenterata, Ctenophora,
Rotatoria, Crustacea, Gastropoda, Chaetognatha, Appendicularia) and meroplankton (pelagic larvae of
benthic animals).

The example of a zooplankton species table is given in Appendix B2. The total zooplankton species
table is on the CD-ROM in the file DATA\TAXA\TAX_ZOO.XLS.
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5. KOHTPOJIb KAYECTBA rMaAPOBUNOJTIOrMYECKUX AAHHbIX

5.1 ®u3nuyeckme U rmgpoxmMuyecKkue faHHble

KOHTPONb (U3NUECKMX, MMAPOXMMUYECKUX AAHHBIX NPOBOAUICS COrNacHo cxeme 06paboTku okeaHorpa-
unueckon uHdopmaumm, npuHsaToi B pabortax Conkright et a/, 1998; Matishov et al., 1998.

Mpu o6paboTtke nHbopMaumm 3a 1952-1959 roabl BO3HMKIA HEOEXOAMMOCTL ObbeAnHeHus Guonornyec-
KMX 1 (puanyecknx AaHHbIX. MepeuuHas wHbOpMaums nNpeacTaBnsnm cobon ABa MaccuBa C pa3HOM
CTPYKTYPOI OpraHv3aumn faHHbix. ®U3nyeckmne AaHHbie BbUiu CrpynnmupoBaHbl Mo peicam. [ns Kaxao-
ro peiica ykasaHO Ha3BaHMe Cy[Ha W OMpEeAeneHbl KOOpAVHATbl KaXaow CTaHumn. BTopow Maccvs
coaepXan BecoBble XapaKTEPUCTMKM Npob ¢uToNNaHKTOHA. [na kaxaou npobel Gbin ykasaH Homep
CTaHUMK, Ha KOTOpPOM OHa oTobpaHa v aata. O6beanHeHne 3TUX ABYX MacCMBOB MPOBOAWIOCL HA OCHO-

Be TabnuLbl, YCTaHABNMBAIOLLEN COOTBETCTBUE MEXAY HOMEPaMU U KOOPAMHATaMM CTaHLMN.
5.2 bunonoru4yeckme faHHble

HeobxoauMbIi 3Tan KOHTPONA AaHHbIX COCTOUT B NPOBEPKWU TOrO, YTO 3HAYEHWE MapaMeTpa HaxoauTCs
B A0NYCTUMbIX npeaenax. CylecTByeT nMTepaTypa, COAepXallan Anana3oHbl U3MEHEHUS okeaHorpapu-
YECKUX XapaKTEPUCTUK AN pa3fMuHbiX panioHoB bapeHuesa mops (Matishov et al, 1998). Ham Heus-
BECTHbI paboThbl, coaepkalime MHGPOPMaUMIO O AONYCTUMbIX AMANA30HAX WU3MEHEHWUs TJIaHKTOHA NS
bapeHueBa Mopsx. B HacTosiweM pa3gene pacCMOTPEHbl HEKOTOpble 3aKOHOMEPHOCTU pasBuUTUA

MNAHKTOHa 1 (hOPMYSIMPYIOTCA KPUTEPUM KOHTPONS BUONOrMHECKUX AaHHbIX.

DUTONNAHKTOH

B pabotax ([pyxkoB, Makapesuu, 1991; [pyxkoB u ap., 1997; PoyxusaiHeH, 1967; Pbpkos, 1985;
Druzhkov, Makarevich, 1999) obcyxaaerca cxema (yHKLUMOHUPOBaHUA (DUTONNAHKTOHHOIO CoobLLecT-
Ba (CYKUECCMOHHas CuCTeMa) KHOM 4yacTu bapeHueBa Mops. CTpyKTypa CyKUECCUMOHHbLIX CUCTEM
APYrUX paiioHOB bapeHueBa MOpsi B LIENIOM TOXAECTBEHHAa TOW, KOTOpas pacCMOTPEHa B HACTOSLLEM
pasgene. OT/MuMA COCTOSIT BO BPEMEHM HACTYMJIEHWS! BCMbILLKW LIBETEHUA (UTOMNIAHKTOHA U eé

NPOAO/KUTENLHOCTM.
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5. QUALITY CONTROL OF HYDROBIOLOGICAL DATA

5.1. Physical and hydrochemical data

Quality control of physical, hydrochemical, and meteorological data was conducted using the method
described by Conkright, et al. (1998), Matishov et al., 1998.

In order to process data for the period 1952-1959 it was necessary to combine the biological and
physical data. The primary information was presented in the form of two arrays, each with a different
data structure. The first array consisted of physical data grouped by cruises. The name of the
research vessel and geographic coordinates for each station were present for each cruise. The second
array consisted of weight characteristics for the phytoplankton samples. The number of the station
and sample location was specified for each sample. Both arrays were then merged, based on table
defining relationships between the station numbers and coordinates of stations.

5.2. Biological data

One of the necessary quality control stages in processing hydrobiological data consists of checking a
parameter value against permissible ranges. Reference materials are available presenting the range of
measurements of oceanographic characteristics for different Barents Sea regions (Matishov et al.,
1998). We are not aware of papers presenting the information on permissible range of plankton data
for different regions of the Barents Sea. The present section considers some generalities of the
plankton population development and generates quality control criteria for biological data.

Phytoplankton

The papers of Druzhkov and Makarevich (1991), Druzhkov et al. (1997), Roukhiyainen (1967), Ryzhov
(1985), Druzhkov and Makarevich (1999) discuss the generalized scheme for phytoplankton commu-
nity functioning (succession scheme) in the southern of the Barents Sea. The structure of succession
systems of the other Barents Sea regions in general is similar to the structure considered in the
following section. The difference consists in timing of the phytoplankton bloom and its duration.
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BecHa. CepeanHa MapTa - Ha4ano UIoHSA

Hauyano BeceHHeW akTUBHOCTU (PUTOMNAHKTOHA CBSI3aHO C MOSIBNEHWEM B NPUOGPEXHOW nenarvanu BO
BTOPOW MOJIOBMHE MapTa paHHeBeceHHux (opM amaTomoBbix: Thalassiosira hyalina (Grun.) Gran, T.
cf.gravida Cl., Navicula pelagica Cl., N. septentrionalis (Grun.) Gran, Nitzschia grunowii Hasle, Amphora
hyperborea (Grun.). Y4CNeHHOCTb KNETOK B 3TOT NEPUOA HEBenuKa M MOXET konebaTtbCA B 3aBUCH-

MOCTU OT BMAOBOIO COCTaBa OT HECKOJIbKUX AECATKOB 0 HECKONIbKUX COTEH KJ1./1..

Buomacca UTONMAHKTOHA [AOCTUraeT MakCuMyMa BO BTOPOW MOJSIOBUHE anpens. MakCuManbHbii
YPOBEHb 6MOMACChl COXPAHAETCA B TEYEHME HECKONbKUX AHEWU. YNCIEHHOCTb (PUTONNAHKTOHA B Nepuosa
paHHero uBeTeHns Konebnercs OT HeCKOSIbKMX COT ThICAY A0 2 MAH K./ (N0 HeonybnMKOBaHHLIM AaH-
HbIM M.W. PoyxusiHeH ao 12 MnH kn./n), a 6uomacca ot 1 Ao 3 Mr/n. B BepTUKanbHOM pacnpeaeneHum
(MTONNAHKTOHA B 3TOT nepuos HabnioaaeTca KOHUEHTpauus OCHOBHOM Macchl B cnoe 0-10 M. Bupamy,
(opMuUpyIOWMMIN NEPBLIN MAaKCUMYM LBETEHUA (PUTOMNAHKTOHA sBnsAtoTcA: Thalassiosira cf.gravida Cl,
T. nordenskioeldii Cl., Chaetoceros socialis Laud., C. furcellatus Bail., Navicula vanhoeffenii Gran. Kpome
TOro, AN 3TOro NepUoaa B OTAENbHbLIE oAbl XapaKTEPHO MHTEHCUBHOE pa3BUTUE 30/I0TUCTOW BOAOPOC-
nn Phaeocystis pouchetii (Hariot) Lagerh., koTopas MOXeT A0CTUraTh 3HAUMTENIbHbIX BEIMYUH YUCTIEH-
HOCTM M 6MOMacCbl M aKTMBHO Y4acTBOBaTb B (POPMMPOBAHUM BECEHHEro Makcumyma (Havbonblume

OTMeYEeHbIE YMCNIEHHOCTL U 6uomacca — 8 mnH kn./n u 1.7 mr/n) (ApyxkoB, Makapesu4, 1989).

Jleto. KoHew uIoHS — KOHeL aBrycra
B ¢uTONNaHKTOHHOM COOOLWECTBE NETHEro nepuoAa MPOUCXOAAT 3HAUUTENbHbIE M3MeHeHus. Wpaet

NpoLEeCcC UCYE3HOBEHUA BECEHHUX (OpM AMATOMOBbIX. OTMeYaeTCs MNOBbLILEHME PONU AMHOMUTOBBIX
MUKPOBOAOPOC/IEN, XOTs UX MPUCYTCTBUE B nenarvanu crnopaauyeckoe. Habniopaerca 3ameTHoe 3a-
MeLleHne apkTobopeanbHbix (OPM KOCMOMOJIUTHBIMKM, @ HEPUTUYECKMX (POPM — MAHTanNacCHbIMU U
okeaHnyeckumn. OCHOBY AOMMHMPYIOLLErO KOMMJIEKCA B 3TOT CE30H COCTaBNAT AUATOMOBbLIE BOAO-
pocnm Skeletonema costatum (Grev.) Cl., Leptocylindrus danicus Cl., L. minimus Gran, Chaetoceros
decipiens Cl., C. laciniosus Schiitt, a Tawke auHogwuToBble poaa Protoperidinium. MakcumanbHas

YUCIEHHOCTb KJIETOK nenarnyeckux BOAOpOCﬂEﬁ He NpeBbILaeT B 3TOT Ce30H 20 ThiC. B Tpe.

OceHb. CepeavHa ceHTa6pa — Ha4yano Hosbps

B cnoe 0-25 M HabnogaeTca MakcMMaribHasi MIOTHOCTb KNETOK. JOMUHMPYOWME BUAbl: AMHO(PUTOBLIE
popos Ceratium, Dinophysis, Protoperidinium u auatomoBbie poaa Chaetoceros. YnMCneHHOCTb KETOK
He npesbiwaeT 2 Thicay B 1 nuTtpe. K Hauyany aekabps YMCIEHHOCTb KJIETOK He MPEBbIAeT ThiCAun

82



International Ocean Atlas Series, Volume 2 4+ + +  Biological Atlas of the Arctic seas 2000

Spring. Middle of March-Beginning of June
In the spring, phytoplankton activity is characterized by the appearance of early spring diatoms forms

in the coastal pelagic zone in the second half of May. 7halassiosira hyalina (Grun.) Gran, 7. cf.gravida
Cl., Navicula pelagica Cl., N. septentrionalis (Grun.) Gran, Nitzschia grunowii Hasle, Amphora
hyperborea (Grun.) are the main constituents in the content of the early spring diatoms complex that
replicates each year. At this time, cell numbers are low and can vary, depending on species
composition, from tens to several hundred cells per liter. The biomass of phytoplankton reaches a
maximum in the second part of April. The peak of biomass itself is a short-term phenomenon, and the
biomass maximum is present only for several days. During the early blooming season, phytoplankton
abundance can vary between several hundred thousands to 2 million cells/liter (from unpublished data
of M. Roukhiyainen it can vary up to 12 million cells/liter), and biomass can vary between 1 and 3
mg/liter. During this period, the concentration of highest biomass is observed within the 0-10m layer.
Thalassiosira cf.gravida C\., T. nordenskioeldii Cl., Chaetoceros socialis Laud., C. furcellatus Bail.,
Navicula vanhoeffenii Gran. are species forming the first peak of the Barents Sea phytoplankton
bloom. During some years, this period is characterized by an intensive development of Phaeocystis
pouchetii (Hariot) Lagerh., which can attain great values in its abundance and biomass, and
participate actively in the formation of the spring maximum (the documented peak abundance and
biomass were 8 million cells/liter and 1.7 mg/liter, respectively; Druzhkov and Makarevich, 1989).

Summer. End of June—End of August

The significant changes in the phytoplankton community occurred during the summer season. The
number of diatoms sharply decrease. At the same time a sporadic increase of dinoflagellates is
observed though their presence in the pelagic zone. Pronounced replacement of the Arctic boreal
forms by cosmopolitan ones, and neritic forms by panthalassic and oceanic ones, are observed. During
this season, the dominant group is basically comprised of the diatoms Skeletonema costatum (Grev.)
Cl., Leptocylindrus danicus Cl., L. minimus Gran, Chaetoceros decipiens Cl., C. laciniosus Schutt, and
dinoflagellates of the genus Protoperidinium. The maximum abundance of the pelagic algae cells does
not exceed 20,000 per liter.

Fall. Middle of September-End of November
The maximum microalgae cell concentration is in the 0-25 m depth layer. The dominant components of

the microalgae community are: diatoms of the genus Chaetoceros and dinoflagellates of the genus
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B 1 nutpe, 6uomacca MeHee - 5 Mkr/n. B nenarmanv HabnioaaeTcs nonHoe AOMUHUPOBAHWE AUHOMUTO-
BbIX BOAOPOC/IEN, @ B KAYeCTBE €AMHCTBEHHOW aKTUBHOW rpynnbl (POTOCMHTE3UPYIOWMX OPraHU3MOB

OCTalOTCS HAHOMNIAHKTOHHbIE hnarennaTbl.

3uma. CepeavHa HOA6ps - cepeanHa MapTa
DUTOMNAHKTOHHOE COOBLLECTBO BECb 3MMHWUMA MEpUoA HaxoauTca B CTagum nokos. B nenarnanu

(PUTONNAHKTOH NPEACTaBNEH B OCHOBHOM KPYMHBIMW OKEaHWYECKUMM AUHOMUTOBLIMA BOAOPOC/IAMU
KOCMOTMOJIMTHOrO M apKTOB0OpeansHOro NpoucxoxkaeHus. KoHueHTpaumus Konebnetcs OT HECKOSIbKMX
KNETOK A0 HECKOMbKUX AECATKOB KNETOK Ha 1 nutp. OCHOBY AOMMHMPYIOLLEro KOMrijiekca COCTaBnsioT
Ceratium longipes (Bail.) Gran, C. tripos (O.Miill.) Nitzsch, Dinophysis norvegica Clap. Et Lachm.,
Protoperidinium depressum (Bail.) Balech.

B Tabnuue 2 npuBeAeHbl XapakTEPUCTUKM FOAOBOIO LMKNA pa3suTus dutonnaHkToHa bapeHuesa Mops.
Jta Tabnuua onpeaenseT AnanasoH AOMYyCTUMbIX 3HAYEHUIN AOMUHUPYIOLMX BUAOB (PUTONNAHKTOHA ANs

IOXKHOM YacTu bapeHuesa Mops.

Tabnuua 2. XapakTepucTuKM rogoBoro Lukia passutua gurornnaHkToHa bapeHuesa mMops
PaiioH: 74°N - KonbCkuit NOyoCTpoB

Bpems Fny6buna Crpykrypa Npeo6naparowmne YncneHHocTb
obutanus (M) TaKCOHOB BUAbI (knerok/n)
BecHa
CepepvHa mapra 0-70 N > O+P+M+F Phaeocystis pouchetii 100 TbiCsy -
= A > B+C Thalassiosira gravida 12 munnnoHos
Hayano MIoHA T. nordenskioeldii
Nitzschia grunowii
Chaetoceros socialis
Navicula
Jleto
KoHew, nioHs 0-50 C=>A+B Leptocylindrus danicus >100 Teicay
= N> P+0 L. minimus
KOHel, aBrycra Chaetoceros decipiens
C. laciniosus
Protoperidinium
Skeletonema costatum
OceHb
CepeavHa ceHTAbps 0-25 C>A;C>B Chaetoceros > 2000
— Havano Hosb6ps O=2P;0O=N Ceratium
Dinophysis
Protoperidinium
3umMa
Hauyano Hos6ps 0-aHO O>N Ceratium 10 - 500
- cepeauHa maprta O > P; C+A > B | Protoperidinium
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Ceratium, Dinophysis, Protoperidinium. During this period, cell abundance usually does not exceed
2,000 per liter. By early December, the abundance of cells is less than 1,000 per liter, and biomass is
less than 5 pkg/liter. In the pelagic zone dinoflagellates are dominant, and nanoplanktonic flagellates

remain as the only active group of phytosynthesyzing organisms.

