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Early developmental stages of pikeperch
in the Szczecin Lagoon: selected aspects
of their biology and ecology from 1994 to 1998

Agnieszka Szkudlarek-Pawetczyk

Sea Fisheries Institute, Gdynia, Research Station in Swinoujscie
PI. Stowianski 11, Swinoujscie, Poland

Present address: Spoteczne Liceum Ogolnoksztatcace STSG
Matejki 35, 72-600 Swinoujscie, Poland

Abstract. This paper presents the results of five-year-long ichthyoplankton studies with a
special focus on pikeperch. Estuarine areas, such as the Szczecin Lagoon, are highly dynamic.
The bottom water temperature varied over the study period with CV values of 12, 22, 20, 26
and 8%. The differences in salinity among the stations reached 5%o. Results shows that the
number of pikeperch reproduction sites has increased in comparison with observations made
in the 1950s and the 1970s. Pikeperch spawning grounds were located on the slopes of the
shoals around the Szczecin Lagoon. The abundance, or production, of pikeperch larvae in the
1995-1998 period varied significantly. During the study period, a highly abundant generation
of pikeperch was hatched from eggs laid in 1995, while the weakest generation was observed
in 1997. Additionally, changes were observed in ichthyoplankton species composition in rela-
tion to the inflow of sea waters. During inflows ichthyoplankton catches were dominated by
the larvae of herring and goby. When the inflows subsided the occurence of freshwater fish
species was observed.

Key words: Stizostedion lucioperca, ichthyoplankton, abundance, larvae distribution, spawning
grounds, temperature, salinity, estuary, Szczecin Lagoon.

INTRODUCTION

Currently, there is a significant amount of world-wide research concerning the early
developmental stages of pikeperch. Studies of Baltic ichthyoplankton have been being
conducted for many years at the Sea Fisheries Institute . Studies in the Szczecin Lagoon
have been conducted since the early 1990s by Szkudlarek-Pawelczyk and Porgbski (1995,
1996, 1997); these authors have confirmed the presence of six taxa of fish larvae and
compared their relative abundance and the variability of species composition in relation to
the inflow of sea waters.
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Few works which describe larval stages of pikeperch relate to different study areas.
A very precise description of the larvae and spawn of the European pikeperch Stizostedion
lucioperca L. from the Don delta were presented by Kryzhanowskij e al. (1953). A similar
description for the American pikeperch Stizostedion vitreum (M.) was presented by Fritzsche
(1978). Bjetyj (1960) addressed migrations of the early developmental stages of pikeperch
in the Olszanka River (a tributary of the Dnieper River). Observations of the development
of eggs at greater depths in the Kachowski Reservoir were conducted by Bjetyj (1962).
The impact of salinity on the development of pikeperch eggs and larvae in the Dnieper
River was also investigated (Bjelyj 1967). Deelder and Willemsen (1964) reported that
although adult pikeperch can tolerate relatively high salinity (9-10%o), salinity exceeding
2.5-3%o is too high for the normal development of the early stages of this species.
Ostaszewska and Wojda (1997) confirmed the adverse impact of low water pH on pikeperch
embryonic and larval development in controlled conditions. Urho (1996) presented results
of studies on the identification of early developmental stages of pikeperch, perch and ruffe.
Mani-Ponset et al. (1994) studied the development of the internal organs of pikeperch
larvae, while Johnston and Mathias (1996) investigated the rate of food absorption in the
intestines of American pikeperch larvae fed with zooplankton at different temperatures.
Rieger and Summerfelt (1997) compared the behavior and development of American
pikeperch larvae in clear and turbid water, and they determined that survival ability is
three-fold higher among larvae from turbid waters than for those in clear water. Urho
(1989) confirmed that European pikeperch larvae from the shallow, estuarial Bay of
Vanhankaupunginlahti (Gulf of Finland) were highly susceptible to fin damage caused by
sewage.

The aim of the present study was to locate spawning grounds and to analyze the
distribution and abundance of pikeperch larvae at reproduction sites in light of variable
environmental conditions in an estuarial reservoir, such as the Szczecin Lagoon.

MATERIALS AND METHODS

The material for the study was collected during spring-summer (April-July) cruises from
1994 to 1998. A total of 267 hauls were made at stations of the following depths: the Great
Lagoon at2, 4, 5 m; stations A, B, C1, K1, K2,K3 at9 and 10 m; station W at 2 m; WM
at 1.5 m. The location of stations is presented in Figure 1. The stations were chosen based
on the materials of Wiktor (1956) and Wengrzyn (1986) regarding the location of pikeperch
spawning grounds and the possibility of collecting samples with the fishing gear set in the
area. The stations were located mainly in the coastal areas where it was expected to find
the earliest pikeperch developmental stages. The dates of sampling at particular stations
and years are presented in Table 1.

The larvae were collected using a set of two Bongo plankton nets with opening diam-
eters of 600 mm and mesh diameters of 505 mm, both of which were equipped with a flow
meter. The researcher made oblique hauls with the Bongo net from the surface to the bot-
tom and back, at a trawling speed of 2 knots (1 m/s). The material was collected using the
Stynka II motorboat; the draught of the boat (1.2 m) did not allow it to penetrate shallower
areas or to traverse the sandbank in the eastern part of the basin.
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Fig. 1. Location of study stations in the Szczecin Lagoon from 1994 to 1998.

Immediately following the haul, the collected material was preserved with 4% form-
aldehyde buffered with borax. After sorting in the laboratory, the material was put into
80% ethanol. The larvae were identified to the species using systematic features published
by Kryzhanowski (1949), Kryzhanowski ef al. (1953) and Urho (1996).

At each sample collection at all stations, the temperature was measured and water
samples were collected using a Ruttner bottle to determine the chloride contents in both
the surface and benthic layers. The chloride contents were determined using the Mohr
method, and then, using the Mtodzifiska formula, which is appropriate for waters of the
Szczecin Lagoon (Majewski 1980), the chloride equivalent (C/%o) was recalculated into
salinity (S%o) as follows:

S%o = 1.768 Cl%o +0.2717

The coefficient of variation (CV) for the temperature and salinity of bottom water
was determined by dividing the standard deviation by the arithmetic mean calculated for a
given day.

A total of 11,852 pikeperch larvae were caught during the five years of the study. The
number of pikeperch larvae from each haul was recalculated to 1000 m? of filtered water
(Table 2).
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Table 1. Date and location of sampling in the Szczecin Lagoon from 1994 to 1998

Date Station Date Station
1994 1997
23.05 A, B,C,D1,D2, E1 E3 22.04 K3, W, WM, H1, H4, L
27.05 F1,F2, F3 5.05 C1,C2,D1, D2, E1,
1.06 K1, K2, K3, W 7.05 B, K1, K3, W, WM,
10.06 H2, H3, L1, L2, 11, 12 14.05 11,12, E2, H2, C4
11.06 A, B,C,D1,D2, E1, E3 21.05 D1, D2, E1, E2, C2, H1
16.06 F1,F2, F3 23.05 K1, K3, W, WM, L
17.06 K1, K2, K3, W 28.05 B, C1,11, 12,
28.06 H2, H3, L1, L2, 11, 12 6.06 H1, H2, H4, C2, C4
1995 11.06 D1, D2, E1, E2, 11, 12,
21.04 B,C1,C2,D1,D2,E1 E2 13.06 K1, K3, W, WM, L
6.05 K1, K3, W, 11, 12, H1, H2 27.06 B, C1, C2, C4, E2, H2, H4,
9.05 B, C1,C2,D1,D2,E1, E2 7.07 K3, W, WM, L
23.05 B, C1, D1 1998
26.05 K1, K3, W, D2, E1, E2 28.04 K1, K3, W, WM, L
27.05 H1, H2, 11, 12, C2, C3 12.05 K1, K3, W, WM, L
13.06 B, C1, D1, D2, E1, E2 14.05 C1,D1,D2,E1
14.06 K1, K3, W, H1, H2 19.05 B,C1,11, 12
20.06 C2,C3 22.05 K1, K3, W, WM, L
27.06 K1, K3, W 2.06 C1,C2,D1,D2,EL1, E2, 11,12
29.06 B,C1,C2,D1,D2,E1,E2, 11,12 5.06 B, K1, K3, W, WM, L
1996 16.06 B, K1, K3, W, WM
9.05 W, WM, K1, K3 19.06 D1,D2,E1,E2, 11
17.05 11,12, C1, C2,B, D1, D2 23.06 C1,C2,12
20.05 K1, K3, W, E2 3.07 K1, K3, W, WM, L
27.05 H1, H2, C4, F3
3.06 K1, K3, W
4.06 E1l,E2,D1,D2,11,12,B,C1
14.06 K1, K3, W, WM
17.06 C2,C4,H1, H2,11, 12
21.06 D1, D2,E1,E2,C1,B

Samples that were collected at fixed stations in every year of the study were used for
statistical analyses. Data collected from 1995 to 1998 at stations B, C1, C2, D1, D2, E1,
E2, 11, 12, H2, K1, K3 and W were analyzed. Samples from 1994 were not statistically
analyzed. Throughout the paper, these data are regarded only as approximate since, due to
technical reasons, material collection began in late May, while in the other years collection
began in late April or early May (Table 1).

