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The cod spawning stock structure (age, sex”composition, maturation, biologiCal state of
spawners), time of spawning and dlstnbutxon of cod’during pre-s pawnmg and spawning periods are
analyzed for 1972-1995.

In 1970s the cod spawning stock at the Gotland spawning ground consisted of age group 3-5,
while in 1980s it was formed by.age group 4-6. In 1978-86 the share of ripening fishes decreased in
all age groups as compared with :1972-1977. Since 1981 the share of cod males was constantly
decreasing in the spawmng stock, reaching in 1990 only 40% from the level of 1972-1977.

In a pre-spawning penod the growth of cod determines maturation of different age groups,
age composition of the spawning stock and the time of spawning. An carly cod maturation is
observed in time of good feeding and favorable hydrological conditions. Ripening fishes start to move
early to the slopes of the Gotland deep, nearer to their spawning grounds. Thus, already in January of
1976-1977 fishes on the third stage of gonad maturity concentrated within depths 60-80 m. In those
years during spawning the whole adult part of cod population concentrated at spawning grounds, but
fishes of younger age groups remained in the sea coastal areas. In the years of high cod stock
abundance and poor feeding conditions an essential part of adult.cod did not mature and missed their
spawning: in spring of 1980-1982 and 1985-1986 fishes older than 4 years contributed 40-70% to
catches in the coastal regions.

In 1980-1983 when spawning stock was large, but spawrung grounds decreased in volume in
eastern Baltic, the cod migrated to southern and western Baltic regions in spring. The intensity of
mxgratxons determined by two factors, i.e. by spawning volume near. the Gotland deep and by the
spawning stock size (density of population).

In the last 10 years.cod reproductxon is practlcally meﬁ‘ec’uve in eastern Baltic due to
reduction of spawning volumes to the minimum in the end of 1980s, and very low number of cod
spawning stock during 1991-1995, :
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Introduction

During recent 20 years the peculiarities of cod reproduction changed essentially in eastern
Baltic. In 1980s long-time stagnation of deep waters caused a considerable decrease of spawning
volume, practically to the minimum in 1985-90; conditions of cod eggs fecundation worsened, as well
as the survival of eggs and larvae; time of cod spawning shortened; migration of cod spawning
concentrations from eastern Baltic to southern and western Baltic was observed by Pliksh et al,,
1993; Westin and Nissling, 1991; Baranova, 1986,1989; Grauman and Jula, 1988; Lishev and
Lablaika, 1989. In the beginning of 1990s the critical state of cod stock was already predicted basing
on the analysis of long-term peculxantles of cod spawning, dynarmcs of hydrological conditions and
intensive fishery (Uzars et al,, 1991).

In south-western and western regions of the Baltic Sea the main factor determining the
number of cod generations is the oxygen content in near-bottom water layers (Berner et all., 1989).
The analy51s of multi-annual data for eastern Baltic has revealed that the percentage of envxronmental
influence is 40%, the same pcrcentage is contributed by the parameters of cod spawning stock
(Lishev et al., 1989; Lablaika et al., 1989). The most positive relation of recruitment with spawning
cod abundance and the quality of spawners was observed in the periods of moderate hydrological
conditions in spawning zones (Lablaika et al., 1989 ), but at unfavourable hydrological conditions the
main limiting factor is the volume of water layer that is suitable for cod spawning (Pliksh et al,,
1993).

Material and methods

Material from research catches of cod at the Gotland spawning ground in March-June was
used for analysis, as well as that from Subdivisions 28 and 26 ( in some years in Subdivisions 29, 32 ).

Cod age was determined by otoliths, i.e. by the surface of transversal break analyzed at falling
light. The degree of gonads maturity was defined using.the 6-stage scale (Powles 1958). During
investigation period 1972-1995 cod age was determined for 25 000 individuals. For each Subdivision
and month the age composition was calculated using length-age-key.

