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TABLE 1: AVAILABLE DATA

COMMON

NAME: | CoD I SPECIES: [ Gadus morhua, L.
AREA: | BALTIC SEA | STOCK: EASTERN BALTIC COD (iCES SD
25-32)
CREATED BY: GERD KRAUS UPDATED BY: JONNA TOMKIEWICZ
JONNA TOMKIEWICZ CORDULA SCHMITZ
2000-09-27 2003-04-09
Data status
Year | Stock Stock Age Sex | Maturity | Fecundity | Weight | Condition | Additional
size compaosition ratio data
2000 | N Vo &) v () ()
2000 | v VI o v v ) o)
1999 | v v v N v V (V) v
1998 | v vV v vy v y Nt ) v
1997 | v v v v v (V)
1996 | v y v V V v (V) v
1995 | v v v v v v (V) Y
1994 | vV vV v v v v () v
1993 | v v v V v V (V) v
1992 | V v v v V v (V) v
1991 | v v v v v v (V) V
199 | v v v v v vy (V) v
1989 | v \ V Vv vV v (\) vV
1988 | V V \ v vV v v ) v
1987 | vV v V v y N v
1986 | V v v v vV y v
1985 | vV \ V v v v
1984 | v V v v v v
1983 | v v v v v v v
1982 | v v v v V
1981 | v N V
1980 | v N v
1979 | V N V
1978 | v v v v v
1977 | ~ v Vloh | o) v v v
1976 V¥ V v | @) () v v V
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Data status
Year | Stock Stock Age Sex | Maturity | Fecundity | Weight | Condition | Additional
size composition ratio data
1975 v v V (V) () V
1974 v vV v &) (V) y
1973 v v v ) () 0
1972 v v V (V) () 3
1971 vV v vV ) () v
1970 v N v () ) ¥
1969 v v vV () ) v
1968 vV v ¥ (V) (V) y v
1967 v v vV V) () v
1966 v y V v
1965
1964
1963
1962 )
1961 (V)
1960 (V)
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TABLE 2: DATA BASIS, FORMAT AND QUALITY

COMMON r e |

NAME:

AREA: | BALTIC SEA |

Stock: | EASTERN BALTIC COD (ICES SD 25-32) |

REPRODUCTIVE STRATEGY: DETERMINATE BATCH SPAWNER |  REF. NO.:

TIMING OF SPAWNING:

I MARCH-SEPTEMBER I REF. NO.: 12,13,58,59

OPTIMAL TIME FOR MATURITY SAMPLING: I FEBRUARY-MARCH —l REF.NO.: | 8,12,13,58,59

Data basis, format and quality

M10-11

Variables Year range | Data basis | Data origin | Sampling Notes on data, methods | Ref. No.
(A/L/W) frequency and contents
Stock size 1966-2001 | Age-based | VPA Yearly |SD25-32 combined, 1
2-8+) based on commercial
landings and survey
abundance indices
SD25-32, SD
1974-2001 | A e-bfed MSVPA Quarterly |disaggregated 2
0-8+) commercial quarterly
landings and surveys Q1
Age-based Baltic International
1982-2001 i-10+) |Surveys M23 | Teawl Survey (BITS): 1,234
SD 25,26,27 and 2
1999-2001 Age-based Surveys MI0-11 Baltic International 1,3
1-104) Trawl Survey (BITS):
§D 25,26,27 and 2
Stock 1966-2001 A(2-8+) |VPA Y SD25-32 ]
composition 1974-2001 | A (0-8+) |MSVPA Q SD25-32, combined or |2
SD disaggregated
1982-2001 | A (1-10+) |Surveys 1\%41%-31’1 SD 25,26 .27, 28 1,3
Age 1966-2001 LWA CL Q National laboratories: SD | 1,2,5
determinaticn 25-32, harbour sampling
1994-2001 LWA |CL Q National laborataries: 8I2 | | 2 5
* 25-32, at sea sampling ”
National laboratories; SD
1996-2001 LW,A CcC M 25-28 - discard sampling 1,5
National laboratories:
1982-2001 L,W,A Surveys M2-3, | BIT Survey SD 25-28 1,3.5
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Data basis, format and quality

Variables

Year range

Data basis
(A/L/W)

Data origin

Sampling
frequency

Notes on data, methods
and contents

Ref. No.