A statistical model was used to estimate year and station specific larval production,.
To do this, certain assumptions and simplifications were made. A constant mortality was
assumed. Larvae migrations between the stations was ignored — real immigration was thus
included in the production and the real emigration in mortality (Heath 1992). It was as-
sumed that the larvae production during the season changes in accordance with the normal
distribution curve (Saville 1956). The numbers of larvae at a given station at time # is given
as follows:
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Table 2. Abundance of pikeperch larva at particular study stations in the Szczecin Lagoon

from 1994 to 1998 [ind./1000 n

Pikeperch Pikeperch Pikeperch
Study | Study larva Study | Study larva Study | Study larva
date | station | abundance date | station| abundance date | station | abundance
ind./1000m ind./1000n ind./1000n
1994 1995 continue 1996 continue
23.05 A 29 9.05 B 480 17.05 B 394
B 138 C1 1561 C1 624
Cc 31 Cc2 222 c2 539
D1 126 D1 402 D1 781
D2 561 D2 294 D2 272
El 1303 El 2222 11 378
E3 157 E2 3479 12 426
27.05 F1 0 23.05 B 631 20.05 K1 152
F2 0 C1 1456 K3 244
F3 0 D1 323 w 138
1.06 K1 297 26.05 W 0 E2 344
K2 339 K1 243 27.05 H1 1930
K3 219 K3 0 H2 452
w 27 D2 290 Cc4 97
10.06 H2 44 El 240 F3 68
H3 239 E2 4305 03.06 K1 80
L1 47 27.05 Cc2 4048 K3 63
L2 123 C3 6 w 55
11 10 11 1382 04.06 B 189
12 108 12 954 C1 35
11.06 A 7 H1 405 El 35
B 7 H2 313 E2 200
C 0 13.06 B 3 D1 260
D1 8 C1 10 D2 10
D2 58 D1 23 11 306
El 116 D2 0 12 197
E3 7 El 52 14.06 K1 0
16.06 F1 0 E2 66 K3 0
F2 0 14.06 K1 0 w 7
F3 36 K3 279 WM 15
17.06 K1 0 w 608 17.06 11 0
K2 0 H1 0 12 0
K3 0 H2 121 H1 17
w 37 20.06 Cc2 0 H2 0
28.06 H2 0 C3 0 Cc4 0
H3 29 27.06 K1 0 Cc2 0
L1 13 K3 7 21.06 B 0
L2 43 w 31 C1 0
11 0 29.06 B 0 D1 0
12 0 C1 0 D2 0
c2 0 El 0
21.04 51‘995 0 p1 0 E2 0
c1 0 02 p 1997
c2 0 E2 0 22.04 K3
D1 0 I 0 H1
D2 0 12 0 H4
) )
6.05 K1 16 09.05 K1 0 WM
K3 0 K3 34 5.05 C1l
w 0 w 34 c2
11 125 WM 0 D1
12 102 D2
H1 389 El
H2 0
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Table 2. continue

Pikeperch Pikeperch
Study | Study larva Study | Study larva
date | station| abundance date | station| abundance
ind./1000n1 ind./1000n1
1997 continue 1998

7.05 K1 0 28.04 K1 0

K3 0 K3 0

B 0 w 4

w 0 WM 0

WM 34 L 7

14.05 C4 0 12.05 K1 1008
11 142 K3 485

12 29 W 1331

E2 42 WM 1232

H2 0 L 2765

21.05 Cc2 0 14.05 C1 969
D1 288 D1 1363

D2 1358 D2 2772

El 80 El 2087

E2 410 19.05 B 385

H1 0 C1 280

23.05 K1 229 11 2310
K3 144 12 240

L 73 22.05 K1 0

w 244 K3 66

WM 190 W 862

28.05 B 0 WM 2844
C1 0 L 964

11 280 2.06 C1 21

12 423 Cc2 18

6.06 Cc2 10 H2 34

C4 21 D1 12

H2 94 D2 38

H1 156 El 160

H4 40 E2 353

11.06 D1 20 11 0

D2 0 12 15

11 0 5.06 B 0

12 22 K1 8

El 32 K3 18

E2 75 w 38

13.06 K1 0 WM 18

K3 17 L 61

L 0 16.06 B 0

w 0 K1 0

WM 42 K3 0

27.06 B 0 w 0

C1 0 WM 0

C2 0 19.06 D1 0

C4 0 D2 0

E2 0 El 0

H2 0 E2 0

H4 0 11 0

7.07 K3 0 23.06 C1 0

L 0 C2 0

w 0 H2 0

WM 0 12 0

3.07 K1 10

K3 21

w 0

WM 0

L 0
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" “(-w?
N(t) = Nio e 2% g2

2 Not o

where:
N,,, — denotes larvae seasonal production at a given station,
Z — mortality,
U — production peak (the mean value in the mean in the normal distribution curve),
0 — parameter (standard deviation in the normal distribution curve ).

Parameters N, , Z, [t and 0 were determined using optimization — the sum of the
squares of deviations between the observed numbers and the numbers generated by the
model was minimized. The SOLVER function from Microsoft Excel was applied. Due to
the relatively small number of observations per station during the season versus the num-
ber of parameters to be derived, the same Z and o values were used for all stations in a
given year.

Since the distribution of the calculated larvae production (, ;) was not normal,
parametric tests could not be applied. Thus, the nonparametric Kruskal-Wallis test was
used. An additional test was conducted which compared the median production at se-
lected stations between subsequent years. Both tests were conducted using the
STATISTICA program. When the zero hypothesis was ruled out, the study focused on
years between which significant differences occurred. Methods of multiple nonparamet-
ric comparisons and multiple median comparisons presented by Zara (1984) were ap-
plied.

The abundance of larvae generations was compared on the basis of the ratio of the
median of the production in subsequent years and the median for the entire 1995-1998
period.

RESULTS

Hydrological conditions and ichthyoplankton structure

Estuarine areas, such as the Szczecin Lagoon, are highly dynamic. Variations of temperature
and salinity can be rapid, as they are generated by the inflow of colder and more saline sea
waters.

The bottom water temperature varied over the study period (Fig. 2), with CV val-
ues of 12, 22, 20, 26 and 8%. The small variations of water temperature in 1994 resulted
from the study’s late start. The variance in the next two years is fairly similar. In May
1995, the water temperatures varied from 12.9 to 16.0°C, and in June, from 16.1 to
20.1°C. In mid May, 1996, the temperature of benthic waters had still not exceeded
12°C. Significant variations of water temperatures were observed in 1997, when follow-
ing a period of temperature increase a long-term temperature decrease occurred in late
May and early June. Spring 1998 was definitely the warmest and the water temperatures
were the most uniform.
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salinity [%eo ]
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Fig. 3 A-B. Salinity of benthic waters in the Szczecin Lagoon at selected stations (K1, K3, W, WM)
and dates [%o].

Inflows of sea water are primarily detected through increased salinity. The differ-
ences in salinity among the stations reached 5%o (Fig. 3a, b) with annual CV values of 106,
51, 130, 80 and 56%.

The ichthyoplankton in the Szczecin Lagoon included pikeperch, smelt, perch and
cyprinids (mainly roach and common bream) and, periodically, the larvae of herring and
goby. In subsequent years, pikeperch larvae constituted 13, 75, 25, 9 and 45% of the
ichthyoplankton.

Figures 3a, b and 4a, b show the changes in the ichthyoplankton species composition
which resulted from the inflow of saline sea water. During inflows of Baltic Sea waters,
higher salinity was observed as well as the occurrence of herring and goby larvae. When
the inflows subsided and salinity decreased, ichthyoplankton catches were dominated by
the larvae of freshwater fish species. These changes were observed in each season; how-
ever, they were most common at the northern stations.



12 AGNIESZKA SZKUDLAREK-PAWELCZYK

100
80
OB
60 1 mCl
40 - N D1
ED2
20
o =
o
)
w3
2
100
80
oKl
. mK3
40 - W
E WM
20 1
0,

Fig. 4A-B. Percentage of particular ichthyoplankton components
(S — denotes freshwater species such as pikeperch, perch, smelt cyprinids,
M — denotes marine species such as herring and goby) sampling sites described in Fig. 3A-B.

Spawning ground location

Pikeperch spawning grounds were located on the slopes of the shoals around the Szczecin
Lagoon. The criterion for designating a site as a spawning ground was the presence of
larvae with yolk sacs.

Throughout the five-year study, yolk-sac larvae were observed at stations in both the
northern and the southern areas of the Szczecin Lagoon and in the bays at stations W and
WM (Fig. 5a-e). It is worth noting that for many years the area near station WM was
polluted by municipal sewage. The opening of the biological sewage treatment factory in
1995 improved the state of waters to such an extent that in 1998 the first yolk-sac larvae
were caught there.

Each year, larvae in early developmental stages were caught at some of the study
stations. In 1994, larvae were caught at three stations, in 1997 at two stations and in other
years at six to eight stations (Fig. 5a-e). The studies revealed that the pikeperch spawning
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of Stizostedion lucioperch. in the Szczecin Lagoon from 1994-1996.
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grounds in the coastal areas of the lagoon are located in waters from 1.2-2 m, as well as at
adepth of 5 m. However, yolk-sac larvae were caught in deep waters (8-10 m) only in 1995
and 1998. They were probably carried by currents to these areas from nearby spawning
grounds in shallower arms of the river near station B.

Distribution and abundance of pikeperch larvae
Pikeperch larvae occurred at all stations in each of the five years of the study (Table 2).

Based on the abundance of pikeperch larvae in samples collected at selected, fixed
stations, the seasonal larvae production was estimated. This yielded the larvae production
per 1000 m? at each station from 1995 to 1998. Larvae production varied significantly
among stations in a given year (Table 3, Fig. 6), while larvae mortality in subsequent years
varied from 0.23 to 0.40.

The nonparametric Kruskal-Wallis test was used to compare production distribu-
tions. This test is applied to investigate the differences between groups when analyzed
populations” do not have a normal distribution and when it is impossible to determine the
distribution type. The zero hypothesis () was accepted based on the assumption that
there were no significant differences between the distributions of larvae production in the
years investigated.

Using the Kruskal-Wallis test to compare the production distribution at stations in
subsequent years, H was 13.2 (df = 3, n = 52), which yielded p = 0.0043. On the other
hand, with the application of the test for the production median differences a value of
c?=8.9 was obtained at a degree of freedom df = 3, which yielded p = 0.0303. The results
obtained reveal that pikeperch larvae production varied significantly over the 1995-1998
period. Further comparisons between pairs of years showed significant differences only
between 1995 and 1997.

Assuming that environmental variability during the course of the study affected the
entire area and not only the selected study stations, then the production medians calculated
for selected stations reflected the larvae abundance throughout the studied basin. The fol-
lowing total median production values were obtained (individuals/1000 m?3):

1995 —5.189; 1996 —3.092; 1997 —1.386; 1998 —3.937.

For the purposes of this paper, a larvae abundance scale was established as the ratio
of the median larvae production in a given year to the median from 1995-1998, as follows:
low <0.6; average 0.6—1.4; high>14.

The ratios of the median larvae production in a given year to the median from the
four-year-period were as follows:

1995 — 1.77;
1996 — 1.05;
1997 — 0.47;
1998 — 1.39.

*The word “population” is used here in its statistical meaning.
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The indicators above allowed pikeperch larvae abundance to be classified in accor-
dance with the accepted scale. The generation born in 1995 can be regarded as abundant,
average abundance was observed for generations born in 1996 and 1998 and low abun-
dance for generations born in 1997.

In years when abundance was either low or average, large pikeperch larvae concen-
trations were observed only at a few stations in the lagoon. In 1996, such concentrations
were observed at stations D1, C2, HI, in 1997 only at station D2, and in 1998 at eight
stations. When there was high abundance, large pikeperch larvae concentrations were ob-
served at the majority of the stations. These stations were located in the Lagoon Proper as
well as in the northern area near the mouth waters (Fig. 5a-e).