Results and discussion

Age composition of cod spawning stock

~ In 1970s the major part of cod spawning stock in eastern Baltic consisted of age groups 3-5.
The mean age fluctuated from 4.1 to 4.5, Beginning with 1981 a shift toward older age groups
occurred: age groups 4-6 dominated in spawnmg stock during the whole period of spawning from
March till June. The share of cod older year groups (six year group and older) grew from 10-20% in
1972-1980 to 30-40% in 1981-1986 and 40-50% in '1989-1990 (Table 1.)

During 1980-1983 cod of two very abundant generations (1976 and 1977) dommated in the
spawning stock. In 1980 age group 4 constitute about 50% of the spawning stock. In 1981-1982
those two generations contributed 60-70% to the spawning stock. Their relative abundance up to age
groups 7 and 8 was 2-3 times more than average multi-annual data. In 1984-1986 fishes of abundant
generation 1980 contributed 30-40% to the spawning stock. During 1987-1995 cod spawning stock
was formed by fishes of poorly abundant generations.

In recent years the total cod stock decreased so drastically that spawning stock reached its
critical minimum level. At the Gotland spawning ground cod spawning concentrations were



practically absent In 1991- 1995 the catch per an hour of trawling varied from few individuals to 60-
100 kg being at an average 15-40 kg

Cod sex ratio in a spawning stock

In the Baltic cod populatxon the ratio of females and males is near to 1:1. In eastern Baltic
dunng autumn-winter feeding period the share of cod males was 46-50% in 1970-1990. In the
spawmng stock of 1972-1977 the share of males was about 70%. The analogous domination of males
in the spawning stock is characteristic both for the Gotland spawning ground and for spawning
grounds in other Baltic regions (Berner and Vaske, 1981) Cod males mature earlier than females and
come to spawning grounds earlier, In younger age groups the share of ripening males is considerably
higher than that of females. For example, in the years of good feeding conditions generative processes
for 30-40% of age group 3 males start already in January, but those processes are observed only for

10% of females. For age group 4 the share of ripening males is 1.5-2 times larger than that of
females. In the beginning of spawning (March April) the number of males is 1.5-2 times larger than
the number of females. In the end of spawning the share of males lessens to 50%.

In the beginning of spawning cod of older age groups dominate in the spawning stock. They
mature usually earlier. In May-June the mean age of males and females somewhat diminishes, but the
share of younger fishes, mainly age group 3, grows. Their maturation becomes later and they come
later to spawning grounds. In 1972-1977 the relative share of : age group 3 was mcreasmg 2 times
from March till June. In 1981- 1986 the share of : age group 3 was small (5- -10%) in the spawning
stock and it did not increase by the end of spawning (Table 2).

Beginning with the period of high cod stock (1981-1983) a permanent decrease of males
number is observed for cod spawning stock. In 1989-1990 the share of males decreased almost two
trmes as compared with 1972-1977 and was about 40%. The decrease of males share took place for
all age groups, but it was most sufficient for age groups 3 and 4. The decrease of males share at the
Gotland spawning ground in 1980s explains the shortening of spawning trme and the increase of
unfecundated eggs number (Grauman 1988). The decrease of males number may be partly explained
by migrations of ripening cod from eastern Baltic to spawmng grounds in southern and western
Baltic, noted in years of highly abundant stock and by worsening of hydrological condition at the
Gotland spawning ground. :

Maturation of spawners and time of spawning

In the years of good feeding conditions (1972-1973, 1976) generative processes start alrcady
in December. In January more than 50% of cod are on the III and IV stages of gonads maturity. At
the Gotland s spawning ground mainly mature fishes being on the IV-V stages of gonads maturity
concentrated in those years. Spawning is early, it takes place in March-April. In time of medium stock
size and moderate feeding conditions (e.g., 1985,1986) about 30% of cod start to ripe in January. In
those years spawmng occurs later, in the end of April and in May The share of immature cod is 10-
15% at the spawning ground In the period of large stock size and poor feeding conditions (1980-
1982) cod maturation is slow: in January only 20% of fishes are on the III stage of maturity. The
spawmng is prolonged it is going on from April till June, thhout a pronounced peak. Immature cod
are noted to be in considerable number (20-40%) at the spawning ground (Baranova and Uzars,
1986; Baranova, 1989).