Winter. Beginning of November-End of March
Throughout the entire winter, the phytoplanktonic community is a resting stage, /.e. its vital functions

are almost inactive. In the pelagic zone, phytoplankton are represented by large dinoflagellates of
cosmopolitan and Arctic boreal origin. Ceratium longipes (Bail.) Gran, C. tripos (O.Mill.) Nizsch,
Dinophysis norvegica Clap. Et. Lachm., Protoperidinium depressum (Bail.,) Balech comprise the basis
of the dominant component.

Table 2 presents characteristics of the phytoplankton annual development cyclea. This table
determines the range of values for the dominant phytoplankton species for the southern Barents Sea.

Table 2. Characteristics of the phytoplankton annual development cycle of the Barents Sea
Region: 74°N - Kola Peninsula

Time period Depth of the | Ecological Dominant taxa Total count
habitat (m) structure (cells/liter)
Spring
Middle of March 0-70 N > O+P+M+F Phaeocystis pouchetif 100,000
< A > B+C Thalassiosira gravida -
Beginning of June 7. nordenskioeldii 12 millions
Nitzschia grunowii
Chaetoceros soclalis
Navicula
Summer
End of June 0-50 C=>A+B Leptocylindrus danicus >100,000
= N = P+0 L. minimus
End of August Chaetoceros decipiens
C. laciniosus
Protoperidinium

Skeletonema costatum

Fall

Middle of September 0-25 CsA; €C>B Chaetoceros > 2,000

- End of November Oz2P; O=2N Ceratium
Dinophysis
Protoperidinium

Winter
Beginning of November 0-bottom O>N Ceratium 10 - 500
- End of March O>P;C+A>B Protoperidinium.
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300N/1aHKTOH

Hanuuve B 6a3e aaHHbIx 6onee 9,000 npob no3BonseT pacCMOTPETb 3aBUCMMOCTb MEXAY YUC/IOM

BUAOB U KOJIMHECTBOM 300M/IaHKTOHA B npobe.

Ha pucyHke 5 npuseaeH rpadvK 3aBUCUMOCTU YHMC/IO BUAOB B M° — OBWme 300M/1aHKTOHa B M’ [Ns

BapeHuesa v Kapckoro Mopeit (TOMbKO ro/onsiaHKTOH). XapakTep Moly4eHHOW 3aBUCMMOCTU XOPOLLO

cornacyercs ¢ Teopetuyeckumm kpusbiMn (Magurran, 1988).

TpéxmepHasa guarpamma

J[l0 crnaxxuBaHus Mocne crnaxusaHus

e

[lByMepHas anarpamma

O6unue (3k3./m>)

A

Pt
B 2

1000

W

100

T

1048

gu

100% 90% 80% 70%

A\ U

0.1
Yucno snaos

Puc. 5. 3oonnaHkToH BapeHuesa u Kapckoro Mopei: obunue - Yncio BUAOB

I'pacmk (puc. 5), npeacTaBneH B TabnMUHOM BUAE /1S aNrOpUTMU3aLIMKU KOHTPONSA KaueCTBa AaHHbIX.

KonunuecTso BMAOB (3k3./M°) 1 2-3 4-5 6-10 11-15 16-20 >20
MuHuManbHoe obunue  (3K3./M%) 0.1 1 3 10 12 14 >15
CpeaHee obunue (3k3./M%) 1-75 76-200 201-260 261-350 351-400 401-450 >450
MakcumansHoe obunue (3k3./M°) 150 350 1500 2500 2550 2600 >2600
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Zooplankton

The availability of 9,000 zooplankton samples in the database makes it possible to consider the

relationship between abundance and number of species in m>.

Figure 5 presents a graph illustrating the relationship between zooplankton species number in m* and
abundance in m? for the Barents Sea and the Kara Sea (holoplankton only). The obtained dependence
is in good agreement with the theoretical curves widely used in ecology (Magurran, 1988).

3-D diagram

e —

S —

2-D diagram

Before smoothing

After smoothing Abundance (#/m?

A

1000 |- / p/:ﬁrfﬁv//{:‘\/’(

100 //
10 //K//T/ L
, /? e 100% 90% 80% 70% }_%
0117 N b s ] (%
2 4 6 8 10 12 14 16 18
Number of species

Fig. 5. Zooplankton of the Barents and Kara Seas: abundance vs. number of species

The graph given in the figure can be tabulated for simplification of the algorithmic procedure for data

quality control.

Number of species (#/m3) 1 2-3 4-5 6-10 11-15 16-20 >20
Minimum abundance (ind/m3) 0.1 1 3 10 12 14 >15
Average abundance (ind/m3) 1-75 76-200 201-260 | 261-350| 351-400| 401-450 >450
Maximum abundance (ind/m3) 150 350 1500 2500 2550 2600 >2600
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6. BUSYAJIU3ALIUA OAHHbIX

6.1 ®u3nuecKkne xapaKTepucTuKmu

MpoLeccl TasHUA NbAa, BEpTUKanbHas CTPYKTypa BOA M TEPMUYECKUE XapaKTepPUCTUKU MOPCKO Cpe-
Abl ONPEAENAIOT AMHAMUKy pa3BuTUA niaHkToHa Kapckoro u bapeHuesa Mopei. Hactoswmin pasaene
COAEPXUT MH(POPMALMIO O NONIOXKEHUN KPOMKU JbAia, BEPTUKANLHON CTPYKTYpe BOA, MOJisX Temnepa-

TYpbl U CONEHOCTM.

Nén
Ha CD-ROM B pa3aene WWW\MAP\ICE npuvBefeHbl, KapTbl XapaKTepusylowme cpegHee rnosoxe-Hue
KPOMKM NbAa ANs CEpeanHbI Kaxxaoro Mecaua (Eastern-Western., 1984).

Temnepatypa 1 CONEHOCTb
Mpoueaypa O6LEKTUBHOrO aHanu3a, UCMonb3yemas B HacToswen pabote Ans noCTpoeHus nonewu

oKeaHorpadUYeckmx XapakTepUCTUK, B OCHOBHOM COOTBETCTBYET CXeMe, NpeasioxeHHoi Barns (1973)

U METOoAaM, paccMOTpeHHbIX B pabote Levitus S., Boyed T.P. (1994). [lononHexus anroputMa kKaca-

NNCb yuéTa aHM30TPOMNHOCTU OKeaHorpaduueckux noneit bapeHuesa n Kapckoro MopeM.

Mpu pacueTax noneit pacnpeAeneHns TemnepaTypbl Ha MoOBEPXHOCTV BapeHuesa n Kapckoro Mopen
NETOM NPUHAT paanyc Koppensummn 250 KM, 3UMOiA 3TOT paanyc yMeHbluaetcs Ao 180 kM. Ha rnybute
100 M paguyc Ha 35-40 % MeHblle, YeM Ha MOBEPXHOCTU. 3HAYEHWs TeMNepaTypbl U CONEHOCTU
PacCUMTLIBANUCL ANNA CETOUHOM 0651acTu ¢ warom 20x20 kM 3a TpW MHTepBana BpeMeHu: 1920-1940
roabl, 1950-1960 roasi, 1980-1990 roasl. Buibop Takux MHTEpPBanos OOYC/IOB/IEH HANMUUEM AAHHBIX
NO NNIAHKTOHY, TEMMEPAType U CONEHOCTU BOAbI B NpeAenax yka3aHHbIX NeT. [Ins KaXaoro uHrepsana

BpPEMEHM NOCTPOEHbI CieayoLme KapTbl:
BapeHLIEBO MOpe — TeMNepaTypa v CONEHOCTb, NOBEPXHOCTL 1 100M, 3uma u nero.
Kapckoe Mope - TemrniepaTtypa 1 CONéHoCTb, NoBepxHOCTb 1 100M, neto.

3uma = {aHBapb, (eBpanb, MapT, anpenb}, NeTo = {1IoNb, aBrycT, CEHTAOPb}.

KapTel npeacTasneHbl B Mpunoxenun D n Ha CD-ROM B hopmate HTML.
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6. DATA VISUALIZATION

6.1. Physical Characteristics

The processes of ice melting, water mass vertical structure, and thermal characteristics of the marine
environment determine the dynamics of the Kara Sea and the Barents Sea plankton development. The
present chapter provides the information on ice edge climatology, water vertical structure and
temperature and salinity fields.

Ice
The CD-ROM contains maps (WWW\MAP\ICE) characterizing the mean ice edge position for the
middle of each month (Eastern-Western Arctic Sea Ice Climatology, 1984).

Temperature and Salini

The objective data analysis procedure used for this work generally corresponds to the scheme
suggested by Barnes (1973) and the methods for calculating the data spatial distribution and map
plotting used by Levitus, Boyer (1994). Additions to the algorithm have been made to account for the
anisotropic structure of oceanographic fields in the Barents and Kara Seas

For the calculation of temperature distribution fields at the surface of the Barents and Kara Seas, in
the summer a correlation radius of 250 km is used and in the winter this radius was reduced to 180
km. At a depth of 100 m the radius is 35-40% less than at the surface. The values of temperature and
salinity are calculated for the grid of 20 x 20 km for three time intervals: 1920-1940, 1950-1960, and
1980-1990. The choice of these periods is determined by the availability of plankton data, water
temperature, and salinity data for these years. For each time interval the following maps were
constructed:

Barents Sea - temperature and salinity, surface and depth 100 m, winter and summer;
Kara Sea — temperature and salinity, surface and depth 100 m, summer.
Winter = {January, February, March, April}. Summer = {July, August, September}.

These maps are attached in the Appendix D and displayed on CD-ROM in HTML format
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OkeaHorpadmuecke AaHHbie, UCMONb3yeMble ANA NOCTPOEHUA KapT TeMnepaTypbl U CONEHOCTH,

nonyyexbl U3 6a3 aaHHbix WDC, Silver Spring 1 MMBW.

BepTukanbHaa CTpyKTypa Boa bapeHueBa Mops
BonpocaM UCCNEAOBaHWA BEPTUKaNbHON CTPYKTYpbl BOA bapeHueBa MOps NOCBALLEHO 6onbLuoe Yncno

paboT. YCTaHoBneHo, 4To 3umoit Temnepatypa (T°C) u nIOTHOCTb (O) BOAbI HE3HAUUTEIbHO U3MEHSA-
loTcs C rny6uHoit. Peskuii rpagvent T u o HabnopaeTca B cnoe 30-80 MeTpoB /1IETOM U3-3a NOBbILLE-
HUS TEMNEpaTypbl BEPXHEro CNos Boabl. Hanuume MecsuHbIX KIMMaTUUECKUX Moniei no Temnepatype
U conéHoctn ans BapeHuesa mops (Matuwos v Ap., 1998) no3BonAlT AOKYMEHTMPOBATbL roAaoBoW
LMK M3MeHeHus T U O B BEPTUKaNbHON MIOCKOCTU. ANFOPUTM pacyéTta BepTuKanbHOro rpaaventa T u
O COCTOSN1 M3 CIEAYIOWUMX 3TanoB. a) Ha OCHOBE MeCAUHbIX K/IMMATUYEeCKuX Mosiei TeMnepaTypbl U
CONBHOCTU paccuuTaHbl KIMMAaTMUECKUe MONs MIOTHOCTU ANA AHBaps, ... , Aekabps. Lar CETOUHOM
obnactv 10'x30'. B) [lns Kaxaoro Mecsua roCTpoeHbl Noss, XapakTepusytowue pasHoCTb 3HaueHun
Temnepatypbl (AT) v nnotHocTn (AG) Ha ropusoHTax 0 n 100 MeTpos:

AT = Ty, - Tioow; AG = Oo - T100m

c) Metog 06bEKTUBHOIO aHanu3a UCroNb30BancCsa A/ KapTUpOBaHUA 3HaueHuit AT u Ao.

Ha CD-ROM uepe3 cucteMy HTML pocTynHbl rpadmk v KapThbl, Xapakrepusyiowme roAOBOW LMK U3-
MeHeHus 3HaueHuit AT u Ao. MonyyeHHble pe3ynbTaThl CBUAETENLCTBYIOT O Hann4yne AByX NEpUoAoB
BPEMEHM, B TEUYEHNE KOTOPbIX COXPAHAETCA YCTOMUMBLIA PEXUM BEPTUKANIbHOO rpaaveHTa Temne-
paTypbl W MIOTHOCTW: NIETHUW U 3UMHUIA P6EXMMBI. POTSHKEHHOCTb 3UMHEro PeXuMa C AHBapb no
anpenb. B 10T nepuog 3Hauenns AT u AG AOCTUraloT roA0BOro MUHUMYMa. POTHKEHHOCTL NETHEro

peXxxuMma C Mions No CeHTAbpb. B 3TOT nepuog 3HayeHus AT u Ao AOCTUraloT roAOBOrO MakCUMyMa.

6.2 BMOIOrMuecKnue XapakrepucTmkm

[Lsi ONMCAHUA COCTOSIHMS TMTAHKTOHHBIX COOBLIECTB, OBbIYHO, MCNONbL3YIOTCA nons (KapTel) pacrpe-
AENEHWUs YUCNEHHOCTH, BUOMacChl, U YMCNa BUAOB MIAHKTOHA. B npakTuke ruapobruonoruyecknx mc-
CNeoBaHWiA TaIoKe UCNONb3YKTCa Ko3hdUUMeHTbl 6uopa3Hoobpasus. MpuunHa NOBbLILLEHWA YPOBHA
pa3Hoo6pa3ns XXWU3HU - MNOCTYMN/IEHNE B IKOCUCTEMY pononuutenbHon 3Heprum (Legendre, Demers,

1985). WICTOUHMK [AONOMHUTENBHOM SHEPrUM ONpeAensieTcs PernoHasbHbIMU OCOGEHHOCTAMM uccne-
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The oceanographic data used for mapping of temperature and salinity were obtained from the
database of the WDC Silver Spring, and MMBI.

Vertical Structure of the Barents Sea

A great number of papers are concerned with the problems of the vertical structure of the Barents
Sea. It is established that, in winter, the water temperature [T(°C)] and density (o (kg/m?)) vary
insignificantly with depth. In summer, in the layer of 30-80 m, sharp T and o gradients are observed
as a result of the temperature rise in the surface water layer. The availability of temperature and
salinity monthly climatic fields for the Barents Sea (Matishov et al, 1998) makes it possible to
document the annual cycle of T and o variations in the vertical plane. The algorithm of computation
of the vertical gradients T and o is comprised of several stages. a) The climatic density fields were
calculated for January, February, ..., December, based on the monthly climatic temperature and salin-
ity fields on a 10’ x 30’ grid. b) The fields characterizing the difference in the values of temperature
(AT) and density (Ao) at the horizons of 0 and 100 meters were calculated for each month:

AT = Toy - Tioom; AG = Opy = T100u-
¢) The method of the objective analysis was used for mapping the AT, and Ao values.

