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Abstract 

The subject matter of this Bachelor´s thesis is the Eastern Baltic Sea cod. A literature review 

has been done regarding how environmental factors such as salinity, oxygen supply and 

temperature but also the size of the cod populations affects the migration patterns and the 

habitat choice of the cod. The result of the review shows that, when the eastern Baltic cod 

population is small, its area of distribution is restricted to the southern parts of the Baltic Sea. 

Moreover, high salinity leads to a larger area of distribution, while low oxygen content in the 

Deep Basins leads to vertical migrations, as well as further migrations south and north, to 

areas with better hydrological conditions. Finally the the cod tend to prefer habitats with 

warmer water, if the oxygen and salinity conditions are suitable, at least during the spawning 

period.  

This thesis also include estimation on how well the annual scientific trawl surveys performed 

by coastal Baltic countries, reflects the actual cod population size. This estimation is partly 

based on a critical review of available information about the trawl survey design in relation to 

cod migration patterns, distribution and habitat choice. Furthermore, a test has been done of 

how well the annual stock size estimates for the latest year, presented in the International 

Council for the Exploration of the Sea (ICES) Annual Reports of the Baltic Fisheries 

Assessment Working Group (WGBFAS), between the years 1996-2009 reflected the best 

available stock size estimates from 2010. The results indicate that the scientific trawl surveys 

might not work satisfactory. This indicates that further research must be done in the field, 

therefore possible alternatives such as comparisons of positioning data of commercial and 

scientific trawls and interviews with fishermen are suggested. 
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Sammanfattning 

Denna uppsats handlar om torsken i det östra Östersjöbeståndet. En litteratursammanfattning 

har gjorts gällande hur miljömässiga faktorer såsom salthalt, syretillgång, temperatur samt 

storleken på bestånden påverkar migrationsmönster och habitatval hos torsken. Resultaten 

visar bland annat att när torskbestånden är små blir torskens utbredningsområden begränsade 

till de södra delarna av Östersjön. Höga salthalter leder till större utbredningsområden medan 

låga syrehalter i djupbassängerna leder till vertikala migrationer såväl som längre migrationer 

söder och norr om bassängerna, till områden med bättre syretillgång. Torsken verkar 

dessutom föredra habitat med varmare vatten om syre- och salthaltsförhållandena är 

gynnsamma, åtminstone under lekperioden. 

Vidare inkluderar denna uppsats en bedömning av hur väl de årliga vetenskapliga 

trålningsundersökningarna som utförs av länder med kust mot Östersjön, återspeglar den 

faktiska storleken på torskbestånden. Denna bedömning baseras på en kritisk granskning av 

den information som finns tillgänglig gällande de vetenskapliga trålningsundersökningarna, i 

förhållande till torskens migrationsmönster, distribution och habitatval. Dessutom har ett test 

gjorts av hur väl de årliga beståndsuppskattningarna för 1996-2009 presenterade i 

International Council for the Exploration of the Sea (ICES) Annual Report of the Baltic Sea 

Fisheries Assessment Working Group (WGBFAS), reflekterar de bästa tillgängliga 

beståndsuppskattningarna från 2010. Resultaten indikerar att de vetenskapliga 

provtrålningsundersökningarna inte fungerar tillfredsställande, vilket visar på att vidare 

studier måste göras inom området. Möjliga alternativ, såsom jämförelser av 

positioneringsdata för kommersiell- samt vetenskaplig trålning, samt intervjuer med 

yrkesfiskare presenteras. 

 

Nyckelord: Födomigration, Lekmigration, Salthalt, Syretillgång, Temperatur, Vetenskapliga 

trålningsundersökningar, ICES uppskattningsrapporter 
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1 Introduction 

The Baltic cod is one of the marine species that has evolved and adapted to the brackish 

water environment in the Baltic Sea (Bernes, 2005). The Baltic Sea has two stocks of cod. 

The eastern stock (Gadus morhua callarias; The Baltic Sea cod) is distributed between the 

northern part of the Gulf of Bothnia and down to Bornholm. The western stock (Gadus 

morhua morhua L; the transition area cod) inhabit the area west of Bornholm including the 

Danish Sounds (Bagge, 1981). In this paper I focus on the eastern stock, and the eastern 

Baltic cod will hereby be named as the Baltic cod. 

Since long the Baltic cod has been an important target species for the fishing industry and the 

size of the populations has fluctuated largely over the years. In response to intensive 

commercial cod fishery, attempts to limit the total allowable catch (TAC) were introduced as 

early as in the 1970s (Bernes, 2005). After the origination of the TAC there has, according to 

Aro (2000), been a discussion regarding the accuracy of the abundance estimates and 

recommended quotas between scientific trawl surveys and fishermen. Estimates of cod stock 

size are done by ICES, using data collected from commercial fisheries as well as scientific 

trawl surveys (The Swedish Board of Fisheries, 2007). Scientific trawl surveys have been 

performed in the eastern Baltic Sea since 1980. There are two surveys performed annually, 

the first in spring between 15 February and 31 March and the second one in the autumn 

between 1 and 30 November (ICES, 2006, 2008).  

Factors affecting both commercial and scientific trawl catches include variation in migration 

patterns and habitat choice. These in turn are affected by environmental factors like salinity, 

oxygen content and temperature, but also the cod stock size. For example, studies by Aro 

(2000), found that when the abundance of the Baltic cod stocks is high, as they were in the 

late 1970s and the early 1980s, the distribution of cod in the Baltic Sea is larger. Accordingly, 

when the cod stock is small they concentrate in favorable habitats (called hyper aggregation), 

which means that the commercial fishery might still be able to take large catches. This in turn 

could mean that even if the fishing pressure is high, with decreasing overall abundance of cod 

as a result, it will still be possible to get large catches in the better cod habitats. 
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This leads to speculations regarding the possibilities that fishermen get large catches even 

when the population of cod is small or decreasing, or if it is the annual scientific trawl 

surveys that result in underestimating of the size of the population. 

The aim of this paper is to compile current knowledge on the impact of selected 

environmental factors and the size of the population, on the habitat choice and distribution of 

the eastern Baltic cod, in a literature review. Furthermore, to estimate how well the scientific 

trawl surveys reflect the actual cod stock size, based on own critical studies.  

