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ABSTRACT

The results of experimental catches carried out in March from 1985 to 1999 in the Gulf of
Gdansk are presented. Since 1985, the number of eelpout (Zoarces vivipar us L.) caught per trawl
hour has increased from 0.3 to 373 kg. The fish have also extended their distribution within the area.
The variability in spatial distribution was considered with respect to geographical position using the
kriging geostatistical method. Ordination made by redundancy analysis (RDA) suggested a strong

positive relationship between increased abundance of non-target species, especially  eelpout, and the

temporal gradient (with a one-year period).

INTRODUCTION

The benthic fish communities of the Gulf of Gdansk are under constant pressure from
anthropogenic elements, of which the most significant are fishing and the influence of polluted water
which flows into the bay mainly from the Vistula River. Fish communities also undergo natural
changes caused by the dynamics of both biotic and abiotic factors in the marine environment. Only a
few of the dozens of fish species which are found in the waters of the Gulf of Gdansk are of interest to
fisheries; these will be referred to further as target species. Estimating these species’ biomass and the
dynamics of changes in ther distribution are normally the subject of research efforts. Knowledge of
the remaining fish species, which are not of commercial interest, is fragmentary and is limited to
sources independent of fisheries.

Eelpout (Zoarces vivipar 4s L.), a common species in the Gulf of Gdansk, is of marginal
importance to Polish fisheries. In the 1930's catches of this fish were estimated to be approximately
50 tons annually, but in 1933 111 tons were caught: After the Second World War until the 1990's, due
to a lack in demand, this species was caught only occasionally and was regarded as by-catch. It was

recorded in the catch statistics along with other species under the category of “other sea fish” making



it impossible to determine the eelpout catch magnitude. Beginning in the mid-1990’s, catches of this
species began to be recorded exactly. Since then, catches of 100 tons annually have been recorded,
with the exception of 1997 when over 260 tons were caught. Studies aimed at estimating the
distribution and population sizes of eelpout in the waters of the Gulf of Gdansk based on targeted
research catches for determining the distribution of juvenile cod, flatfish, herring and sprat were
begun by Draganik and Kuczynski (1993) and Netzel and Kuczynski (1995). These authors noted an
increasing percentage of eelpout in research catches from several specimens at the beginning of the
1980's to several hundred kilograms at the beginning of the 1990's.

The current paper, based on data recorded from research catches, is a continuation of those
mentioned above. The kriging method has been applied to evaluate changes in the eelpout

distribution and population size in the waters of the Gulf of Gdahsk.

MATERIAL AND METHODS

Bottom trawl surveys were performed at 36 fixed stations grouped in 5 regions of the Gulf of
Gdansk (Fig. 1). Catches were carried out at depths ranging from 20 to  100m along the isobaths at
1 Om intervals. The surveys were carried out in March each calendar year, except in 1986 and 1993. A
detailed description of the P 20/28 herring bottom trawl is presented in Schultz and Grygiel (1984). Its
theoretical horizontal opening is 10m, the vertical opening is 4m and the mesh size in the codend is 6
mm (bar length). The trawling speed was about 3 knots and the trawling time was 30 minutes. In total,
443 hauls were made in which 122,770 eelpeut specimens were caught.

Spatial abundance from a set of samples was estimated by kriging. It is an interpolation
method for additive regionalized variables. The interpolation value “y” is expressed as a linear

”

combination of the neighboring values  “x;

n
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i=}
Kriging takes into account the data values, their location and the degree of dependence or correlation
between the data points. It also allows the uncertainty associated with each interpolated value to be
quantified (Cressie 1991, Goodchild et al 1991). Calculations were done using IDRISI software
(IDRISI  1999).

Redundancy analysis (RDA) was used to evaluate the relationships between species
abundance and considered environmental variables: depth, time and the geographic location defined
as five regions of the Gulf of Gdansk. This multivariate analysis was used due to the length of the first
axis in Hil's scaling in detrended correspondence analysis DCA, which reflects the total heterogeneity
of the data. (Ter Braak and Smilauer 1998). The value of this axis length was 2,647 leading to the
conclusion that the approximation response of the species to the environmental variables by linear
model would be appropriate for the data. Partiall RDA was also applied to extract the percentage of
variability which can be explained by one set of explanatory variables (Ter Braak and Smilauer 1998).
The Monte Carlo permutation test was used to evauate the significance of both the first axis and
relationship with environmental variables. Calculations were done using CANOCO software (Ter

Braak and Smilauer 1997).



RESULTS
The results of the investigation of the structure of benthic fish communities in the Gulf of

Gdansk, presented in this paper as their percentage in research catches of target and non-target fish
species catches, proved to be greatly variable over the course of the investigations. Until 1992, non-
target fish species comprised from 8 to 15% of the total weight of the catches. In 1994, a significant
rise in the percentage of these fishes was observed in the research catches to a level of 69%. Despite
slight declines in the following years, the percentage of non-target fish remained at the constant level
of 50 to 60% of the variable total catch mass (Fig. 2).-The growth in the percentage of the above
mentioned species group was the result of the expansion of one species = the eelpout. During the
four-year period from 1992 to 1995, a more than ten-fold increase in the mass of the research
catches was recorded. The number of eelpout caught per trawl hour has increased from 0.3 to 373 kg
(from 1985 to 1995).

