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TABLE 1: AVAILABLE DATA

;T;ETON | ATLANTIC COD ] SPECIES: [ Gadus morhua |
AREA: | BARENTS SEA | Swock: NORTHEAST ARCTIC
(ICES AREAS T AND II}
CREATED BY: | C.T. MARSHALL/N.A. YARAGINA UPDATED BY: | |
2001-08
Data status
Year | Stock Stock Age | Sex | Maturity | Fecundity | Weight | Condition | Additional
size composition ratio data
2000 | v N v V v
2000 | ¥ v AN v v v v
1999 | v Y () v v v v
1998 | v Q) v ¥ ¥
1997 | N v Vo oh v v v
1996 | y v | () v v v
1995 | v v | o) \ Vv v
1994 | V v | (W) N v v
1993 | N v o) v 0 v y
1992 | v vl v v v v
o [V v Y [ v Vv [
19% | v v @) N N N J
1989 | v vl vV vV v vV v
1988 | v vl N V v v y
1987 | V v | ™) v y N N v
198 | V v RS v v v v v
1985 | v vl o v vV N v
1984 | v Y | () y v v v
1983 | v SR v v v v
1982 | v R v N N v
1981 | o v o) N N v v
1980 | Vv v @) wf N vV v
1979 | v VG v v v v
1978 | v N M v v v v
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Data status

Year | Stock Stock Age Sex | Maturity | Fecundity | Weight | Condition | Additional
size composition ratio data

1977

o

< |
<

1976 ()

1975 )

1974 )

1973 ()

1972 ()

197% ()

1970 ()

1969 )

1968 )

1967 ()

1966 &)

1965 ()

1964 )

1963 )

1962 &)

1961 ()

1960 ()

B P B P - P N P DA (-0 [P P [P P P P P T

1959 &

1958 )

. 1957 ()

1956 )

1955 ()

1954 ()

1953

()

1952 ()

1951 ()

1950 )

1949 ()

1948 ()

1947 ()

E- N A N - S D - D A - I S I - T A P . A I D I I DA P PP DI S R
) P A PP P £ A L P P P P P P A AN P A P P P [ - P - A - P - P
L P P A PN B - L A [ L P (R L (R P P N I N I S S PP A A D P D - P D
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EA . S E- A P P A A P P A P A P P A P N I = P - O P O P - P
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TABLE 2: DATA BASIS, FORMAT AND QUALITY
COMMON l ATLANTIC COD |
NAME:
AREA: | BARENTS SEA |
STOCK: | NORTHEAST ARCTIC (ICES AREAS I AND 11) [
REPRODUCTIVE STRATEGY: |  DETERMINATEBATCHSPAWNER | RERNo.: [ [ |
TIMING OF SPAWNING: | FEB-MAY | REF. NO.:
OPTIMAL TIME FOR MATURITY SAMPLING: r JAN-MAR l REF. NO.;
Data basis, format and quality
Variables Year range | Data basis | Data origin | Sampling Notes on data, methods | Ref. No.
{A/L/W) frequency and contents
Stock size 1946-2001 A CC.S QA VPA 6
Stock 1978-2001 LAW CC, S Q Winter survey 6
composition 1985-2001 LAW Lofoten survey 6
1946-2000 LAW Russian survey 6,7
1932-1979 LA Norwegian sampling of 8
commercial fishery
Age 1946-2001 A CC. S Q Otoliths 33,50
determination
Sex ratic 1985-1996 L S A Winter + Lofoten surveys |9
combined
1950's- A CC.S 10 YEAR 10
1990's MEANS
Maturity:
A. Ogives (E) | 1946-2001 A g A 6,10
B. Skip of 1985-1996 L S A 9
spawning 1991-1692 LA i A 51
C. Spawning
probability
D. Other 1923-1976 AL cc M Spawning check in otolith | 11
sex differences in ogive
1989-1997 AL S sex differences in ogive 12
1950's- A cc.s 10
1990's Sorokin maturity scale
1940's-
1950' 36,57
Fecundity:
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Data basis, format and quality