1.1 Research questions 

This paper aims to answer the following questions: 

 What effects do salinity, oxygen supply, temperature and the size of the population 

have on migration patterns and the habitat choice in a seasonal- and inter-annual 

perspective of the eastern population of Baltic cod?  

 How well do the annual scientific trawl surveys reflect the actual size of the cod 

population? 

 

 



4 

 

2 Methods 

The aim of the study is to compile current knowledge on the impact of selected 

environmental factors and the size of the population, on the habitat choice and distribution of 

the eastern Baltic cod, in a literature review. And also to estimate how well the scientific 

trawl surveys reflects the actual cod stock size, based on own critical studies. To achieve the 

aim of the study, a review was made of current scientific literature to describe the field of 

knowledge. The literature used is scientific, with systematic collected data and also the major 

part of the material is scientifically reviewed and published in scientific journals. Searches for 

relevant articles have been performed by using Web of Science and Google Scholar. 

 

          Table 1. Database searches 

Database Search words Total Hits Hits used 

Web of Science Baltic Sea cod, Baltic inflows, 

Cod distribution Baltic Sea, 

Oxygen concentration Baltic 

Sea, Environmental conditions 

Baltic Sea, Management of cod 

Baltic Sea, Cod migration 

Baltic Sea 

1333 12 

Google Scholar Baltic Sea cod migration, Cod 

distribution Baltic Sea, Vertical 

distribution of Baltic cod, 

ICES Baltic Sea cod Trawls. 

52220 
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The selection of the hits was made by choosing the ones most relevant for the paper, that is, 

the ones concerning the eastern cod population in the Baltic Sea and thereafter the ones 

which contained many of the keywords. Moreover, the criteria were that the literature 

collected was published and reviewed. It should also contain information about surveys 

performed in different parts of the Baltic Sea, as well as studies performed at different 

periods of the year. All these selection criteria were made to find literature that gives a 

general view in the field of knowledge. 
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Except for the material above, some older material has also been acquired through personal 

communication with Olle Hjerne Ph. D. Department of Systems Ecology, Stockholms 

University.  

Available information about the scientific trawl surveys has been collected and critically 

studied to acquire knowledge about the function of the trawls. Moreover, ICES website 

(www.ices.dk) has been used to find the Annual Reports of the WGBFAS between the years 

1996-2010. In 2004, there were two slightly different stock assessments of cod in the 

WGBFAS report. To determine which one to use, the assessment used in the ICES Advice 

for 2004 were selected. After this, a comparison was done on the estimates of recruits, total 

biomass and total spawning stock biomass (SSB) from the last year in each assessment report 

between 1996-2009, with the more reliable estimates from the latest report (2010) as a key. 

The assessment reports used concern ICES subdivisions
1
 25-32. The WGBFAS report of 

2010 is more reliable since it is based on more data, which in turn enable better assessments. 

This has been done to find out if the Baltic cod stock generally seems to be underestimated or 

overestimated or if no clear patterns can be seen, which can give an indication on how well 

the annual scientific trawl surveys reflect the actual size of the cod stocks in the Baltic Sea. 

To clarify these comparisons, line- and scatter charts have been used (Figure 4-9). 

Criticism of the sources 

Since large parts of the material used in this literature review is old (20-30 years or older), it 

is possible that these studies were made under other conditions than studies performed more 

recently. More recent studies had access to more knowledge and more advanced technology, 

which in turn might lead to more correct conclusions regarding the studied field.  

Moreover it is possible that the selection of the material used in this paper can affect the 

outcome. This since it may exist material with totally contradicting results than the material 

used in this paper. 

                                                 
1
 The Baltic Sea is divided into different subdivisions. This to be able to know where the cod is caught. ( ICES, 

2008). 
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3 Cod migration and habitat choice in the Baltic Sea  

In general, the cod in the Baltic Sea have numerous migration patterns. The capacity of the 

cod to manage changes in environmental conditions strongly influences the migration 

patterns. Migrations occur mostly due to spawning, feeding and wintering. Furthermore, 

migratory behavior can be seen as favorable since it means more flexibility for the cod. This 

flexibility results in better chances of reproductive success, access to food supplies and higher 

survival rates. The most important abiotic factors which affects the cod migrations is either 

rapid or long-term changes in the environment e.g. changes in salinity, temperature and 

oxygen supply (Aro, 1989). The migration patterns of the Baltic cod are generally well 

known due to many tagging experiments since the 1950s. The habitat choice is not as well 

studied, but the field of knowledge is getting better (Bagge, 1981).  

3.1 From egg to mature cod 

To give a clear picture of the different migrations of the Baltic cod, information will be given 

step-by-step; egg - larvae stage – juveniles - mature cod. 

The Baltic cod eggs need a salinity of at least 10-11 ‰ to develop and to stay neutrally 

buoyant (Otterlind, 1966). Another important factor for the eggs is the oxygen content, which  

needs to be at the least 2 ml/l (Köster et al. 2005). The eggs hatch after approximately 18 

days in temperatures around +5° C (Bagge, 1981).  

When the cod eggs have developed into larvae, they are found close to the spawning areas 

under the halocline in the deep basins (Bagge et al. 1994). The halocline is normally located 

at depths about 50 meters or more in the deep basins (Otterlind, 1976). The larvae migrate 

vertically through the halocline after a few days, to feed. The majority of the feeding larvae 

are found at depths around 30-40 meters and the vertical migration is probably a prerequisite 

if the larvae are going to survive (Grønkjær & Wieland, 1997, Grønkjær et al. 1997). The 

transport of the larvae depends on the wind conditions in the Baltic Sea (Voss et al. 1999).  

Transportation to more coastal areas is favorable for the larvae since the food and shelter in 

this shallower water seem to result in better growth and survival compared to larvae that 

remains in the deep basins (Hinrichsen et al. 2001). After settlement (when the cod change 

habitat from pelagic life to demersal) they spend their first two years as juveniles in these 
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more shallow coastal areas, before they are old enough to join the spawning stock (Bagge, 

1981). This retention of the young cod in the shallow water seems to be a strategy to avoid 

competition with the adult cod regarding food and also to avoid predation (Otterlind, 1985). 