In pre-spawning period cod feeding conditions and their growth determine maturation of
different age groups and their significance in the spawning stock. The growth and maturation of
certain generations depend on their abundance and the stock size.

In the years of good feeding conditions about 20% of age group 3 and 40-60% of age group 4
begin to mature in January. For older age groups (age group 5 and older) generative processes start
in the major part of cod (70-100%). When feeding conditions are moderate about 30% of age group
4 and 50-70% of age groups 5 and 6 begin to ripen in January. The share of ripening age group 3 is
small, reaching only 7-8% . In the years of poor feeding conditions maturation is delayed for all age
groups, only 20-50% of age groups 4-6 are on the I1I stage of maturity in January (Table 3.).

Ripening fishes have larger length, weight and a broader otolith growth zone formed during
feeding period before spawning than immature ones (Baranova, 1992). In 1980-1982 at the Gotland
spawning ground spawners of age groups 5-6 had low parameters of length and weight which were
close to those of immature fishes. This is probably due to the fact that bigger cod that had ripened
carlier migrated to spawning grounds in southern and western areas of the Baltic Sea, but cod worse
prepared for spawning with low biologic parameters stayed on the Gotland spawning ground.

It should be noted that maturation of age group 3 worsened in 1980s. Even at good feeding
conditions (1981-1987) and high parameters of length and weight (exceeding by 20-50% the multi-
annual data) the sharc of ripening age group 3, especially cod males, not only increased, but it
diminished. In those ycars in April the share of immature age group 3 made up 30-50% at the
Gotland spawning ground (1.5-2 times more than the mean multi-annual data). Due to this reason the
share of age group 3 decreased in the spawning stock, and the duration of spawning reduced as
compared with 1970s, because just age group 3 matured later and took part in spawning later, i.e. in
May-June.

Cod distribution in pre-spawning and spawning periods

In the years of good feeding conditions and early maturation ripening cod start to move
nearer to spawning zones on the slopes of the Gotland deep already in January. For example, in
January 1976 in Subdivision 28 (Ventspils area) the share of age group 5 and older grew in catches
from 4.7% up to 22.4% with the increase of depth from 40-50 m to 70-80 m. At depth 40-50 m
ripening cod made up about 30%. At depth 50-80 m 50-60% of cod were on the III stages of gonads
maturity (Table 4). In April 1976 at the height of spawning the cod of younger age groups (age
groups 1-3) dominated in Hiiumaa area (SD 28) at depth 30-50 m and in Ventspils area (SD 28) at
depth 60-70 m. In Subdivision 26 age groups 2 and 3 concentrated mainly at depth 60 m, but age
groups 3 and 4 at depth 80 m. The share of mature fishes was about 25%. At depth 90 m cod
spawners dominated (age group 3 and older). Here 80% of fishes were mature, 64% of them being
on the IV stage of maturity. Practically only spawning cod concentrated at depth more than 100 m.
At depth 100 m age groups 3-5 prevailed, 60% of them being spawners, but at depth 120-130 m age
groups 4-6 dominated, about 80% being spawners.

When cod maturation is poor a lot of adult immature fishes stay in the coastal zone during
spawning time. Thus, in April 1980 a lot of cod stayed in the Guif of Riga and in the Gulf of Finland.
In the Guif of Riga age groups 4-6 contributed about 40% to catches. In the Gulf of Finland about
75% of catches were made up by age groups 4-5, more than 60% being age group 4 of abundant
gencration of 1976. Quite a lot of age group 4 (more than 40%) were noted at depth 30-50 m in
Subdivisions 28 and 29. In Ventspils area (SD 28) age groups 3-5, mainly immature individuals
(about 80% were on the II stage of maturity), concentrated at depth 50-60 m and 70-80 m. In the
zone of spawning at depth 100-110 m the cod spawning stock was mainly formed by age groups 3-5.
Spawners made up only about 20%. Due to delay of maturation the major part of fishes were on the



IV stage of gonads maturity. The share of immature cod was also large at the spawning ground more
than 20% (Table 4).