Variables Year range | Data basis | Data origin | Sampling Notes on data, methods | Ref. No.
(A/L/W) frequency and contents
A. Estimation 1986-1991 LW EW Gravimetric 4
1999 LW EW auto-diametric 5
1971-1972 L.W,A gravimetric 42
1990, 1991, LWA gravimetric 52
1993-1996,
1999
B. First time vs. | 1989-1992 L,w X Spawners held in captivity | 13.14
repeat spawners OVer consecutive seasons
C. Atresia lab expt LW EC Laboratory-reared cod 15
D. Other lab expt EC Effects of starvation on 20
relative fecundity
Weight:
A. Commercial 1946-2001 A CC. S A Russian+Norwegian 6,8
fisheries data 1949-1993 A CC, 8 A Russian 53
B. Survey data 1984-2601 A S A Russian+Norwegian 6
C. Other 1913-1953 L CL A Historical data on size from |47
Lofoten
Caondition:
A. Fulton
B. HSI 1927-1996 L CC M By 10-cm length class 16
1828-1842 - CL A industrial index of liver 48
C. Energy 1946-1996 L CCS A Total lipid energy in livers | 17
of mature females
D. Other 1929-1982 W CL A median spawning intensity | 2
based on roe samples
Egg viability:
A. Egg quality | lab expt EC Cortical reaction following | I8
fertilization
lab expt EC cgg diameter and dry 19
weight
egg diameter in relation to
lab expt EC maternal size 1
egg diameter in relation to
lab expt EC maternal condition 15
egg dry weight in relation
lab expt EC to spawning experience 13
buoyancy studies
lab expt EW 30
B. Fertilisation lab expt EC Incomplete hardening of 18
success chorion associated with
poor fertilization
links between broodstock,
lab expt EC egg quality and fertilization 21
links between length and
lab expt EW condition of females and 27
fertilization
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Data basis, format and quality

Variables Year range | Data basis | Data origin | Sampling Notes on data, methods | Ref. No.
(A/L/W) frequency and contents
C. Egg mortality | lab expt EC Links between egg 14
mortality and spawning
experience
field estimate of egg
1983-1984 S A montality 22
D. Other review Broodstock management 23
and egg rearing
review egg quality 24
review maternal effects 25
lab expt EC fatty acid composition 26
Larval viability:
A. Hatching
success
B. Larvae quality | mesocosm EC Relationship between larval | 28
growth and survival and
links to broodstock
relationship between larval
mesocosm EC growth and survival 29
C. Mortality 1983-1985 S Mortality and first-feeding | 31
mortality estimates from
1983-1985 S ichthyoplankton surveys 12
D. Other
Spawning time | consult ref. 34 describes seasonal | 2,3,34
original activity of thyroid gland
reference
Contamination | 1993 S A Concentration of heavy 35
metals, PAH, and
organochorine discussed in
relation to egg
abnormalities
Environmental | consult Temperature, wind stress 36,
key factors original 37.54
reference
Other factors or | consult Cannibalism, 38
parameters original overwintering of recently |39
reference settled juveniles
historical data on Barents | 55

Sea
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TABLE 3: STUDIES OF REPRODUCTIVE POTENTIAL

Common | ATLANTIC COD ]

NAME:

AREA: | BARENTS SEA |

SToCK: | NORTHEAST ARCTIC (ICES AREAS | AND IT) |

Estimation of reproductive potential

Subject Brief description Year range | Ref. No.
Potential or realised | Estimates of total egg production (also referred to as population 1985-1996 |9, 40,41,
egg production fecundity) 42,43, 44
Viable egg and Estimates of relative abundance of eggs and larvae from Russian [ 1959-1993 |45
larvae production ichthyoplankton surveys conducted from April-July
Critical life stages Early pelagic juveniles and 0-group surveys 32,46
Environmental Influence of wind and temperature on S/R relationship 37
influences
Stock recroitment Biomass-based 8/R relationship 1946-1989 |37
relations bioenergetic index of reproductive potential 1946-1996 | 17
Other studies Reconstructing the S/R relationship using the total lipid energy 1946-1996 | 17,49

contained in the livers of mature females
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TABLE 4: DATA SOURCES

| ATLANTIC COD —l

[ BARENTS SEA |

STOCK: [ NORTHEAST ARCTIC (ICES AREAS I AND II) |

Data sources  (literature reference or contact person)
1. KIESBU, O. S. 1989. The spawning activity of cod, Gadus morhua L. J. Fish Bioi., 34: 195-206.