RDA analysis indicates that the first two variance axes on the ordination diagram explain 56%
of the total species variance of benthic fish communities in the Gulf of Gdansk during the investigated
period (Fig. 4). The temporal factor played the largest role in the variance of benthic fish communities
and independently explains 35% of the total variance and all of the factors analyzed were determined
to be statistically significant (Table 1). The results of the ordination diagram RDA analysis determined
that there is a positive relationship between the increase in abundance of most non-target fish species
and the temporal gradient. This relationship was most evident with  eelpout, as the linear direction of
growth in abundance is the closest to the direction which indicates the passing of years on the RDA
diagram. It occurred that the temporal factor is also closely related to a great degree to one of the
Gulf of Gdansk geographic locations = Region |. A negative relationship was observed between the
temporal factor and such species as plaice and turbot as their abundance decreased with the passing
of time. For the remaining two target species, cod and flounder, abundance was most influenced by
either the depth factor (cod) or a combination of the temporal and depth factors (flounder).

The eelpout abundance distribut%n map drawn with the kriging method over several years,
indicates that this fish species has expanded over time in the Gulf of Gdansk (Fig. 5). Until the end of
the 1980's, the eelpout density indicators did not exceed the level of 50 specimens/ha. At the
beginning of 1992, the value of the density indicators rose to above 1,250 specimens/ha.
Simultaneously, the increase in abundance was accompanied by a widening of the area of occurrence
of the analyzed species; the 1995-1997 period was the apogee of this during which the  eelpout area
of occurrence included 86% of the research area reaching depths of  90m. The largest concentration
of fish were found in the geographical region of the Gulf of Gdansk marked with symbol I, partially in
the region marked Il and from 1988 in region V. The largest concentrations of eelpout moved
between these two regions in certain years. In 1996-97 and 1999 high density indicators were also

detected in region Ill, in its shallow part (to 50 m.).

DISCUSSION
The structure of benthic fish communities in the Gulf of Gdansk underwent changes during

the investigation period (1985-1999s) mainly due to the expansion of eelpout, a species which is not



under great fishing pressure. Although not as pronounced, a similar trend was observed by Heessen
and Daan (1996) from 1970 to 1993 in North Sea fish communities; the percentage of non-target

species in catches rose while the percentage of target species either fell or remained on a stable
level. This leads to the conclusion that fisheries exploitation is one of the deciding factors influencing
the state of fish communities (Dufour et a/. 1995). This may cause changes in the exploited system by
“pushing” it from one stable level to another, with a different species composition that is better
adjusted to the environment and less affected by predatory pressure, including fisheries (8eddington
1984). From an economic point of view, this process is not beneficial for fisheries if the species which

is expanding has little or no commercial value. The 15-year research period, upon which the results
presented in this paper are based, is too short to draw conclusions regarding permanent changes
taking place in the structure of the benthic fish communities in light of the rise of the percentage of
eelpout in the catches. In the 1930's a similar situation occurred when catches of eelpout reached 111

tons (Anon 1936), followed by a fall two years later to 31 tons The variance in eelpout abundance was
probably caused by the intense exploitation of the species forced by the periodic disappearance of
sprat. It cannot be ruled out that eelpout abundance fluctuated greatly in the Gulf of Gdansk during
the post-war period. This mat not have been registered due to a lack of interest in this species on the

part of the fisheries or from the lack of information coming from standardized research catches
independent from fisheries (conducted since 1962).

Similar to the situation in the 1930’s when the role of predator was played by intensive fishing
exploitation, the increase in the resources of this species in the Gulf of Gdansk in the 1990's can be
explained as the result of decreased pressure from cod whose abundance began to drop in the late
1980's (Anon 1999). This is, however, quite a far-flung hypotheses and collecting reliable data to
prove it would be difficuit. Eelpout has rarely been identified as a component of the cod food base.
Chrzan (1962) and Reimann (1955) did not confirm this species in the stomachs of cod they
investigated. Zabchowski (1985) reported that the percentage of eelpout in the food base of cod is
minimal. However, the same author reported (Zatachowski et al 1990), that 14,700 tons of eelpout fell
prey to cod in 1987. The majority of material presented in these papers originates from traditional cod
fishing grounds in regions that are not eeipout habitats. In order to verify this last ascertation, a spatial
distribution map of cod > 25¢m /L., i.e. predators which could play a role in regulating the size of the
eelpout stocks. The results of the comparative analysis of the distribution maps indicate that the
highest concentrations of cod > 25¢m /¢ in the Gulf of Gdarisk in the investigated period were located
in different regions than the largest concentrations of eelpout (Fig. 6).

The influence of natural factors, biotic and abiotic, on the structure of the fish groups operate
in such a variety of ways that, without exact data, it is best to express their net value in the form of
the time gradient. The results of primary production investigations (Renk 1997) are especially cited at
this point in the paper. Renk reports that from 1970 to 1996 a rise in primary production and plankton
biomass took place in the Gulf of Gdansk. This is one of the factors, which indirectly -through trophic
interdependencies -~ may have an effect on the structure of fish communities. Fishing exploitation in
the basin is, however, a factor which complicates the relation between the evolved fish groups and
the environment (Mahon and Smith 1989). The changes in the structure of fish groups observed in



the current work are probably due to the influence of a combination of natural and anthropogenic
factors which have created optimum conditions for the expansion of eelpout. The growth in the
population of this species in the Gulf of Gdarisk has begun to interest commercial fisheries. With the
low profitability of other, more valuable species, it can be expected that eelpout will become a target

species.
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TABLE 1
The explained variability and the results of test of significance of explanatory —environmental variables
Environmental ‘Variability P
variable explained
[%]
Time 35 <0,05
Depth 14 <0,05
| Region 7 0,03
SumM 56
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Fig. 5. Eelpout spatial distribution in the Gulf of Gdansk in 1985-1999
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