According to Otterlind (1976), in the mid 1970´s, when hydrological conditions still were 

good in the Gotland Basin, the Midsea Banks and the shallower coastal areas all the way up 

to the archipelago of Stockholm, these areas were some of the most frequent recurring growth 

areas for the juvenile cod.  

After the settlement it is common that large concentrations of young juvenile cod (one year or 

younger) is found at deeper bottoms in the southern parts of the Baltic Sea, during periods of 

good oxygen conditions. Usually they stay on both sides of Bornholm basin and at depths 

around 40-70 meters (Otterlind, 1985, Hinrichsen et al. 2009). This often occurs in March-

April, and it is believed that it is a result of colder water in the coastal shallow areas 

(Lablaika & Uzars, 1982). 

Young juvenile cod as well as eggs and larvae are affected by the strong inflows of water 

from the southern parts of the Baltic Sea, and can result in passive migrations to the northern 

parts of the Baltic Sea (Bagge, 1981). When the juvenile cod are soon to be mature, they 

migrate from these northern feeding areas and return to the south when it’s time for 

spawning, since the northernmost parts of the Baltic Sea is not favorable for spawning due to 

the low salinity (Otterlind, 1976, Bagge, 1981).  

The factors determining when these spawning migrations begin seem to be the time of 

maturity of the cod according to trawl experiments in the Bornholm Basin. It is called that the 

spawning is age-dependent. The results indicate that maturity for males start at lengths about 

17 centimeters and for females about 22 centimeters. The approximate length needed for 

spawning was around 30 centimeters. Kändler (1944, cited in Bagge et al. 1994) 
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               Figure 1. Conceptual diagram of the Eastern Baltic Sea cod migrations. (inspired by  

               Kraus et.al. 2009). 

3.2 Time of spawning 

In the Baltic Sea there are four spawning areas. Here following from the southwest Baltic Sea 

to the northeast: the Bornholm Deep, Slupsk Furrow the Gdansk Deep and the Gotland Deep 

(Bagge, 1981). The large variations in the Baltic Sea hydrological conditions results in a very 

long season for spawning in the parts east of Bornholm. Normally, the spawning season 

begins around February-March and ends in August while the peak spawning take place in the 

end of April until the end of June (Bagge, 1981, Wieland et al. 2000).  

3.3 Spawning areas 

Studies by Netzel (1968, 1974a, 1976, cited in Aro, 2000) shows that the spawning 

migrations starts with the Baltic cod wandering from feeding areas such as the Gotland deep, 

Hanö Bay, Gdansk Bay and Slupsk Furrow to the Bornholm area for spawning. Studies by 

Otterlind (1966, 1976, 1985) also describes other more long distance spawning migrations, in 

which mainly young cod that are soon to be mature but also some older cod participates. 

Although, studies by Otterlind & Norberg (1988) also showed that some of the adult cod 

primarily prefer to stay in the same area of distribution and therefore did not migrate. 
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This migration occurs in December-March and range from the Swedish east coast, the Åland 

Sea, the southern Bothnian Sea and the Gulf of Finland to the Bornholm basin, the Gdansk 

Basin and the southern parts of the Gotland Basin. Generally the first spawning occurs in the 

Bornholm Basin and later on in the Gotland Basin and the Gdansk Deep. (Aro, 2000) 

 
                 Figure 2. Baltic cod spawning and nursery areas (after Bagge & Thurow 1993, slightly   

                 modified and corrected by Aro, 2000). 

3.4 Feeding migration 

After the spawning the Baltic cod perform migrations to feed, in which the most active cod 

seems to be the oldest individuals, but all age groups migrate more or less. The feeding 

migrations normally occur between July and September (Bagge, 1981). There are different 

opinions about the structure of the feeding migrations. According to studies by Otterlind 

(1985) and Tomkiewicz and Köster (1999) most of the Baltic cod feeding migrations occur 

with no clear pattern. Migrations appear in all possible directions, but not seldom to feeding 

areas close to the spawning grounds. Netzel (1976, cited in Aro, 2000), on the other hand, 

argue that although the migrations patterns of feeding often are scattered, it is possible to pick 

out some migrations that occur more often. Such recurring patterns are e.g. from the deeper 
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water of the Bornholm Basin to the east towards Slupsk Furrow, Gdansk Deep and the 

Gdansk Bay, where the water is more shallow. Also, there tend to be migrations north 

towards the coasts of Russia, Latvia and Lithuania. When the feeding period is over, the 

Baltic cod once again migrate back to their spawning areas. This usually occurs in the spring 

after the feeding period (Bagge, 1981). 

3.5 Habitat choice of Baltic cod 

According to Hessle (1923), the Baltic cod favors hard bottoms. It also seems important that 

the bottom is rugged. Other than this, the Baltic cod prefer steep slopes and dips, usually 

close to the deep basins of the Baltic Sea (Hessle, 1923).  

Studies done by Neumann (1984) has shown that in years with large year-classes of Baltic 

cod, the migration from their hatching areas seems to go further, even when there are suitable 

coastal habitats close. The reason for this is not known, but Neumann (1984) suggested that 

temperature can be a contributing factor, since the cod according to his study seemed to 

prefer lower temperatures (about 4-5C or lower). But he also points out that it is not likely 

that temperature alone is affecting the discrimination of close coastal habitats, this based on 

the fact that the cod avoided these habitats all seasons. On the other hand, studies by 

(Tomkiewicz et al. 1996) shows that if the salinity and oxygen content is suitable, cod prefer 

warmer water (from about 5C and warmer), at least during spawning season. Further on, 

bottom depth also seems to influence the distribution patterns of the cod. 

Changes in seasonal weather also seem to affect the distribution of Baltic cod. According to 

Uzars (1994), young cod are affected by the previous winter conditions the first half of the 

following year. After cold winters, young cod migrate to deeper areas far away from the coast 

while the young cod after warmer winters tends to chose shallower coastal areas (Uzars, 

1994). When it comes to the adult cod, Otterlind (1985) argue that the mature cod often 

during winter to spring is found in areas with warmer and more saline deep water. Once they 

have adapted to these conditions they often tend to stay in these areas. 
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4 Scientific trawl surveys in the Baltic Sea 

To estimate the abundance of cod in the Baltic Sea (both adult cod and recruits) demersal 

trawl surveys are used. These surveys have been performed since 1978 in the western Baltic 

Sea and in the eastern Baltic Sea since 1980 (ICES, 1999). Most of the coastal countries in 

the Baltic Sea area perform trawl surveys (ICES, 2006, 2008). 