2. PEDERSEN, T. 1984. Variation in peak spawning of Arcto-Norwegian cod (Gadus morhua L.) during
the time period 1929-1982 based on indices estimated from fishery statistics. /n: E. Dahl, D. S.
Danielssen, E. Moksness and P. Solemdal (eds.), The propogation of cod Gadus morhua L.
Fladevigen rapportser, 1. 301-316.

3. BERGSTAD, O. A, T. JGRGENSEN, and O. DRAGESUND. 1987. Life history and ecology of the
gadoid resources of the Barents Sea. Fish. Res., 8: 115-161.

4. KJIESBU, O. 5., P. R. WITTHAMES, P. SOLEMDAL, and M. GREER WALKER. 1998. Temporal
variations in the fecundity of Arcto-Norwegian cod {Gadus morhua) in response to natural
changes in food and temperature. J. Sea Res., 40: 303-321.

5. THORSEN, A., AND O. §. KJESBU. In Press. A rapid method for estimation of follicle size and
potential fecundity in Atlantic cod using a computer-aided particle analysis system. J. Sea Res.

6. 1CES 2001, Report of the Arctic Fisheries Working Group. ICES C.M. Doc., No. 2001/ACFM:19.

7. PONOMARENKO, V.P., L. YA. PONOMARENKO, and N.A. YARAGINA. MS 1980. Growth and
maturation of the Lofoten-Barents Sea cod. JCES C.M. Doc.,, No. G:25.

8. JORGENSEN, T. 1992. Long-term changes in growth of North-east Arctic cod (Gadus morhua) and
some environmental influences. JCES J. Mar. Sci., 49: 263-277.

9. MARSHALL, C. T., O. S. KIESBU, N. A. YARAGINA, P. SOLEMDAL, and @. ULLTANG. 1998.
Is spawner biomass a sensitive measure of the reproductive and recruitment potential of Northeast
Arctic cod? Can. .J. Fish. Aquat. Sci., §5. 1766-1783,

10. PONOMARENKO, 1. Y.A,, and N. A. YARAGINA. MS 1994, Maturity rate of the Lofoten-Barents
Sea cod in 40's and 90's. ICES C.M. Doc., No. G:30.

[1. JORGENSEN, T. 1990. Long-term changes in age at sexual maturity of Northeast Arctic cod (Gadus
morhua L.). .J Cons. int. Explor. Mer, 46: 235-248.

12. AJIAD, A, T. JAKOBSEN, and O. NAKKEN. 1999. Sexual difference in maturation of Northeast
Arctic cod. J Northw. Al Fish. Sci., 25: 1-15.

13. KIESBU, O. §., P. SOLEMDAL, P. BRATLAND, and M. FONN. 1996. Variation in annual egg
production in individual captive Atlantic cod {(GFadus morhua), Can. J. Fish, Aguai. Sci., 53; 610-
620.

14, SOLEMDAL, P., O. S. KIESBU, and M. FONN. 1995. Egg mortality in recruit- and repeat-
spawning cod - an experimental study. f/CES C. M. Doc., No. G:35.

15. KIESBU, 0.5, J. KLUNGS@YR, H. KRYVIL, P. R. WITTHAMES, and M. GREER WALKER.
1991. Fecundity, atresia, and egg size of captive Atlantic cod (Gadus morhua) in relation to
proximate body composition. Can. J. Fish. Aquat. Sci., 48: 2333-2343.

16. YARAGINA, N. A. and C. T. MARSHALL. 2000. Trophic influences on interannual and seasonal
variation in the liver condition index of Northeast Arctic cod (Gadus morhua). ICES J. Mar. Sci.,
57: 42-55.

17. MARSHALL, C. T., N. A. YARAGINA, B. ADLANDSVIK, and A.V. DOLGOV. 2000.
Reconstructing the stock-recruit relationship for Northeast Arctic cod using a bioenergetic index
of reproductive potential. Can. J. Fish. Aquat. Sci.. 57: 2433-2442.
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Data sources  (literature reference or contact person)

18.

KIGRSVIK, E., and S. LONNING. 1983. Effects of egg quality on normal fertilzation and early
development of cod, Gadus morhua L. J. Fish Biol., 23: 1-12,

19.

KNUTSEN, G. M. and 5. TILSETH. 1985. Growth, development, and feeding success of Atlantic
cod larvae Gadus morhua related to egg size. Trans. Am. Fish. Soc., 114: 507-511.

20.