DISCUSSION

Many fish species reproduce and grow in the Szczecin Lagoon. To date, no research has
been conducted on the early developmental stages of pikeperch in this lagoon. However,
as Wiktor (1964) stated, due to the abundance of zooplankton in this lagoon, there are
good feeding conditions for larvae of various fish species. According to Poleszczuk
(1997), in 1985-1994 the lagoon waters were well oxygenated. Using 38 water quality
indices, Poleszczuk concluded that the aquatic environment of the Szczecin Lagoon
provides “comfortable hydrochemical conditions” for pikeperch. However, he also
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observed that the variations in salinity and the increase of the average salinity may be
disadvantageous.

The location of the pikeperch spawning grounds in the Szczecin Lagoon were ini-
tially determined by Wiktor (1954) in 1950-1951 based on catch analyses and studies of
the bottom character. Wengrzyn (1986) located the most important pikeperch spawning
grounds in 1976-1977 using the results of catches of specimens with gonads in maturity
stage VII on the Maier scale. Wengrzyn confirmed that the spawning ground sites in the
Szczecin Lagoon had decreased in comparison to the results obtained by Wiktor (l.c.). In
the current paper, the reproduction sites were located based on catches and the location of
the early life stages of pikeperch, i.e. yolk-sac larvae which do not migrate actively in
order to find food. According to Kryzhanowski (1949), they live near the bottom for 2-3
days, then they move to the pelagic zone. However, Kryzhanowskij ez al. (1953) and Korycki
(1976) both reported that these larvae can swim to the surface several hours after hatching.
Lehtonen et al. (1996) and Virbickas et al. (1974) stated that the larvae stay near the
bottom for several days after hatching.

In comparison with the data cited from Wiktor and Wengrzyn, the current pikeperch
spawning sites are found at depths of 1.2 to 5 m in all the locations where the study was
conducted. Figure 7 presents the location of the spawning grounds in the 1950s, 1970s
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and 1990s. In the central lagoon basin these areas are sandy shoal banks, but in inlets the
bottom is covered by mud. The latter does not have a negative impact on the larval
development as it remains under the continuous care of the male until hatching (Korycki
1976).

The presence of pikeperch in the early life stages in the deep waters of station B
indicates that the spawning grounds are located in the numerous nearby arms of the river,
and they migrate from their hatch areas on the fast river currents. However, according to
Bjelyi (1962) pikeperch can deposit eggs at depths greater than 5 m provided that they find
the proper bottom type. He observed the presence of live pikeperch eggs at depths of up to
17 m.

Pikeperch larvae were observed relatively soon in the season, i.e. in early May, not
only near the spawning grounds but also in open waters in the middle of the lagoon and on
the fairway to Szczecin. It can be assumed that shortly after hatching the pikeperch larvae
had been distributed throughout the entire lagoon. According to Bjelyi (1960), pikeperch
larvae avoid flowing waters but they can drift with currents. Estuarial currents may be
advantageous for fish species which scatter after hatching since, according to Urho et al.
(1990), they increase the fish’s area of occurrence and feeding. Kluczka (2000) studied the
distribution of pikeperch and perch larvae in the Vistula Lagoon and she determined that
pikeperch was more abundant in the stations of the open lagoon, while perch dominated at
the coastal stations.

Inflows of sea waters are caused by winds or tides. They cause the stagnation and
stratification of lagoon waters, which, however, disappear quickly with poly-mixing in the
lagoon (Buchholz 1991, Anon. 1993). These conditions have an impact on larvae distribu-
tion. Depending on the value of the increased water salinity, the larvae of sea species are
observed in catches along with the more or less abundant larvae of freshwater species.
Sometimes the domination of herring and goby larvae is very clear (Porgbski and Szkudlarek-
Pawetczyk, 1995). Margonski (2000) investigated the presence of larvae and young smelt
in the Vistula Lagoon and confirmed that it depended mainly on the wind direction and
force as well as the transfer of large water masses.

The variable water salinity, especially near the mouth, may have an impact on the
presence and abundance of larvae since, according to Bjelyi (1967), salinity has a greater
impact on newly hatched embryos (70% of the larvae expired at 8% salinity) than on two-
day-old embryos (only 18% expired). However, Deelder and Willemsen (1964) reported
that the early pikeperch developmental stages could not survive salinity of 9-10%o, and
even 2.5-3%o is too high for normal development. Still, according to Lehtonen et al. (1996),
egg development was also possible at 10%o. Lehtonen ef al. (1996) stated that there is a
short critical period when larvae can survive only when salinity is lower than 4.5%o. Dur-
ing the five-year-long study, the author observed the presence of pikeperch larvae in catches
even then when the water salinity was 6.0%o; however, it is difficult to determine how long
they could have survived under such conditions.

Statistically significant differences of the distribution of pikeperch larvae production
in the 1995-1998 period were confirmed. Pikeperch larvae production varied significantly
in subsequent years. The ratio of the strongest “generation” to the weakest one was 3.7
times. The only generation with high abundance was born in 1995. Although the abun-
dance of this generation was evaluated as average in 1998, the value of the abundance
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index was at the top of the range. In both seasons, the water temperatures exceeded 12°C
starting in early May and no long periods of cold were recorded. The water salinity also
varied to the least extent in these periods. These conditions might be advantageous for
larvae. Lehtonen ef al. (1996) reported that higher summer temperatures caused the ap-
pearance of abundant pikeperch generations. Nagie¢ (1978) reported more abundant gen-
erations in years of relatively high, but not the highest May temperatures. After a tempera-
ture of 12°C was reached, it did not drop below this value. Wiktor (1956) also indicated
the adverse impact of cold May temperatures which occurred at the end of the first decade
and the beginning of the second decade in May. According to Kamler (1992), it is difficult
to separate the impact of temperature from that of food, which is metabolized faster in
higher temperatures. The availability of proper food is very important while larvae are
developing.

The low abundance of the generation from 1997 may be related to the adverse impact
of the decreased temperature which occurred in late May and early June. Under these
conditions, the increased intensity of sea water inflows could also have an adverse impact.

According to Nagie¢ (1978), the amplitude of the generation abundance increases as
eutrophication increases. Abiotic factors play a more important role if exploitation is in-
tense and the eutrophication processes become more intense. Significant diversity in gen-
eration abundance in the Baltic Sea was observed by Lehtonen et al. (1996). These authors
also cite the results of long-term monitoring studies conducted by Lappalainen ez al. (1995)
in Parnu Bay. The latter confirmed a significant correlation between the abundance of
pikeperch generations and water temperature during the first four years of life.
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The food and feeding of the round goby
(Neogobius melanostomus Pallas, 1811)
from the Puck Bay and the Gulf of Gdansk

Tomasz Wandzel
Sea Fisheries Institute, Koltataja 1, 81-332 Gdynia, Poland

Abstract. This work presents the results of studies of the food and feeding patterns of the
round goby Neogobius melanostomus, a new fish species in the Puck Bay and the Gulf of
Gdansk. The food composition of this fish was determined based on the analyses of 829
stomachs from specimens collected in 2001. The following methods were applied: number
contribution; weight contribution; frequency of occurrence. The analyses of stomach contents
revealed the presence of 12,407 food units of a combined weight of 1,475.35 g. Benthic
invertebrates dominated and bivalves were observed in all of the stomachs. Both mollusks
and crustaceans were noted in the food of specimens from all length classes. Round goby
spawn was confirmed in the food of the males.

Key words: southern Baltic, Puck Bay, Gulf of Gdansk, Neogobius melanostomus, food,
feeding

INTRODUCTION

The round goby Neogobius melanostomus, whose natural area of occurrence is the Ponto-
Caspian basin, has recently come to inhabit the coastal waters of the southern Baltic Sea. It
was first reported in Polish waters in 1990 in the Puck Bay near the port in Hel (Skéra and
Stolarski 1993), and in 1995 it was reported to be on sale at the Gdynia Fish Market
(Kuczynski 1995). Two specimens were found on the beach in Debki in May 1995 (Grygiel
1995), and round goby was documented in research catches of the r/v BaLtica in the Puck
Bay in 1996 (Wandzel 2000). In 1997, round goby was caught outside the Puck Bay near
the mouth of the Vistula River and near Krynica Morska, and by 2001 round goby was
already occurring regularly in commercial catches made with fyke-nets in the Vistula Lagoon
(author’s observations).

The round goby is currently observed in all coastal areas of the Gulf of Gdansk. It
occurs on a mass scale in the Puck Bay. This fish inhabits mainly stony bottoms and areas
located near hydrotechnical constructions, such as piers, jetties and breakwaters (Skora
1996a). This species is currently the most common representative of the Gobiidae family
in the southern Baltic Sea.
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N. melanostomus is a bottom-feeding fish which consumes mainly bivalves, snails,
crustaceans, polychaetes and small fish. This species has been the subject of studies by
many researchers. Bogachik (1967) and Kobiegenowa and Dzumaliew (1991) described
the adaptation of its mouth, teeth and digestive tract to absorb this type of food. Skazkina
and Kostiuczenko (1968), Strautman (1972) and Kovtun ef al. (1974) all analyzed the food
composition of round goby inhabiting European waters.

The food composition of round goby, a non-indigenous inhabitant of the Great Lake
system in North America, was analyzed by Jude et al. (1995) using fish from the River St.
Clair and by Ray and Corkum (1997) using round goby from the Detroit River. The bivalve
Dreissena polymorpha dominated the food of fish with a body length exceeding 70 mm.
The remaining food components were snails and other water invertebrates, such as insect
larvae, crustaceans and zooplankton. Large benthic cladocerans of the genus Eurycercus
dominated the food of smaller specimens (40-60 mm).

Ghedotti ef al. (1995) described an experiment in which round goby grazed on the
zebra mussel Dreissena polymorpha under laboratory conditions. Another study conducted
in aquaria by Chotkowski and Marsden (1999) indicated that round goby, when presented
with a wide selection of food types, grazed on lake trout spawn.

The aim of the present work was to study the feeding patterns and food composi-
tion of the round goby Neogobius melanostomus from the Puck Bay and the Gulf of
Gdansk.

MATERIALS AND METHODS

Materials for the study were collected in 2001 in the Puck Bay and the Gulf of Gdansk
during ten research catches made with a benthic trawl from aboard the r/v BaLtica and ten
trawl catches made by a commercial fishing vessel. The r/v BaLTica catches were made
with a WP-20/25 benthic, herring trawl equipped with an insert at the end of the codend
with an 11mm mesh bar length. The trawling speed was approximately three knots and
haul duration was 30 minutes. The fish were caught at depths from 20 to 70 m in the Gulf
of Gdansk. The commercial fishing vessel catches were made with a benthic trawl with the
following technical parameters: horizontal opening - 5 m; vertical opening — I m; mesh bar
length at the end of the codend — 15 mm. Haul duration was 30 minutes, and the catches
were made at depths of 5-35 m in the Puck Bay.