Using the HTML information system, the CD-ROM presents graphs and maps characterizing the annual
cycle of variation of AT and Ao values. The obtained results distinguish two time periods with the
stable temperature and density structures: the winter and summer regimes. The duration of the
winter regime is from January till April. During this period the values of AT and Ao reach an annual
minimum. The duration of the summer regime is from July untill September. During this period, the

values of AT and Ao reach an annual maximum.
6.2. Biological Characteristics

The distribution fields (maps) of abundance, biomass, and number of plankton species are used to
describe the state of the planktonic communities. Coefficients of biodiversity, calculated based up on
the above mentioned characteristics, are used in hydrobiological studies. These coefficients
characterize the level of diversity in the plankton community. The rise in the biodiversity level is
induced by additional energy in the ecosystem (Legendre, Demers, 1985), the source of which is
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AyeMOro paiioHa okeaHa. Hanpumep, B KapckoM MOpe 3TO MOXET ObiTb MPUTOK aT/IaHTUHECKNX BOA C
ceBepa unm cTok pek O6u 1 Ennces. B BapeHUEBOM MOpe - MPUTOK aT/IaHTUYECKUX BOA WM NpecHas
BoAa, nocrynawouas npu TasHum nbaa (Tumodees, 1988). Takum 06pa3oM, nons pacnpeaeneHns
XapaKTepUcTUK nnaHkToHa (Mpunoxenue E, F), He TONbKO AOKYMEHTUPYIOT COCTORHUE MIAHKTOHHOMO

COOBILLECTBA, HO W BLICTYNAIOT Kak MHCTPYMEHT MCC/IeA0BaHNUs BOAHbIX MAacC MOPEN ApKTUKY.

B kauecTee ko3dhduLmeHTa 61opasHoo6pasns UCnonb3oBancs koaduumMeHT nccoHa (Kgp):

Kgi=(N¢-1)/log(N:)

rae: N; - KonMyecTBo 3K3eMNNNAPOB,
N, - KOAIMHYECTBO BMAOB B npobe.

B 6a3e gaHHbIX COAEPXUTCS MHGOPMaLmMs Nno 300M1aHKTOHY Kapckoro Mops, cobpaHHas B 1936 roay
Ha cyaHe Hepna v B 1981 roay Ha cyaHe Ja/ibHue 3en1eHibl. YNCNeHHOCTb 300M1aHKToHa B 1936 ro-
[y onpeaeneHa B TePMUHAX PEJKo, 0ObIYHO, OOM/IbHO M O4EHE 06M/1bHO. YNCNEHHOCTL 300M/1aHKTOHA
B 1981 roay onpeaeneHa B 3k3./M>. [INs CpaBHEHMS AAHHbIX 3TUX PEACOB YNC/IEHHOCTb 300M/1aHKTOHA

1981 roja npeacTaBneHbl B TEX Xe TepMuHax, uTto U B 1936 roay C uCnosib30BaHUEM cneayowien

wkans! ([pobuiwesa u ap., 1986):

peako = 1-10 3k3eMnnapos/m’
06b1uHO = 11-100 3K3eMnNNApoB/M
06unbHO = 101-1000 3K3emMnNspos/M®

oueHb 06MbHO >1000 3K3eMNNApoB/M°

B Mpunoxenusix E u F npuBeaeHsbl nons pacnpeaeneHns XapakTepucTuk niaHkToHa B BEPTUKANbHOW
U rOpU30HTaNLHOW NNOCKOCTAX. B npunoxexun E4 npuseaeHbl rpaukn U3MEHEHUA XapaKTepUCTUK
(DUTOMMAHKTOHA MO TPacce ABWXKEHWUS aTOMHbIX JIE[J0KO/OB 3umon u3 bapeHuesa B Kapckoe mMope 1
06paTHO. 3TV rpadmKu AOKYMEHTUPYIOT COCTOsIHWE (UTONNAHKTOHA B paioHax, paHee HeAOCTYMNHbIX
ANs rMApOBMONOrMUECKMX UCCNeA0BaHUiA B 3UMHee Bpems. Becb rpaduueckuin Mmatepuan AOCTyNneH Ha

CD-ROM uepe3 uHdopMaumoHHyto cuctemy HTML.
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determined by the regional features of the investigated ocean region. For example, in the Kara Sea it
can be the flux of the Atlantic waters coming from north or the discharge of the Ob or Yenisey rivers.
In the Barents Sea it can also be the flux of Atlantic waters coming from the Norwegian Sea or an
influx of fresh water resulting from ice melting (Timofeev 1988). Thus, the fields of distribution of the
plankton characteristics can be used not only as an indicator of the state of the plankton community,
but also as a tool of study for water masses of the Barents and Kara Seas.

The Glisson coefficient is used as biodiversity coefficient (Kg):

Kgi=(N¢-1)/log(N;)

in which: N; - number of individuals,

N; - number of species in the sample.

The CD-ROM database contains information on zooplankton collected from the vessel Nerpa in 1936
and from the R/V Dalnie Zelentsy in 1981. In 1981, zooplankton abundance was determined in
ind./m>. For comparison of the data obtained during these cruises, we use the same units as
zooplankton abundance of 1936 using the following scales (Drobysheva et al., 1986):

Rare = 1-10 ind./m>

Common = 11-100 ind./m>
Abundant = 101-1,000 ind./m>
Very abundant > 1,000 ind./m*

Appendixes E and F present fields of distributions of plankton characteristics in the vertical and
horizontal planes. Appendix E4 demonstrates graphs of winter variation of phytoplankton
characteristics, along the route of nuclear icebreakers from the Barents Sea to the Kara Sea and on
their way homeward. These graphs exhibit the phytoplankton state in regions previously inaccessible
for hydrobiological studies during winter. This graphic material is also presented on the CD-ROM using
the HTML information system.
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7. U3BMEHEHUSA MNJIAHKTOHHOIO COOBLUECTBA

3agaua HacToALEero pasaena — WICTPUPOBaTb BO3MOXHOCTM 6a3bl AaHHbIX /18 AOKYMEHTUPOBAHWA
U3MEHEeHU NNaHKTOHHbIX coobluecTs BapeHuesa n Kapckoro mopeii. [ins 3Toro BbibpaHbl ABe rpynbl
JaHHbIX. lMepBasg — OTHOCWUTCA K MepuoAay noTerieHus ApkTnkn—-1920-1930 roabl (Fu et al., 1999).
BTopas—OTHOCUTCA K nepuoay C 6onee CypoBbIMY yCIOBUAMU — NOCNIE 1950 roaa (Fu et al., 1999). Bce

PUCYHKM, HA KOTOpbIE CANAHbI CCbUTKW B HACTOALLEM pa3ziene, HaxoaaTes B Mpunoxernn G.

®uTonnaHkToH. Bapenuyeso mope. Konbckuii paspes: 1921 vs. 1997

DOanubie: a) peiic cyaHa Cokomya, Maii 1921, 5 ctaHumii 16 npob no KonbckoMy paspesy; b) peiic
cyaHa /Tomop, man 1997, 7 craHumin 35 npob no KonbCkoMy paspesy.

XapakTepucTukm: YncneHHOCTb (PUTONNAHKTOHA, KOI(pdUUMEHT 6uopasHoobpasns (koadduumeHT
[IMCCOHA), A0NM BUAOB C PasnuuHON Guoreorpadmyeckon (HMCIOo apKTUYecknx BUAOB) M 3KONOrn4ec-
KOV (YMCNIO OKEAHNYECKWX BUAOB) XapakTepucTukamu. Mpadmkn n3MeHeHns nNepeqncieHHbIX nokasa-
Tenel BaoNb KOnbCkoro paspesa npuseseHbl Ha pucyHkax G1, G5. 31 rpadmkn CBUAETENLCTBYIOT O
HaNMUMKN CYLLECTBEHHbIX Pa3nnunii B CTPYKType coobluecTs (pMTONIaHKToHa B 1921 n 1997 ropax.
BbiBoa: Kaxzas 13 aHanuM3npyeMbiX XapakTepucTuK yKasblBaeT Ha TO, YTO B Mae 1921 ropa ycnosus
Ana passuTus MTonNaHKToHa Geinn 6onee GnaronpusTHbIe, YeM B Mae 1997 ropa.

®uTonnaHkToH. Bapenueso mope: 1921-1957-1985-1997

OanHbie: [1na aHanu3a B3Tbl AaHHbIE 3a anpenb-mMain 1921, 1957, 1985 n 1997 roaos u3 paWoHa C
LeHTPOM B Touke 71°N 33°30'E u paanycom 15 munb. Beero BuibpaHo 8 craHumi, 37 npob.
XapakrepucTukm: PaccuvTaHbl CpeaHue ANA anpens-Mas 3HaueHus YNCIIEHHOCTW KNETOK Pwn-
TONNaHKTOHa nog M2 n koadduumeHTa 6ropasHoobpasus (koadduumeHT FnccoHa) ans 1921, 1957,
1985 1 1997 roaos (puc. G2). 3HaueHWs yka3aHHbIX NapamMeTpoB B 1921 rofy 3HauMTENIbHO 6onblune
MO CPAaBHEHUIO C OCTasbHbIMU rOAAMM.

BbiBog: YCnoBus Ans passutua (UTOMIAHKTOHa B anpenb-Man 1921 ropa 6binn 6onee Gnaronpu-
ATHblE, YeM B aHasnormuHble nepuoabl 1957, 1985 n 1997 ropos.
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7. CHANGES OF THE PLANKTON COMMUNITY

This Section is targeted at illustrating the database's capability to document changes in the plankton
communities of the Barents and Kara Seas. Two data groups have been selected: (i) data collected
during the period of sharp Arctic warming of 1920-1930 (Fu et al, 1999); (ii) data collected since
1950, during the period of more severe climatic conditions (Fu et al, 1999). All figures from this
chapter have been listed in Appendix G.

Phytoplankton. Barents Sea. Section Kola Meridian: 1921 vs. 1997.

Data: a) cruise of R/V Sokolitsa, May 1921, 5 stations, 16 samples along the section Kola Meridian; b)
cruise of R/V Pomor, May 1997, 7 stations, 35 samples along the section Kola Meridian.
Characteristics: Phytoplankton abundance, biodiversity coefficient (the Glisson coefficient), percent
of Arctic and oceanic species. The graphs (figures G1, G5) display substantial difference in the
phytoplankton structure between 1921 and 1997

Conclusion: Each of the analyzed characteristics shows, that the conditions for phytoplankton
development were more favorable in May 1921 than in May 1997.

Phytoplankton. Barents Sea: 1921-1957-1985-1997

Data: Data collected during April-May of 1921, 1957, 1985 and 1997 within the region with a 15 mile
radius and a central point with coordinates 71°N 33°30'E. 37 samples from 8 stations were collected.
Characteristics: April-May mean values of biodiversity coefficient (the Glisson coefficient) and
phytoplankton cells abundance are calculated under m? for the years 1921, 1957, 1985, and 1997
(Fig. G2). This figure shows that values were greater in 1921 than in the years 1957, 1985, and 1997.
Conclusion: Conditions for phytoplankton growth in April-May of 1921 were more favorable than in
similar periods of 1957, 1985 and 1997.
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3oonnaHkToH. Kapckoe mope: 1936 vs. 1981

Oannble: a) peiic cyaHa Hepna, asryct 1936 r., 38 craHuwii 143 npobbl B Kapckom mope; 6) penc
cynHa Jansrme 3eneHuysi, asryct 1981 r., 24 craHuum 109 npob B Kapckom mope.

XapakrepucTukm: PaccunTtaHa BCTPEYaeMOCTb BUAOB (KOMMUYECTBO BMAOB B % OT obwero uncna)
300M1aHKTOHA, SABNAIOWMXCA MHAMKATOpaMu apkTuyeckux Boa (puc. G3). BcrpevaeMocTb BMAOB-
MHAMKATOPOB apKTU4eckux Boa B 1981 3amMeTHO Bbile, yem B 1936.

BuiBoa: Knumartuueckue ycnosus B Kapckom mope B 1981 6binn 6onee cyposbiMu, uem B 1936 roay.

3oonnaHKToH. KOHas yacTb bapeHuesa mopsa: 1952-1959

Oannbie: Matepuansl 1630 craHumin, 7137 npo6, cobpaHHble B 84 peiicax, B 1952-1959 roapl.
XapakrepucTuku: oCTpoeHbl rpadmkn, xapakTepusylowme U3MeHeHus 6MOMacChl, YMCIIEHHOCTH,
uHaekca 6uopasHoobpasus (koauuUMeHT MMCCoHa) U aHoManuii TemnepaTtypsl B nepuoa 1952-1959
(puc. G6). MpOCNexXmBaeTCs TEHAEHLMSA CHWKEHUS 3HAaYEHUIA 3TuX napameTpos oT 1952 k 1959 roay.
BbiBog: 1953-1955 roabl xapaktepusylotca 6onee 6naronpusTHbIMA YC/IOBUSMU ANs Pa3BUTUA 30-
ONNaHKTOHa, Mo CpaBHeHnIo C 1956-1958 rogamu. OiHa U3 BO3MOXHBIX NPUYUH, OOYCIOB/IMBAIOLNX
3TO ABJIEHME — MOJIOXKUTENbHBIE aHOManuu TemnepaTypbl B 1952-1955 roabl 1 oTpuuaTesibHbie aHOMa-

num TemMnepatypsbl B 1956-1958 roabl (puc. G4).

Pe3iome

MpvBeAeHHbIE NPUMEPBI CBUMAETENLCTBYIOT O TOM, YTO B PacCMaTpUBaeMOM paitoHe ApkTuku B 1920-
1930-e rogel Habnoaanuck 6onee GnaronpuATHbIE YCIIOBUA A1 PA3BUTUA MIAHKTOHA, MO CPaBHEHUIO
B 1960-1980-mMm roaamu. ITOT BbIBOA COrNacyeTcs C CylecTBYOWMMM HabNIOAEHNAMU O PE3KOM

notenneHum ApkTtuku B nepuoa 1920-1930-x roaos (Fu et al., 1999).




International Ocean Atlas Series, Volume 2 4+ 4 4 Biological Atlas of the Arctic seas 2000

Zooplankton. Kara Sea: 1936 vs. 1981

Data: a) cruise of the R/V Nerpa, August 1936, 38 stations, 143 samples in the Kara Sea; b) cruise of
the R/V Dalnie Zelentsy, August 1981, 24 stations, 109 samples in the Kara Sea.

Characteristics: Relative occurrence (the number of species in percent from the total amount) of
zooplankton species as indicators of the Arctic waters has been calculated (Figure G3). It is
substantially higher in 1981 than in 1936.

Conclusion: The climatic conditions in the Kara Sea were more severe in 1981 than in 1936.

Zooplankton. Southern Barents Sea: 1952-1959

Data: Data of 84 cruises carried out during the period 1952-1959 (1630 stations, 7137 samples).
Characteristics: The graphs characterizing variation of biomass, abundance, biodiversity index (the
Glisson coefficient), and temperature anomaly during the period 1952-1959 (Figure G6) are plotted.
The tendency toward decrease in the values of 1952-1959 parameters is demonstrated.

Conclusion: The period from 1953-1955 had more favorable conditions for zooplankton development
in comparison to the period from 1956-1958. One of the possible explanations for this phenomenon
comes from the observed positive temperature anomalies in the period from 1953-1955 (Figure G4).

Conclusion

The listed examples have demonstrated that more favorable conditions for plankton development in
the investigated Arctic region existed in the period during 1920-1930 than during 1960-1980. This
conclusion complies with existing observations of Arctic warming during the period 1920-1930 (Fu et
al., 1999).
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8. COAEP)XAHME CD-ROM

Ha CD-ROM nomelLeHbl nepBuyHbie AaHHbIE, BCOMOraTesibHbie (aiiibl, @ Takke HacToswwmin ATnac B
¢opmate HTML u doc (Microsoft WORD). HTML Bepcus Atnaca coCTouT u3 8 pas3aenos:

[lokymeHTaums. Paspfen COAEpXUT TeKCT buosormyeckoro arnaca mopesi Apktmkn 2000: riaHKTOH
bapeHuesa n Kapckoro MOpes Ha pyCCKOM U aHITIMACKOM A3bIKaXx.

Uctopusa. lMpeactaBneH cnncok paboT no wuccnefoBaHWio M/iaHKTOHa bapeHuesa Mopsi M KapTbl
pacnpeaeneHns 6eHTOCHbIX CTaHumMi 3a nepuoabl 1920-1940 n 1968-1970 roael.