Sex ratio

1965-1990

1967-1977

1980-1999

2000-2001

A

AL

cc

7

Surveys

Surveys

2-3Y
intervals

Mi-3

M2.-3

SD26 -first quarter,
unsuited for SRP

SD 25, average over 6-7
years, incl. L50 and A50
SD 25-28 and SD
disaggregated, average
over 5 year periods,
yearly after 1990

Data exist from BITS,
but not published

Maturity:

A. Ogives (E)

1965-1990

1967-1977

1980-1999

1988-1997

2000-2001

AL

CcC

7?

Surveys

(BITS)

Surveys

Surveys
(BITS)

2-3Y
intervals

6-7 years
out of 11

M1-3

M2-3

M2-3

SD26 -first quarter,
unsuited for SRP:
Macroscopic staging,
sex-specitic
8D 25, average over 6-7
ears, incl, L350 and A50:
aroscopic staging, sex-
specific
SD 25,26,27,28 separate
and combined, sex
specific average over 5
year periods, yearly after
1990, sex specific,
macroscopic staging

sex specific, macroscopic
staging, coverage largely
limited to Swedish
waters. incl. L50

Data exist from BITS,
but not published, sex-
specific

1.9

6,9

8,1,2.9,
10

Cl

B. Skip of
spawning

1979-1986

77

SD 26, 28, ana]ysis based
on visual maturity
determination during
spawning time

14

C. Spawning
probability

1961-1970

1998-1999

AL

CL, Lab.

Surveys,
lab.

Ml-12

Ml-i2

Histological criteria
separating immature and
mature females

Histological validation of
macroscopic scale and
estimation of spawning
probability

15

12,13

D. Other

1998-1599

Surveys

M1-12

Illustrated manuat based
on a histologically
validated macroscopic
scale
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Data basis, format and quality
Variables Year range | Data basis | Dataorigin | Sampling Notes on data, methods | Ref. Ne.
(A/L/W) frequency and contents
Fecundity:
A. Estimation 1959-1962 LW 7 (n=116) |SD 26, method not 85
provided
1968 L-W-  |Survey Y seasonal | SD 24. 25, 26, no area | 169
. . {n=84) differences
relationships Potential rel. fecundi
1976-1978 | A~ W- |Survey, | seasonal | SRETLE, T MEMRAIY 47
1983-1984 | relationships | commercial relative fecunziity useful
1993-1995 L-,W-,A- |Survey, Y seasonal Potential rel. fecundity 18.9
relationships | commercial | (n=435) |Sp 22, 24, 25 separated ’
trawl/gillnet e
1987-1992 | L-,W- Y: M3-7 |Potential rel. fecundity | 199
1996 relationships | Survey (n=807) |model (growth-+temp). ’
SD 25 and 26 separated
1987-1992 L-W- |survey by arca and partly m_onth
1996 relationships v:M3-7 |Potential rel. fecundity 10
1998-2000 (n¥807 . model (prey availability).
199) SD 25 and 26 separated
by area and partly month
B. First time vs. | 1993-1997 L/A Exgcriments Caugth in | Analysis of batch 20
repeat spawners (EC) spring | fecundity and total
fecundity of recruit-and
repeat spawners
C. Atresia 2000 L Survey/lab. | Y:M3-9 Histolctlgical analyses and | 21
uantification of atresia
D 25)
D. Other
Weight:
A. Commercial 1966-2001 | A (1-10+) [Landings Y sD 25-32 separated by |
fisheries data (WECA) SD, since 1997
documented by gear and
Landings quarter in report
1974-2000 | A (0-8+) (WEC A%) Q SD 25-32 separated by 2
SD and quarter, since
. 1997 separated by gear
1997-2001 A Discard Q At sea sampling of 1
discard by country,
quarter, gear.
B. Survey data | 1982-2001 A Survey M1-3 | 8D 25-28, since 1988 1,3
MI10-11 |with information on
individual fish
C. Other 1960-1985 LA Surveys M3-4 | SD 26 and 28. growth 22
parameters in relation to
abundance and food
availability
SD 26 and 28. Growth | 13
1975-1986 L.A Surveys Mi-4 and maturation in
relation to abundance
1972-1991 LA Surveys Mi2-1 [SD26,28.Lengthand |23
M3-4 | weight at age, otolith
increments in relation
stock size and prey
availability
1995-2000 A Surveys M2-3 | Area, sex and maturation |24