In the period of good feedmg conditions (1972-1977) practically all adult part of cod
population ripened. In April even in coastal regions 70-90% of age groups 4-6 were mature
(Baranova and Uzars, 1986). In the years of high stock abundance a considerable part of adult cod
was immature due to poor feeding conditions and it missed spawning. During 1979- 1983 in spring
40-75% of catches were made up by fishes older than 4 years. Bad maturation was also noted in
1985-1986. In spring there were more than 60% of age group 4 and older in the coastal catches
(Baranova, 1989).

Density of spawning stock

Durmg the years of high stock size and unfavorable hydrolog1cal condmons in eastern Baltic
when the spawning volume decreased a part of cod migrated to southern and western Baltic (Lishev
- et al.,1989).

In the time of low stock size and favorable hydrological conditions on the Gotland spawning
ground those migrations are not observed for eastern Baltic cod. Beginning with 1980 in Subdivisions
22 and 24 M. Berner (1985) noted an occurrence of fishes that were representatives of eastern Baltic
cod by their morfhometric features. They formed a local spawning stock not mixing with western cod
which spawn later: in May-June.

Morfhometric analysis of cod otoliths sampled in 1980-1982 in Subdivisions 22 and 24 and
presented by M Berner ewdently distinguished a group of otoliths with typical for eastern Baltic cod
structural peculiarities , i.e. the width of opaque and hyaline zones and the character of their
formation, especially for generattons of 1976, 1977 and 1975. '

During spawning in eastern Baltic there are clearly pronounced quantxtattve relattonshxps of
cod catches and their distribution with cod stock abundance and spawning zone volume. Lishev et al.
( 1989 ) showed that at the equal volumes of. spawning zones the cod concentration and catches are
determined by stock size, but different volumes of spawning zones correspond with equal catches at
different stock abundances. With the reduction of spawning zones volume the cod concentrations and
catches grow up to a certain value, but then they become stable on the level that is common for
stocks of different values. This is explained by a definite populational behavior, i. €. relations within
shoals, relations among the shoals and distances between them. In the years of intermediate
hydrological charactenstxcs stabilization of catches testifies to a certain maximum critical populational
density in spawning zones of eastern Baltic. Cod population strives not to exceed this density and a
part of fishes has to migrate. The value of cod mtgratxon from spawning zones is proportional to the
reduction of spawmng zones volume. A clear relation was revealed between cod matunty, length,
weight, age and the spawning zone, i.e. , the older is cod, the higher are its biological parameters the
earlier it reacts upon the change of sea hydrologlcal conditions. The less is the spawning zones
volume, the smaller and worse prepared for spawning cod stays in the ¢ spawnmg zone,

~ Figure 1 shows the dynamlcs of mean weight and méan age of spawning stock on the
background of changes in spawning stock biomass (Anon., 1994) figure 2 - the dynamics of mean
weight of spawning stock and spawning volume (Plikshs et al., 1993). Regularities of cod stock
distribution and catches in castern Baltic during spring of 1980s well agree with the conception that
populational density has a decisive significance. In the years of high stock abundance and unfavorable
hydrologtcal conditions (for example 1980-1984) the spawmng stock size ﬂuctuated about a certain
maximum value which was determined by the spawnmg volume and the maximum populational
density in this volume. These two limiting factors are interrelated, but the mﬂuence of each of them
obviously changes by years. Populational density also depends on cod individual sizes. In those years



biological parameters of spawning stock strongly varied, e.g., mean age fluctuated from 4.1 to 5.4,
mean weight - from 820 g to 1370 g. The relationship  "mean age - mean weight " for spawning
stock is to a considerable extent determined by the factors of food supply.

Conclusion

The main factors determining the structure of eastern Baltic cod spawning stock are the

following:

- the age composition of a population as a whole and the abundance of separate generations;

- the biological state of fishes in a pre-spawning period and maturation of different age groups;

- the mechanism acting in a population which regulates the ratio of females and males in a spawning
stock.