KARLSEN, @., J. C. HOLM, and O. S. KJESBU. 1995. Effects of periodic starvation on
reproductive investment in first-time spawning Atlantic cod (Gadus morhua 1..). Aquaculture,
133: 159-170.

21

KJORSVIK, E., A. STENE, and S. LANNING. 1984. Morphological, physiological and genetical
studies of egg quality in cod (Gadus morhua L.) In: E. Dahl, D. S. Danielssen, E. Moksness and
P. Solemdal (eds.), The propogation of cod Gadus morhua L. Flodevigen rapporiser. 1: 67-86.

22.

FOSSUM, P. 1988. A tentative method to estimate mortality in the egg and early fish larval stages
with special reference to cod {Gadus morhua L.) Fisk. Dir. Skr. Ser. HavUnders., 18: 329-349,

23.

KIGRSVIK, E., and . HOLMEFJORD. 1995. Atlantic halibut (Hippoglossus hippoglossus) and cod
{Gadus morhua). In: Broodstock management and egg and larval quality, N. R. Bromage and R. J.
Raberts (eds.). Blackwell Science, Cambridge. p. 169-196.

24,

KIORSVIK, E., A. MANGO-JENSEN, and I. HOLMEFJORD. 1990. Egg quality in fishes. Aav.
Mar. Bioi., 26: 71-113.

25.

SOLEMDAL, P. 1997. Maternal effects - a link between the past and the future. J. Sea Res. 37: 213-
227.

26.

ULVUND, K.A. and O. GRAHL-NIELSEN. 1988. Fatty acid composition in eggs of Atlantic cod
{(Gadus morhua). Can. J. Fish. Aquat. Sci., 45: 898-901.

27.

SOLEMDAL, P., O. BERGH, G. DAHLE, L.B. FALK-PETERSEN, H.J. FYHN, 0. GRAHL-
NIELSEN, .M. HAALAND, 0.8. KJESBU, E. KJORSVIK, S. LOKEN, [. OPSTAD, T.
PEDERSEN, A.B. SKIFTESVIK, and A. THORSEN. MS 1993. Size of spawning Arcio-
Norwegian cod {Gadus morhua L.) and the effects on their eggs and early larvac. JCES C.M.
Doc., No. (:41.

28.

BLOM, G, T. SVASAND, K. E. I@RSTAD, H. OTTERA, 0. 1. PAULSEN, and J. C. HOLM. 1994,
Comparative survival and growth of two strains of Atlantic cod (Gadus morhua) through the early
life stages in a marine pond. Can. J. Fish. Aquat. Sci,, 51: 1012-1023.

29,

VAN DER MEEREN, T., K. E. JGRSTAD, P. SOLEMDAL., and O. 8. KJESBU. 1994. Growth and
survival of cod larvae (Gadus morhua 1.): comparative enclosure studies of Northeast Arctic cod
and coastal cod from western Norway. JCES Mar. Sci. Symp., 198: 633-645.

30.

DAVENPORT, I, §. LONNING, and E. KIGRSVIK. 1981. Osmotic and structural changes during
early development of eggs and larvae of the cod, Gadus morhua L. J. Fish Biof., 19: 317-331.

31.

ELLERTSEN, B., P. FOSSUM, P. SOLEMDAL, and S. SUNDBY. 1989. Relation between
temperature and survival of eggs and first-feeding larvae of northeast Arctic cod (Gadus morhua
L.). ICES Rapp. Proc.-Verb,, 191: 209-219.

32.

SUNDBY, 8., H. BIGRKE, A V. SOLDAL, and S. OLSEN. 1989. Mortality rates during the early
life stages and year-class strength of northeast Arctic cod (Gadus morhua 1.y ICES Rapp. Proc.-
Verb, 191; 351-358.

33.

ROLLEFSEN, G. 1933. The otoliths of the cod. Fiskeridirekioratets skrifter, serie havundersakelser,
4: 1-14.

34.

WOODHEAD, A. D. 1959. Variations in the activity of the thyroid gland of the cod, Gadus callarias
L., in relation to its migrations in the Barents Sea. .J Mar. Biol. Ass. UK, 38: 407-415,

35.

MUKHINA, N. V,, N. F. PLOTITSYNA, and T. A. GOLUBEVA. MS 1996, Disturbances in
embryogenesis of cod from the Lofoten-Barents Sea stock. ICES C.M. Doc., No. Q:6.