specific differences in
weight at age
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Data basis, format and quality

Variables Year range | Data basis | Data origin | Sampling | Notes on data, methods | Ref. No.
{A/LIW) frequency and contents
Condition:
A. Fulton 1998-1999 ( STAGE [Surveys Mil-12 |Relation beween K and 13
/M2-3/ M6 | maturity stage for
females, SD 25
g Mainly SD 25,
19952000 | L |Surveys | SEXFER| i ched data (C1,C3)| 24
B. HSI 1998-1999 | STAGE |Surveys M11-12/ | Relation beween HSI and | 13
M2-3/ M6 | maturity stage for
females, SD 25
" R | Mainly SD 25,
1995-2000 L Surveys 6 ,SYI)E(:I% unpublished data (C1,C3) 24
C. Energy
D. Other 1998-1999 Stage Surveys M!1-12/ |Relation beween GSI and | 13
M2-3/ M6 | maturity stage for
females, SD 25
" Mainly SD 25,
1995-2000 L Surveys |68 X PER |\ published data (C1,c3) | 24
Y/Q Different time series of | 24
1987-2001 L/A CC/CL condition data derived
from biological sampling
of the fisheries
Egg viability:
A. Egg quality | ? ? ? ? Effect of egg size on egg |25
survival
2 9 7 ? Changes in egg size over |2g
) ) the spawning season
Relationship between
1958-1978 Surveys Sp. season egg diameter and density 87
. Egg bouyancy in relation
1990 Ex&;:nmcnt MS5+M6 |10 egg size for different |27
(EW) females
1990-1993 Experiments | ps+Mg |Egg boyancy in relation |28
(EC) to egg size and batch
Experiment number
1992-1994 (é(a?)rlmen ) d Cri:;ught _ | Fatty acid composition,
su g Pre~| cleavage pattern in and | 91
PAWIINE. | hatching success
1994-1997 ) Comi)arison of egg size |29
Exgenment viability and survival
(EC) after hatch between
Skagerak and Eastern
Baltic cod
1993-1997 : SD 25-28, modelled age- | 20
A Fé(af:)rlment Caught | and batch-specific egg
during pre~ | production, buoyancy,
‘ sp. size
1999-2000 ALW Experiments | Caught | Relationship between
(EC) during pre- | egg size and maternal 24
Spawming | condition.
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(

Data basis, format and quality

Effects of temperature on
egp/larvae development

Variables Year range E:itji l/)was)is Data origin l_Sampliug Notes m:’ data, methods | Ref. No.
requency and contents
B. Fertilisation | 1989-1990 Exa?riments M4-6 | Effects of salinity on 30
success {(EW) spermatazoa motility,
fertilisation success and
egg development
. Caught | gny75 28, Sperm motili
1991-1995 Experiments during pre- | in relation to salinity and |31
(EW) Spawning potcn(tiial influence onl the
reproductive potentia
Experiments | Caught | Effects of paternal
1999'2000 A,L,w (EC} durirlg Pre_ ?‘ha.!'[a_ctel:istics on 24
spawmng | tertilisation success
C. Egg mortality | 1986 Surveys SP. SD 25, egg mortality in | 36
SEASON | relation to hydrography
-1978 SP. Dependence of egg
1938 Surveys SEASON |instantaneous mortality 87
coefficient on o(xsy 5151
concentrations ,
1990 Experiments 28
(EW) Daily mortality cllDf yolk- |32
sac larvae reared at
. different salinities
- Experiments X
1992-1993 (ERJ) Survival of eggs and
yolk-sac larvae at low 33
o;(lygpp level at different
1994-1995 : salinitres
Exa,erlments M4.5.7 | Neutral bouyancy of cod | 54
(EW) CEEs anﬂ survival
potenti
1991 STAGE j icibili 35
Surveys Size and visibility of cod
SPECIFIC Y cggs
: 40
Experiments | p4.7 91) .
- STAGE )
L L g vt e A
1994-1997 Ega;:riments ONCE temperature
EW Comparison of egg size 37
viability and survival
STAGE after hatch between
1996 SPECIFIC Surveys SD21 and 8d 25
SD 25, mortality of
1999-2000 Eé(&e)riments different egg stages 38
(