The populational density is the factor regulating the distribution of mature part of cod
population during pre-spawning and spawning periods, the abundance and composition of spawning
concentrations. This factors is determined by the correlation of two indices, i.e., the spawning volume
and the parameters of spawners. ;
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‘ ) Table 1. ‘Age cdrﬁ_positio”n of cod spawning stock ( % ) in Eastem Baltic

L ]

Spawning ‘ . o ‘ , Age groups Mean
ground Year | Month 2 3 4 5 6 7 >8 age
Gotland  [1972-197§ March 17 11.2 45 23.7 13.8 36 1| 45
spawning April 1.4 21.8 42,4 21.6 9.1 2.7 1l 43
. ground May 1.6 .20.4 37.9 22.8 13.5 2.5 1.3 4.4
1976-1977 March 13.7 45 22.2 13.7 3 2.4] 455
' April .03 8 424 30.3] - 15.4 .35 0.1 46
June - - 0.3 19.1 " 41.8 258 . 103]: 2.4 03| 44
1979 March 11.6 29 29.7 11 11.6 5.8 13] 4.1
1980 .| March . . 11.8]. 52.8 22.1 . 6.3 4.7 23] 45
: April 0.8 11.5 42.6 328 10.7]° .08 08]. 45
"|1981-1986 March 0.5 6.3 26.7 31.5 23.4 8.3 33] 51
-April 0.1 7.1 20 333 275 ©9 3l 52
‘May " 38 6.8 ‘346 186 - " 27.9 6 23] 49
A June 1.2] - 42 .- 17 33.8 27:1 8.1 86| 54
1987 March 10.3 374 159 22.4 12.1 1.9 3.9
) April . 4.2 355| . 27.7 16.3 9.7 3.6 3] 4.2
1988-. | March 25/ 215 .26.6 EE X 10.1 15.2 5
1989 March 0.2 8.8 24 234 - 231 10.1 104] 5.3
C April C 2 9.9 - 26.7 258] - 16.8 - 79 -109] 5.1
1990 | March 0.7 3.5 “11.6 “26] 349 185 48/ 57
: April 1.1 5.1, ' 20.9 26 27| 13 6.8 54
1891 | March 6.5 16.1 29 32.3 12.9 3.2 ' 4.4
1993 . [March-Aprif - 10.3]. . 6.4 18 20.5] " 19.2 11.5 14.1] 52
‘ 1994 |March-Mayl 31.3 - 8.9 14.5 9.4 12.9 15.2 78] 44
Gdansk . 1890 March 7.3]. 236 8.2 22.7 21.8 9.1 73] 4.9
spawning | .1991 March 126]. 279 17.2 315 63 " 45 4.1
ground - 1993- [March-April . - 29.5] .- .17.9 23.2 20.5 .8l 0.9 3.6
- 1994 [March-Apri 16.3 4.1 4.1 40.8 18.4 14.3 - 2] 49
Table 2. Cod sex ratio in the spawning stock.
(A- Gotland spawning ground; B- Gdansk spawning %rouhd) ' :
) - Share in % .Mean age Share of males (%) in age groups
Area| Year | Month | : 1 - - ' in March-April |
..} " |Females.| Males |Females | Males | Total 4 5 8
A [1972-1977] . March 326| . 67.4 5 4.3 45| 865 79 61.1 49.7
April 29.4 70.6 4.9 42 4.4
May . 37.2 62.8}° 4.7 4 .43
- June 50.1 49.9 4.7 4 4.3
1980-1986] - March 37.6 62.4 5.4 . 5 51 76.9 64.8 55.3 50
April 46.2 53.8 54 . 5 5.2 C
~|May-June 52 48] 5 4.9 . 5]
1987 | March ars] | e25]r . 44 3.9 -38] 654 56 56 52.6
April 49 51 4.4 4 42 - -
1988- | March- . 62 . 38]- 55 4.2 5| 58.8 52.4 13.3 - 0
1989-199% March 47.5 5250 59 5.3 55| 58.4 556 | -49.6 41.3
Aprit |. 637 ' 36.3 .55 5 5.3 mE
A 1991 March 51.6 '48.4 4.4 4.4 44| 40 22.2 60 75
B R 41.4 -58.6|" 4.8 3.5 4.1 807 526 | 37.1 51.1
A 1993 March-Apri 52.6 47.4 50] 45 50.2] 100 57.1 18.8 46,7
B 1 28.6 71.4]. 5 3.1 36| 95 65.4 435 | 114
A 1994 April 262]. 738 54 2.8 35 80 75 0 33.3
A . 1 May| . 289 61.1}: 7 6 6.3 100 80 79 61.3
B _ April 38.8 61.2]" 5.8 4.4 49| 100 50 65 33.3