A total of 1,080 fish were analyzed (Table 1). Total length (L,) was measured to the
nearest 0.1 centimeter, and the fish were sorted according to 1 cm length classes rounding
up or down to the nearest class (Kompowski and Horbowy 1992).

Some authors reported body length /c of the measured fish (Berg 1949, Jude et al.
1992), and in order to compare their data with total length /¢, the values of /c were recalcu-
lated to /¢ using the formula proposed by Charlebois et al. (1997):

le=-1.35+0.859 It

Fish weight () was determined to the nearest 0.1 gram.
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Table 1. List of materials used in the analyses of digested food

Date Depthl  No. of Range of | Averagel; | Averagew Full stomachs

[m] specimens L [cm] [cm] [o] [no.] [%]
16-02-2001 30 1 12.1 12.1 28.8 0 0.0
19-02-2001 40 44 9.8-20.2 13.9 43.8 30 68,2
19-02-2001 50 50 10.2-21.2 14.1 46.8 30 60,0
19-02-2001 60 50 9.2-19.9 14.7 53.2 29 58,0
19-02-2001 60 8 12.1-13.8 12.6 34.2 3 375
19-02-2001 70 7 11.6 - 12.9 12.1 32.8 2 286
20-02-2001 20 2 11.5-11.9 11.7 30.2 0 0.
24-02-2001 60 24 8.8-19.6 14.9 68.2 7 292
25-02-2001 60 8 11.2-15.8 12.9 38.4 5 62,5
26-02-2001 60 64 7.4-203 14.2 46.2 45 70,3
20-04-2001 35 36 11.2-20.3 14.7 61.4 22 611
11-05-2001 20 83 10.5-19.6 15.8 74.8 70 843
25-05-2001 20 90 10.9-20.8 15.4 70.6 75 833
12-06-2001 15 83 11.3-194 15.1 62.6 66 795
26-06-2001 25 74 10.7-19.5 15.7 76.6 62 838
13-07-2001 15 97 11.4-199 14.8 64.8 78 80/4
30-07-2001 10 93 11.0-204 14.9 65.2 73 785
13-08-2001 5 78 11.8-19.6 15.3 59.2 72 92/3
28-08-2001 20 82 10.8 - 20.7 15.1 68.4 58 707
14-09-2001 25 106 11.0-194 15.3 68.6 102 96|2
Total 1,080 74-212 145 53.4 829 76.8

The composition of round goby food in the area of the Gulf of Gdansk was deter-
mined based on the content of 829 digestive tracts. During detailed analyses of the round
goby collected for the feed composition study, only those in which food was confirmed to
be in the stomachs were selected for further study (Table 1).

The amount and composition of the food were analyzed as follows. An incision was
made in the stomach and its contents were flushed out and placed on a scale tray filled with
water. The various food components were identified to the smallest possible systematic
unit. Then the number of the various components was determined, and taking into consid-
eration the degree of digestion, their lengths were estimated. The next stage of the analyses
was to estimate the weight of the various food components prior to digestion. This was
done by multiplying the number of the various units by applicable standard unit weights.
The unit weights were determined from the results of the author’s own calculations and
from data in the literature (Anon. 1985; Rumohr et al. 1987). The primary wet weight of

organisms was applied in all subsequent calculations using the following formula:

where: W —weight,
L —length,
a and b — equation coefficients.

W=a xLb
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The food composition was determined using the following methods:

1/) number contribution: N(%) = AL 100-
n

2) weight contribution: W (%) = Wx %100
w

3) frequency of occurrence: g (%) = fx x100>
f

where: N(%) — percentage of the number of component x,
n.— number of components x,
n —number of all confirmed food components,
W(%) — weight percentage of component x,
w_— reconstructed weight of component x,
w — total food weight,
F(%) — frequency of occurrence of component x in the studied fish sample,
., — number of fish with component x in food,
f—number of all studied fish with full digestive tracts.

The analyses of digested food indicated that there were differences in the food
composition between fish of different lengths, thus, the study material was divided into
three length classes. The first group was comprised of fish up to L, 10 cm. The second class
included fish from 10.1 to 15.1 cm, and the third included round goby of lengths exceeding
L,15cm.

Using the data available in the literature (Osowiecki 1995, 2000), an attempt was
made to evaluate the use of the food base and to estimate the food selectivity indexes for
the round goby N. melanostomus. This was accomplished by comparing the composition
of benthic fauna with the food composition of the round goby caught in the same area. This
comparison was made taking into consideration the location which the greatest amount of
material came from, such as the fishing ground near Jastarnia.

The food selectivity indexes were derived using the formula proposed by Iwlew

(1955): E= 'x = Px
rX + pX

where: E — food selectivity index,
r.— percentage of component x in the food,
P, — percentage of component x in the environment.

The range of the index derived was as follows: — 1< E < 1, where the negative
values indicate that the fish avoid a given food element and the positive ones indicate that
the given food element is chosen by the fish.
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RESULTS

The analyses of the content of the digestive tracts of round goby N. melanostomus indicated
the presence of 12,407 food units with a combined weight of 1,475.35 g. The following
elements were identified:

Macrozooplankton

Crustacea
Neomysis integer

Macrozoobenthos

Oligochaeta

Polychaeta
Hediste diversicolor

Pygospio elegans
Crustacea
Bathyporeia pilosa
Gammarus salinus
Gammarus zaddachi
Cyathura carinata
Corophium volutator
Idotea chelipes
Diastylis rathkei
Chironomidae
Non det.
Bivalvia
Mytilus edulis trossulus
Macoma baltica
Mpya arenaria
Cardium glaucum

Gastropoda
Hydrobia sp.

Fish
Gasterosteus aculeatus
Pomatoschistus sp.
Neogobius melanostomus — spawn

The greatest number of food units was observed in the September samples with a
total of 1,987 food units found in 102 digestive tracts, which, divided by the number of
fish, means that there were 19 units per stomach (Table 2). A total of 17 food elements per
stomach were found in the samples from June and July. The smallest average number of
organisms and spawn grains was found in the samples collected in May (only 10). In Sep-
tember, the highest average food mass per digestive tract was observed (2.11 g), which
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Table 2. Indexes dfleogobius melanostoméseding

Month I v \Y VI Wl VIl IX
Average length.: [cm] 14.6 14.9 15.6 15.3 14.9 15.3 15.p
Average weighwV [g] 60.8 64.6 71.3 68.8 64.8] 66.9 70.6
No. of full stomachs 151 22 145 124 151 130 102
Total no. of food organisms 2,303 243 1,514 2,128 2,531 1,701 1,087
Total food weight [g] 314.60 34.19| 182.7% 195.92 309.p0 22333 21§.58

yielded an average food mass of 0.030 g food/g of total fish weight. Relatively high values
of these coefficients were also observed in February, and 2.08 g of food was observed per
fish, which yielded 0.034 g of digested food per gram of total fish weight. The lowest,
average food masses were observed in May and August at 1.26 and 1.72 g/stomach and
0.024 and 0.013 g/g of total fish weight, respectively.

The analyses of the diversity and the number of specimens in the composition of
round goby food indicates that it differs significantly throughout the year.

Bivalvia mollusks dominated in all the stomachs analyzed, with the highest numbers
(N) in February at 71.8% and lowest in June at 47.89% (Table 3a, 3b). The weight contri-
bution (W) of specimens from this group of food was also high, although the share of
bivalves in the total weight of consumed food was at its lowest in April at 82.40% while in
the July samples it was as high as 95.15%. The frequency (F) of bivalve occurrence in each
analyzed sample exceeded 100%, which indicated that bivalves were present in all stom-
achs throughout the study season. Four Bivalvia representatives were observed in the di-
gestive tracts, but two species were the most abundant — Macoma baltica and the edible
mollusk Mytilus edulis trossulus. The abundance and weight contribution of Macoma baltica
in the total amount of consumed food varied from 38.60% of the specimens and 45.78% of
the weight in February to 25.10% of the specimens and 28.91% of the weight in April. The
abundance of Mytilus edulis trossulus was estimated at 33.74% in April and only 19.41%
in June, although in terms of weight it was 35.68% in February and 46.41% in May.

Small snails from the genus Hydrobia sp. also played an important role in food of the
round goby specimens analyzed. Their number share of the total food content was 17.81%
and 35.28% in August and September. Their weight contribution was not as significant. Its
minimum value was observed in April (0.74%) and the maximum in September (1.82%).
The frequency of occurrence varied from 33.08% in August to 76.47% in September.

Crustaceans (Crustacea) were represented by nine taxa. Their frequency of occur-
rence was estimated at 11.72% in May and 48.44 % in June. Their number contribution in
July was 2.53%, and it increased to 5.58% in August. The weight contribution of crusta-
ceans ranged from only 1.31% to 1.63%, with the exception of July when it was only
0.96%.

Polychaeta (Polychaeta) was represented by two species, Hediste diversicolor and
Pygospio elegans, which were the least common in round goby food in February and the
most abundant in September. The maximum number and highest weight contributions of
Polychaeta were observed in April (6.58 and 1.68%) and the minimum in June and July, at
1.32 and 0.49%, respectively.

Oligochaeta (Oligochaeta) constituted a very small part of the total goby food weight.
Its frequency (F) did not exceed 10% and varied from 9.09% in April to 5.38% in August.
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It was estimated that the number contribution to the total amount of food was 3.90% in
May, while in September it was only 0.45%. The weight contribution never exceeded hun-
dredths of a percent.

Fish were not found in the food only in September. The species found in the food of
the round goby included ruffe Gasterosteus aculeatus and species of the genus
Pomatoschistus sp. In comparison with other groups of organisms, the frequency of occur-
rence of fish was very low. They were the most common in February at only 5.30%, while
in July their contribution was as low as 1.32%. The weight contribution of fish to the total
weight of the food consumed was 13.58% in April and 2.23% in September. Their number
contribution did not exceed 1.00%.

Chironomidae larvae were observed in the food of round goby seasonally and were
observed in the samples between May and August. Their frequency of occurrence varied
from 4.83% in May to 0.77% in August. Their number contribution did not exceed 1.00%,
and the weight contribution was in the hundredths of a percent.

The spawn of goby N. melanostomus was also observed seasonally in the food of
round goby males. It was noted in the analyzed stomachs in the late spring and summer
(May-August), with the maximum in June at 17.25% and the minimum in August at 2.41%.
The weight contribution of goby Neogobius melanostomus spawn throughout the season
did not exceed 1.00%, and the frequency of occurrence varied from 0.69 to 7.03%.

