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Summary 
Recruitment to the Eastern Baltic cod stock depends on the availability of saline and oxygenated 
waters to ensure the fertilization and early development of cod eggs. Frequency and strength of major 
Baltic inflows, which transport saline and oxygen-rich water into the deep Central Baltic basins, have 
therefore been regarded as major factors that determine the recruitment success of Eastern Baltic cod.  
Eutrophication has increased the importance of oxygen-dependent egg mortality for cod recruitment.  
Biogeochemical model simulations show that under present climate and nutrient loads successful cod 
egg development in the Eastern Gotland Basin unlikely. Thus, in the present hypoxic Baltic Sea, 
eutrophication has become a major driver for cod egg survival. 
 
Introduction 
Cod (Gadus morhua) is a temperate marine fish species able to establish populations in the brackish 
Baltic Sea. Cod eggs are too dense to float in Baltic surface water (Nissling, 1996) and are therefore 
found in the halocline region. Their fertilization requires salinities larger than 10 – 12 PSU (Westin & 
Nissling, 1991), but egg survival and development depend on ambient oxygen concentrations (Köster 
et al., 2005). Because the oxygen supply to the bottom waters of the Central Baltic is governed by 
episodic inflows of saline water and slowly varying vertical turbulent mixing, hydrographic 
variability has been identified as a driver of cod recruitment (Vallin et al., 1999). However, 
eutrophication also has a major impact on oxygen concentrations in the Baltic Sea through increased 
degradation of organic matter (Gustafsson et al., 2012). Future conditions will therefore depend on the 
successful managements of nutrient inputs.  
We have used simulated time-series of environmental indexes related to the reproductive success of 
Eastern Baltic cod to disentangle the effects of eutrophication and hydrographic variation on cod 
recruitment. Simulations were forced by reconstructed climatic conditions and nutrient loads, as well 
as by two future nutrient load scenarios representing contemporary nutrient inputs and reduced loads 
according to the 2013 revision of the HELCOM Baltic Sea Action Plan.  
  
Materials and Methods 
 
Table 1: Environmental indexes for Eastern Baltic cod reproductive success 

Index Salinity Oxygen Density 
Reproductive volume (RV) ≥ 11 ≥ 2 ml l-1 not specified 
Reproductive volume at neutral buoyancy 
(RVdens)  

≥ 11 ≥ 2 ml l-1 1008.4-1014 g cm-3 (Bornholm Basin) 
1008.4-1009.4 g cm-3 (Gotland Basin) 

Fertilization and egg survival weighted 
volume (RVsuc) 

non-linear non-linear not specified 

Fertilization and egg survival weighted 
volume at neutral buoyancy (RVdenssuc) 

non-linear non-linear 1008.4-1014 g cm-3 (Bornholm Basin) 
1008.4-1009.4 g cm-3 (Gotland Basin) 

 
Environmental indexes for cod recruitment were based on annual averages of water volumes with 
specified salinity, oxygen concentration and density (Table 1). Time series for these environmental 



indexes were generated for the Bornholm and Gotland Basins with the BALTSEM biogeochemical 
model (Gustafsson et al., 2012). Relevance of the simulated environmental indexes for cod recruitment 
in the Bornholm and Gotland basins was then tested using reconstructed cod spawning stock biomass 
(SSB) and number of recruits for 1941-2001 (Eero et al., 2007). This time-period covers major changes 
in salinity and oxygen conditions in both sub basins. Indexes were transformed to a 0 – 1 scale 
between minimum and maximum among the three load scenarios, and the proportion of annual index 
values in five range intervals was calculated for each scenario. 
 
Results and Discussion 
Including an environmental index improved the stock-recruitment models significantly (anova, p<0.05 
and p<0.001 for Bornholm and Gotland basins). All environmental indexes had significant coefficients 
(p<0.05), but differences between individual indexes were not significant.  
 

 
Figure 1: Distribution of environmental indexes in 1941-2001 hindcast (left), Baltic Sea Action Plan (middle) and 
contemporary (right) load scenarios for Gotland (top) and Bornholm (bottom) basin. Groups of bars correspond to index 
frequencies in five classes (below 5%, between 5%-20%, 20%-50%, 50%-80% and above 80% of the index range); 
individual bars represent environmental indexes (from left to right: RV, RVdens, RVsuc, RVdenssuc) 

For all indexes tested, contemporary nutrient loads lead to a drastic loss of suitable recruitment 
conditions in the Gotland Basin and to a decline in the Bornholm basin (Figure 1). This makes 
eutrophication the dominant driver of cod reproduction in the Gotland basin. In the Bornholm basin 
ventilation by inflowing salt water is sufficient to maintain moderate reproduction conditions in 
contemporary nutrient loads, but the frequency of high recruitment conditions is low. Thus, in the 
present hypoxic Baltic Sea, eutrophication has become a major driver for cod egg survival. 
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