Buabl niaHKToHa. MNpuBeaeHbl CMMCKM BUAOB MAAHKTOHA Mopei ApKTUkW. MpeaycMOTPeH NoUCK BUOB
no andasuTy U NO TAKCOHOMUYECKUM rpynnam. [ns kaxxaoro euaa UTOMNIaHKTOHA aHbl ero reorpa-

duryeckas n 3KonornyecKan xapakTepucTmka.

dotorannepes. B ¢oToansbomM BioHeHbl GOTOrpacdum XuBbIX KNETOK U PUCYHKU 50 AOMUHAHTHbIX
BUAOB (DUTOMMAHKTOHA Mopel ApKTUKM, a Takke doTorpacdum npouecca c6opa npod huTonnaHKToHa

¢ 6opTa aToMHoro neaokona Coserckmii Coro3.

Ba3a aaHHbIX. MpuBeaeHbI KapTbl pacnpeaeneHns AaHHbIX. [peaycMoTpeHbl CpeacTsa ANns npocMoTpa
AaHHbIX MO KaxaoMy peiicy. Ha CD-ROM B pasagene DATA\PRIMARY npuBeaeHbl AaHHble 158 peicos
3a nepuoa 1913-1999 roapl.

Mopckas cpesia. B pazaen BKIOYEHb! KapTbl U rpadmku, OnucbiBaloWwme pacnpeaeneHne pasfiniHbix
XapaKTePUCTUK (UTO- M 300MNAHKTOHA, @ TaKXKe KapTbl PacNpeAeneHnus TeMnepatypbl U CONEHOCTY,

NONOXXEHUSA KPOMKM /bAa, @ TaKXKe XapaKTepPUCTUKN BEPTUKANbHON CTPYKTYpbl Bog BapeHuesa Mops.

M3MeHeHUsi NNIaHKTOHHOro coobulectea. CpaBHUMBAETCA CTPYKTYpbl niaHkToHa 1930-x, 1950-x, 1990-x

rofos. BbisiBNEHHbIE pa3nnuumna CONoCTOBNAKOTCA C USMEHEHMEM K/lMMaTa ApPKTUKW.

ABTODbI. MPUBOAUTCS CMIMCOK aBTOPOB C YKa3aHUEM MX aApecoB, TenedoHOB U 3/1EKTPOHHOW MOYTbI.
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8. CD-ROM CONTENT

The accompanying CD-ROM contains original data, auxiliary tables, figures and text of the Atlas in MS
doc and HTML formats. The HTML version of the Atlas consists of the following sections:

Documentation. This Section contains the text of 7he Biological Atlas of the Arctic seas-2000: The
Barents Sea and the Kara Sea Plankton in Russian and English.

History. The list of publications of the Barents Sea phytoplankton and zooplanktion is presented. The
maps specifying locations of benthos stations carried out in the Barents Sea are attached.

Plankton taxa. Phytoplankton and zooplankton species of the Arctic seas are listed in alphabetical
order. The geographic and ecological characteristics are given for each species. Search capability by
taxonomic group is provided.

Photo Gallery: includes photographs and drawings of 50 dominant phytoplankton species of the Arctic
Seas and photographs of plankton sampling during the expedition of MMBI on the nuclear icebreaker
Soviet Union in the Barents and Kara Seas. March-April, 1998

Database. Data distribution maps are exhibited. The technique for review of the data obtained during
each cruise is provided. Section DATA\PRIMARY presented on the CD-ROM displays the data of 158

cruises for the period 1913-1999.

Marine environment. This section incorporates maps and graphs describing the distribution of various

characteristics of the plankton, and maps of the temperature and salinity, monthly mean ice edge
positions, and vertical structure of the Barents Sea water.

Plankton community changes. Comparisons between the structure of the plankton in the 1930's,
1950's, and 1990's are presented. Observed changes are related to the variability of the Arctic climate.

Authors. Names of the authors, their addresses, telephones, and e-mail addresses are listed.
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9. SAKJTOMEHUE U BYAYLWMUE PABOTDI

Ha npumepe 3006€HTOCa NOKa3aHO, YTO NPEIOKEHHBI (POPMaT ONUCaHNs AaHHBIX MO 6510KaM MOXeET

6bITb UCMONL30BaH A1 (JOpManNMU3aLMm LWIMPOKOro Kpyra napameTpos.

Pe3ynbTaThl CpPaBHEHUS! CTPYKTYPHbIX XapaKTEPUCTUK M/IAHKTOHa MOKa3biBaloT, yto 20-30-e roapl

6binn Gonee 6r1aronNpUATHBLI U1 Pa3BUTUA MIAHKTOHA MO cpaBHeHwIo ¢ 50-mu, 80-Mu 1 90-mmn roaamm.

Moka3aHo, YTO BHYTPUrofi0Bas M3MEHUMBOCTb XapaKTepPUCTUK 300rMJIaHKTOHa, COBpaHHOro B nepuoa
1952-1959 rogoB B NpubpexHOi 30He KonbCcKoro nonyocTposa, cosnaaana no ¢ase ¢ hpnykryauuamm

aHOManui TemnepaTypbl.

MononHeHve 6a3bl AaHHbIX M AOKYMEHTMPOBAHME M3MEHEHWI rMAPOBMONIOrMHECKUX XapakTepUCTUK
mopelt ApkTukn GyayT NPUOPUTETHBIMU HanpaBneHnaMn Hawmx Gyayuwmx pabot. Mel npeanonaraem
YCOBEpLUEHCTBOBaTb KOHTPOJIb KaueCTBa rMAPOGMONIOrMUECKUX AAHHBLIX U ONUCaHWe MeToAoB M3Me-

peHui.
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9. CONCLUSION AND FUTURE WORK

The zoobenthos example showed that the suggested data description format can be used for the
formalization of a wide variety hydrobiological parameters.

The comparison results have demonstrated that the 1920’s and the 1930’s were more favorable for
plankton development compared with the period 1950-1990.

The data collected in the Kola Peninsula region in the period 1952-1959 demonstrated that intra-year

variation in zooplankton characteristics is in phase with the temperature anomaly fluctuations.

The database development and documentation of fluctuations in hydrobiological characteristics of the
Arctic seas are of priority for our future work. We plan to develop the database through improvement
of the quality control procedures for hydrobiological characteristics and detailed descriptions of the
methods and gears.
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Period Brief overvie Source
1903-1904 List of species, seasonal dynamics of species content Linko, 1907
1921 List and biogeographic characteristics of the dominant species Virketis, 1928
1926-1931 Biomass, production Jaschnov, 1940
1929-1930 Biomass, production, abundance of the dominant species Jaschnov, 1939b
1930 Chemical composition of Calanus finmarchicus Vinogradov, 1938
1930 Populational structure of Calanus finmarchicus Jaschnov, 1939a
1930 Size and age structure of populations of Chaetognatha and Bogorov, 1940b
Euphausiacea
1930 Size and age structure of hyperiid population Bogorov, 1940c
1931-1939 Biomass, seasonal development, vertical distribution Manteifel, 1941
1933-1938 Ecology of euphausiids, hyperiids, and chaetognaths Boldovsky, 1941
1934-1935 Seasonal development of zooplankton Manteifel, 1938
1934-1970 Biomass Antipova et al., 1974
1937 Seasonal development of zooplankton Mosentsova, 1939
1957-1959 Occurrence and morphology of polychaete larvae (Polychaeta) Mileikovsky, 1960a
1957-1960 Morphology of polychaete larvae (Polychaeta) Mileikovsky, 1967
1958 Distribution, abundance, morphology of polychaete larvae Mileikovsky, 1959
1958-1959 Distribution of mollusc larvae (Gastropoda) Mileikovsky, 1960b
1958-1959 Occurrence of polychaete (Poluchaeta) in plankton Mileikovsky, 1961a
1958-1959 Biomass, structure of Calanus finmarchicus polulation Degtereva, 1960
1958-1960 Occurrence of pelagic polychaetes (Polychaeta) Mileikovsky, 1962a
1958-1960 Occurrence of starfish larvae (Echinodermata) Mileikovsky, 1968
1958-1962 Occurrence, morphology of brittle star larvae (Echinodermata) Semenova et al, 1964
1959 Occurrence of polychaete larvae (Polychaeta) Mileikovsky, 1961b
1959 Biomass, structure of Calanus finmarchicus population Mileikovsky, 1962b
1959-1961 Biomass, structure of Calanus finmarchicus population Degtereva, 1964
1959-1969 Biomass, abundance of Calanus finmarchicus Degtereva, 1973
1959-1977 Biomass, abundance of the dominant species Degtereva, 1979
1959-1983 Biomass, abundance of the dominant species Degtereva, Nestareova, 1985
1959-1990 Biomass Nesterova, 1990
1962-1963 Biomass, structure of Calanus finmarchicus population Degtereva, 1971
1965-1968 Biomass, structure of Calanus finmarchicus population Degtereva, 1972
1970 Biomass, abundance of dominant species, structure of Calanus Nesterova, 1974
population
1972 Abundance, vertical distribution of macroplankton Kashkin, 1976
1980-1988 Abundance of hyperiids ( 7hemisto sp.) Drobysheva, Nesterova, 1992
1982 Seasonal dynamics of biomass Timofeev, 1989b

Morphology, distribution of gastropod mollusc larvae

Mileikovsky, 1960c
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Region 2. The coastal zone of the Kola Peninsula

Period Brief overviw Source
1899-1909 Kola Bay: list of species, seasonal dynamics of species content Deryugin, 1915
1903-1904 List of species, seasonal dynamics of species content Linko, 1907
1920-1930 List of species of zooplankton in the Motovsky Bay Virketis, 1931
1930-1931 Chemical composition of Calanus finmarchicus Vinogradov, 1938
1932 Seasonal biomass dynamics of zooplankton in the Motovsky Bay Manteifel, 1941
1949-1951 Seasonal dynamics of populational structure of Pseudocalanus elongates Kamshylov, 1961a
1949-1951 Seasonal dynamics of populational structure of Calanus finmarchicus Kamshylov, 1955
1949-1952 Distribution and dynamics of barnacle larvae abundance Kamshylov, 1958b
1950-1951 Seasonal dynamics of populational structure of Calanus finmarchicus Kamshylov, 1952
1951 Body length and weight of Calanus finmarchicus Kamshylov, 1951
1952-1956 Seasonal biomass dynamics including Calanus Kamshylov et al., 1958
1952-1956 Abundance, distribution, feeding, growth of ctenophore (Ctenophora) Kamshylov, 1961b
1950-s Distribution and dynamics of barnacle larvae abundance Rzhepishevsky, 1958a
1953-1959 Seasonal dynamics of abundance of Calanus finmarchicus Golovkin, Zelikman, 1965
1953-1959 Abundance of jelly-fish Zelikman, 1970
1954-1955 List of species, reference table and seasonal dynamics of polychaeta Petrovskaya, 1960
larvae
1954-1957 List of species, seasonal dynamics of taxonomic composition of Lobanov et al., 1983;
zooplankton in the Motovsky Bay Mikhailovsky, 1986,1988
1954-1959 Seasonal biomass dynamics Timofeev, 1997b
1955-1959 Populational structure of Calanus Nesmelova, 1966
1956-1959 Biomass distribution, seasonal biomass dynamics including Ca/anus, intra- | Zelikman, Kamshylov,
year biomass variability 1960
1956 Distribution and abundance of Pseudocalanus elongatus Zelikman, 1961c
1958-1959 Occurrence of polychaete (Polychaeta) in plankton Mileikovsky, 1961a
1958-1960 Occurrence of starfish (Echinodermata) larvae Mileikovsky, 1968
1964 Biomass seasonal dynamics including Calanus finmarchicus Nesmelova, 1968
1972 List of species, abundance and vertical distribution in the layer of 0-45 cm | Tupitsky, 1976
1976 Abundance, vertical distribution of the dominant species in spring and | Fomin, 1977
winter
1976-1977 List of species, seasonal dynamics of biomass and abundance of the | Fomin, 1978
dominant species
1976-1977 Body length and weight of Calanus finmarchicus Fomin, 1982
1976-1977 Biological seasons, seasonal vertical migrations of Calanus Fomin, 1985
1976-1977 Seasonal dynamics of species content Fomin, 1989a
1976-1984 Seasonal dynamics of abundance of dominant species including Calanus Fomin, 1991
1976-1985 Distribution, abundance and biology of larvaceans Zubova, Fomin, 1989
1976-1984 Populational biology of Calanus finmarchicus Fomin, 1995
1979-1984 Seasonal and multi-year dynamics of zooplankton biomass in the Kola Bay | Glukhov et al, 1992
1982-1984 Structure of hyperiid population ( 7hemisto abyssorum) Koszteyn et al., 1995
1983-1984 Seasonal dynamics of abundance including Calanus finmarchicus Fomin, Chirkova, 1988
1983-1984 Seasonal dynamics of species content Druzhkov, Fomin, 1991
1986-1990 Zooplankton biomass in the Kola Bay Kireeva et al., 1991
1987 Species content, biographical and ecological characteristics, characteristics | Tumodees, 1994a
of dominant species biology
1987-1988 Size structure of copepod communities Timofeev, 1992b
1990 Species content, abundance, vertical distribution, trophic structure of Timofeev,
zooplankton in the Kislaya Bay (Motovsky Bay) Shirokolobova, 1993
1990 Species content, abundance, vertical distribution, trophic structure of Shirokolobova, 1996
zooplankton in the Kislaya Bay (Motovsky Bay)
1991 Zooplankton species content, abundance in the Belokamenka Bay Tliin et al, 1992
1995 Abundance, populational structure of euphausiid, hyperiid and decapod | Timofeev, 1997a
larvae in the Kola Bay
1996 Species content, abundance of zooplankton in the Motovsky Bay Druzhinina, 1997
1996 Abundance and size structure of decapod larvae in the Kola and Motovsky | Timofeev, 1999

Bays
List of species
Structural and functional community arrangement

Kamshylov, Zelikman, 1958
Timofeev, 1990b,1996b
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Region 3. The Pechora Sea

List of species, biomass

Period Brief overview Source
1924 Diurnal vertical distribution of crustaceans Bogorov, 1932,1938b
1924 Body length and weight of Calanus finmarchicus Bogorov, 1933
1958 List of species, biomass, abundance of the dominant species Zelikman, 1961a
1958 List of zooplankton species detected in the stomach of Arctic cod | Belova, Tarverdieva, 1964
(Boreogadus saida)
1959 Biomass, abundance of the dominant species Zelikman, 1966
1978 Biomass, abundance of the dominant species Koptev, Nesterova, 1983
1983-1984 Distribution and abundance of nauplii and capepodite stages of copepods Borkin, Nesterova, 1990
1992 Volume (Mm*/M%) of zooplankton samples Timofeev, 1992a
List of species, biomass Timofeev, 1995
1992-1996 Biomass Troshkov, Gnetneva, 1998

Timofeev, Shirokolobova,
1996

Region 3A. The Cheshskaya Bay

between holo- and meroplanktonic forms

Period Brief overview Source

1925-1926 List of species Virketis, Kiselev, 1933
1958 Biomass, distribution of the dominant species Zelikman, 1961a

1959 Biomass, distribution of the dominant species Zelikman, 1966

1964 Biomass Zelikman, 1968
1992-1996 Biomass Troshkov, Gnetneva, 1998
1994 List of species, biomass, abundance of the dominant species, relationships Makarevich,

Druzhinina, 1997

Region 3B. The Pechora Bay

Period Brief overview Source

1958 List of species of pelagic crustaceans Myaemets, Veldre, 1964
1961-1983 Biomass for years of various thermal regime Zalesskikh, 1986

1963 List of species, abundance of the dominant species Nadezhdin, 1964
1964-1966 List of species, biomass Chuksina, 1970
1967-1968 Biomass, abundance of dominant species Chuksina, 1971
1972-1978 Biomass for years of various thermal regime Zalesskikh, 1990
1992-1995 Biomass Troshkov, 1998
1992-1996 Biomass Troshkov, Gnetneva, 1998
1994 Biomass, abundance Stogov, Antsulevich, 1995
1994-1995 Biomass, abundance Stogov, Antsulevich, 1996
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Region 4. The eastern Barents Sea