The seasonal variations of weight contribution are illustrated in Fig. 1 and Tables 3a
and 3b. The greatest contribution of Oligochaeta and Polychaeta to the total food weight
was observed in spring (April, May), while in February and summer it was much smaller.
Seasonal variations in the weight contribution of crustaceans were not observed. The low-
est weight contributions were observed for bivalves in April (82.4%). The contribution of
bivalves to round goby food began to increase in May, while that of snails from the genus
Hydrobia sp. remained at a constant level not exceeding 1.00%. Only in June and July was
the snail contribution slightly higher. The highest weight contribution of fish to the food of
the analyzed round goby was observed in April at 13.58%. Its contribution began to drop
in May and reached its lowest value in July and September. The highest weight contribu-
tion of Chironomidae larvae in round goby food was observed at the beginning of the
season in May (0.02%). In each subsequent month it decreased until it fell to a level of
<0.01% in August. Only in June was the weight contribution of Neogobius melanostomus
spawn higher at 0.56% than in all the other months in which this component was noted
(May, July and August).

The results presented in Table 4 indicate that bivalves, which constituted an average
of 69.79% of the food weight, dominated in the stomachs of round goby under 10 cm in
length. The contribution of bivalves was higher among fish from the 10.1 to 15.0 cm L,
length class and was, on average, 92.31%. It was noted that bivalves constituted only
80.54% of the total food weight in the largest fish exceeding 15 cm in length. Fish were a
rare component of the food of the largest goby specimens comprising 16.93% of the food
weight. No fish were found in the digestive tracts of the round goby from the two smallest
length classes.

The analyses of the weight contribution of crustaceans and snails indicated signifi-
cant differences in the values of the weight contribution in the stomachs of round goby
from different length classes. Crustaceans constituted 16.65% of the weight of consumed
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Fig.1. Seasonal variations of weight contribution (%) coefficients of particular groups of organisms
in the food ofNeogobius melanostomus

food in the stomachs of the smallest fish. The W(%) parameter was smaller at 1.80% in
round goby from the 10.1 to 15.0 cm length class, and this figure for the largest fish was
0.56% (Table 4). Snails from the genus Hydrobia sp. constituted 9.01% of the food weight
in fish under 10.1 cm /¢. The weight contribution of snails in fish from the two longer
length classes was 3.06 and 0.75%. Oligochaeta and polychaeta also constituted a larger
share of the food weight among fish from the smallest length class.
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Table 4. Weight contribution of varioldeogobius melanostomfaod groups in 2001
(II=IX = months; n. det.— not determined; 0.00 — values < 0.01)

Cn v v [ vi v v [ X laverage
Fish< 10.0 cnb,
Polychaeta 3.13 281 211 3.06 1.90 1.83 2.0y 214
Oligochaeta 211 0.54 1.32 1.76 0.91 0.97 0.12 1.14
Crustacea 23,57 | 1952 | 19.43| 1356 14.23 11.98 15.01 16.65
Bivalvia 62.17 | 67.12 | 69.02| 7123 7342 7512 7401 69.79
Gastropoda 9.02 | 10.01 8.11 9.70 8.64 9.7€ 8.79 9.01
Pisces - - - - - - - -
Chironomidaen. det - - 0.01 0.01 0.90 0.40 - 0.59
Gobiidae — spawn - - - 0.68 - - — 0.68
Fish 10.1 — 15.0 criy
Polychaeta 2.74 0.33 161 0.59 0.82 0.56 0.45 1.01
Oligochaeta 0.01 - - 0.02 0.01 0.09 0.08 0.04
Crustacea 1.23 2.24 231 1.90 1.38 2.04 2.23 1.80
Bivalvia 90.00 | 9342 | 91.19| 93.73 9414 9510 96.12 9231
Gastropoda 6.02 4.01 4.86 2.04 1.46 1.89 112 3.06
Pisces - - - - - - - -
Chironomidaen. det - - 0.03 - 1.17 0.32 - 0.51
Gobiidae — spawn - - - 1.72 1.02 - — 1.27
Fish > 15 cm.,
Polychaeta 0.09 0.76 0.71 0.37 0.29 0.69 0.56 0.50
Oligochaeta - - - 0.67 0.13 - - 0.40
Crustacea 111 0.87 0.56 0.34 0.33 0.43 0.29 0.56
Bivalvia 86.48 | 70.98 | 81.11| 81.14 83.08 8112 82.70 80.54
Gastropoda 0.12 0.15 0.26 1.04 1.05 1.54 112 0.75
Pisces 12.20 | 2724 | 16.12| 16.31 1512 16.21 15.33 16.93
Chironomidaen. det - - 0.01 0.05 0.00 0.00 - 0.02
Gobiidae — spawn - - 1.23 0.08 0.00 0.01 - 0.30

Table 5 presents the weight percentage of various components of round goby
food dependent on the location in which the studied fish were caught. Species such as
Cardium glaucum and Mya arenaria were not noted in the round goby caught at the
Bromka and Wistouj$cie fishing grounds. However, Macoma baltica dominated with a
weight contribution of 79.65% (Bromka) and 84.20/% (Wistoujscie). The contribution
of mussels to the total food weight was 19.13% and 12.03%, respectively. The remain-
ing components were observed in trace amounts. In the Puck Bay both mussels and
Macoma baltica contributed equally to round goby food. The food spectrum of the round
goby in this area is wide (11 food units) in comparison with that in the Wistoujscie and
Bromka areas (6 units).

The food selectivity index E for certain food groups was calculated based on data
from the literature regarding the zoobenthos composition in the areas where research catches
were made. The following index values were obtained:
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Table 5. Percentage composition of the foobl@bgobius melanostomus
caught in different parts of the Gulf of Gdansk (weight contribution)

Fishing ground
Wistouj$cie Bromka Puck Bay
Polychaeta 0.43 0.02 1.00
Oligochaeta 0.02 0.01 0.01
Crustacea 2.12 1.17 1.41
Mytilus edulis trossulus 12.03 19.13 40.95
Macoma baltica 84.20 79.65 41.81
Cardium glaucum - - 3.64
Mya arenaria - - 3.33
Gastropoda 1.2 0.02 1.11
Pisces - - 6.52
Chironomidaen. det - - 0.01
Gobiidae — spawn - - 0.21
Total 100.00 100.00 100.00
E

Oligochaeta — 0.97

Polychaeta — 0.85

Crustacea — -0.96

Bivalvia — —0.04

Gastropoda — 0.81

Chironomidae — 0.81.

The estimated food selectivity indexes clearly indicate that round goby avoided crus-
taceans. The index value near zero obtained for bivalves indicates that the fish neither
avoided nor selected this food component.

DISCUSSION

Benthic invertebrates dominated the food of goby N. melanostomus. Bivalves were
confirmed in all the stomach contents analyzed in 2001. In addition to benthic invertebrates,
which constituted from 80 to 90% of the food content, and fish (from 2 to 13%), trace
amounts of snails, oligochaeta, polychaeta, crustaceans, Chironomidae larvae and goby
spawn were also noted. Similar food composition for goby was also reported by Berg
(1949) and Miller (1986). According to these authors, goby N. melanostomus which inhabit
the Azov Sea consume over 13% of the annual zoobenthos production. In the spring-fall
period over 90% of the weight of the food consumed was comprised of mollusks (Skazkina
and Kostyuchenko 1969). In their analysis of the food composition of round goby from the
Azov Sea, Nekrasowa and Kovtun (1976) reported that the contribution of mollusks ranged
from 62.1 to 97.1% of the total food weight. Very similar results are reported in another
paper which described the food composition of round goby in the Azov Sea (Kovtun et al.,
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Table 6. Food oNeogobius melanostomérem different basins by months (weight contribution %)

* Kovtun et al. (1974)

1974); the food composition described included mollusks — 78%, crustaceans — 10%,
insect larvae — 6% and fish — 3%. Nikolski (1956) observed a lower weight contribution
of mollusks (45%) in the food of round goby from the Caspian Sea. Strautman (1972)
analyzed the food composition of round goby in the Dnieper Estuary and reported the
contribution of bivalves to be approximately 40%. Unidentified mollusks and snails were
also observed, and the contribution of crustaceans was estimated to be over 25% of the
food weight.

In comparison with the results obtained by Strautman (1972) and Kovtun et al. (1974),
the weight contribution of crustaceans in the food of round goby from the Puck Bay and the
Gulf of Gdansk was observed to be much lower (Table 6). This is due to the marginal share
of Crustacea in the biomass of the zoobenthos in this basin. Adverse changes in the bio-
cenosis of the Puck Bay, which have been observed since the mid 1970s, resulted in a
decrease in the abundance of crustaceans, a general increase in the biomass of benthic
macrofauna and the stable domination of bivalves (Zmudzinski and Osowiecki 1991,
Osowiecki 1994).

In North American waters the zebra mussel Dreissena polymorpha, an invasive spe-
cies from Europe, is the main Bivalvia representative present in the food of N. melanostomus
(Jude et al. 1992). The mussel Mytilus edulis trossulus dominates in the Puck Bay and the
Gulf of Gdansk, and other mussels which are also present in the food include Cardium
glaucum, Macoma baltica and Mya arenaria.

Mollusks are the basic food component in summer in the Azov Sea. During this
period the share of fish (mainly Cluponella) increased and reached over 40% of the weight
contribution (Skazkina and Kostyuchenko 1968).

The analyses of the various components of round goby food in the Puck Bay indicate
that only Chironomidae larvae and the spawn of N. Melanostomus are seasonal. These two
groups were observed in the food only in the late spring and summer. The main fish repre-
sentatives in the food of round goby in the Puck Bay were ruffe Gymnocephalus cernuus
and another goby of the genus Pomatoschistus sp. No seasonal variations in the occur-
rence of snails and crustaceans were observed in the food of goby from this region. The
contribution of mollusks was low in April and highest in the summer. Polychaeta and
oligochaeta were quite numerous in the food composition in spring.

The spawn found in the digestive tracts of the goby studied by this author belonged
to the goby species analyzed. It was found only during spawning and only in male stom-
achs.

Sea of Azov Sea of Azov Puck Bay
1956-1957* 1968-1972* Gulf of Gdansk 2001
v VI X I\ VII X v VI IX
Mollusks 77.8 94.2 90.3 7.7 94.7 83.8 83.1 96.2 95/6
Crustaceans 10.1 1.6 7.4 9.1 2.9 .6 16 110 1.3
Polychaeta 5.9 0.8 0.7 4.6 1.6 1.3 17 0.5 0.9
Fish 3.1 14 0.1 7.2 0.8 6.3 13.6 2.3 2.2



36 Tomasz WANDZEL

The weight contribution of food groups varied with fish length. This is especially
apparent when comparing the W (%) parameters derived for crustaceans, mollusks and
fish. According to Skazkina and Kostyuchenko (1968), mollusks and crustaceans were
found in the food of goby fish of all sizes. Small and medium goby specimens also fed on
worms (mainly polychaeta), and fish were found in the stomachs of only the largest fish.
Kovtun et al. (1974) analyzed the food composition of gobies from the Azov Sea with
regard to their lengths. Fish were noted in the digestive tracts of the largest fish analyzed
(=11.8 cm [7).