In the beginning the different Baltic coastal countries did not use the same kind of fishing 

gear in their trawl surveys and also the design of the surveys was different. This lack of 

standardization made it hard to compare data between countries (Sparholt et al. 1991). After 

an agreement regarding the whole Baltic Sea in 2001, a general trawl gear and design were 

chosen (ICES, 2006). The requirements of the new survey design was that the workers on the 

survey vessels did not have knowledge about the bottoms they were about to trawl. Also a lot 

of areas were closed for all fishing activities as a result of among other things, gas pipelines 

and electrical cables lying on the bottoms. To decrease the risk of getting trawl gear 

damaged, since the workers on the vessels did not have knowledge about the bottoms, a 

database called Tow database was created. The function of the database was to give 

information about safe positions for demersal trawl, with all kinds of gear normally used 

(ICES, 2008).  

Before the trawl surveys begin every year, a random selection of the stations in respective 

depth layer is done from the Tow database of clear haul data. The stations randomly selected 

are just a subsample of a larger number of possible trawl tracks (ICES, 2006). The design of 

the survey ―is conducted as a depth-stratified survey. The strata are based on sub-divisions 

and 20 meter depth layers―(ICES, 2006, pp. 5). The allocation of the planned stations to 

respective strata depends on the distribution of cod and also the size of the cod stocks (ICES, 

2006).  

There was an agreement that the distribution of the stations should be depending on the size 

of the ICES subdivisions. Also it was concluded that a depth range should be used, with 

depths from 10 to 120 meters. In cases when no cod had been caught at the same depth of at 

least two randomly selected stations, and the oxygen content is less than 1,5 ml/l in the zone 

covered by the net, the hauls are excluded. However, even if the catches are zero, the data 

still is reported, in order to avoid miscount of the stocks (ICES, 2008).  
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5 Results and analysis 

5.1 Salinity, oxygen and temperature as affecting factors 

Regarding the salinity in the Baltic Sea, the surface water in the northernmost parts of the 

Bothnian Bay has the lowest salinity, of around 2‰. While the salinity of the surface water 

west of Bornholm is approximately 8 ‰. (Otterlind, 1976)  

Measurements regarding the hydrographic conditions of the Baltic Sea have been collected 

since 1870. This data indicate some general trends and also some fluctuating patterns. During 

the period 1900-1977 there was generally an increase in salinity, mostly in the bottom layers. 

In comparison, the period 1978-1992 is characterized as a stagnation period, although there 

were some large inflows of salt water that temporary changed the hydrographic condition, 

Matthäus (1979) and Frank & Matthäus (1992, cited in Møller & Hansen, 1994). 

In the 1950´s, as a result of more frequent salt water inflows, the salinity reached the highest 

levels since the first recordings began (Segerstråle, 1965). At least partly as a result of the 

high salinity, a remarkably strong year-class of cod was produced in 1953, Nikolaev (1957, 

cited in Segerstråle, 1965). Otterlind (1966) also argue that it is possible that more inflow of 

saline water could result in better cod recruitments due to larger spawning areas and more 

surviving cod eggs. Further on, studies has shown that major inflows of saltwater actually 

results in better environmental conditions in all basins (Matthäus & Lass, 1995).  

The years after the strong inflow 1951 were characterized by weak inflows of saltwater. This, 

as well as other hydrographical features, led to a long period of stagnation Glowinska (1963, 

cited in Segerstråle, 1965). As mentioned earlier by Segerstråle (1965) and Otterlind (1966), 

the Baltic cod stock obviously thrives in periods of strong saltwater influx.  However, periods 

of stagnation affect the cod stocks in a very negative way, since decreasing oxygen affects the 

spawning areas of cod, which become smaller. Moreover, oxygen deficiency affects the 

benthic fauna in a very negative way and this force the cod to leave their deepest areas of 

distribution since the feeding conditions gets poor (Otterlind, 1976, Tomkiewicz et al. 1996).   

There are three periods known for intensive migration due to long periods of stagnation in the 

deep basins of the southern parts of the Baltic Sea to northern parts such as the Åland Sea, the 

Bothnian Sea and the Gulf of Finland: 1915-16, 1940-42 and 1987-88 (Aro, 2000).  
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The Baltic cod is affected in different ways by these hydrological conditions. Studies by 

Otterlind (1976) show that the young cod in the southern Baltic areas are more tolerant to low 

salinity and does therefore more often migrate northwards. Mature cod on the other hand 

seems to remain more often in the southern areas of the Baltic since they adapted to the 

higher salinity in these areas. Otterlind (1966) also discovered that a low oxygen content in 

the Central Baltic Basins seem to push the cod southwards and he also noticed that there is a 

special case regarding the recruitment of cod from the southern Baltic Sea to the Bothnian 

Sea and the Åland Sea. In times of poor oxygen conditions in the south parts of the Baltic, 

cod (mostly young cod) migrate northwards. In the years 1965-66, this occurred in a large 

scale. However, it is most common that these migrations occur during longer periods and on 

a rather restricted scale. 

Other studies indicate that better conditions of oxygen and temperature in certain areas of the 

Baltic Sea not only affect the migration and choice of spawning sites, but also the vertical 

distribution of the Baltic cod (Hansson & Rudstam, 1990). This is also concluded by Hjelm et 

al. (2004), in which studies it seems like the cod avoid bottoms with low oxygen content, 

through vertical migration. Furthermore, the studies by Hjelm et al. (2004) has shown that 

more cod are found in areas with normal oxygen content close to hypoxic areas, than areas 

further away with similar oxygen conditions. This might lead to an overestimate of the cod 

stock size during periods with low oxygen, because of increased cod abundance in areas 

where the oxygen content is normal. Regarding temperature, studies by Tomkiewicz et al. 

(1996) has indicated that it could be of great importance at what time of the year the surveys 

has been performed since the Baltic cod in certain periods, such as the spawning period, tends 

to prefer other temperatures than normal and therefore might be found in other areas than 

expected. 