Period Brief overview Source

1967 List of species, biomass, abundance and distribution of the dominant | Zelikman, Golovkin, 1972
species

1978 Biomass, abundance and distribution of the dominant species Koptev, Nesterova, 1983

1983-1984 Biomass, abundance and distribution of the dominant species Borkin, Nesterova, 1990
List of species, biomass Timofeev, 1995

Region 5. The Franz Josef Land

Period Brief overview Source

1929 List of species Bernshtein, 1932

1929 New species of marine rotifers (Rotatoria) Smirnov, 1932

1970 List of species, biomass, abundance of the dominant species in the layer Shuvalov, Pavshtiks, 1977
of 0-45 cm

1970 Biomass, abundance, age and morphology of Calanus glacialis and Pavshtiks, Vyshkvartseva,
Calanus finmarchicus 1977
List of species, biomass Timofeev, Shirokolobova,

1993

Region 5A. The northeastern Barents Sea

Period Brief overview Source
1929 List of species Bernshtein, 1932
1930 List of species Bernshtein, 1934

Region 6. The Storfjord

Period Brief overview Source

1991 Size structure of the copepod community Timofeev, 1992c

1991 Meroplankton Timofeev, Shaban, 1992
1991 Age and size structure of the population of Parasagitta elegans Timofeev, 1994b

1991 Meroplankton Timofeev, 1998b

Region 7. The southern Barents Sea

Period

Brief overview

Source

1959
1982
1982-1993
1993

Biomass, abundance and distribution of the dominant species
Diurnal vertical distribution

Biomass

Distribution, abundance of the dominant species

Zelikman, 1966

Rossov et al., 1984
Tereshchenko et al., 1994
Shirokolobova, 1994

Region 8. The central Barents Sea

Period

Brief overview

Source

1959
1993

Biomass, abundance and distribution of the dominant species
Distribution, abundance of the dominant species

Zelikman, 1966
Shirokolobova, 1994
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NMpunoxxenne A. UcTopmsi rmapo6MoNoruuecKnx MCCne0BaHui:
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300NN1aHKTOH: 0630p ny6nuKaLmii No pamoHam

PaitoH 1. 3anaaHasa YacTb bapeHuesa Mops

NMepnoa

KpaTkoe coaep)xaHue pa6orbi

UCTOUHMK

1903-1904
1921
1926-1931
1929-1930
1930
1930
1930
1930
1931-1939
1933-1938
1934-1935
1934-1970
1937
1957-1959
1957-1960
1958
1958-1959
1958-1959
1958-1959
1958-1960
1958-1960
1958-1962
1959
1959
1959-1961
1959-1969
1959-1977
1959-1983
1959-1990
1962-1963
1965-1968
1970
1972
1980-1988
1982

CnncoK BUAOB, CE30HHAs AMHAMWUKaBMA0BOrO CocTaBa

Cnncok 1 6uoreorpaduyeckas xapakTepucTuka MaccoBbIX BUAOB
buomacca, npoaykums

Buomacca, npoaykums, obunue MaccoBbix BUAOB

Xumunueckui coctas Calanus finmarchicus

MonynsaumnoHHas cTpykTypa Calanus finmarchicus
Pa3mepHO-BO3pacTHasi cTpykTypa Chaetognatha u Euphausiacea
Pa3aMepHO-BO3pacTHas CTPYKTypa nonynsuun runepuna
bBuomacca, Ce30HHOe pa3BUTUE, BEPTUKA/ILHOE pacnpeaeneHve
Skonorus 3sday3una, rmnepuns U WETUHKOUENOCTHBIX
Ce30HHOE pa3BUTHe 300MJIAHKTOHA

Buomacca

Ce30HHOe pa3BUTUE 300MJIaHKTOHA

BcTpeuaeMocTb, MOponorus nnunHok nonuxer (Polychaeta)
Mopdonorus nuuuHok nonuxet (Polychaeta)

Pacnpeaenenve, obunue, MOpONorusa IMUUHOK NOSIMXET
PacnpeaeneHue IMunMHOK 6pioxoHorux Monniockos (Gastropoda)
BcrpeuaemocTb nonuxet (Polychaeta) B nnaHKToHe

Buomacca, CTpyKTypa nonynsiunn Calanus finmarchicus
BctpeuaeMocTsb nenarnueckux nonuxet (Polychaeta)
BcTpeuaeMocTb IMuMHOK Mopckux 3Be3A (Echinodermata)
BcTpeuaeMocTb, Mopdonorus nuunHok oduyp (Echinodermata)
BcrpeuaeMocTb MunHok nonuxeT (Polychaeta)

Buomacca, CTpyKTypa nonynsuuw Calanus finmarchicus
Buomacca, CTpyKTypa nonynsiuun Calanus finmarchicus
Buomacca, obunve Calanus finmarchicus

Buomacca, obunue MaccoBbix BUAOB

Buomacca, obunue Maccosbix BUAOB

Bbuomacca

Buomacca, CTpykTypa nonynsuun Calanus finmarchicus
Buomacca, CTpyKTypa nonynsuuw Calanus finmarchicus

Buomacca, obunme MaccoBbIX BUAOB, CTPYKTYpa NOMynsiLumn KansHyca

06unue, BEpTUKaNbHOE pacnpeaeneHmne KpynHbix Gopm

O6unue runepung, ( Themisto sp.)

Ce30HHaa AnHaMuka Guomacchl

Mopdonorus, pacnpeseneHne TMYMHOK GPIOXOHOTUX MO/KOCKOB

JNuHko, 1907
BupkeTtuc, 1928
SlwHos, 1940

SlwHos, 19396
BuHorpagos, 1938
AwwHos, 1939a
Boropos, 19406
boropos, 19408
ManTeindens, 1941
Bonposckuit, 1941
ManTendens, 1938
AHTUNOBa 1 Ap., 1974
MoceHuosa, 1939
Muneikosckuit, 1960a
Mwuneitkosckui, 1967
Muneinkosckuin, 1959
Muneinkosckuii, 19606
Mwuneikosckuid, 1961a
[ertepesa, 1960
Muneikosckuid, 1962a
MuneikoBckuid, 1968
CemeHoBa u ap., 1964
Muneikoscku, 19616
Muneinkosckuii, 19626
[ertepesa, 1964
[lertepesa, 1973
[ertepesa, 1979
[lervepesa, Hecteposa, 1985
Hecteposa, 1990
[Jertepesa, 1971
[ertepesa, 1972
Hecteposa, 1974
KawwkuH, 1976
[pobbiwesa, Hecteposa, 1992
Tumodees, 19896
MuneinkoBckuin, 19608
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PaitoH 2. MNpubpexHas 30Ha KosbCkoro nonyocTposa

Mepwopa KpaTtkoe cogep)xaHue paborbl MUcTouHuk
1899-1909 KonbCKOro 3anuB: CNUCOK BUAOB, CE30HHAs ANHAMUKA BUAOBOIO COCTaBa [eptorun, 1915
1903-1904 CnucoK BUAOB, CE€30HHas AMHaMMKa BUAOBOIO COCTaBa Jlunko, 1907
1920-1930 Cnucok BMAOB 300N1aHKTOHAa MOTOBCKOrro 3anusa Bupketuc, 1931
1930-1931 Xumunueckuin coctas Calanus finmarchicus Bunorpaaos, 1938
1932 Ce30HHan AnHaMuka 6uomaccel B nnaHKToHe KOnbCKOro 3anuea MaHTeiidens, 1941
1949-1951 Ce30HHas AMHaAMUKa NONyNsSIUMOHHON CTPYKTYPbl Pseudocalanus elongates Kamwwunos, 1961a
1949-1951 Ce30HHas AMHAMKUKA NONYNSUMOHHOWM CTPYKTYpbl Calanus finmarchicus Kamwwunoe, 1955
1949-1952 PacnpeaeneHve u AuHaMuKa YNCNEHHOCTU IMUMHOK YCOHOrMX paykoB Kamwwunos, 19586
1950-1951 Ce30HHas AMHAMUKA NONYNSILMOHHONK CTPYKTYpbl Calanus finmarchicus Kamwwunos, 1952
1950-1960 PacnpeaeneHve n AMHaMuKa YNCIEHHOCTU JINUNHOK YCOHOMMX PaykoB PxenuieBckuii, 1958a
1951 [invHa Tena v colpoit Bec Calanus Finmarchicus Kamwwunos, 1951
1952-1956 Ce30HHas AMHaMuka 6uomaccel, B TOM Yucie OTAENbHO ANs KansHyca Kamwwnos u ap., 1958
1952-1956 O6unue, pacnpeaenexHune, nutaHue, poct rpebHesnkos (Ctenophora) Kamwwunos, 19616
1953-1959 Ce30HHan aAuHaMuka obwnua Calanus Finmarchicus lonoBkuH, 3enukmaH, 1965
1953-1959 O6unue meays, cudoHodop, rpebHeBUKOB 3enukman, 1970
1954-1955 Cnucok BUAOB, onpeaenutenbHas Tabnuua v Ce30HHas AnHaMuKa MNerposckas, 1960
NNIAHKTOHHLIX MYKHOK Polychaeta
1954-1957 CnuCOK BUAOB, CE30HHAs AWHAMWKA TAaKCOHOMMYECKOro cocTaBa 300mnnaH- JlobaHos u ap., 1983;
KTOHa MOTOBCKOro 3anvsa Muxaitnosckuit, 1986,1988
1954-1959 Ce30HHasi AuHaMuka 6momaccsl Tumodees, 19976
1955-1959 MNonynsiuMoHHas CTPyKTypa KanaHyca Hecmenosa, 1966
1956 Pacnpepenenue n obunue Pseudocalanus elongatus 3enunkman, 19618
1956-1959 Pacnpeaenenne 6MOMacchl NO akBaTOpuK, Ce30HHas AMHaMMKa 6uomac-Cbl.| 3enuKMaH, Kamwunos,
BuomMacca KansiHyca, MexrogoBas U3MeHYMBOCTb 6UOMACCHI 1960
1958-1959 BctpeuaemocTb nonuxet (Polychaeta) B nnaHKTOHe MuneikoBckuin, 1961a
1958-1960 BcTpeuaeMocTb IMUMHOK MOpckux 3Be3p (Echinodermata) MwuneiikoBckuii, 1968
1964 Ce30HHas AMHaMuKa 6uomacchl, B TOM uucne Calanus finmarchicus Hecmenosa, 1968
1972 Cnuncok BUAOB, 06UNME U BEpTUKanbHoe pacnpeaenenue s cnoe 0-45 cMm Tynuukuit, 1976
1976 06unue, BepTUKaNbHOE PacnpeAesieHne MacCoBbIX BUAOB BECHON, 3UMON ®omuH, 1977
1976-1977 CruUCOK BUAOB, CE30HHAasi AMHaMmnka 6Gnomaccol n 06unMsi MaccoBbiX BUAOB ®omuH, 1978
1976-1977 [lnvHa Tena w colpoit Bec Calanus finmarchicus ®omuH, 1982
1976-1977 Buonoruyeckue Ce30Hbl, Ce30HHbIE BEPTUKA/bHbIE MUTPaLIUKN KansiHyca ®omuH, 1985
1976-1977 Ce30HHas AMHaMMKa BUAOBOro COCTaBa ®omuH, 19896
1976-1984 Ce30HHas AMHaMUKa 06UNua MaccoBbIX BUAOB, B TOM YKC/IE KansHyca ®omuH, 1991
1976-1985 Pacnpesaenenve, obunue n 6Uonorus anneHauKynspui 3ybosa, ®omuH, 1989
1976-1984 MNonynsuuonHas 6uonorus Calanus finmarchicus ®omMuH, 1995
1979-1984 Ce30HHas, MHOroNETHSISA IMHaMMKa 6UOMacchl 300n1aHkToHa Konbek. 3an Inyxos u ap., 1992
1982-1984 CTpyKkTypa nonynsauuv runepuuabl 7hemisto abyssorum Koszteyn et al., 1995
1983-1984 Ce30HHan AMHaMuKa obunus, B TOM uucne Calanus finmarchicus ®omuH, Yupkosa, 1988
1983-1984 Ce30HHas AMHaMMKa BMAOBOro COCTaBa [Lpyxkos, ®omuH, 1991
1986-1990 buomacca 300nnaHkToHa KonbCkoro 3anvea Kupeesa v ap., 1991
1987 Buaosoi coctas, 6uoreorpadmueckas M 3Konorumueckas xapakrepucrtuka, Tumodees, 1994a
0Cco6eHHOCTH 6MONOrMN MacCcoBbIX BUAOB
1987-1988 Pa3MepHbIt cocTaB coobLIecTBa BEC/IOHOMMX PayKoB Tumodees, 19926
1990 BuaoBoit coctas, obunue, BeEpTUKaNbHOE pacrnpeaeneHue, Tpodmueckasi Tumodees,
CTPYKTYpa 300M1aHKTOHa ry6bl Kucnas (MoToBCKUiA 3an1B) LLinpokono6osa, 1993
1990 BupoBoii coctas, 0b6unue, BepTUKanbHOE pacnpeaenenue, Tpoduueckas Lnpokonobosa, 1996
CTPYKTYpa 300M1aHKTOHa ry6bl Kucnas (MoToBCKMiA 3an1B)
1991 BuaoBoit coctas, obunue 300nn1aHkToHa B KONbCKOM 3anuBe nbuH u ap., 1992
1995 O6unue, nonNynAuUMOHHas CTpyKTypa 3Bdaysumna, ambunoa-runepums v Tumodees, 1997a
JIMYUHOK AECATUHOrMX PakoB B NNaHKTOHe KonbCKOro 3anuea
1996 BuaoBou cocTas, 0bunne 300nnaHKToHa MOTOBCKOro 3anuea LpyxuHuHa, 1997
1996 O6unue 1 pasMepHbIi COCTaB IMUYMHOK AECATUHOrMX pakos Konbc. 3an. Tumodees, 1999

Cnucok B1aoB
CTPYKTYPHO-(DYHKLIMOHAIbHAsi OpraHn3aums coobiecTsa

Kamwwunos, 3enukman, 1958
Tumodees, 1990,19966
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PaitoH 3. Meyopckoe mope

Mepnop KpaTkoe coapepxaHne pa6orbl UcTouHMK

1924 CyTOuHO€e BepTUKasibHOE pacrpeaesieHne BeC/IOHOrMx payukos boropos, 1932,19386

1924 [lnuHa Tena u coipowt Bec Calanus finmarchicus boropos, 1933

1958 Cnucok BuaoB, 6uomacca, obunme MaccoBbiX BUAOB 3enukmaH, 1961a

1958 CnuCcoK BUAOB 300MJI@HKTOHHbBIX OPraHU3MOB, O6GHAPYXKEHHBIX B benosa, Tapsepavesa, 1964
xenyakax canku (Boreogadus saida)

1959 Buomacca, obunue MaccoBbiX BUAOB 3enukmaH, 1966

1978 buomacca, obunue MaccoBbix BUAOB KonTes, Hecteposa, 1983

1983-1984 Pacnpeaenexue n o6unue HaynanycoB U KONEMOAUTHbLIX CTaaui bopkuH, Hecteposa,
BECJIOHOMUX PaykoB 1990

1992 06vem (MM*/M?) Npo6 300nNNaHKTOHa Tumodees, 1992a
Cnucok BuaoB, 6uomacca Tumodgees, 1995

1992-1996 buomacca Tpowkos, MHeTHeBa, 1998

Cnucok Buaos, 6uomacca

Tumodgees, LLinpokonobosa,
1996

PaioH 3A. Yeluckas ryba

Mepuog KpaTtkoe coagepxaiune paborbi UcTouHnK

1925-1926 Cnucok BUaOB Bupketuc, Kucenes, 1933
1958 buomacca, pacnpeaeneHvue MaccoBbiX BUAOB 3enukman, 1961a