The food of gobies from North America was analyzed by Jude ef al. (1995). Mainly
benthic Cladocera, Chironomidae larvae and mollusks Bivalvia and snails Gastropoda
were observed in the stomachs of small specimens (47-59 mm /f). The contribution of
mollusks varied with the size of the studied fish; it was 39% in goby specimens from 47 to
59 mm in length and 82% in those measuring from 80 to 90 mm.

During the current study in the Puck Bay and the Gulf of Gdansk, mollusks and
crustaceans were present in the food of fish from all length classes. The analyzed goby
specimens were divided into three groups, and then it was clear that Bivalvia are of lesser
importance in the food of the smallest fish, in which the weight contribution of crustaceans
is much greater. The greatest weight contribution of Bivalvia was observed in medium-
sized fish from 10.1 to 15.0 cm in length. The lesser contribution of bivalves to the food of
the longest gobies was caused by the presence of fish in their stomachs. Although innumer-
ous, they still constituted almost 17% of the food weight.

Based on the analyses of the available literature and the author’s own studies, it can
be postulated that Bivalvia are the most important food element of goby inhabiting the
waters of both Europe and North America. Ray and Corcum (1997) observed under labo-
ratory conditions gobies of various sizes grazing of different sized bivalves (Dreissena
polymorpha). The results of this study indicated that bivalves smaller than 10 mm were
eaten by specimens of all length classes (6.6-12.1 cm L,). Larger shells (10.0-12.9 mm)
were present in the digestive tracts of fish longer than 8.5 cm L_. In the current study, the
occurrence of bivalves larger than 10.0 cm was observed in goby specimens >12.0 cm L.

According to Ghedotti ef al. (1995), gobies crush bivalves with their throat teeth and
then discard the broken shells before swallowing the mussel. Only a small number of bivalves
without shells were confirmed in the stomachs of the Gulf of Gdansk gobies. During the
current analyses of digested food, mostly complete or broken shells were found in the
digestive tracts. Similar observations were also made by Jude ef al. (1995).

The food composition of N. melanostomus differed depending on where the speci-
mens were caught. The greatest number of taxa were observed in the Puck Bay, where two
mollusk species Mytilus edulis trossulus and Macoma baltica dominated. The specimens
for analyses were caught in the Outer Puck Bay on silty and silty-sandy bottoms (Warzocha
1995). Despite the continuing impoverishment of the species composition of benthic
macrofauna, the Puck Bay is still a basin abundant in macrozoobenthos taxa. Studies con-
ducted in 1999 revealed the presence of 33 taxa — species and higher taxonomic units
(Osowiecki 2000). The benthic fauna in the areas where catches had been made were
categorized as either Macoma baltica — Mya arenaria or Macoma baltica — Mesidotea
entomon groups. The first was dominated by the presence of the bivalves M. edulis trossulus
and M. baltica, while the second was dominated by M. baltica with a small contribution of
mussels (Warzocha 1995).
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A lower weight contribution of mussels and a significantly greater contribution of
M. baltica were observed in the food at the Bromka fishing ground. The macrozoobenthos
assemblages which occur here belong to the Macoma baltica — Mya arenaria and Scoloplos
armiger — Macoma baltica groups. The second of these is characterized by the lack of
mussels (Warzocha 1995).

The macrofauna in the Wistouscie fishing ground is comprised of the Macoma baltica
— Mesidotea entomon group, which means that M. baltica dominate and there is a smaller
contribution of mussels than in the Puck Bay.

The coefficients of food selectivity which were derived indicate that gobies avoided
crustaceans and chose snails, oligochaeta and polychaeta and Chironomidae larvae. They
also indicate that gobies neither chose nor selected bivalves. The data from the literature
regarding the benthic macrofauna composition do not precisely refer to the goby sampling
areas. Ghedotti et al. (1995) and Ray and Corcum (1997) performed laboratory studies of
fish food selectivity in aquariums.

When N. melanostomus appeared in the coastal waters of the Baltic Sea and in the
waters of the Great Lakes in the North America, the question was raised regarding the
impact they would have on the ecosystems and the fisheries of the areas inhabited by them.

Goby N. melanostomus compete for food with benthic-feeding fish species which
inhabit the Puck Bay. The goby area of occurrence overlaps with that of the following
species: eelpout (Zoarces viviparus); flounder (Platichthys flesus); black goby (Gobius
niger) (author’s own observations). These fish species feed on benthic fauna just as gobies
do, and this competition may limit the populations of species which are native to the Puck
Bay (Skora 1996b).

The stomach contents of eelpout caught at the same time as the N. melanostomus
specimens were analyzed for the purpose of comparison. These analyses confirmed the
presence of numerous crustaceans and bivalves, although the shells were small in compari-
son to those found in goby stomachs. It is the author’s opinion this was due to the smaller
mouth of the eelpout. Flounder in the Puck Bay also feed on benthic fauna, but smaller
specimens avoid bivalves and prefer polychaeta and oligochaeta (Mulicki 1947). Only
large flounder specimens feed on organisms from the Bivalvia group.

It would seem that gobies preying on the spawn and hatch of other fish is more of a
threat than food competition. The fact that the spawn of different species was not con-
firmed in the stomachs of the gobies analyzed in the current study may be related to poorly
located sampling sites.

Jude et al. (1995) drew attention to the fact that as goby feed on the bottom they may
consume the spawn and hatch of other fish species such as Percina caprodes, Cottus bairdi
and Etheostoma nigrum. These authors link population limitation of the first species with
gobies preying on its spawn and hatch. Laboratory studies of goby feeding patterns con-
ducted by the American researchers Chotkowski and Marsden (1999) indicated that gobies
intensively consumed the spawn and hatch of sea trout even though other types of food
were also available. The negative impact of N. melanostomus on Cottus bairdi is well
described in the American literature. Jude and DeBoe (1996) attribute to the goby the
reduction and migration of the Cottus bairdi population in the St. Clair River as well as the
significant reduction of populations of such benthic species as Percina caprodes. Gobies
are credited with having a positive impact on the environment by limiting populations of
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another invasive species, the zebra mussel Dreissena polymorpha. These mollusks occur
on a mass scale in the southwestern part of Lake Michigan and have an adverse impact on
hydrotechnical constructions.
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Hysterothylacium incurvum (Rudolphi, 1819) (Nematoda:
Anisakidae) — a parasite of swordfish (Xiphias gladius L.)

Jadwiga Wierzbicka and Ewa Sobecka

Agricultural University of Szczecin, Kazimierza Krélewicza 4, 71-550 Szczecin, Poland

Abstract. The alimentary tract (mainly the stomach) of a single swordfish (Xiphias gladius
L.) caught in Georges Bank (NW Atlantic) yielded a total of 103 nematodes (72 females and
31 males) identified as Hysterothylacium incurvum (Rudolphi, 1819). A morphological de-
scription of the nematodes, complete with measurements of female and male specimens, and
photographs are presented. We concluded that the labial and interlabial structures are the
major characters which distinguish H. incurvum from H. corrugatum Deardorff and Overstreet,
1980. On the other hand, the ratio between spicule length and male body length cannot be
used as a diagnostic character.

Key words: parasitic nematode, Hysterothylacium incurvum, morphology, fish, swordfish

INTRODUCTION

Nematodes parasitizing the swordfish (Xiphias gladius L.) were first described by Rudolphi
(1819) as Ascaris incurva. The material originated from the Baltic Sea. However, Rudolphi’s
description of the parasite was very brief and lacked illustrations. Dollfus (1935) published
a schematic illustration of the alimentary tract of this species. The worm was assigned by
him to Contracaecum (Thynnascaris) incurvum (Rud.). C. incurvum was found in the
stomach of swordfish from the western Atlantic (Tibbo ez al. 1961). The authors made note
only of the parasite’s body length. During examinations of a total of 22 swordfish individuals,
Tles (1971) found numerous nematodes in the stomachs of 16 fish and in the intestine of
one fish. Based on the two papers referred to above, Margolis and Arthur (1979) mentioned
the presence of Thynnascaris incurva (Rud.) Dollfus, 1935 in the swordfish in their list of
Canadian fish parasites. According to Yamaguti (1961), the nematode C. incurvum
parasitizes the swordfish and five other marine fish species (Scomberomorus maculatus,
Tetrapterus imperator, Seriola zonata, S. lalandi and Hipoglossus platessoides) in the
Atlantic and the Pacific oceans and the Mediterranean Sea. Detailed descriptions and
illustrations of this swordfish parasite (identified as Th. incurva (Rudolphi)) were provided
by Hartwich (1975), while Deardorff and Overstreet (1980) and Petter and Maillard (1987)
published detailed data on the swordfish parasite they identified as Hysterothylacium
incurvum (Rudolphi). Deardorff and Overstreet (1980) described a new nematode species,
H. corrugatum, from swordfish caught off of Florida and Ecuador. Furthermore, Sheenko
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(1991) described H. petteri sp. n. found in swordfish caught in the Pacific’s Kuroshio and
assigned material from a swordfish caught off of Tunisia, reported as Hysterothylacium sp.
by Petter and Maillard (1987), to this new species.

The diagnostic characters above which are used to identify the three mentioned
nematode species are few and rather difficult to use. This is particularly true for H. incurvum
and H. corrugatum. This is what prompted us to write a report on the morphometry and
morphology of the nematodes found in swordfish and to include relevant photographs.

MATERIALS AND METHODS

The single swordfish (Xiphias gladius L.) individual examined was caught in 1982 in the
Georges Bank fishing ground (NW Atlantic). The digestive tract (mainly the stomach) of
the fish, which was dissected aboard the vessel, yielded a total of 103 nematodes. These
were preserved in formalin. The population consisted of 72 females and 31 males. The
nematodes, cleared in glycerin or laktophenol, were examined at the laboratory of the
Department of Fish Diseases, Agricultural University of Szczecin. The nematode’s intestine
and spicules were dissected and measured. Measurements were made on the largest, smallest
and medium-sized individuals, chosen at random. A total of 25 nematodes (13 females and
12 males) were measured, as were 30 eggs. Microphotographs were taken under Nomarsky
interference phase contrast.

RESULTS

The nematodes were identified as Hysterothylacium incurvum (Rudolphi, 1819). The
anterior part of the body is narrower than the posterior part. Females are much larger than
males. Measurements of females and males and their organs are presented in Table 1.