Tabie 3. Share of ripen cod (%) by age groups in Eastern Battic in January (A-SD 26,28)
and in April on the Gotland spawning ground (B)

Fish growth : Age groups
in feeding | Year | Month { Area .3 4 . 5 6
period Females [Males |[Females|Males |Females |[Males |Fémales|Males
Good 1976 | January A 10 33 501 - 64 78 100 87 - 70
. 1976 April B 100 98 95 100 100 -100 100 100
1984- . 60 © 70 80 . 80 100]. 90 _ 90 100
: 1989-90 . 95 .100 93 100 96 98 100 100
Average .{1985-86| January A . .7 8 25 34 61 33 75 80
11985-86| April B 50 60 70 © 75 - 80 . 90 90 97
'[1991-94 ’ 50 - 70 87{ 50 .90 100 100 100
Bad "|1979-82| January ‘A 5 . 15 "~ 16 32 38 . 50 50 - 20
1{1979-82] April B 25 70 60 80 80 88 90 - 95

*Table 4. Distribution of cod (%) in pre-s;iawriirpg and spawning periods in 1976 and 1980

Mean

Maturity stages

7 . Age groups . :
Year | Month Area Depth,m 1 . 2) . .3 - 4 5 6f - 7|>8 age - il v -V - VI
1976 |January| Ventspils "40-50 9 10] - 47.3 29 27} 0.5} - 1 0.5] 3.1 68.1 .319 |- :
'50-70 5.6 134 29.8 39.7]. 8 27 07 3.4 48.3 | 511 0.6
70-80 10.6 6.1 26.9 34 16.4 4.3 0.9 0.8] 36 41.2 58.8
April | Hilumaa 30-40 : 11.3]. :67.9 11.3 338 1.9} 1.9 .18} 33- | 808 0- -19.2 .
' : 50 48.4 19.7] - 27.4 2.9 1.6 ' 1.9 , Do
Ventspils 80-70| - 25.1 246 40.7 8.4 1.2 . 2.4 75.7 12.6 9 0 - 27
Liepaja 60 5.9 271 50.9 8.1 4.9 1.4 0.4 14 29 73.6 12.5 13.9
‘ 8ol - 57| 72| 579 20 48] 24" 03 1.7 3.3 746 | 54 | 20 | -
90 16| 827} 9.3 93| - 27 4.2 . 20 0 64 - 12 4
Gotland 100-130 1.6 1.6 13.8 37.1 28.7 13.4 3 0.8] 4.5
1980} April | Gulf of ' e L . _ _
Finland 60 2.2 21.1 62.5 12 1.1 © 0.7 0.4 3.9 88.7 87 | 23 0 0.3
Gulf of R DR o - ) x
Riga 30} 391 22} - 27 10 -2 3.3 - -
Saaremaa 30-50 147] - 284] - 40 13.7) - - 32| - 3.6 . 90 .38 |. 6.2
Hiijumaa 30 13.8 36.6] - 419 5.1 2 0.4 0.2] 35 92.9 3.6 3.5
Ventspils 50-60 26 252 47.6 ‘17.5 . 5.7 1 0.4 4 . ©
70-80 2 12.3 52.3 23.7| . 8 1 0.7 43 77.9 3.9 16.6 1.6
100 1 18 48 20 10 3 4.3 : -
Gotland 110 26 24.6 30.6 20.1 10.8 1.3 11 4.2 21.9 12.3 45.2 20.6
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Figure 1. Dynamics of the cod spawning stock biomass, mean weight and mean age.
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Figure 2. Dynamics of the mean weight of spawning stock and the spawning volume.