1959 Buomacca, pacnpeaeneHsne MaccoBbiX BUAOB 3enukman, 1966

1964 buomacca 3enukmax, 1968
1992-1996 buomacca Tpowkos, MHeTHeBa, 1998
1994 Cnucok BuaoBs, 6uomacca, obunme MaccoBbiX BUAOB, COOT-HOLWEHKE rono- | Makapesuy,

1 MEPOMJIAHKTOHHbLIX (hOpM

Apy>xvHuHa, 1997

PaiioH 3B. Mevyopckuii 3anve

Mepuop KpaTtkoe copepxanne pa6borbi UcTouHnk

1958 CnuncoK BUAOB NMIAHKTOHHBIX Pakoo6pasHbixX Msamertc, Benape, 1964
1961-1983 Bromacca ans net ¢ pasnuyHbIM TEPMUYECKUM PEXMMOM 3anecckux, 1986

1963 Cnucok BuaoB, obunue MaccoBbix BUAOB HapexauH, 1964
1964-1966 Cnucok Buaos, 6uomacca Yykcuna, 1970
1967-1968 buomacca, obunue MaccoBbixX BUAOB YykcuHa, 1971

1972-1978 buomacca anst neT ¢ pasnuyHbIM TEPMUYECKUM PEXXMMOM 3anecckux, 1990
1992-1995 buomacca Tpowkos, 1998
1992-1996 Buomacca Tpowkos, MHeTHeBa, 1998
1994 Buomacca, obunne Croros, AHuynesuy, 1995
1994-1995 buomacca, obunue Croros, AHuynesuy, 1996
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PaiioH 4. BocTouHas yacTtb bapeHuesa mops

Mepuop KpaTtkoe copaepxanue pa6orbi

WUCTOuHMK

1967 Cnucok BuaoB, 6uomacca, obunue n pacnpeaeneHne MaccoBbix BUAOB
1978 Buomacca, obunue n pacnpeaeneHne MacCoBbiX BUAOB

1983-1984 Buomacca, obunue u pacnpesenesne MaccoBbix BUAOB

Cnucok Buaos, 6uomacca

3enukmaH, fonoBkuH, 1972
Konres, Hecteposa, 1983
bopkuH, Hecteposa, 1990
Tumodees, 1995

PalioH 5. 3emna ®paHua-Mocuda

Mepwop KpaTrkoe copeprxanune pa6borbi MUcTounnk

1929 Cnucok BUAOB bepHwrTeiH, 1932

1929 HoBsble BuzbI MOpCKkUx konospaTok (Rotatoria) CmupHoB, 1932

1970 Cnncok BuaoB, 6uomacca, obunme MaccoBbix BUAOB B cioe 0-45 cm LLlysanos, MNaswrtukc, 1977

1970 Bbuomacca, obunue, Bo3pactHon coctaB u Mopconorus Calanus MNaBwTunkc, Bolwkeap-
glacialis w Calanus finmarchicus uesa, 1977
Cnucok BuaoB, 6uomacca Tumodees, LLUnpoko-

nobosa, 1993
PainoH 5A. CeBepo-BOCTO4Has 4acTb bapeHuesa mops
NMepuon KpaTkoe coaeprxanme paborbi NUCcTOuHMK

1929 Cnucok BuaoB
1930 Cnucok BnaoB

bepHwTenH, 1932
bepHuwTeiiH, 1934

PavioH 6. Ctop-hbopa

Mepuopn KpaTkoe coapep)xanue paborbi UcTouHnK

1991 PasmepHas cTpykTypa coobuiectsa BeCIOHOTMX paykoB Timofeev, 1992

1991 MeponnaHKTOH Tumodees, LLlabaH,1992 1992
1991 Pa3mepHO-BO3pacTHas CTpyKTypa nonynsuuu Parasagitta elegans Tumogees, 19946

1991 MeponnaHkToH Timofeev, 1998

PaitoH 7. KOxxHas YacTb bapeHuesa Mops

Mepuop KpaTtkoe copepxaHue pa6oTbi UcTouHMnk

1959 Buomacca, obunve n pacnpeseneHne MaccoBbliX BUAOB 3enukmax, 1966

1982 CyTouHOe BepTukanbHoe pacnpeaenesme Poccos u ap., 1984
1982-1993 buomacca TepeweHko n ap.,1994
1993 Pacnpeaenesue, obunme MaccoBbix BUAOB LLinpokonobosa, 1994

PaitoH 8. LleHTpanbHas yacTb bapeHuesa Mops

Mepuop KpaTtkoe cogepxaimue pa6orbi UcTouHmnk
1959 Buomacca, obunve u pacnpeaeneHne MaccoBbix BUAOB 3enukman, 1966
1993 Pacnpeaenenue, obunve MaccoBbix BUAOB LLinpokono6osa, 1994
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Appendix B. Lists of plankton taxa

Appendix B contains examples of lists of phytoplankton and zooplankton taxa names.
Full lists of phytoplankton and zooplankton taxa of the Barents and Kara seas are
available on the CD-ROM.
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Appendix B1. Phytoplankton

Tables contain scientific names and synonyms according to modern botanical taxonomy. Each taxon
provided with its biomass value, its ecological and phytogeographycal characteristics, as well as its
corresponding ITIS (Integrated Taxonomic Information System):

http://www.itis.usda.gov/plantproj/itis/index.html,
NODC (National Oceanographic Data Center) code (CD-ROM: NODC Taxonomic Code, Ver. 8.0, 1996)

and Taxonomic Serial Numbers (TSN). On CD-ROM contains taxonomic list in alphabetic order and
systematic classification table. This Example made for the Chlorophycota systematic group.

Taxonomic Name Author Mass (ug) | PG | EG | NODC Code | TSN
Chlorophycota 8 5413
Ankistrodesmus convolutus | Corda 0.000098 F 803050703 5887
Chlamydomonas Ehrenberg 0.000607 F 8020204 5448
Dunaliella tertiolecta Butcher 0.00216 A N 802010203 189433
Hexasterias problematica Cleve 0.00088 B 0) 1003010101 | 9576
Pandorina morum Bory 0.0077 A N 802030202 5580
Volvox morum (syn) O. F. Mueller | 0.0077 A N 802030202 5581
Scenedesmus quadricauda | (Turpin) 0.00012 F 803090203 6110
Brebisson

PG - phytogeographical groups:
A - arcto-boreal;
B - boreal;
C - cosmopolitan species.

EG - ecological groups:
O - oceanic;
P - panthalassic;
N - neritic;
M - typical microphytobenthic;
F - freshwater species.

syn - synonym a previous name for a currently recognized taxon. A single taxon may have more than
one common name.
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Appendix B2. Zooplankton

Taxonomic search organized as a collection of tables composed by systematic groups (SG). Each
taxon provided with its corresponding ITIS (Integrated Taxonomic Information System):

http://www.itis.usda.gov/plantproj/itis/index.html),
NODC (National Oceanographic Data Center) code (CD-ROM: NODC Taxonomic Code, Ver. 8.0, 1996)

and Taxonomic Serial Numbers (TSN). On CD-ROM contains taxonomic list in alphabetic order and
systematic classification table. This example made for the fragment of alphabetic order table.

Taxonomic Name Author NODC Code | TSN SG
Meganyctiphanes norvegica | (M. Sars, 1857) 6174020201 | 95534 | Crustacea
Melicertum octocostatum (M. Sars, 1835) 3704100402 | 50547 | Coelenterata
Mertensia ovum (Fabricius, 1780) 3802020101 | 53881 | Ctenophora
Mesochra lilljeborgi Boeck, 1865 6119290301 | 88183 | Crustacea
Metacylis annulata Protozoa
Metacylis vitreoides Protozoa
Metridia longa (Lubbock, 1854) 6118160212 | 85746 | Crustacea
Metridia lucens Boeck, 1864 6118160207 | 85741 | Crustacea
Microcalanus pusillus (Sars, 1903) 6118050401 | 85367 | Crustacea
Microcalanus pygmaeus (G.0.Sars, 1900) 6118050402 | 85368 | Crustacea
Microsetella norvegica (Boeck, 1864) 6119090101 | 86209 | Crustacea
Mitraria Benthic larvae
Mitrocomella cruciata (A. Agassiz, 1865) 3704080602 | 50454 | Coelenterata
Mitrocomella (Romanes, 1876) 3704080605 | 50459 | Coelenterata
polydiademata

Monstrilla longicornis I. C. Thompson, 1890 | 6122020106 | 88998 | Crustacea
Monstrillopsis dubia Scott,1899 Crustacea
Mormonilla polaris Sars, 1900 Crustacea
Mysis oculata (Fabricius, 1780) 6153011403 | 90044 | Crustacea



http://www.itis.usda.gov/plantproj/itis/index.html

International Ocean Atlas Series, Volume 2 4+ 4 4 Biological Atlas of the Arctic Seas 2000

Appendix C. Data distributions
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85°N 20°E  60°E  100°E % 85°N

1915 - 1999
3,096 stations

Fig. C2. Distribution of physical and hydrochemical data
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Fig. C3. Distribution of chlorophyll data
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Vessel Unknown
Aug-Sep 1913, 6 st.

Vessel Unknown
Sep 1914, 5 st.

Vessel Unknown
Jul-Aug 1915, 9 st.

Vessel Sokolitsa
May 1921, 5 st.

Vessel Tralschik 21
Aug 1921, 12 st.

Vessel Murman
Aug 1922, 36 st.

Vessel Tralschik 21
Aug-Sep 1923, 8 st.

Vessel Unknown

Aug-Sep 1923, 8 st.

Vessel Unknown
Jul 1925, 14 st.

Vessel Elding
Aug-Sep 1925, 17 st.

Vessel Georgly Sedov
Aug-Sep 1927, 16 st.

Fig. C4.1. 1913-1929

Vessel Georgly Sedov
Aug-Sep 1929, 20 st.
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Vessel Georgly Sedov Vessel Mikhail Lomonosov Vessel Taymyr
Aug-Sep 1930, 25 st Sep 1931, 15 st. Aug-Oct 1932, 40 st.

Vessel Nerpa Vessel Georgiy Sedov
Aug-Oct 1936, 51 st. Jul 1938, 1 st.

Vessel Diana Vessel Professor Deryugin Vessel Professor Deryugin
Oct-Nov 1952, 20 st Nov-Dec 1952, 14 st. Jan 1953, 4 st.

Vessel Professor Deryugin Vessel Professor Deryugin Vessel Diana
Feb 1953, 10 st. Feb 1953, 6 st. Mar 1953, 17 st.

Fig. C4.2. 1930-1953
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Vessel Diana
Apr 1953, 33 st.

Vessel Professor Deryugin
Apr 1953, 12 st.

Vessel Professor Deryugin
Apr 1953, 16 st.

Vessel Diana

May 1953, 6 st.

Vessel Diana
Jul 1953, 36 st.

Vessel Diana
Aug 1953, 13 st.

Vessel Unknown
Aug 1953, 2 st.

Vessel Diana
Sep-Oct 1953, 37 st.

Vessel Diana
Nov-Dec 1953, 28 st.

4

Vessel Diana
Jan-Feb 1954, 16 st.

Vessel Protractor
Mar-Apr 1954, 39 st.

Vessel Professor Deryugin
Apr 1954, 26 st.

Fig. C4.3. 1953-1954
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Vessel Nicolai Knipovich
May-Jun 1954, 21 st.

Vessel Diana
May 1954, 4 st.

Vessel Professor Deryugin
May 1954, 6 st.

Vessel Professor Deryugin
May 1954, 18 st.

Vessel Professor Deryugin
Jun 1954, 19 st.

Vessel Professor Deryugin
Jul 1954, 29 st.

Vessel Professor Deryugin
Aug 1954, 11 st.

Vessel Polyarnik
Sep 1954, 44 st.

Vessel Professor Deryugin
Sep 1954, 7 st.

Vessel Professor Deryugin
Oct 1954, 33 st.

Vessel Professor Deryugin
Nov 1954, 6 st.

Fig. C4.4. 1954
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Vessel Diana Vessel Diana Vessel Diana
Jan 1955, 4 st. Feb 1955, 47 st. Mar 1955, 5 st.

Vessel Diana Vessel Professor Deryugin Vessel Professor Deryugin
Apr 1955, 12 st. Apr 1955, 52 st. Apr 1955, 13 st.

Vessel Professor Deryugin Vessel Professor Deryugin Vessel Professor Deryugin
May 1955, 5 st. May 1955, 5 st. May-Jun 1955, 42 st.

Vessel Diana Vessel Diana Vessel Diana
Jun 1955, 16 st. Jul 1955, 27 st. » Jul 1955, 20 st.

Fig. C4.5. 1955
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Vessel Diana
Aug-Sep 1955, 46 st.

Vessel Professor Deryugin
Oct 1955, 13 st.

Vessel Unknown
Oct-Dec 1955, 13 st.

Vessel Diana
Dec 1955, 4 st.

Vessel Professor Deryugin
Jan 1956, 31 st.

Vessel Nicolai Knipovich
Feb-Mar 1956, 39 st.

Vessel Unknown
Feb 1956, 5 st.

Vessel Professor Deryugin
Mar 1956, 24 st.

Vessel Professor Deryugin
Apr 1956, 37 st.

Vessel Diana
May 1956, 5 st.

Vessel Professor Deryugin
May 1956, 21 st.

Vessel Professor Deryugin
Jun 1956, 5 st.

Fig. C4.6. 1955-1956

180




International nA ies, Volume2 + 4+ + Biological Atlas of the Arcti 20

Vessel Diana
Jul 1956, 43 st.

Vessel Diana
Jul-Aug 1956, 26 st.

Vessel Diana
Aug 1956, 27 st.

Vessel Diana
Sep 1956, 1 st.

Vessel Diana
Sep-Oct 1956, 38 st.

Vessel Polyarnik
Aug-Oct 1956, 28 st.

4

Vessel Diana
Oct-Nov 1956, 34 st.

Vessel Diana
Nov-Dec 1956, 28 st.

Vessel Professor Deryugin
Jan 1957, 10 st.

Vessel Diana
Jan-Feb 1957, 17 st.

Vessel Diana
Feb-Mar 1957, 46 st.

Vessel Diana
Apr 1957, 27 st.

Fig. C4.7. 1956-1957

181




International n Al ries, Volume 2 4+ + 4 Biological Atlas of Arcti 2

Vessel Professor Deryugin Vessel Diana Vessel Polyarnk
Apr 1957, 12 st. Apr-May 1957, 61 st. May 1957, 34 st.

Vessel Persey 11 Vessel Diana
Jun 1957, 12 st. Jun-Jul 1957, 37 st. Jul-Aug 1957, 63 st.

Vessel Diana Vessel Diana
Sep-Oct 1957, 21 st. Oct 1957, 7 st. Oct-Nov 1957, 15 st.

Vessel Diana Vessel Burevestnik Vessel Professor Deryugin
Dec 1957, 5 st. Jan-Feb 1958, 50 st. Apr-May 1958, 89 st.

Fig. C4.8. 1957-1958
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Vessel Professor Deryugin
Jun-Jul 1958, 74 st.

Vessel Professor Deryugin
Jul-Aug 1958, 90 st.

Vessel Diana
Aug 1958, 7 st.

Vessel Diana
Oct 1958, 7 st.

Vessel Professor Deryugin
Dec 1958, 7 st.

Vessel Professor Deryugin
Jan-Feb 1959, 70 st.

Vessel Diana
Apr 1959, 5 st.

Vessel Professor Deryugin
Apr 1959, 103 st.

Vessel Professor Deryugin
May-Jun 1959, 104 st.

Vessel Professor Deryugin
Jul 1959, 26 st.

Vessel Professor Deryugin
Aug-Oct 1959, 181 st.

Vessel Persey 11
Oct 1962, 52 st.