5.2 Size of the population and abundance 

As pointed out by, among others, Segerstråle (1965) and Otterlind (1966), the hydrological 

conditions in the Baltic Sea such as salinity levels seem to affect the size of the cod stocks. 

For example, a remarkably strong year-class was produced in 1953 due to great inflows of 

saline water from the North Sea, Nikolaev (1957, cited in Segerstråle, 1965). This pattern is 

also recognized in other periods, e.g. the years, 1976, 1979 and 1980 (Figure 3). Strong year-
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classes like this seem to result in an increase of the whole Baltic cod stock the studied periods 

(Aro, 2000).  

 
           Figure 3. Varation in the total biomass of the Eastern Baltic cod stock between the years 1966-2009. 

           (ICES WGBFAS reports, 1966-2009). 

It seems like the size of the stock affects the Baltic cod area of distribution in different ways. 

MacCall (1990) argue that when the Baltic cod populations are low, its area of distribution is 

narrowed to the southern parts of the Baltic Sea. In addition to this, studies by Neumann 

(1984) also pointed out that during years with a small stock of Baltic cod, some areas in the 

northern coasts of the Baltic Sea had none or very few cod, while the coastal areas in the 

Baltic proper had normal catches of cod. On the contrary, when the stock of cod has been 

large, there have been much less noticeable differences between the two areas. Neumann 

(1984) proposes that this is related to more successful spawning in the northern parts of the 

Baltic than normal. This in turn leads to a shorter migration/transportation to more northern 

waters for eggs and fry. 

5.3 Summary of effects due to studied environmental factors and the population 

size 

The size of the stock as well as hydrological factors affects the Baltic cod area of distribution, 

and also the migration. When the Baltic cod populations are low, its area of distribution is 
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narrowed to the southern parts of the Baltic Sea (MacCall 1990). According to studies by Aro 

(2000), in periods of increasing cod stocks, the dispersal had to be larger due to more 

competition of the best habitats, and even habitats of poor quality are occupied. 

High inflows of salt water leads to good feeding conditions, which in turn leads to a lot of 

cod inhabiting the near bottom strata of the depths, Lablaika (1967) and Tiews (1974, cited in 

Uzars, 1994). Major inflows of salt water affect the environmental conditions in all depths, 

resulting in spawning areas getting bigger and more scattered distribution of the cod 

(Otterlind 1966, Matthäus & Lass 1995). The young cod are more tolerant to low salinity 

than mature cod, which results in young cod more often migrate northwards (Otterlind 1976). 

Low salinity on the other hand affects the migrations of mature cod from feeding areas in the 

north down towards the southern parts of the Baltic, since the low salinity is not favorable for 

spawning (Otterlind, 1976, Bagge, 1981).  

Oxygen deficiency results in cod avoiding bottoms through vertical migration to the upper 

layers or it could go as far as that the spawning areas decrease and the cod are forced to 

migrate away to other areas (Otterlind, 1976, Hjelm. et al. 2004). Regarding temperature, 

studies have shown that the cod tend to prefer warmer water, (which is at least around 5 °C or 

warmer), if the oxygen and salinity conditions are suitable (Tomkiewicz et al. 1996, 

Neumann, 1984). Moreover changes in seasonal weathers seem to affect the distribution of 

Baltic cod. Cold winters results in young cod migrating to deeper areas far away from the 

coast while the young cod after warmer winters tends to chose shallower coastal areas (Uzars, 

1994). When it comes to the adult cod, Otterlind (1985) argue that the mature cod often 

during winter-spring is found in areas with warmer and more saline deep water. Once they 

have adapted to these conditions they often tend to stay in these areas.  

5.4 Results of the comparison of the WGBFAS cod stocks assessments 

To get a better picture of how well the annual scientific trawl surveys works, a comparison of 

the Annual Reports of the WGBFAS has been done of the estimates of Baltic cod, regarding: 

Recruits, Total Biomass and SSB from the last year in each assessment report between 1996-

2009, with the more reliable estimates of the latest report (2010) as a comparative key (Figure 

4-9).  
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Figure 4. Recruits of 1996-2009 in the 2010 assessment report compared to the assessment  

of recruits in each report between 1996-2009 (ICES WGBFAS reports, 1997-2010). 

 

 

 
Figure 5. Numbers of overetstimated recruits (above the red line) and underestimated  

(below red line). Each point represents the recruits of one year in the interval 1996-2009  

compared with the recruit data between 1996-2009 in the 2010 WGBFAS report. (ICES  

WGBFAS reports, 1997-2010). 

 

 

The results in figure 4 and 5 indicate that an overestimation of the recruits assessments has 

occurred in different periods during the interval 1996-2009. The patterns is somewhat fluctuating 

and although one relative big underestimation occurred in 2004, there are more often 

overestimates than underestimates during this time period. This is shown by more observations 
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above than below the 1:1 line when plotting the assessment recruits from each year between 

1996-2009 versus the recruit data from the 2010 WGBFAS assessment report. 

 
Figure 6. Total Biomass of 1996-2009 in the 2010 assessment report compared to the  

assessment of Total Biomassin each report between 1996-2009 (ICES WGBFAS reports,  

1997-2010). 

 
Figure 7. Numbers of overetstimated recruits (above the red line) and underestimated  

(below red line). Each point represents the TBio of one year in the interval 1996-2009  

compared with the TBio data between 1996-2009 in the 2010 WGBFAS report. (ICES  

WGBFAS reports, 1997-2010). 

 

The results of figure 6 and 7 above, show that overestimation of the Total Biomass has 

occurred in different periods during the interval 1996-2009.  
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Figure 7 above, clearly show that there are more overestimates than underestimates generally 

during these years. 

 
Figure 8. Total SSB of 1996-2009 in the 2010 assessment report compared to the  

assessment of SSB each report between 1996-2009 (ICES WGBFAS reports, 1997-2010). 

 

 

The result of figure 8 and figure 9 also shows a pattern of overestimation regarding SSB the 

years 1996-2009. Although, figure 9 shows that the overestimates seems to be minor in this 

case. 
  

 

 
Figure 9. Numbers of overetstimated recruits (above the red line) and underestimated (below red line).  