The mouth is surrounded by three labia which are markedly narrowed at the base.
The interlabia are elongated, each showing a deep, longitudinal groove (Fig. 1). The buc-
cal cavity is connected to a long, muscular esophagus that opens into a small, heart-shaped
ventriculus provided with a very thin, elongated, posteriorly directed ventricular append-
age (Figs 2 and 5). The ventriculus is connected to the intestine from which emerges an
anteriorly pointing intestinal caecum. The tip of the caecum is located close to the nerve
ring (Fig. 3). The intestinal caecum is very thick and two to three times as long as the
ventricular appendage (Table 1; Fig. 2). The excretory pore opens at the level of the nerve
ring (Fig. 3). The tail is strongly tapered, and the female tail (Fig. 4) is much longer than
that of the male (Fig. 8). Some of the large female specimens studied possessed very fine,
distinct spines on the tip of the tail.

The male has two long, thin, curved spicules (Fig. 8). The base of each spicule is
slightly broadened and resembles a triangle; there are three or four spine-like protuber-
ances posterior to it (Fig. 9). The spicules are tapered at their posterior end. The length of
the spicules is from 7-11% of the body length. Four pairs of distal, one pair of double
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Table 1. Measurements of addlysterothylacium incurvurfRudolphi, 1819) [mm]

Males Females
range X S range X S

Total length 32.50-66.10 53.74 9.93 51.10-151,20 116.83 34.88
Maximum width 0.71-1.79 1.29 0.55 0.92-4.03 2.38 0.83
Distance from anterior
end to nerve ring 0.52-0.85 0.72 0.12 0.68-1.01 0.81 0.27
Length of esophagus 4.31-7.67 6.22 1.06 5.01-10.24 7.43 ?.68
Ventriculus:

length 0.22-0.49 0.33 0.09 0.31-0.58 0.41 0.16

width 0,16-0.31 0.21 0.04 0.18-0.30 0.24 0.08
Ventricular appendage 1.45-3.26 2.44 0.66 1.85-3.09 2.46 0.93
length
Intestinal caecum length 3.85-7.16 5.59 1.02 4.31-9.24 6.59 2.39
Labia length 0.15-0.31 0.23 0.04 0.20-0.37 0.31 0.06
Tail length 0.17-0.28 0.22 0.03 0.60-2.01 1.39 0.62
Spicules 3.31-6.31 5.03 1.01
Eggs:

length 0.075-0.092 0.084 0.004

width 0.066-0.085 0.077 0.005

paracloacal, and up to 27 pairs of protimal papillac were observed, the latter was only
clearly visible in some individuals. The phasmids were not clearly visible.

The gonopore of large females (121-151 mm in total length) is located at about one-
third of the body length at a distance of 41-52 mm from the anterior end of the body. The
vagina (Fig. 6) is 4 to 7 mm long. The biramous opisthodelphic uterus is filled with ex-
tremely numerous oval or spherical eggs. Each egg is surrounded by a thin, smooth mem-
brane. The eggs were not yet embryonated (Fig. 7).

DISCUSSION

The morphology of the worms examined conforms to the descriptions of H. incurvum
published by Hartwich (1975), Deardorff and Overstreet (1980) and Petter and Maillard
(1987). Deardorff and Overstreet (1980) provided a detailed description of the nematode
and supplied an identification key. According to Deardorff and Overstreet (1980),
H. incurvum has, contrary to H. corrugatum, a deep interlabial groove. The copulatory
spicule length is 12-25% of body length in H. incurvum and as little as 4-7% in
H. corrugatum. The nematodes we examined showed the spicules to be from 4-11% of the
male body length. This discrepancy might be related to size of the nematode. Deardorff
and Overstreet (1980) examined males measuring 17-34 mm, while the males in our
population were much larger (32.5-66.1 mm). On the other hand, Hartwich (1975) found
the spicules of H. incurvum to reach 10-13% of the body length. Both our observations and
the data reported by Hartwich (1975) demonstrate that the spicule length to body length
ratio cannot be used as a diagnostic character to distinguish between the two nematode

species in question.
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Fig. 1.Hysterothylacium incurvuminterlabium with a visible groove (x 410).
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2 4

Figs 2-4 Hysterothylacium incurvun® — anterior part of intestine with stomach and processes (x15);
3 — anterior end of the body with the excretory pore and the intestinal caecum tip (x110);
4 — posterior end of a female (x15).
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Figs 5-9.Hysterothylacium incurvun® — ventriculus with the appendage (x110); 6 — vaginal region with
the gonopore (x15); 7 — eggs (x210); 8 — posterior end of a male, with reproductive organs: s — spicules in
pouches: d — ejaculatory duct; i — intestine (x15); 9 — anterior end of a spicule in a pouch (x120).



Hysterothylacium incurvum (Rudolphi, 1819) ..... 47

The labial and interlabial structure of the nematodes we examined concurred with
the description provided by Deardorff and Overstreet (1980) and with the drawings of
H. incurvum labia published by Hartwich (1975) and Petter and Maillard (1987). The
labial morphology of H. incurvum is clearly different from that of H. corrugatum and is the
major distinguishing character. According to Deardorft and Overstreet (1980), the labia of
H. corrugatum are not narrowed at the base and lack the interlabial groove.

According to Hartwich (1975), the tip of the tail in male and female H. incurvum
lacks any cuticular ornamental structures. Deardorff and Overstreet (1980) also failed to
find any spines on the tip of the tail of the species, except in a single female. However some
of'the large females examined in the present study did show numerous fine spines on the tip
of the tail.

Another character shown by H. incurvum in the description of Deardorff and Overstreet
(1980) is the presence of lateral alae, which are bifurcated at the end. Petter and Maillard
(1987) observed non-bifurcated alae in their nematodes, as did Dollfus (1935) (ref. Petter
and Maillard, 1978). Our observations were not conclusive concerning this feature, and
formalin preservation prevented us from examining the histology of the nematode.
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Abstract. Spatial and seasonal variations in phytoplankton productivity (PP) (measured with
the C method) and chlorophyll a (Chl @) were analysed using data obtained from several
transects along the Portuguese coast during five cruises carried out in August and November
1985, January and March 1986 and April 1987. The variation of several parameters was
examined, including surface and integrated chlorophyll a, surface and integrated primary
productivity and assimilation number. The average values of PP and Chl « (integrated down
to the 1% light level) along the coast were higher for inshore regions, values ranging from 4.1
to 8.3 mgC m~h"'and 9.5 to 30.1 mg m2, respectively, than for offshore regions where values
ranged from 1.5 to 6.6 mgC m?h!' and 4.8 to 10.3 mg m. No significant geographical differ-
ences were detected between the western and southern coast. However, variations of verti-
cally integrated estimates of PP occurred over the study period. The highest photosynthetic
production was measured in March inshore (27.2 mgC m?h') and in April offshore (1.0 mgC
m~h"), while the chlorophyll ¢ maximum was attained in summer with values as high as 66.1
mg m? inshore and 2.9 mg m™ offshore.

The assimilation numbers estimated along the coast were between 1.3 and 7.7 mgC mgChl
a'h'. During most of the surveys the water column was nearly depleted of nutrients which
indicated that conditions for algal growth were unfavourable. Significant positive correla-
tions (p < 0.01) were found between integrated PP and surface Chl a on only two of the five
cruises. Attempts were made to interpret these relationships by taking into account upwelling
conditions. It was concluded that primary productivity and phytoplankton biomass measured
along the Portuguese coast was within ranges reported for other regions of the Atlantic Ocean
which are considered moderately productive.

Key words: primary productivity, “C method, assimilation number, Portuguese coastal wa-
ters

INTRODUCTION

Since 1952 when Steeman-Nielsen developed methodology for measuring primary
productivity (PP) based on '“C uptake, aquatic ecologists have been attempting to estimate
phytoplankton productivity in the world’s oceans.
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Measurements of PP have been carried out in the Atlantic Ocean and along the Ibe-
rian coast. Extensive measurements have been made on the Galicia Coast and particularly
in Rias Baixas. Moncoiffé ez al. (2000) focused on determinations of PP in the Ria de Vigo
during the upwelling season. Bode et al. (1993) presented one study which was carried out
seasonally in three geographic areas of north-northwestern Spain during four periods; it
was concluded that seasonallity was the major factor responsible for variations of chloro-
phyll a and primary production rates in the shelf area. These authors also refer to signifi-
cant interaction between the seasonal and spatial variability of chlorophyll @ and primary
production. Few data relative to PP have, however, been reported for Portuguese oceanic
and coastal waters (Pissarra ef al. 1993, Cavaco et al. 1995) and '*C measurements were
carried out on Madeira Island waters for the first time in 1980 (Cavaco and Pissarra, in
INIP 1982).

The Portuguese coast is strongly influenced by northern winds which promote up-
welling processes. As a consequence, nutrient enrichment of surface waters occurs and
eventually the impact of such events favours primary productivity.

The aim of this work was to determine primary production and phytoplankton
biomass and to estimate photosynthetic capacity along the western and southern Portu-
guese coast as well as to establish relationships between primary production and hydro-
logical, chemical and biological variables.

MATERIAL AND METHODS

The data set includes information obtained from five oceanographic cruises carried out
aboard the research vessel NorRUEGA along the Portuguese coast in August and November
1985, January and March 1986 and April 1987.

Sampling was conducted along the coast as shown in Fig.1 for the following param-
eters: temperature; salinity; dissolved oxygen; nutrients; pigments; primary production.

The Secchi disc (SD) was used to estimate the depth of light penetration. Sampling
was carried out at five depths corresponding to predetermined light levels assessed by the
relationship

Z=—1In (%light)*SD/K
(K is one experimental coefficient).

Water samples for salinity, chlorophyll a, nutrient and dissolved oxygen analysis
were taken with Nansen bottles equipped with reversed thermometers from the surface to
300 meters. Niskin bottles were used to determine alkalinity and primary production from
the sea surface and at light penetration depths of 50%, 15%, 5% and 1%.

Salinity was calculated from conductivity measurements taken with a Beckman RS9
salinometer. Water samples for nutrient analysis were stored at—20°C and the determinations
were performed with a Technicon A AII three channel autoanalyser according to the methods
of the manufacturer Technicon Industrial Systems (1973, 1977a and 1977b). Dissolved oxy-
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Fig. 1. Sampling sites along the Portuguese coast.

gen was measured by titration (Methrom-Herisau) using the Winkler method,
following modifications by Carrit and Carpenter (1966). Chlorophydnalysis was
done by filtering 250 ml of sample thugh Sartorius filters (0.45 p and @ 47 mm)
extracted with 90% acetone (24 h) and measured with a Perkin-Elmer fluorometer
(Yentch and Menzel 1963).

