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Abstract

The age and rate of growth of the flounder from inshore shallow waters of the Gulf of Gdansk
(from shore to 1-m depth) have been investigated. Mainly the flounder from 0 and 1-year age
group exists in this zone. Flounders from 0O-year age group enter shallow waters of the Gulf of
Gdansk in June or July. They stay in this area till the end of the year. Flounders from 1-year age
group are represented in the investigated zone all year. Bigger individuals from this group migrate
into deeper waters.

INTRODUCTION

The flounder (Platichthys flesus) is the most common flatfish occurring in the
Baltic. It plays an important role in shallow water fishery and functioning of the
Baltic ecosystem. The majority of studies done on this species have been based
on fish provided by commercial fishery.

The research on young flounders from the Gulf of Gdansk deals mainly with
their abundance (Mulicki 1955) and ecology (Malorny 1990, Szypula and
Zatachowski 1978). The investigations on age and growth have been usually
carried out for individuals fished at bigger depths (Cigglewicz et al. 1969, Dra-
ganik and Kuczynski 1993). Studies on the flounder growth during the first year
of its life (Draganik and Kuczynski 1985) have included also individuals from a
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depth of several meters. The growth of flounders from shallow inshore waters

of the Gulf of Gdansk was investigated over sixty years ago (Cigglewicz 1935).
The aim of this study is:

« the description of growth of the young flounder in shallow inshore waters of
the Gulf of Gdansk
- how old are flounders living in this zone?
- what is their growth rate?

« the comparison of current results with the data from the past in order to find
out how changes in biocenosis of the Gulf of Gdansk influence the growth
of the young flounder in inshore shallow water.

MATERIAL AND METHODS

Flounders were collected from April 1994 to October 1995 (1994 - from April
to November, 1995 - from February to October) in the western part of the Gulf
of Gdansk. Trawls were made in shallow inshore zone, approximately at 1 m
izobath parallel to the shore. The main set of fish was collected at Hel, the place
displaying the highest flounder abundance in the investigated zone (Sapota and
Kaminska 1998). According to previous reports (Cigglewicz 1947), all floun-
ders were considered as originating from the same population.

Each flounder was measured (L; down to the nearest 0.1 mm) and weighed
(with 0.01 g accuracy), then the correlation between length and weight for 0 and
1-year age group were computed.

Frequencies in 2-mm length classes and the average lengths and weights of
fish in each month were established.

Otoliths (sagitta) were dissected from 715 flounders.

In flounders whose total length was smaller than 70 mm, the area of otolith,
i.e. its maximum diameter and perimeter were determined, using OPTIMAS
program. The correlation between these values and fish size (total length) was
computed. In order to describe changes in the otolith shape with age, computer
coordinates of otoliths edges were saved.

In 184 individuals, the longer radius of otolith (from the centre to the ros-
trum edge) was measured using stereoscopic microscope. This radius is known
to be strongly correlated with flounder length (Cigeglewicz et al. 1969). Similar-
ly to previously described variables, its relation to body size was established.
Also the character of the edge of otolith (hyaline or opaque zone) was exam-
ined.

January the 1% was assumed as the day of fish birth. This assumption is not
really close to reality but commonly used. The hatch of the flounder in the Gulf
of Gdansk takes place from March to May (Cieglewicz 1935).
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RESULTS

LENGTH

FREQUENCY IN LENGTH CLASSES

The smallest flounders were observed in June/July. In the subsequent months,

the minimum length of caught fish was gradually increasing. The frequency of

individuals longer than 100 mm was very low all year (Fig. 1). The average

maximum length for all samples was equal to 83 mm.

Taking into account length ranges and frequencies in length classes, a year
could be divided into two periods:

e from January to May/June when only one group of flounders were observed
with the average length of about 40-55 mm;

o from June/July two groups occurred; the first one, the same as observed in
previous months with the average length of 55-77 mm, and the second con-
sisting of much smaller individuals with the average length from 15 mm in
July to 45 mm at the end of the year.

In some samples, these two groups are distinctly differentiable but in others
precise differentiation is impossible.

AGE

From the beginning of the year till June, almost all caught flounders were one
year old (1-year age group). In June/July, flounders from current year spawn
appeared. From June till the end of the year, they dominated in all samples.
Older individuals (2-year age group) were very rare.

RATE OF GROWTH

In the case of flounders from O-year age group, increase of average month
length was observed from time of their first appearance to the end of the year
(Fig. 2). The greatest rate of growth took place in summer, from June to August.
From October, distinct decrease in growth rate was observed.