100

Sci. Council Studies, No. 37, 2003

Data basis, format and quality

Variables

Year range

Data basis
(A/L/W)

Data origin

Sampling
frequency

Notes on data, methods
and contents

Ref, No.

D. Other

1973

1991-1992

1986-1996

1996

1996

STAGE
SPECIFIC

STAGE
SPECIFIC

Surveys

Experiments
(Ea/)

Surveys

Experiments

(EC)

Experiments
(E'&/)

Mo

M4,7 (91)
M35,7(92

M4-7

ONCE

Mé

Vertical distribution in
relation to egg size
8D25, Egg development
time in relation to
oxygen and temperature

Model to predict vertical
egg distribution and
ambient temperature
Female and stage specific
relation between mal-
formation of early eg
stages and viable hatc|

SD 25, changings iq
stage-specific criteria

39

40

43

42

43

Larval viability:

A. Hatching
success

1994-1997

1990

1992-1994

1996

Experiments

Experiments
EW)
Experiments
EW)

Experiments

(EC)

Spawning
season

Caught
during pre-
sp.

Com?arison of egg size
viability and survival
after hatch between
Skagerak and Eastern
Baltic cod

Daily mortality of yolk-
sac larvae reared at
different salinities

Fatty acid composition,
cleavage pattern in and
hatching success

Female and stage specific
relation between mal-
tformation of early eg
stages and viable hatc

29

32

91

42

B. Larvae quality

1994-1997

Experiment

(EW)

Comparison of egg size
viability and survival
after hatch between
Skagerak and Fastern
Baltic cod

29

C. Mortality

1994-1997

1999-2000

1994-1995

1988,1991

STAGE
SPECIFIC

Experiments

(EW)

Experiments
(EW)

Surveys

Experiments

(EW)

M5-7(94),
M35(95)
nasgss;
M$(91

Survival of eggs and
yolk-sac larvae at low
oxygen level at different
salinities

Effects of temperature on
egg and larval
development

Hatch checks in otoliths
indicate size dependent
larvae mortality

Deep part of the
Bomholm Basin,
distribution and
abundance of eggs and
larvae

38

44

45
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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
D. Other 1994 L Surveys M5-7 Bornholm Basin (SD 25), | 46
vertical distribution
1994-1995 | AL |Surveys M5-7 (94), | Bornholm Basin (SD 25) | 47
M5 (95 | larval condition and
distribution
SD 235, partly SD 24,
1988, 1991 AL Surveys Mg Egsg larval d?iﬁ, 1 week 48
M8 (1) | intervals
1988,1993 AL S dat Drift models 49

88 h;ggémg% M9-10 | investigating advective
+meterology (93-96) |exchange of larvae
databases betweerig \;'lefstem and

1979-1994 A hvdr h eastern Baltic
+¥net%%f)allgg§ Larvae drift modelling to | 50
databases g:o&lstr?ct a tlransport d
i tion study)
1986-1999 A 7ooplankton index {simula .