Each point represents the TBio of one year in the interval 1996-2009 compared with the TBio data  

between 1996-2009 in the 2010 WGBFAS report. (ICES WGBFAS reports, 1997-2010). 
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5.5 Summary of the comparison of the WGBFAS cod stock assessment 

The results of the comparison of the Annual Reports of the WGBFAS regarding the 

assessments of recruits, total biomass and SSB shows that there during the period studied 

(1996-2009) occurred more overestimates the underestimates. 

6 Discussion 

The collected material for the essay clearly shows that hydrological factors such as salinity, 

oxygen content and temperature and also the size of the population can affect the migration 

and choice of habitat of the Baltic cod in many different ways. It is hard to judge if some of 

the sources used have got more accurate data and results then others, or if all sources have 

drawn correct conclusions. As mentioned earlier the material is very varying in age. Results 

of studies performed in the 70´s might be very different, compared to results of more recent 

studies. On the other hand, the result of the surveys might as well be as correct now as they 

were in the past. 

6.1 Effects of salinity, oxygen, temperature and the size of the population 

The material reviewed showed that it is hard to know, if not impossible, what environmental 

factors affect the most, and exactly in which ways they affect, since the hydrological 

conditions can be very fluctuating over time. This in turn, according to, among others Aro 

(2000), require long term surveys to get reliable results. Also, of course, other factors than 

hydrological factors can be involved. Furthermore, in some studies it is expressed that 

salinity and oxygen seems to be of greater importance than temperature in studies of the cod 

distribution (Tomkiewicz et al. 1996). On the contrary, most often it seems to be a 

combination of the four factors studied in this essay which finally affect the migrations or the 

choice of habitat. 

Regarding salinity, it is clear that major inflows of salt water have a strong positive effect on 

the conditions for the cod, and the inflows affect both the choice of habitats and the 

migrations. Major inflows of saltwater tend to result in better environmental conditions in all 

deep basins (Matthäus & Lass, 1995). Several studies have shown that big amounts of cod are 

found near the bottom strata of the depths in periods with strong influxes and other studies 
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have shown that the cod spawning areas gets bigger and also the cod area of distribution gets 

more scattered, Lablaika (1967) and Tiews (1974) cited in (Uzars, 1994, Matthäus & Lass 

1995). 

The effects of oxygen conditions in the Baltic Sea seem to be fairly good known.  In times of 

low oxygen content in the depths, the cod chose to migrate vertical to the middle layers, 

where the conditions are better. Besides the impact on the choice of habitat, low oxygen can 

at the worst lead to total oxygen-free bottoms which in turn tends to force the cod to migrate 

permanently from the area (Otterlind, 1976, Hjelm. et al. 2004). There have been different 

opinions whether the cod migrate south or north when the oxygen in the deep basins 

disappears. But generally it seems to depend on the season, that is, if it is soon to be feeding 

season the cod might chose to go to more northern areas, while the cod might go south if it is 

soon to be spawning, since successful cod spawning demands a higher salinity. 

Also temperature seems to be of importance when it comes to migration and choice of habitat 

(Hansson & Rudstam, 1990). For instance, studies have shown that the cod at least during 

spawning tend to prefer warmer water (about 5 °C or warmer), if the oxygen and salinity 

conditions are suitable. It is also important at what time of the year surveys has been 

performed since studies has indicated that the Baltic cod in certain periods, such as the 

spawning period, tends to prefer other temperatures than normal and therefore might be found 

in other areas then expected (Tomkiewicz et al. 1996). Moreover, changes in seasonal 

weathers and thereby temperature, seem to affect the distribution and migration of the Baltic 

cod, at least according to some studies. These studies has concluded that cold winters results 

in young cod migrating to deeper areas far away from the coast while the cod after warmer 

winters tends to chose shallower coastal areas (Uzars, 1994). 

Studies have also shown that the size of the population might as well be a contributing factor 

to the choice of habitat and migrations for the Baltic cod. When the cod populations are 

small, studies has shown that their area of distribution is narrowed to the southern parts of the 

Baltic Sea where they create clusters (MacCall, 1990). This could possibly affect the results 

of the scientific trawl surveys as well as the catches of the commercial fishery. Since this 

could mean that the fishermen could get big catches, at least for a period, since they learned 

where the best habitats is, while the scientific trawl surveys on the other hand might get poor 
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catches if their randomly selected trawl stations don’t overlap the areas where the cod is 

distributed.  

6.2 Annual scientific trawl surveys 

When first beginning to search for information regarding the scientific trawl surveys, one of 

the first thoughts that appeared was: Maybe it is possible that the scientific trawl surveys 

underestimate the size of the cod population, especially at low stock sizes, since they trawl at 

randomly selected positions, in which it is possible that no fish at all stay in certain periods. 

While the fishermen on the other hand, might overestimate the populations since they know 

exactly where the best habitats is at different periods. It is also hard to know if it actually is 

the cod populations that are getting bigger in times of great catches or if it is the variation in 

intensified fishery which gives increased catches at some periods. 

It has been hard to determine how well the scientific trawl surveys actually estimates the 

stock size, this since there are information that talks both in favor and against the function of 

the trawls. To begin with, the fact that the scientific trawl surveys only are performed at 

certain periods during the year could very much be of importance when it comes to reflect the 

cod stock in the best way. Especially in periods of poor populations and clustering cod, this, 

as mentioned earlier, could bias the catches, since the cod only inhabit certain areas these 

periods. 

Generally when the studies show different results, it most likely depends on the variations in 

environmental conditions between different years. For instance, the lack of standardization 

for trawl gears and design of surveys before 2001, made it hard to compare data. This could 

most likely contribute to uncertain results in these earlier studies. Also the duration as well as 

the number of surveys during a year, when studying the four factors, must be of great 

importance to get an approximate picture of the effects on migration and habitat choice. This 

since the result could be very varying depending on changes in the environment. This is also 

argued by Aro (2000), who believes that the scientific trawl surveys cover to short periods of 

the year, and that the estimates made by data from these trawl surveys therefore is not 

reflecting the abundance in the best way. Therefore the need for more detailed spatial 

estimates is urgent.  
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Another fact that could bias the results of the scientific trawl surveys is that the knowledge of 

the Baltic cod habitat choice is very poor. I would say that this is also true for areas outside 

the Baltic Sea, according to my own research. One of the few things known about the habitat 

choice of the Baltic cod could however be of great importance when it comes to the results of 

the scientific trawl surveys. It is known that the cod prefer habitats with rugged and stony 

bottoms and also steep slopes (Hessle, 1932). This in turn could mean that trawls cannot be 

performed at these rough bottoms, and since the scientific trawl surveys trawls use certain 

randomly chosen depths when trawling, it is also possible that they don’t reach the steep 

slopes. This could result in misleading catches. 