For flounders from 1-year age group, caught in the investigated zone, the
trend of size changes was not clearly visible. Average lengths seemed to oscil-
late between 40 and 70 mm (Fig. 2). Similarly as in the case of younger fish the
lengths in one sample varied considerably. At the end of the year, the range of
lengths of 1-year age group decreased.

CORRELATION BETWEEN LENGTH AND WEIGHT

Correlation between length and weight was computed for both 0 and 1-year age
groups (Fig. 3). The value of exponential coefficient turned out to be higher in
the case of older flounders.
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Fig. 1. Temporal distribution of frequency, in length classes, of
young flounders from inshore waters of the Gulf of Gdansk
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Fig. 2. The average monthly lengths (with standard deviations) of flounders from 0 and
1-year age groups
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Fig. 3. Correlation between weight and length for flounder from 0 and 1-year age groups
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OTOLITH MORPHOLOGY

The formerly reported linear relationships between the total fish length and
radius of otolith (Fig. 4), otolith diameter (Fig. 5) and otolith perimeter (Fig. 6)
were confirmed by this study. It was found that in older flounders, the area of
otolith grew faster than the total fish length (Fig. 7). This relationship can be
described using two different lines. The first one for fish of the total length up
to 30 mm and the other for longer flounder (Fig. 8).

During the growth of otoliths, changes in their shapes were observed: from
rounded to more elongated with a distinct rostrum and antirostrum. Some oto-
liths exhibited very unusual shapes and different (crystal) structure. Most often,
the second otolith from the pair had standard characteristic. Often, in otolith
structure, additional centres of growth and non-year growth rings were ob-
served.

From April to July, the edge of examined otoliths was opaque: from August
to March the most outer zone was hyaline. However, the characteristic features
of the otolith edge were not always easily differentiable.
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Fig. 4. Correlation between the radius of otolith and flounder length
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Fig. 5. Correlation between the otolith diameter and flounder length
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Fig. 8. Linear correlation between the area of otolith and flounder length

DISCUSSION

The shallow inshore waters of the Gulf of Gdansk are inhabited by the flounder
mainly from 0 and 1-year age groups. The same situation was observed previ-
ously (Cieglewicz 1935, Mulicki 1955, Szypula and Zatachowski 1978,
Malorny 1990).
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Flounders from 1-year age group are present in the investigated area all the
time. At the beginning of the year, this group accounts for almost all flounder
quantity (older individuals are very rare). In June/July young, this year born,
flounders enter inshore shallow waters of the Gulf of Gdansk.

The growth of flounders from 0-year age group can be followed based on
the increase of average monthly lengths and shift in the range of lengths. The
growth of flounders from 1-year age group is best estimated based on the value
of their minimum length since bigger individuals from this group migrate to
deeper waters. The existence of more or less constant value of length above
which the flounder migrates to deeper waters (Demel 1927) was confirmed.
Without doubt, at the end of the year, only a part of 1-year age group occurs in
shallow inshore waters. The observed wide ranges of lengths in age groups (at
the same time the biggest individuals can be two or three times larger than the
smallest ones) are probably caused mainly by long period of flounder spawn
(Cigglewicz 1935).

The rate of growth of individual flounders in the Baltic is independent of
density of population and food availability (mostly present in excess quantities).
The water temperature, mainly in intensive grazing period, seems to be the gov-
erning factor (Cigglewicz 1962).

Investigations on plaice and soil from The North Sea (Rijnsdorp and van
Beek 1991) have shown that also for these fishes the density of population is
not the main factor influencing the rate of growth. More important is the availa-
bility of food. In the Gulf of Gdansk, during past years, the major changes in
food web composition have been observed (Skora 1993). Increase in the number
of bivalves and decrease of arthropod number occurred. These changes seem
not to be so important for the flounder because of its very wide spectrum of
food preferences (Mulicki 1947).