36.

SUNDBY, §. 2000. Recruitment of Atlantic cod stocks in relation to temperature and advection of
copepod populations. Sarsia, 85: 277-298.

37.

OTTERSEN, G. and S. SUNDBY. 1995, Effects of temperature, wind and spawning stock biomass
on recruitment of Arcto-Norwegian cod. Fish. Ocearogr., 4: 278-292.
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Data sources  (literature reference or contact person)

38.

BOGSTAD, B. and S. MEHL. MS 1997. Interactions between Atlantic cod (Gadus morhug) and its
prey species in the Barents Sea. In Proceedings of the international symposium on the role of

forage fishes in marine ecosystems. Alaska Sea Gramt College Program Report, No. 97-01, p.
591-615,

39.

PONOMARENKO, 1. Y A. 1984. Survival of boitom-dwelling young cod in the Barents Sea and its
determining factors. /n: Reproduction and recruitment of Arctic cod. Proceedings of the Soviet-
Norwegian symposium, Leningrad 26-30 September 1983, O. R. Gode and S. Tilseth (eds).
p. 213-229.

40,

SUNDBY, 8. and P. SOLEMDAL. 1984. The egg production of Arcto-Norwegian cod (Gadus morhua
L.) in the Lofoten area estimated by egg surveys. /n: Reproduction and recruitment of Arctic cod.
Proceedings of the Soviet-Norwegian symposium, Leningrad 26-30 September 1983, O. R. Gode
and S. Tilseth {eds.), p. 116-137.

41.

SUNDBY, 5. and P. BRATLAND. 1987. Spatial distribution and production of eggs from Northeast-
arctic cod at the coast of northern Norway 1983-1985. Fisken Hav., 1987: 1-58 (in norwegian).

42,

ALDONOYV, VK., V.M. BORISOV, and V.P. SEREBRYAKOV. MS 1982. Fecundity of arcto-
norwegian cod spawning populations. JCES C. M. Doc., No, G:19.

43.

SEREBRYAKQV, V.P. 1990. Population fecundity and reproductive capacity of some food fishes in
relation to year-class strength fluctuations. /CES Proc.-Verb., 47: 267-272.

44.

SEREBRYAKOV, V.P. 1991]. Predicting year-class strength under uncertainties related to survival in
the early life history of some North Atlantic commercial fish. NAFO Sci. Coun. Studies, 16: 49-
55.

45,

MUKHINA, N.V. MS 1999. The use of Russian ichthyoplankton survey data in the forecasting of
recruitment to Arcto-Norwegian cod stock. JCES C.M. Doc., No. Y:15.

46.

HELLE, K., B. BOGSTAD, C. T. MARSHALL, K. MICHALSEN, G. OTTERSEN, and M.
PENNINGTON. 2000. An evaluation of recruitment indices for Arcto-Norwegian cod (Gadus
morhua L.) Fish. Res., 48: 55-67.

47,

ROLLEFESEN, G. 1954. Observations on the cod and cod fisheries of Lofoten. /CES Proc.-Verb.,
136: 40-47.

43,

DIESTAD, V. 1994, Historic changes in cod stocks and cod fisheries: Northeast Arctic cod. JCES
Mar. Sci. Symp., 198: 17-30.

49,

NILSSEN, E. M., T. PEDERSEN, C. C. E. HOPKINS, K. THYHOLT, and J. G. POPE. 1594.
Recruitment variablity and growth of Northeast Arctic cod: influence of physical environment,
demography, and predator-prey energetics. JCES Mar. Sci. Symp., 198:  449-470.

50.

MANKEVICH E. M. 1966. Methods of taking and reading the age samples of cod. Materialy
rybocoz. issledov. Severnogo basseina, Murmansk, 7: 53-56. (in Russian).

51.

OGANESYAN 8. A. MS 1993. Periodicity of the Barents Sea cod reproduction. JCES C.M. Doc.,
No. G:64

52.

KISELEVA V. M. MS 2000. Individual and Population fecundity of the Barents Sea cod in the 90's.
Materials of the session of PINRO on the results of research in 1998-1999. Murmansk: PINRO
Press, Part I,p.10-22. (in Russian).

53.
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54.
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55.

MASLOV N. A. 1944. The bottom-fishes of the Barents Sea and their fisheries. Transactions of
PINRO, 8: 3-186 (in Russian).

56.
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