Things that support the function of the scientific trawl surveys on the other hand are the 

following. For instance, the scientific trawls are made at randomly selected areas, which 

might give an approximately good picture of the cod stocks (ICES, 2008). Also the 

agreement regarding standardization of the trawl gear and design in 2001 should contribute to 

a more reliable total result.  

Finally, after studying the results of the comparison of the annual WGBFAS report 

assessments of recruits, total biomass and total spawning biomass of cod in subdivision 25-32 

following was concluded. Generally it seems like there has been an overestimation regarding 

recruits, total biomass as well as total spawning biomass during the years 1996-2010 (4-9). 

Although it is important to notice that these reports are assessments and not definite numbers 

of the Baltic cod stocks and also that misreporting occur frequently. But still, it is the closest 

to the real number we can get with the techniques and methods used today. If this estimate of 

the overestimating is correct and continue its trend, this could be dangerous for the Baltic cod 

stocks since it in the end could lead to overfishing.  

The results of both the critical study of information regarding the scientific trawl surveys, as 

well as the results from the comparison of the annual WGBFAS reports, interpret that the 

annual scientific trawl surveys does not work as well as it should all the times. It also seems 

like the speculations about scientific trawl surveys underestimating the size of the cod 

population can be dismissed. 

To get a better picture of how well the annual scientific trawl surveys reflect the actual size of 

the cod populations in the Baltic Sea, more research must be done in the field. An example of 
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a study that could contribute to this could be if the positioning data of the fishing vessels is 

compared with the same data of the scientific trawl vessels. This to see if the scientific trawl 

surveys can perform trawls at the same places as the fishermen. This should be of importance 

when judging how well the scientific trawl surveys works. Although, of course it is still 

possible that the cod is distributed in areas where neither the scientific trawl vessels or the 

commercial vessels can trawl. 

Also, more interviews with the fishermen are required, to get more information about what 

places they consider being the best habitats for the Baltic cod. This to be able to compare this 

information with catches in years of low cod abundance. Since it is known that when the 

Baltic cod populations are low, their area of distribution is narrowed to areas in the southern 

Baltic and that the cod create clusters (MacCall, 1990). Given that the cod in times of low 

population inhabit only in the best habitats, this could bias the results of the scientific trawl 

surveys if these areas are underrepresented among the trawl tows. Also it should be 

questioned how well the catches of fishermen reflects the actual size of stocks, in times of 

poor cod stocks, since they claim they know where the best habitats are and therefore 

probably could get good catches at this particular places even in times of decreasing cod 

stocks. 

In the end it is quite obvious that salinity, oxygen supply, temperature and also the size of the 

cod stocks is correlated to the function of the annual scientific trawls. This since all studied 

factors, as shown in the paper, affect both at what time/period the Baltic cod chose to migrate 

and more important, where the cod chose to live and where it chose to migrate. All this in 

turn affects the variation in catchability of cod and therefore possibly the results of the 

scientific trawl surveys.  
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7 Conclusions 

What kind of effects do salinity, oxygen supply, temperature and the size of the population 

have on migration patterns and the choice of habitat in a seasonal - and inter-annual 

perspective of the eastern population of Baltic cod? 

 In times of high salinity the Baltic cod area of distribution gets larger than normal and 

the cod often chose habitats distributed in the depths.  

 When the oxygen content are beginning to be poor at the bottoms, the cod change 

habitat and migrate vertical until reaching water with better oxygen conditions. 

 Poor oxygen conditions in the deep basins also results in cod migrating both north and 

south of the basins to areas with better conditions. 

 The Baltic cod tend to prefer habitats with warmer water (about 5 ° C or warmer) 

during the spawning period, if the oxygen and salinity conditions are suitable. 

 Cold winters results in young cod later on migrating to deeper areas far away from the 

coast while the cod after warmer winters tends to chose shallower coastal areas.  

 When the eastern Baltic cod stock is small, its area of distribution is narrowed to the 

southern parts of the Baltic Sea, where the cod create clusters in the best habitats. 

 When the Baltic cod stocks are great, the dispersal gets larger due to more 

competition of the best habitats, and even habitats of poor quality are occupied. 

How well do the annual scientific trawl surveys reflect the actual size of the cod population? 

 ICES annual assessments of the eastern Baltic cod stocks overestimate more often 

than they underestimate the stocks, this interpret that the annual scientific trawl 

surveys do not work satisfactory. 

 The critically studied information about the scientific trawl surveys indicated that 

more research must be done in the field to get more reliable results.  



25 

 

8 References 

Aro, E. 1989, A review of fish migration patterns in the Baltic, Rapp. P.-v. Reun. Cons. Int. 

Explor. Mer. 190, pp. 72–96. 

Aro, E. 2000, The Spatial and Temporal Distribution Patterns of Cod (Gadus morhua 

callarias L.) in the Baltic Sea and Their Dependence for Fishery Management, Dep. of 

Ecology and Systematics, Div. of Pop. Biology, University of Finland, Finland and Finnish 

Game and Fisheries Research Inst. 

Bagge, O. 1981, Fishes and fisheries In: A. Voipio (ed.). The Baltic Sea, pp. 310-319. 

Elsevier Oceanographic Series No. 30. Elsevier Scientific Publishing Company. Amsterdam- 

Oxford- New York 1981. 

Bagge, O. et al. 1994, The Baltic cod, Dana, vol 10, pp. 1-28, 1994. 

Baranova, T. 1995, The structure of spawning cod stock in the eastern Baltic during 1972-

1995, ICES, C.M. 1995/ J: 9. Balt. Fish. Cttee.  