Comparing results from the Gulf of Gdansk with occurrence and growth of
the flounder in the central part of Polish coast (Szyputa and Zatachowski 1978),
it can be stated that in both regions similar yet not identical tendencies are seen.
In the Gulf of Gdansk, differences in frequencies in length classes in the same
months in different years are noticed (Fig. 1). In contrast, in Kotobrzeg-
Dartowo area, these frequencies are very stable. The decrease of the average
length in July/August is much smaller in the Gulf of Gdansk than in the other
region. The main reason for that is the stable upper limit of length in shallow
inshore waters of the Gulf of Gdansk. In this location, in summer together with
new O-year age group flounder, individuals from 1-year age group occur. In
Kotobrzeg-Dartowo area, until June, the flounder represents only 1-year age
group. From July, only O-year age group individuals are present. Comparing
sizes of flounders from both locations it is necessary to take into account sepa-
rately 1-year age group until June and 0-year age group from July. Comparing
the rate of growth of the flounder from 0-year age group from both locations, it
can be stated that the flounder from the Gulf of Gdansk grows faster. Average
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lengths in July are similar for both locations: 28 and 24 mm. In September, they
exceed 36.5 mm in Kolobrzeg-Darlowo region and 44.6 mm in the Gulf of
Gdansk. Despite differences in sampling equipment, the main reasons for ob-
served situation can be: the different characteristics of sampling regions (the
open sea and the gulf) and the difference between the flounder populations from
the Bornholm and the Gdansk Deep. Migrations between these two regions are
very rare (Cigglewicz 1947). Contrary to young individuals, adult flounder
shows faster growth in the western part of the Baltic (Cigglewicz 1935,
Cieglewicz and Mulicki 1938).

Taking into account the data obtained for 0-year age group flounder from
the Gulf of Gdansk 60 years ago (Cigglewicz 1935), it can be stated that there
are no changes in the time of appearance and basic tendencies in the rate and
time of growth. At present, the average lengths in months seem to be a bit big-
ger than in the past.

Big changes observed in the Gulf of Gdansk biocenosis during last two dec-
ades (Skora 1993) are clearly visible in the inshore shallow part of that basin.
The major feature of these changes is an absolute domination and very strong
competition with other fish species by three-spined stickleback (Gasterosteus
aculeatus). The comparison with the data from 1982-83 (Malorny 1990) with
the present state shows that the observed changes and strong stickleback pres-
sure are not so directly important for the young flounder.

The exponential coefficient for correlation between the flounder length and
weight is lower for 0-year age group than for 1-year age group. However both
values oscillate around 3. Similar values have been obtained for young floun-
ders from the Polish coast previously (Szyputa and Zatachowski 1978, Malorny
1990). Only in one case, much higher value, i.e. amounting to 3.55 has been
reported (Draganik and Kuczynski 1985). Smaller (below 3) exponential coeffi-
cient for O-year age group than for older groups has been also determined for
plaice from Wadden Sea (Kuipers 1977).

Linear coefficients for relations between the otolith radius or diameter and
flounder length are similar to those computed in the past (Cigglewicz et al.
1969, Szyputa and Zatachowski 1978, Draganik and Kuczynski 1985, Malorny
1990). The exponential relation between the otolith area and the linear relation
between otolith perimeter and flounder length are consequences of above men-
tioned relations and the rounded shape of otolith. The correlation between the
otolith area and flounder length is different for smaller and bigger than 30 mm
fish, probably due to the change in the otolith shape from oval to more elongat-
ed. Such changes in the otolith shape and the differences within a pair are com-
monly observed in flatfish and are correlated mainly with the presence of addi-
tional growth centres (Sogard 1991).

The additional growth rings are common in the Baltic flounder. In general,
the structure of otoliths can be highly complicated. The most complicated struc-
ture was observed in individuals displaying the highest rate of growth (Witinsz
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1986). Finding the environmental reasons causing the formation of additional
growth rings was impossible, similarly as in previous studies carried out in the
Gulf of Gdansk region (Malorny 1990). The atypical, crystal otoliths have been
sometimes observed in many other fish species (Blacker 1974).

Another important factor in description of fish growth is the time of forming
a hyaline and opaque zone on otoliths. As it has been mentioned before, some
flounder otoliths have a very complicated structure. Their correct description
and "reading" is difficult. On unpolished otoliths, the beginning of clear opaque
zone can be detected with a few weeks delay (Witinsz 1986).

The observed formation of opaque zones from April to July and hyaline
zones from August to March is comparable with data for the flounder from the
Eastern Baltic (Witinsz 1986) while it differs slightly from previous data for the
Gulf of Gdansk region (Draganik and Kuczynski 1985). In general, our observa-
tions agree with those for plaice and other flatfish in which the opaque zone
forms in spring and early summer and the hyaline zone in autumn and winter
(Blacker 1974).

