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Summary

Investigating the factors regulating fish individual growth is crucial in the management of exploited
fish populations. The growth and body condition of cod has decreased dramatically during the past 3
decades in the Baltic Sea, an area at present severely affected by phenomena of hypoxia and anoxia
(i.e. “dead zones”). Here, we statistically investigated using GAMs the factors that have driven The
Eastern Baltic cod body condition during the past 25 years using fishery-independent biological data
and hydrological observations. We evidenced a combination of biological and abiotic factors driving
cod condition, operating both in space and time. The results in fact showed that the temporal decrease
in cod condition was mainly related to the dramatic increase in the extent of dead zones, although the
abundance of pelagic fish prey were also significant explanatory factors in the models. Dead zones can
act on cod condition through different mechanisms, related directly to species physiology, or to
behaviour and trophic interactions, that will be presented and discussed in the oral presentation.

Introduction

Fish body size is key parameter in the dynamics of fish populations and ecosystems. The Eastern
Baltic cod population has undergone dramatic population changes in the past four decades, as a result
of fishing pressure and hydro-climatic variations. Concomitant with these changes, large variations in
individual mean body weight and condition have also been observed, with a substantial decrease
during the past 20 years (ICES 2015a,b). Our paper investigates the potential direct and indirect effects
of abiotic and biotic variability on cod condition during the past three decades.

Material and Methods

We used biological data of Eastern Baltic cod individuals collected during the Baltic International
Trawl Survey in 4t quarter. We related the mean annual condition of large cod (size between 40-60
cm) to both the biological (i.e. the abundance of the main pelagic prey sprat and herring, the
abundance of cod itself as proxy for density-dependence, and the abundance of seals as proxy for risk
of parasite infection) and hydrological (i.e. the extent of hypoxia areas) environmental parameters
potentially affecting cod condition. To analyse the effect of the different parameters on cod condition
we used Generalized Additive Models (GAMs).

Results and Discussion

Our study shows that the temporal variations in the condition of the Eastern Baltic cod have been
caused by multiple biotic and abiotic factors. Our analyses, in fact, show strong correlations between
cod condition and the extent of dead zones and the population size of its main pelagic fish prey, the
clupeid sprat. On the other hand, the relation between cod condition and cod abundance, as indication
of intra-specific competition, was significant only when put in interaction with the extent of the dead
zones, likely an indication of the effect of reduced habitat suitability triggering density-dependence.



Herring abundance and seal abundance were not significant predictors in the statistical models. The
results emphasize the strong effect of the dead zones on the biology of Baltic Sea cod, and highlight
once more the importance to combat eutrophication and reduce sprat fishing in the current main area
of distribution of cod (ICES 2015c).
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