86 hyd,%graphy Thropho-hydrodynamic 5
+meterolcgy model of larval : ﬂ,
databases growth and survival

1986-1999 A juv. surveys, Identification of nursery |53
ydrography arcas by larvae and
+meterology juvenile driﬁ modelling
databases
Spawning time | 1953-1955 A,LW Surveys MI1-12 | Timing of ripening and | 54
spawning, sex ratios in
relation to maturity stage
1953-1955 Changes in gonad weight
1971-1978 LW 7 MI-12 during the year indicat%llllg 35
1981-1984 the reproductive cycle
1972-1995 A Surveys M3-6 | Spawning stock age, 56
maturity stage and sex
composition and
distnibution
SD25. Sex-specific 58
1992-1996 L SUI'VCYS M2,3,4,5, [iming of ripening and
710,11 | spawning 59
SD 25 — sex and size
1995-1997 L Surveys 5-8 X PER | specific ripening and
YEAR | spawning times 60
1969-1996 SP.- SD 25, based on peak
STAGE SL‘!I‘VCyS SEASON egg abundance
Contamination | 1995 L.WA Survey/ M5 SD 25, maternal burden | 51
experiments of organochlorines and
viable hatch, larvae
survival and growth
Maternal burden of 57
1996 LwaA |Survey/ Sp. season | organohlorines and
experiments viable hatch, larvae
survival and growth
Xenobiotic compounds
1996 LW Surveys M7 and related en ‘r)noe 61
activeti in adults and
viable hatch
- LW Experiments | g geason | Contamination, mixed 62
2000-2001 (EW) P function oxidase activity
and viable hatch
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Data basis, format and quality
Variables Year range | Data basis | Data origin | Sampling | Notes on data, methods | Ref. No.
(AL/W) frequency and contents
Environmental | {897-1976 hydrography | D/'W/M/Y Anazsts of inflow events | 63
key factors databases eir intensity
1986.1988 hydrography | psw/M/y | Analysis of circulation 64
19931994 meteorology pattcrns and their
’ databases variability
1979-1998 hydrography D/WM/Y Analyses of water 65
- meteorology storage and sea level
databases inclination in relation to
physical forcing
1992-1997 ‘ roductive volume
gﬁg&%ﬁphy 14 cruises (saﬂmty, oxygen and 75
mients tem;erature hmts) in
D/W/M/Y |sensitivity analysis of 85
1958-1992 hydrogrfliphy driving forces causing
g?é%%g%:gy long term changes in

spawning habitat size

parameters

Other factors or
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TABLE 3: STUDIES OF REPRODUCTIVE POTENTIAL

COMMON |
NAME:

COD |

AREA: |

BALTIC SEA l

STOCK: |

EASTERN BALTIC COD (ICES 8D 25-32) ]

103

Estimation of reproductive potential

Subject

Brief description

Year range

Ref. Neo.

Potential or realised
egg production

Data sets of sex ratios and maturity from commercial catches
are together with fecundity estimates used to estimate popu-
lation egg production and show that sex ratio and maturity
are variable - not constant as assumed in assessment
Sensitivity analysis of variability in potential egg production
caused by different maturity, sex ratio and fecundity data
sets. Estimation of hydrographic and spatial influences on
the viable larvae production.

Female SSB and potential egg production were estimated for
different spawning areas and compared with independent
time series of realised egg produktion and recruitment
considering environmental impact on early life stage
survival,

Batch fecundity and total fecundity estimated for recruit and
repeat spawners are used to estimate age specific potential
egg production and viability in relation to age/size and batch
specific egg bouyancy

Potential egg production were estimated using female SSB
and compared with independent time series of realised egg
production.

The potential egg production is established using different
input data - constant, variable or female only maturity
ogives, sex ratios and fecundity and compared to survey
derived estimates of realised egg production / recruitment.

Validation of potential egg production estimates as a
measure of reproductive potential in the stock-recruitment
relationship and application in recruitment models.