REFERENCES

Blacker R.W., 1974, Recent advances in otolith studies, [in:] Sea Fisheries Research,
Harden Jones F.R., (ed.), Elek Science, 67-90

Campana S. E., Neilson J. D., 1982, Daily growth increments in otoliths of starry floun-
der (Platichthys stellatus) and the influence of some environmental variables in
their production, Can. J. Fish. Aquat. Sci., 39, 937-942

Cieglewicz W., 1935, Growth of flounder (P. flesus L.) fished in the Gulf of Gdansk and
in the Western Baltic, Arch. Hydrob. i Ryb., Vol. IX, 108-121 (in Polish)

Cigglewicz W., Mulicki Z., 1938, Maturity and composition of flounder community
spawning in the Gulf of Gdansk, Arch. Hydrob. i Ryb., Suwatki, Vol. XI, 254 (in
Polish)

Cieglewicz W., 1947, Migrations and growth of tagged flounder from the Gulf of
Gdansk and the Bornholm Basin, Arch. Hydrob. i Ryb., Gdynia, Vol. XIII, 105-164
(in Polish)

Cieglewicz W., 1962, Biological characteristic of catches of flounder (P. flesus L.) in
the Gulf of Gdansk, Works of Sea Fisheries Institute, Gdynia, No 11/A, 201-223 (in
Polish)

Cieglewicz W., Draganik B., Zukowski C., 1969, Characteristic of growth of flounder
and turbot by von Bertalanffy equation, Works of Sea Fisheries Institute, Gdynia,
Vol. XV, Series A, 121-132 (in Polish)

Demel K., 1927, Some notes on life conditions and distribution of flatfishes in Polish
waters of the Baltic, Works of Sea Fisheries Institute, Gdynia (in Polish)

Draganik B., Kuczynski J., 1985, Growth of flounder and its otoliths in the first year of
life, ICES c¢.M./J.28 [mimeo] Bull. Sea Fisheries Institute, Gdynia, 6-11

Draganik B., Kuczynski J., 1993, A review of growth rate of the Baltic flounder (P.
flesus L.) derived from otolith measurements, Bull. Sea Fisheries Institute, Gdynia,
Vol. 111, No 130, 25-42



Growth of the young flounder (Platichthys flesus) in inshore shallow waters... 29

Kuipers B. R., 1977, On the ecology of juvenile plaice on a tidal flat in the Wadden Sea,
Neth. J. Sea Res., 11, 56-91

Lockwood S. J., 1973, Weight and length changes of 0 - group plaice (P. platessa L.)
after preservation in 4% neutral formalin, J. Cons. Perm. Int. Explor. Mer., 35, 100-
101

Malorny K., 1990, Observations of young flounder (P. flesus L.) in inshore zone of the
Gulf of Gdansk in 1982 — 1983, Zesz. Nauk. Wydz. Biol. Geogr. i Oceanol., Univer-
sity of Gdansk, 12, 43-58 (in Polish)

Mulicki Z., 1947, Food of flounder from the Gulf of Gdansk, Arch. Hydrob. Ryb. Vol.
XII (in Polish)

Mulicki Z., 1955, Abundance of young flounder in Polish coast in 1948 — 1953, Works
of Sea Fisheries Institute, Gdynia, Vol. VIII, 121-132 (in Polish)

Pawson M. G., 1990, Using otolith weight to age fish, J. Fish. Biol., 36, 521-531

Rijnsdorp A. D., van Beek F. A., 1991, Changes in growth of plaice (P. platessa L.) and
sole (Solea solea L.) in the North Sea, J. Sea Res., 27, 441-457

Sapota M. R., Kaminska U., 1998, Recrutation and settlement of young flounder (Plat-
ichthys flesus) in the western part of the Gulf of Gdansk (Baltic), Oceanol. Stud. (in
press)

Sogard S. M., 1991, Interpretation of Otolith Microstructure in Juvenile Winter Floun-
der (Pseudopleuronectes americanus): Ontogenetic Development, Daily Increment
Validation, and Somatic Growth Relationships, Can. J. Fish. Aquat. Sci., 48, 125-
131

Skora K. E., 1993, Fishes [in:] Puck Bay, Korzeniewski K. (ed.), Fundacja Rozwoju
Uniwersytetu Gdanskiego, Gdansk, 455-467 (in Polish)

Szyputa J., Zatachowski W., 1975, Investigations on the biology of young Baltic floun-
der in inshore zone of Kolobrzeg-Dartowo area, Zesz. Nauk. Akad. Roln., Szczecin,
No 70 (in Polish)

Witinsz M., 1986, Use of otoliths for investigations on changes in growth of the East
Baltic flounder, Fischerei Forsch. Rostock, 24, 111-132 (in Russian)