Fig. C4.9. 1958-1962
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Vessel Tanner (USA) Coastal Station Dalnezelenetskaya Bay Coastal Station Jarnishnaya Bay
Jul-Aug 1963, 44 st. Mar-Jul 1968, 20 st. Mar-Jul 1968, 21 st.

I/

Coastal Station Dalnezelenetskaya Bay Vessel Unknown Coastal Station Kandalaksha Bay
Mar-Nov 1970, 173 st. May-Jul 1970, 11 st. Jul-Aug 1973, 38 st.

Vessel Dalniye Zelentsy Vessel Dalniye Zelentsy Vessel Akhill
Aug-Sep 1981, 33 st. Jul 1984, 4 st. Aug 1984, 24 st.

Vessel Pomor Vessel Dalniye Zelentsy Vessel Dalniye Zelentsy
Aug-Sep 1984, 57 st. Aug-Sep 1984, 85 st. Dec 1984, 18 st.

Fig. C4.10. 1963-1984
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Vessel Pomor
Mar-Apr 1985, 30 st.

Vessel Dalniye Zelentsy
Nov-Dec 1985, 33 st.

Vessel Dalniye Zelentsy
Feb 1986, 14 st.

Coastal Station Dalnezelenetskaya Bay
Mar-Jul 1986, 28 st.

Vessel Dalniye Zelentsy
Apr-May 1986, 68 st.

Vessel Dalniye Zelentsy
Jun 1986, 27 st.

Coastal Station Dalnezelenetskaya Bay
Jan-Aug 1987, 30 st.

Vessel Dalniye Zelentsy
Jun-Jul 1987, 66 st.

Vessel Dalniye Zelentsy
Mar-May 1988, 82 st..

Coastal Station Dalnezelenetskaya Bay
Mar-May 1988, 43 st.

Vessel Dalniye Zelentsy
Aug 1988, 38 st.

Vessel Dalniye Zelentsy
Jan 1989, 13 st.

Fig. C4.11. 1985-1989
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Coastal Station Dalnezelenetskaya Bay
Feb-Sep 1989, 72 st.

Vessel Dalniye Zelentsy
Jun-Jul 1991, 67 st.

Vessel Akademik Aleksandr Karpinsky
Jul-Sep 1991, 67 st.

Vessel Dalniye Zelentsy
Feb 1992, 15 st.

Vessel Dalniye Zelentsy
Jul 1992, 27 st.

Vessel Dalniye Zelentsy
Sep 1992, 14 st.

Vessel Dalniye Zelentsy
Jun 1993, 36 st.

Vessel Dalniye Zelentsy
Jun 1993, 8 st.

Vessel Dalniye Zelentsy
Jul 1993, 36 st.

Vessel Dalniye Zelentsy
Aug 1993, 5 st.

Vessel Dalniye Zelentsy
Sep 1993, 25 st.

Vessel Vsevolod Beryezkin
Jun 1994, 11 st.

Fig. C4.12. 1989-1994
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Vessel Vsevolod Beryezkin Vessel Akademik Golitsyn Vessel Gs-440
Jul 1994, 20 st. Aug 1994, 8 st. May 1995, 16 st.

Vessel Yasnogorsk Vessel Arktika
Aug 1995, 13 st. Apr-May 1996, 40 st.

A

i - | Vessel Polarstern (Germany)
| Jul-Sep 1996, 101 st.

G e

Vessel Sovetskiy Soyuz Vessel Pomor Vessel Dalniye Zelentsy
Apr 1997, 37 st. May 1997, 13 st. Jul-Aug 1997, 24 st.

Vessel Vaygach Vessel Russiya Vessel Unknown
Feb 1998, 32 st. Apr 1998, 27 st. May-Jun 1998, 8 st.

Fig. C4.13. 1994-1998
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Vessel Akademik Fedorov
Oct 1998, 27 st.

Vessel Sovetskiy Soyuz
Feb-Mar 1999, 52 st.

Vessel Akademik Boris Petrov
Aug-Sep 1999, 29 st.

j/ i #;&

Fig. C4.14. 1998-1999
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Appendix D. Temperature and salinity analyses
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,772 stations

Fig. D1. Temperature (°C). August-September, 1920-1940. Depth 0 m
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Fig. D2. Temperature (°C). August—September, 1920-1940. Depth 100 m
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80°N 40°E 80°E 80°N

Fig. D3. Salinity (pss). August-September, 1920-1940. Depth 0 m
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Fig. D4. Salinity (pss). August-September, 1920-1940. Depth 100 m
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425 stations

Fig. D5. Temperature (°C). February—April, 1920-1940. Depth 0 m
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Fig. D6. Temperature (°C). February—-April, 1920-1940. Depth 100 m
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417 stations

Fig. D7. Salinity (pss). February-April, 1920-1940. Depth 0 m
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382 stations

Fig. D8. Salinity (pss). February-April, 1920-1940. Depth 100 m
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Fig. D9. Temperature (°C). August-September, 1950-1960. Depth 0 m
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Fig. D10. Temperature (°C). August-September, 1950-1960. Depth 100 m
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Fig. D11. Salinity (pss). August-September, 1950-1960. Depth 0 m
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Fig. D12 Salinity (pss). August-September, 1950-1960. Depth 100 m
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Fig. D13. Temperature (°C). February—April, 1950-1960. Depth 0 m
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Fig. D15. Salinity (pss). February-April, 1950-1960. Depth 0 m
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Fig. D16. Salinity (pss). February-April, 1950-1960. Depth 100 m
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Fig. D17. Temperature (°C). August—September, 1980-1990. Depth 0 m
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Fig. D18. Temperature (°C). August-September, 1980-1990. Depth 100 m
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Fig. D19. Salinity (pss). August-September, 1980-1990. Depth 0 m
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Fig. D20. Salinity (pss). August-September, 1980-1990. Depth 100 m
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1 tions

Fig. D21. Temperature (°C). February-April, 1980-1990. Depth 0 m
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Fig. D22. Temperature (°C). February-April, 1980-1990. Depth 100 m
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7,170 stations

Fig. D23. Salinity (pss). February-April, 1980-1990. Depth 0 m
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Fig. D24. Salinity (pss). February-April, 1980-1990. Depth 100 m
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Appendix E. Phytoplankton
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75°Nf. 75N

70°N A 70N

65°N 65°N

Fig. E1. Distribution of phytoplankton data
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Vessel: Polyarnik. 09.08 - 09.16 1954 I
21 stations

35°E 40°E

70°N —{70°N

68°N

68°N

35°E 40°E LR

Fig. E2.1. Phytoplankton. Surface-bottom. Number of species. September, 1954
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Vessel: Polyarnik. 09.08 - 09.16 1954
21 stations

Fig. E2.2. Phytoplankton. Surface-bottom. Number of cells. September, 1954
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Vessel: Polyarnik. 09.08 - 09.16 1954
21 stations

35°E 40°E

70°N

68°N

35°E 40°E

Fig. E2.3. Phytoplankton. Surface-bottom. Biomass. September, 1954

218




International Ocean Atlas Series, Volume 2 4+ 4+ 4 Biological Atlas of the Arctic Seas 2000

Vessel: Polyarnik. 09.08 - 09.16 1954
21 stations

sz e e v

Fig. E2.4. Phytoplankton. Surface-bottom. Biodiversity. September, 1954




International Ocean Atlas Series, Volume 2 4+ + +  Biological Atlas of the Arctic Seas 2000

Vessel: Polyarnik. 09.08 - 09.16 1954
21 stations

35°E 40°E
70°N T
{
‘ Arcto-Boreal
‘ Cosmopolitan
é Boreal
son| /O Unknown | -~
35°E
|

s e oenons ruvanin ansiinics raea nare i

Fig. E2.5. Phytoplankton. Surface-bottom. Geographical characteristics. September, 1954
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Vessel: Polyarnik. 09.08 - 09.16 1954
21 stations l

70°N |

68°N

70°N l

‘ Neritic
Oceanic
/ \ Panthalassic
/. Other

35°E

1 68°N

Fig. E2.6. Phytoplankton. Surface-bottom. Ecological characteristics. September, 1954
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Vessel: Polyarnik. 09.08 - 09.16 1954
21 stations

70°N 70°N
‘ Bacillariophyta
‘ Pyrrophyta
Q Prasinophyta
68°N £> Other 68°N
35°E

Fig. E2.7. Phytoplankton. Surface-bottom. Taxonomic composition. September, 1954
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Vessel: Professor Deryugin. 04.14 - 04.24 1955
23 stations

%@Z

Fig. E2.8. Phytoplankton. Surface-bottom. Number of species. April, 1955
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Vessel: Professor Deryugin. 04.14 - 04.24 1955
23 stations

70°N

. . N

Fig. E2.9. Phytoplankton. Surface-bottom. Number of cells. April, 1955
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Vessel: Professor Deryugin. 04.14 - 04.24 1955
23 stations

70°N

68°N

Fig. E2.10. Phytoplankton. Surface-bottom. Biomass. April, 1955
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Vessel: Professor Deryugin. 04.14 - 04.24 1955
23 stations

Fig. E2.11. Phytoplankton. Surface-bottom. Biodiversity. April, 1955
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Vessel: Professor Deryugin. 04.14 - 04.24 1955
23 stations I

7N | GRS\ /g 70N

Arcto-Boreal

Cosmopolitan

Boreal

68°N Unknown

——168°N

35°E

Fig. E2.12. Phytoplankton. Surface-bottom. Geographical haracteristics. April, 1955
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|
Vessel: Professor Deryugin. 04.14 - 04.24 1955
23 stations
\‘\ ‘ :‘;j\‘ r_\ o - — ,T J—
\ ; J ++ )
Kara \ . 73 {: .
Sea,_ S p : |
N
]
70°N |
]
Neritic
Oceanic
Panthalassic
68°N Other .
35°E §

Fig. E2.13. Phytoplankton. Surface-bottom. Ecological characteristics. April, 1955
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Haptophyta

Other
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\
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35°E

Vessel: Professor Deryugin. 04.14 - 04.24 1955

23 stations

- 70°N

71 68°N

Fig. E2.14. Phytoplankton. Surface-bottom. Taxonomic composition. April, 1955
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Vessel: Diana. 04.25-05.11 1957
58 stations

Fig. E2.15. Phytoplankton. Surface-bottom. Number of species. April-May, 1957
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Vessel: Diana. 04.25 -05.11 1957
58 stations

70°N

68°N

35°E 40°E

Fig. E2.16. Phytoplankton. Surface-bottom. Number of cells. April-May, 1957
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Vessel: Diana. 04.25-05.11 1957
58 stations

Fig. E2.17. Phytoplankton. Surface-bottom. Biomass. April-May, 1957
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Vessel: Diana. 04.25-05.11 1957
58 stations

Fig. E2.18. Phytoplankton. Surface-bottom. Biodiversity. April-May, 1957
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Vessel: Diana. 04.24 - 05.11 1957
58 stations

70°N i et TGN

] Arcto-Boreal

@
& Cosmopolitan
&
4N

Boreal

68°N Unknown

68°N !

Fig. E2.19. Phytoplankton. Surface-bottom. Geographical characteristics. April-May, 1957
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Vessel: Diana. 04.24 - 05.11 1957
58 stations

ke | ¥ :
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35°E

Fig. E2.20. Phytoplankton. Surface-bottom. Ecological characteristics. April-May, 1957
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Vessel: Diana. 04.24 - 05.11 1957
58 stations

68°N

—{70°N

Bacillariophyta
Pyrrophyta

Haptophyta

"\, Other 68°N

35°E

Il

Fig. E2.21. Phytoplankton. Surface-bottom. Taxonomic composition. April-May, 1957
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Vessel: Diana. 09.29 - 10.03 1957
14 stations

Fig. E2.22. Phytoplankton. Surface-bottom. Number of species. September-October, 1957
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Vessel: Diana. 09.29 - 10.03 1957

14 stations
/ ’ .
Bargnts Kara \|
Sea Sea,
2
Area Of/ge taiy
&3
35°E 40°E

70°N

68°N

35°E

40°E

Fig. E2.23. Phytoplankton. Surface-bottom. Number of cells. September-October, 1957
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Vessel: Diana. 09.29 - 10.03 1957
14 stations

Fig. E2.24. Phytoplankton. Surface-bottom. Biomass. September-October, 1957
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Vessel: Diana. 09.29 - 10.03 1957
14 stations

Fig. E2.25. Phytoplankton. Surface-bottom. Biodiversity. September-October, 1957
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Vessel: Diana. 09.29 - 10.03 1957
14 stations

70N | . 170°N

—

Arcto-Boreal

Cosmopolitan

Boreal

68°N l \ Unknown

35°E

Ao s xmannaas wrwir o i e v

Fig. E2.26. Phytoplankton. Surface-bottom. Geographical characteristics. September-October, 1957
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Vessel: Diana. 09.29 - 10.03 1957
14 stations

‘ Neritic

Oceanic

é Panthalassic
@ Other

35°E

Fig. E2.27. Phytoplankton. Surface-bottom. Ecological characteristics. September-October, 1957
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Vessel: Diana. 09.29 - 10.03 1957
14 stations

70°N ol __170°N

Bacillariophyta
Pyrrophyta
Cryptophyta

68°N Other

——{68°N

35°E

Fig. E2.28. Phytoplankton. Surface-bottom. Taxonomic composition. September-October, 1957
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Vessel: Dalnie Zelentsy. 11.23 - 12.07 1985

30 stations
+
_+
+
+
35°E 40°E
\
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\
7O°N [ e \ 70°N
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o 4 \
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o » @

68°N 68°N |

35°E

Fig. E2.29. Phytoplankton. Surface-bottom. Number of species. November-December, 1985
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Vessel: Dalnie Zelentsy. 11.23 - 12.07 1985
30 stations

TO°N |

68°N

Fig. E2.30. Phytoplankton. Surface-bottom. Number of cells. November-December, 1985
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Vessel: Dalnie Zelentsy. 11.23 - 12.07 1985
30 stations

35°E 40°E

70°N 1 _170°N

i ~

10%mg/m?

500,000 I

100,000

50,000

10,000 |
41,000

4100

68°N SR e {68°N

Fig. E2.31. Phytoplankton. Surface-bottom. Biomass. November-December, 1985
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Vessel: Dalnie Zelentsy. 11.23 - 12.07 1985
30 stations

70°N

68°N

Fig. E2.32. Phytoplankton. Surface-bottom. Biodiversity. November-December, 1985
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Vessel: Dalnie Zelentsy. 11.23 - 12.07 1985
30 stations

Arcto-Boreal
Cosmopolitan
Boreal

Unknown

35°E

Fig. E2.33. Phytoplankton. Surface-bottom. Geographical characteristics. November-December, 1985
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Vessel: Dalnie Zelentsy. 11.23 - 12.07 1985
30 stations

70°N

‘ Neritic
Oceanic

f N Panthalassic

6a°N| /. Other

35°E

—168°N ||

70°N r

T

e

Fig. E2.34. Phytoplankton. Surface-bottom. Ecological characteristics. November-December, 1985
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Vessel: Dalnie Zelentsy. 11.23 - 12.07 1985

30 stations
/ 2 : v |
WY -
Barents Kara \ =
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Fig. E2.35. Phytoplankton. Surface-bottom. Taxonomic composition. November-December, 1985
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position of stations

SSRGS

a8 4 —

Fig.