1965-90

1966-96

1977-96

1967-96

1976-95

1976-99

1976-96

7

66

20

67

{0

68

Viable egg and
larvae production

Influences of hydrographical conditions, fishing mortality,
species interaction, spawning fime, egg quality and
spawning stock age structure on the reproductive success

1966-96

70

Critical life stages

Using Pauliks approach, the effects of environmental factors
on individual early history stages are examined and
identified. Key factors are incorporated into environmentally
sensitive and spatially explicit stock-recruitment models.

1976-96

68
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Estimation of reproductive potential

Subject

Brief description

Year range

Ref. No.

Environmental
influences

Regression analysis of the egg survival and potential
recruitment in relation to the volume, salinity, temperature
and oxygen content of the spawning layer as well as the
abundance of large females, SD 26,28.

The cod reproductive volume (RV) as the available water
volume that sustain egg survival and development in relation
to hydrography (SD 25, 26 and 28). A GLM model predicts
recruitment as a function of SSB, egg abundance and RV.

Impact of environmental variability and spawner abundance
and nutritional condition on reproductive success.

Recruitment success in dependence of adult stock size and
hydrographic conditions.

Influence of hydrograhic conditions and spawning stock
biomass on stock recruitment.

A review of processes affecting survival and growth of eggs
and larvae including interannual and temporal variability in
SSB, egg abundances, hydrographic conditions, larval
transport and zooplankton availability as food for larvae.

Distribution of cod in relation to salinity and oxygen during
spawning in the Bornholm basin - sex and maturity specific.

Improvement of RV estimates using the Gotland Basin as
test area.

A review of abiotic, biotic and human influences to explain
the dramatic decline in recuitment and abundance of eastern
Baltic cod in recent decades.

Analysis of the influence of stock structure and evironmental
conditions on the recruitment process estimated using a
generalised addditive model.

Sensitivity analysis of variability in potential egg production
caused by different maturity, sex ratio and fecundity data
sets. Estimation of hydrographic and spatial influences on
the viable larval production.

Explaining stock dynamics in relation to fisheries, species
interactions (i.e. egg predation and cannibalism} and
hydrographic conditions.

1954-86

1960-92

1960-86

1668-88

1969-83

1966-96

1996

1966-96

1566-96

1968-96

1966-96

1976-
2000

86

71

72

74

76

73

77

78

70

79

80
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Estimation of reproductive potential

Subject Brief description Year range | Ref. No.
Stock recruitment Stock-recruitment relationships accounting for hydrographic | 1966-92 | 88
relations impact on egg survival and clupeid predation on cod eggs.

Non-linear stock-recruitment relationship based on the 1966-95 29

assumption of multiple steady-state characterised by variable
carrying capacity for young cod and density dependent
transition between steady-states.

Effects of species interactions on biclogical reference points
derived from VPA, MSVPA and modified MSVPA (coupled | 1977-96 81
consumption, growth and food availability).

Environmentally sensitive stock-recruitment relationships 1965-94 82
for two different hydrographic regimes using SSB and
recruitment estimates from VPA and MSVPA

Changes in growth rate caused by prey variability and
impact on biological reference points

Spatially dis-aggregated MSVPA developed, establishing
separate SSB and recruitment time series for the three 197796 |83
spawning areas (SD25, 26 and 28).

Area specific data series of potential egg production, RV and | 1976-95 |67
recruitment are used to establish environmentally sensitive
stock-recruitment relationships and recruitment models.

Stock recruitment model based on potential egg production,
a survival index based on the reproductive volume and
recruitment at age 2.

Using Pauliks approach, the effects of environmental factors
on individual early history stages are examined and 197696 |68
identified. Key factors are incorporated into environmentally
sensitive and spatially explicit stock-recruitment models.
Potential for improving biological reference points using
adequate measure for reproductive potential in stock
recruitment relationships - case studies.