Bernes, C. 2005, Förändringar under ytan – Sveriges havsmiljö granskad på djupet, 

Naturvårdsverket. Fälth & Hässler, Värnamo. 

Grønkjær, P, Wieland, K. 1997, Ontogenic and environmental effects on vertical distribution 

of cod larvae in the Bornholm Basin, Baltic Sea, Mar. Ecol. Prog. Ser, vol 154, pp. 91-105, 

1997. 

Grønkjær, P. et al. 1997, Nutritional condition and vertical distribution of Baltic cod larvae – 

migrate or die, Journal of fish Biology, vol 51, Issue Supplement sA, pp. 352-369, 1997. 

Hansson, S, Rudstam, L.G. 1990, Eutrophication and Baltic fish communities, Ambio, vol 19, 

pp. 123-125 

Hessle, C. 1923, Undersökningar rörande torsken (Gadus Callarias, L.) i mellersta 

Östersjön och Bottenhavet, Medd. från Kungl. Lantbruksstyrelsen, nr 243, Stockholm. 

Hinrichsen, H.H. et al. 2001, Testing the larval drift hypothesis in the Baltic Sea: Retention 

vs. Dispersion due to the influence of the wind driven circulation, ICES Journal of Marine 

Science, vol 58, No 5, pp. 973-984, 2001. 

Hinrichsen, H.H. et al. 2009, Identifying eastern Baltic cod nursery grounds using 

hydrodynamic modeling: knowledge for the design of Marine protected areas, ICES Journal 

of Marine Science, vol 66, pp. 101-108,2009.  

Hjelm, J. et al. 2004, Spatial distribution of cod in the Baltic Sea in relation to abiotic factors 

- a question of fish-age and area, ICES, C.M. 2004/ L: 16 

ICES, 1999, Report of the Baltic Fisheries Assessment Working Group (WGBFAS), ICES, 

C.M. 1999/ ACFM: 15. 



26 

 

ICES, 2006, Report of the Workshop on Implementation in DATRAS of Confidence Limits 

Estimation of Abundance Indices from Bottom Trawl Survey Data, 10-12 May 2006, ICES 

Headquarters, Copenhagen  

ICES, 2007, Report of the Baltic Fisheries Assessment Working Group (WGBFAS), ICES, 

C.M. 2007/ ACFM: 15 

ICES, 2008. Manual for the Baltic International Trawl Surveys (BITS). Addendum 1: 

WGBIFS BITS Manual 2008. March/April 2008, Gdynia, Poland. Baltic International Fish 

Survey Working Group (WGBIFS). 72 pp. 

Köster, F.W. 2005, Baltic cod recruitment - the impact of climate variability on key 

processes, ICES Journal of Marine Science, vol 62, pp. 1408-1425, 2005. 

Lablaika, I, Uzars, D. 1982, Young cod abundance survey in the Eastern Baltic, ICES, C.M. 

1982/J:10, Balt. Fish. Cttee. 

MacCall, A.D. 1990, Dynamic Geography of Marine Fish Populations, University of 

Washington Press, Seattle, USA. 

Matthäus, W, Lass, H.U. 1995, The recent salt inflow into the Baltic Sea, Journal of Physical 

Oceanography, vol 25, pp. 280-286. 

Møller, S.J, Hansen, S.I. 1994. Hydrographic processes and changes in the Baltic Sea, Dana, 

vol 10, pp. 87-104, 1994. 

Neumann, E. 1984, Fluctuations in the abundance of cod in the Baltic and Bothnian coastal 

areas, Medd. från havsfiskelab nr 306, Lysekil. 

Otterlind, G, Norberg, H. 1988, Om Bottenhavstorskens vandringsvanor, Fiskeristyrelsen. 

Lysekil 

Otterlind, G. 1966, Problems concerning Cod in the Baltic, ICES, C.M. 1966. Balt. –Belt 

Seas Cttee. 15. 

Otterlind, G. 1976, Fish stocks and fish migration in the Baltic Sea environment, Ambio Spec. 

4, 89-101. 

Otterlind, G. 1985, Cod migration and transplantation experiments in the Baltic. Z. Angew. 

Ichthyol. 1:3–16. 

Schaber, M. et al. 2009, Hydroacoustic resolution of small-scale vertical distribution in Baltic 

cod Gadus morhua—habitat choice and limits during spawning, Mar. Ecol. Prog. Ser, vol 

377, pp. 239-253, 2009. 

 

Segerstråle, S.G. 1965, On the salinity conditions off the south coast of Finland since 1950, 

with comments on some remarkable hydrographical and biological phenomena in the Baltic 

area during this period, Comm. Bio. Soc. Scien. Fennica, Vol 28, No 7, 1965 

Sparholt, H. et al. 1991, The spatial distribution of cod (Gadus morhua L.) in the Baltic Sea, 

Dana, vol. 9, pp. 45-56, 1991. 



27 

 

 

The Swedish Board of Fisheries, 2007, Räkna fisk I havet, såhär går det till,  

https://www.fiskeriverket.se/download/18.64db7e331133fb433ef8000434/rakna_fisk.pdf 

2011-05-20 

 

Tomkiewicz, J. et al. 1996, Influence of salinity, oxygen and temperature on spawning 

aggregation and spatial distribution of Baltic cod (Gadus morhua L.) in the northern 

Bornholm Basin, ICES, C.M. 1996/C+J:3. Balt. Fish. Cttee. 

Tomkiewicz, J, Köster, F. 1999, Maturation processes and spawning time of cod in the 

Bornholm Basin of the Baltic Sea: preliminary results. ICES, C.M. 1999/Y: 25 

Uzars, D. 1994, Feeding of cod (Gadus Morhua callarias L.) in the Central Baltic in relation 

to environmental changes, ICES Journal of Marine Science Symposium, vol 198, pp. 612-

623, 1994. 

Voss, R. et al. 1999, Variations in the drift of larval cod (Gadus morhua L.) in the Baltic Sea: 

Combining field observations and modeling, Fish. Oceanogr, vol 8, No 3, pp. 199-211, 1999. 

Wieland, K. et al. 2000, Changes in the timing of spawning of Baltic cod: possible causes and 

implications for recruitment, ICES Journal of Marine Science, vol 57, pp. 452-464, 2000. 

 

 