E2.36. Annual observations in the coastal zone. Position of stations
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Number of Species (#/m>)
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Fig. E2.37. Phytoplankton. Quantitative variables. Jarnishnaya Bay. 1968
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Fig. E2.38. Phytoplankton. Structural variables. Jarnishnaya Bay. 1968
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Number of Species (#/m?)
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Fig. E2.39. Phytoplankton. Quantitative variables. Dalnezelenetskaya Bay. 1968
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Fig. E2.40. Phytoplankton. Structural variables. Dalnezelenetskaya Bay. 1968
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Fig. E2.41. Phytoplankton. Quantitative variables. Dalnezelenetskaya Bay. 1970
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Fig. E2.42. Phytoplankton. Structural variables. Dalnezelenetskaya Bay. 1970
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Fig. E2.43. Phytoplankton. Quantitative variables. Dalnezelenetskaya Bay. 1986
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Fig. E2.44. Phytoplankton. Structural variables. Dalnezelenetskaya Bay. 1986
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Fig. E2.45. Phytoplankton. Quantitative variables. Dalnezelenetskaya Bay. 1987
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Fig. E2.46. Phytoplankton. Structural variables. Dalnezelenetskaya Bay. 1987
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Fig. E2.47. Phytoplankton. Quantitative variables. Dalnezelenetskaya Bay. 1988
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Fig. E2.48. Phytoplankton. Structural variables. Dalnezelenetskaya Bay. 1988
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Fig. E2.49. Phytoplankton. Quantitative variables. Dalnezelenetskaya Bay. 1989
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Fig. E2.50. Phytoplénkton. Structural variables. Dalnezelenetskaya Bay. 1989
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Fig. E2.51. Phytoplankton. Surface-bottom. Vessel Sokolitsa. May, 1921
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Fig. E2.52. Phytoplankton. Surface-bottom. Vessel Sokolitsa. August, 1921
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Fig. E2.53. Phytoplankton. Surface-bottom. Vessel Pomor. April, 1985
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Fig. E2.54. Phytoplankton. Surface-bottom. Vessel Pomor. May, 1997
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Vessel: Pomor. 05.22 - 05.24 1997
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Fig. E2.55. Phytoplankton. Number of species. May, 1997
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Vessel: Pomor. 05.22 - 05.24 1997
13 stations
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Fig. E2.56. Phytoplankton. Number of cells. May, 1997
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Vessel: Pomor. 05.22 - 05.24 1997
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Fig. E2.57. Phytoplankton. Biomass. May, 1997
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Vessel: Pomor. 05.22 - 05.24 1997
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Fig. E2.58. Phytoplankton. Biodiversity. May, 1997
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Vessel: Pomor. 05.22 - 05.24 1997
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Fig. E2.59. Phytoplankton. Geographical characteristics. May, 1997
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Vessel: Pomor. 05.22 - 05.24 1997
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Fig. E2.60. Phytoplankton. Ecological characteristics. May, 1997
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Vessel: Pomor. 05.22 - 05.24 1997
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Fig. E2.61. Phytoplankton. Taxonomic composition. May, 1997
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Vessel: Dalnie Zelentsy. 08.13 - 08.17 1988
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Fig. E2.62. Phytoplankton. Number of species. August, 1988
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Vessel: Dalnie Zelentsy. 08.13 - 08.17 1988 I
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Fig. E2.63. Phytoplankton. Number of cells. August, 1988
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Vessel: Dalnie Zelentsy. 08.13 - 08.17 1988
17 stations
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Fig. E2.64. Phytoplankton. Biomass. August, 1988
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Vessel: Dalnie Zelentsy. 08.13 - 08.17 1988
17 stations
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Fig. E2.65. Phytoplankton. Biodiversity. August, 1988
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Vessel: Dalnie Zelentsy. 08.13 - 08.17 1988
17 stations
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Fig. E2.66. Phytoplankton. Geographical characteristics. August, 1988
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Vessel: Dalnie Zelentsy. 08.13 - 08.17 1988
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Fig. E2.67. Phytoplankton. Ecological characteristics. August, 1988
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Fig. E2.68. Phytoplankton. Taxonomic composition. August, 1988
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Fig. E3.1. Phytoplankton. Surface-bottom. Number of species. August-September, 1981
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Fig. E3.2. Phytoplankton. Surface-bottom. Number of cells. August-September, 1981
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Fig. E3.3. Phytoplankton. Surface-bottom. Biomass. August-September, 1981
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Fig. E3.4. Phytoplankton. Surface-bottom. Biodiversity. August-September, 1981
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Fig. E3.5. Phytoplankton. Surface-bottom. Geographical characteristics. August-September, 1981
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Fig. E3.6. Phytoplankton. Surface-bottom. Ecological characteristics. August-September, 1981
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Fig. E3.7. Phytoplankton. Surface-bottom. Taxonomic composition. August-September, 1981
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Fig. E3.8. Phytoplankton. Surface-bottom. Number of species. August-September, 1991
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Fig. E3.9. Phytoplankton. Surface-bottom. Number of cells. August-September, 1991
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Fig. E3.10. Phytoplankton. Surface-bottom. Biomass. August-September, 1991
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Fig. E3.11. Phytoplankton. Surface-bottom. Biodiversity. August-September, 1991
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Fig. E3.12. Phytoplankton. Surface-bottom. Geographical characteristics. August-September, 1991
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Fig. E3.13. Phytoplankton. Surface-bottom. Ecological characteristics. August-September, 1991
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Fig. E3.14. Phytoplankton. Surface-bottom. Taxonomic composition. August-September, 1991
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Fig. E4.1. Phytoplankton. Surface. Icebreaker Arktika. April-May, 1996
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Fig. E4.2. Phytoplankton. Surface. Icebreaker Sovetskiy Soyuz. April 1-9, 1997
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Fig. E4.3. Phytoplankton. Surface. Icebreaker Sovetskiy Soyuz. April 17-22, 1997
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Fig. E4.4. Phytoplankton. Surface. Icebreaker Vaygach. February, 1998
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Fig. E4.5. Phytoplankton. Surface. Icebreaker Russiya. April, 1998
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Fig. E4.6. Phytoplankton. Surface. Icebreaker Sovetskiy Soyuz. February-March, 1999

303

s e v




International Ocean Atlas Series, Volume 2 4 + 4 Biological Atlas of the Arctic Seas 2000

Appendix F. Zooplankton

304




International Ocean Atlas Series, Volume 2 4+ 4 4  Biological Atlas of the Arctic Seas 2000

80°N 85°N 20°E 60°E  100°E 85°N

1913-1981 L7\ / - N
2,475 stations
9,081 samples

e e ' v s
v/*n ® 9% o 0\
o o

0 ¢ HIRDoAS .
-5 /ﬁi@f«f T

Fig. F1. Distribution of zooplankton data
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Vessel: Diana. 10.28 - 11.02 1952
21 stations

70°N

68°N

Fig. F2.1. Zooplankton. Surface-bottom. Biomass. October-November, 1952
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Vessel: Diana. 10.28 - 11.02 1952
20 stations

Fig. F2.2. Zooplankton. Surface-bottom. Biodiversity. October-November, 1952
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Vessel: Diana, Professor Deryugin. 04.15 - 04.30 1953
51 stations

{ 70°N

68°N

Fig. F2.3. Zooplankton. Surface-bottom. Biomass. April, 1953
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Vessel: Diana. 04.15 - 04.30 1953
26 stations

Fig. F2.4. Zooplankton. Surface-bottom. Biodiversity. April, 1953
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Vessel: Diana. 07.15-07.26 1953
27 stations

70°N

68°N

Fig. F2.5. Zooplankton. Surface-bottom. Biomass. July, 1953
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Vessel: Diana. 07.15-07.26 1953
26 stations

Fig. F2.6. Zooplankton. Surface-bottom. Biodiversity. July, 1953

311




International Ocean Atlas Series, Volume 2 4+ 4+ 4+  Biological Atlas of the Arctic Seas 2000

Vessel: Diana. 09.25-10.10 1953
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Fig. F2.7. Zooplankton. Surface-bottom. Biomass. September-October, 1953
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Vessel: Diana. 09.25-10.14 1953
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Fig. F2.8. Zooplankton. Surface-bottom. Biodiversity. September-October, 1953
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Vessel: Diana. 11.21-12.05 1953
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Fig. F2.9. Zooplankton. Surface-bottom. Biomass. November-December, 1953
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Vessel: Diana. 11.21-12.05 1953
28 stations

Fig. F2.10. Zooplankton. Surface-bottom. Biodiversity. November-December, 1953
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Vessel: Diana. 12.09 - 12.27 1954

37 stations
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Fig. F2.11. Zooplankton. Surface-bottom. Biomass. December, 1954
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Vessel: Diana. 11.21-12.05 1953
28 stations
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Fig. F2.12. Zooplankton. Surface-bottom. Biodiversity. December, 1954
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|
Vessel: Diana. 02.07 - 02.24 1955 |

45 stations
> |
I
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Fig. F2.13. Zooplankton. Surface-bottom. Biomass. February, 1955
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Vessel: Diana. 02.08 - 02.24 1955
41 stations
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Fig. F2.14. Zooplankton. Surface-bottom. Biodiversity. February, 1954
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Vessel: Professor Deryugin. 04.01 - 04.27 1955 |
57 stations
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Fig. F2.15. Zooplankton. Surface-bottom. Biomass. April, 1955
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Vessel: Professor Deryugin. 04.12 - 04.27 1955
52 stations
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Fig. F2.16. Zooplankton. Surface-bottom. Biodiversity. April, 1955
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Vessel: Professor Deryugin. 05.07 - 05.31 1955
29 stations
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Fig. F2.17. Zooplankton. Surface-bottom. Biomass. May, 1955
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Vessel: Professor Deryugin. 05.15 - 05.31 1955

25 stations

N0
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Fig. F2.18. Zooplankton. Surface-bottom. Biodiversity. May, 1955
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Vessel: Diana, Professor Deryugin. 06.01 - 06.14 1955
32 stations

35°E 40°E

Fig. F2.19. Zooplankton. Surface-bottom. Biomass. June,’ 1955
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Vessel: Professor Deryugin. 06.01 - 06.14 1955
26 stations

Fig. F2.20. Zooplankton. Surface-bottom. Biodiversity. June, 1955
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Vessel: Diana. 07.04 - 07.31 1955
38 stations
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Fig. F2.21. Zooplankton. Surface-bottom. Biomass. July, 1955
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Vessel: Diana. 07.04 - 07.21 1955
26 stations
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Fig. F2.22. Zooplankton. Surface-bottom. Biodiversity. July, 1955
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Vessel: Diana. 08.11 - 09.06 1955
38 stations
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Fig. F2.23. Zooplankton. Surface-bottom. Biomass. August-September, 1955
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Vessel: Diana. 08.11-09.06 1955
37 stations

Fig. F2.24. Zooplankton. Surface-bottom. Biodiversity. August-September, 1955
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Vessel: Nerpa
08.06 - 10.08 1936
54 stations

Fig. F3.1. Zooplankton. Surface-bottom. Number of species. August-October, 1936
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- Vessel: Dalniye Zelentsy
& 08.31 - 09.13 1981
' 24 stations

Fig. F3.2. Zooplankton. Surface-bottom. Number of species. August-September, 1981
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& Vessel: Nerpa
& 08.06 - 10.08 1936
54 stations

Fig. F3.3. Zooplankton. Surface-bottom. Relative abundance. August-October, 1936
(1-rare; 2-common; 3—-abundant; 4-very abundant)
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v i czw

.+ > Vessel: Dalniye Zelentsy
& 08.31-09.13 1981
24 stations

Fig. F3.4. Zooplankton. Surface-bottom. Relative abundance. August-September, 1981
(1-rare; 2-common; 3—abundant; 4-very abundant)
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Vessel: Dalniye Zelentsy
08.31 - 09.13 1981

24 stations

Fig. F3.5. Zooplankton. Surface-bottom. Abundance. August-September, 1981
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- Vessel: Dalniye Zelentsy
08.31-09.13 1981
L 24 stations

Fig. F3.6. Zooplankton. Surface-bottom. Biodiversity. August-September, 1981
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Vessel: Dalnie Zelentsy. 08.31-09.02 1981
5 stations

A ' - B

Om

X X xR
XX X X XX

100m | ~«\

200m

300m-

200m -

300m —

e

Fig. F3.7. Zooplankton. Section 1. Abundance. August-September, 1981
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Vessel: Dalnie Zelentsy. 08.31 -09.02 1981

5 stations
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Fig. F3.8. Zooplankton. Section 1. Biodiversity. August-September, 1981
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Vessel: Dalnie Zelentsy. 09.04 - 09.06 1981
6 stations
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Fig. F3.9. Zooplankton. Section 2. Abundance. September, 1981
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Vessel: Dalnie Zelentsy. 09.04 - 09.06 1981
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Fig. F3.10. Zooplankton. Section 2. Biodiversity. September, 1981




International Ocean Atlas Series, Volume 2 4 4+ 4 Biological Atlas of the Arctic Seas 2000

Vessel: Dalnie Zelentsy. 09.06 - 09.08 1981
5 stations

A

Om

Fig. F3.11. Zooplankton. Section 3. Abundance. September, 1981
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Vessel: Dalnie Zelentsy. 09.06 - 09.08 1981
5 stations

A
Om

300m

Fig. F3.12. Zooplankton. Section 3. Biodiversity. September, 1981
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APPENDIX G. DOCUMENTATION OF CHANGES
OF THE PLANKTON COMMUNITY
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{1921 J 1997

TN _ Barents |\—|"°" 7N Barents
Sea Sea
M
?‘ 279 km 279 km
\\
68°N oy N 68°N  ggoN L
- 3

30°E

Number of cells Biodiversity Arctic species Oceanic species
(#/m?) (%) (%)

Data
Vessel Date Stations/samples
Sokolitsa May, 1921 5/16 |
Dalnie Zelentsi May, 1997 7/35

Characteristics
Phytoplankton abundance, biodiversity coefficient (the I
Glisson coefficient), percent of Arctic and oceanic species.

Conclusion
Each of the analyzed characteristics shows that the |
conditions for the phytoplankton development were
more favorable in May 1921 than in May 1997.

Fig. G1. Phytoplankton. Barents Sea. 69-72°N, 33°30' E. 1921 vs. 1997
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72°N~—_ B 72°N

SR
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30°E 45°E

Number of cells (10%*#/m?)

15
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0 - .
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Biodiversity
1
) .
0 + . & + .
1921 1957 1985 1997

Data
Data processing covers the data collected during April-May of 1921,
1957, 1985, 1997 within the region with a 15-miles radius and a central
point with coordinates 71°N, 33°30'E. Totally 37 samples from 8 stations
were collected.

Characteristics
Summer average values of biodiversity and number of cells are calculated
under m?.

Conclusion
The conditions for phytoplankton growth in April-May of 1921 were more
favorable than in the similar period of 1957, 1985, and 1997.

Fig. G2. Phytoplankton. Barents Sea. 71°N, 33°30'E. 1921-1957-1985-1997
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Relative Occurrence (%)

100 - ——
[7]1936
@ 1981
50 | @ - s SV S S
0 - | [ |
Aeginopsis Themisto Calanus
laurentii libellula hyperboreus
A rct i c s p e c i e s
Data
Vessel Date Stations/samples
Nerpa August, 1936 38/143
Dalnie Zelentsi August, 1981 24/109
Characteristics

Relative occurrence (the number of species in percent from
the total amount) of zooplankton species as indicator of the
Arctic waters has been calculated.

Conclusion
The climatic conditions in the Kara Sea were more severe

in 1981 than in 1936.

Fig. G3. Zooplankton. Kara Sea. 1936 vs. 1981
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84 cruises
1630 stations
7137 probes

Anomaly of temperature (°C). Depth 0-200m

-0.27 -0.27 -0.27

Zooplankton variables

1.6
96 444
Biomass Abundance Biodiversity
(mg/m?) (#/m?)

[m1ess-1855 m1s66-1857

Data
Zooplankton of 84 cruises carried out during the period 1953-1958.
1630 stations, 7137 samples.

Characteristics
Temperature anomaly, biomass, abundance, biodiversity coefficient.

Conclusion
The period from 1953-1955 had more favorable conditions for zoo-
plankton development in comparison to the period from 1956-1958.
One of the possible reasons for this phenomenon comes from the
observed positive temperature anomalies in the period 1953-1955.

Fig. G4. Zooplankton. Barents Sea. 1953-1955 vs. 1956-1957
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Phytoplankton. Barents Sea. Kola Section. 1921 vs. 1997
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Fig. G6. Zooplankton. Barents Sea. Trends. 1952-1959
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