1977-96 90

1976-99 10

1976-96 69

Other studies
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TABLE 4: DATA SOURCES

COMMON | |
NAME: cop

AREA: | BALTIC SEA |
Stock: | EASTERN BALTIC COD (ICES $D 25-32) |

Data sources (literature reference or contact person)

1. ICES 2002. Report of the Baltic Fisheries Assessment Working Group. JCES CM 2002/ACFM No. 17.

2. ICES 2003. Report of the Study Group en Multi-species Assessments in the Baltic. JCES C.M. Doc.,
2003/H:3

3. ICES 2001. Report of the Baltic International Fish Survey Working Group. ICES C.M Doc., No.
2001/H:2, 236 p.

4. SPARHOLT, H. and J. TOMKIEWICZ. 2000. A robust methed for compiling trawl survey data used
in the assessment of Central Baltic cod (Gadus morhua 1..). Arch. Fish. Mar, Res., 48(2): 125-i151,

5. ICES 1999. Report of the Study Group on Baltic cod age reading. /CES C.M Doc., 1999/H:4.

6. BERNER, M. and B. VASKE. 1981. Uber das Geschlechterverhiltnis und die Geschlechtsreifung des
Ostseedorsches (Gadus morhua L.) in den ICES Gebieten SD 22, 24 und 235 (Mecklenburger Bucht
bis Bornholmsee). Fischerei-Forschung, 19(2): 37-45.

7. KOSIOR, M. and J. SKOLSKI. 1992: Effect of variability in the sex ratio of ced on the population
reproductive potential estimates. JCES C. M. Doc., No. J:18.

8. TOMKIEWICZ, ], M. ERICSSON T. BARANOVA, V. FELDMAN and H. MULLER. 1997.
Maturity ogives and sex ratios for Baltic cod: establishment of a database and time series. /CES
C. M. Doc., No. CC:20.

9. MACKENZIE, B. R., J. TOMKIEWICZ F. KOSTER, and A. NISSLING. 1998. Quantifying and
disaggregating the spawner effect: Incorporating stock structure, spatial distribution and female
influences into estimates of annual population egg production. JCES C M. Dec., No. 1998/BB:11.

10. KRAUS, G., J. TOMKIEWICZ, and F. W. KOSTER. 2002. Variability in egg production of Eastern
Baltic cod (Gadus morhug) in relation to variable sex ratio, maturity and fecundity. Can J. Fish.
Aquat. Sci., 39(12): 1908-1920.

11. CARDINALE, M. and J. MODIN. 1999. Changes in the size-at-maturity of Baltic cod (Gadus morhua
L.} during a period of large variations in stock size and environmental conditions. Fish. Res., 41:
285-295.

12. TOMKIEWICZ, J., L. TYBJERG, N, HOLM, N., A, HANSENC. BROBERG, C. and E. HANSEN.
2002. Manual to determine gonadal maturity of Baltic cod. DFU-rapport 116-02, Danish Institute
for Fisheries Research, 49 p.

13. TOMKIEWICZ, J., L. TYBJERG, and A. JESPERSEN. 2003. Micro- and macroscopic characters
staging gonadal maturation of female Baltic cod (Gadus morhua L.). Jour. Fish. Biol., 62: 253-276.

14. BARANOVA, T. 1989. Some parameters of the Eastern Baltic cod population in Subdivisions 26 and
28: growth and ripening in connection with abundance dynamics. Rapp. P-v. Réun. Cons. int.
Explor. Mer., 190: 97-101.

15. SHIROKOVA, M. Y. 1977, Peculiarities of the sexual maturation of females of the Baltic cod, Gadus
morhua callarias. Journal of Ichthyology, 17: 574-581.

16. SCHOPKA, 8. A. 1970. Vergleichende Untersuchungen zur Reproduktivitit am Hering, Kabeljau
und Sechasen in NO-Atlantischen Gewiissern. Doctoral dissertation, University of Kiel.

17. SHAPIRO, L. A. 1988. Correlation between the quantity and the guality of the gonads in Baltic cod.
Fischerei-Forschung 26(2): 66-69. (Translated from Russian by Can. Trans. Fish. Aquat. Sci.,
5515, 1990).

18. BLEIL, M. and R. OEBERST. 1996, The fecundity of cod in ICES Sub-divisions 22, 24 and 235 in the

years 1992-1995 (Preliminary results). /CES C. M. Doc., No. J:8.
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