Primary production was estimated from the uptake of radio-carbon. A set of three
125ml Pyrex bottles, two light bottles and one dark bottle (control) from each depth,

were inoculated with 1ml of a solution of Ni’;\‘EIO3 with 4 pCi of activity. These were

incubated for four hours in an incubator illuminated with artificial light and under
surface water circulation that simulated different light levels. The bottles were covered
with filters of black nylon tissue corresponding to the respective light penetration
levels from which the samples were taken. The filters were calibrated with a Khalsico
photometer (Mod. 268WA310). A single filter corresponded to 50% light penetration,
a double filter to 15%, a triple filter to 5% and a quadruple filter to 1%. After
incubation, the samples were filtered through Sartorius filters (0.45 p and @ 25 mm),
fumed in HCI to remove inorganic carbon and 10 ml of scintillation liquid (NE —250)
was added to the filters. Readings were done with a scintillation counter (LSC-NE
6500).
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RESULTS AND DISCUSSION

The main objective of the study undertaken along the Portuguese coast was to characterise
the primary productivity of the coastal waters. This involved sampling fourteen stations,
seven inshore and seven offshore, in 1985, 1986 and 1987 (Pissarra et al. 1993, Cavaco et
al. 1995, Cavaco et al. 2000, Cavaco et al. 2001).

Hydrographic parameters
Table 1 shows the physical and chemical properties of the euphotic zone (up to 1% of light
penetration) during the sampling periods at the inshore and offshore stations.

Analysis of the hydrographic parameters indicated that the euphotic zone is nutrient
depleted most of the time. Nitrate and silicate and, to a minor degree, phosphate are re-
plenished in the upper layers in winter and early spring (January and March) when the
thermocline is absent. The approach based on comparisons between in situ nutrient con-
centrations and half-saturation constants for nutrient uptake K, (Fisher et al. 1988)
was used. The data indicates that there was nutrient-limited algal growth along the Portu-
guese coast during the study period, as K, for dissolved inorganic nitrogen uptake was
1-2 pmol/l, for silicate uptake it was 1-5 pumol/l and the concentrations determined are
often below or close to these values.

Primary productivity, phytoplankton biomass and assimilation number
The average depth of the euphotic zone at the sample stations was shallow in March reaching
25 meters, but it was deeper in April at up to approximately 40 meters.

Table 2 shows that the relationship between PP in the inshore and offshore regions is
generally about twice as high in former than the latter, except in August when it was five-
fold higher and in January when remained smaller than one. As a matter of fact, in general,
higher rates of phytoplankton productivity were measured at inshore stations. Similar rela-

Table 2. Mean values of integrated PP (mgthif), Chla (mg ni®) and depth of euphotic zone (meters)
in different sampling periods

August 1985 November 1985 January 1986 March 1986 April 1987
Mean ‘ Stdev Mean‘ Stdey Mearﬁ Stdev Mdan Stdev N/Iean Stdev

Inshore

PP 7.3 3.2 55 0.9 55 1.9 8.3 9.4 4.1 216

Chla 30.1 22.0 9.8 4.8 10.2 2.4 20.7 146 9.5 37

Depth EZ 24 4 31 6 26 6 25 13 36 11
Offshore

PP 15 0.4 2.9 0.7 6.6 2.2 4.7 2.0 2.0 12

Chla 4.8 2.1 5.9 1.6 9.3 1.4 10.3 3.8 66 4.p

Depth EZ 35 8 39 5 37 6 26 6 44 13
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Fig. 2. Distribution of integrated primary production (mg€hrt).

tionships were observed regarding to Chl a, which was six-fold higher inshore in August
and approximately twice as high in the other months.

C fixation rates down to the 1% light level varied along the Portuguese coast during
the study period between 0.95 mg m? h'! (in April 87) and 27.17 mg m2 h! (in March 86),
while chlorophyll ¢ ranged between 2.94 mg m~ and 66.08 mg m2 in August.

Figures 2 and 3 show the distribution of integrated primary production (mgC m2h")
and chlorophyll a (mg m2) along the Portuguese coast. In general, productivity and chlo-
rophyll a reached higher values in the inshore region, although the opposite trend was
observed in January.

The results also reveal that maximum values of PP were not reached at levels where
phytoplankton biomass developed to a maximum (Table 3).

No clear pattern was depicted regarding the seasonality of primary productivity.
However, a slight trend showing higher rates of C fixation in winter was observed.
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Table 3. Overall means and standard deviationésrafx(-?naximum productivity in the euphotic zone),
PPoem (maximum productivity in deep chlorophyll maximum)
and P/B (integrated primary production/integrated chloropd)ydiuring the sampling periods

B
mgPCmn?g(h'1 mgFitDrfﬁNI3 ht P/B
Cruise Mean/(Depth) Stdev Mean/(Depth) Stdev Mean Stde
Aug-85 1.41/(0) 1.39 0.63/(21) 1.19 0.35 0.22
Nov-85 0.73/(0) 0.48 0.15/ (18) 0.18 0.59 0.28
Jan-86 1.51/(0) 0.73 0.11/(11) 0.10 0.67 0.24
Mar-86 2.31/(0) 3.28 0.26 / (16) 0.61 0.43 0.19
Apr-87 0.42/(0) 0.53 0.48 /(32) 0.56 0.41 0.24
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Relationships between parameters
A relatively high temperature gradient between the inshore and offshore regions was
observed during summeA & 1.7°C) as a consequence of intense upwelling. This
might have been responsible for the development of larger phytoplankton populations
near the coast which were reflected in the @halues. Sampling in autumn was
carried out after the upwelling period, therefore the inshore-offshore temperature
gradient was smalleiA(£1°C). The Chla values were also higher near the coast,
especially on Cabo de Sé&o Vicente. The temperature gradients in winter were below
1°C nearly everywhere, and concentrations of chloroghgktermined inshore and
offshore were similar.

In spring, when the upwelling episodes were more persistent, a larger inshore-
offshore temperature gradient was observed (A >1°C), and higher levels of chlorophyll
a and rates of primary productivity were observed in the southwest and Portimao area.

The only significant correlation between these parameters was noted in August
85 and March 86 between integrated PP and surface Chl a (Fig. 4).

Only when upwelling episodes were more persistent in August and March, was a
significant relationship noted between the integrated values of primary production and the
surface values of chlorophyll a. As suggested by Hayward and Venrick (1982), in this type
of environment surface chlorophyll a appears to be an index of major changes in the bio-
logical state of the system.

28
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(a) PP=5.46Chla+1.14
=092
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=~ 16
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Fig. 4. Integrated primary productivity versus surface chloroghyi(a) August 1985 and (b) March 1986.
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Fig. 5. Assimilation numbers (mgC mg @fih™) at the surface along the coast during the study period.

Assimilation numbers

According to Harrison and Platt (1980), the assimilation number estimated as the primary
production/chlorophylla ratio is used as an index to compare various biological and
environmental factors. No correlation was found in the present study between temperature,
DCM (Depth of Maximum Chlorophylla) and nitracline. The estimated assimilation
numbers along the coast ranged from 1.3 mgC ma@*Hl in summer to 7.7 mgC mg
Chlathlin January; the maximum values were estimated for surface waters in winter at
both inshore and offshore stations (Fig. 5).

The estimated assimilation numbers indicated nutrient deficiency, as did the
comparision of nutrients measuréd situ with the half saturation constants for nutrient
uptake. This also induced limited algal growth due to nutrients during most of the study
period.

Comparison of primary productivity along the Portuguese coast with other regions
Table 4 displays values of PP in the Atlantic Ocean and Mediterranean Sea. The reported
ranges of rates of carbon fixation are rather close in the Atlantic. In Iceland, however, the
lowest values were significantly higher (PP>4.3 mgéh®) than those measured in other
regions of the Atlantic. The highest values of PP on the eastern coast of the Atlantic were
determined in the inshore region of the Portuguese coast (PP = 12.47-%dC in the
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Table 4. Primary productivity in the Atlantic Ocean and Mediterranean Sea

Geographic area mgCth™ mgC ni‘h™ Reference
Iceland 4.3-9.2 Gudmundsson, 1998
Bay of Biscay-Guipluzcoa 8.6 (March) Flos, 1982
0.07 (June)
Cantabrian Sea >10 (Coastal) (Ap-Sept) Fernandez & Bode|1991
<0.1 (Oceanic)
Catalano-Balearic Sea 17.4-83.6 (July-June) Estadh1993
Canarias 2.54 (Coastal) Feb Braatral. 1985
1.38 (Oceanic) Feb
Portuguese coast
Inshore 0.18-12.47 (April-March) 41-83 This study
Offshore 0.09-2.73 (April-March 15-6.6 This study

Mediterranean, specifically in the Catalano-Balearic Sea, much higher rates of phytoplankton
productivity were reported.

Values of PP measured along the Portuguese coast between 1985 and 1987 are within
the ranges reported for oceanic regions which are considered moderately productive.
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Hydrological conditions of the southern Baltic waters
in autumn 2002 and spring 2003

Wiodzimierz Grygiel and Alfred Grelowski
Sea Fisheries Institute, Kottataja 1, 81-332 Gdynia, Poland

Abstract. The main hydrological parameters — seawater temperature, salinity, oxygen content
— measured during four research surveys, conducted in October-November 2002 and Febru-
ary -March 2003 aboard the r/v BaLrica in the Polish EEZ, constitute the research materials
analyzed by the authors. The basic aim of this article is to evaluate recent changes in the
hydrological conditions of southern Baltic waters. The significant changes observed in water
temperature and salinity between October 2002 and spring 2003 may have an impact on the
effectiveness of cod spawning in 2003. In February 2003 a relatively heavy inflow of water
with a salinity of 19.2 PSU was registered in the Bornholm Deep. The current inflow is
regarded as cold as the water temperature in the near-bottom layer in the Bornholm Deep was
3.44°C lower than the long-term February mean (1950-2002). Recent observations indicate
that the inflow waters are continuing to spread to the eastern parts of the southern Baltic.

Key words: seawater temperature, salinity, oxygen content, upper and bottom water layers,
autumn 2002, winter-spring 2003, southern Baltic

INTRODUCTION

Baltic Sea environmental conditions and their variability are strongly linked to
meteorological and hydrological processes and their interaction. All these processes
influence temperature and ice conditions, inflows of fresh water from rivers and exchanges
of water between the Baltic basins and the Skagerrak-Kattegat system. The climate and
hydrology of the Baltic Sea region is influenced by the winter intensity of the North Atlantic
Oscillation — NAO (Hénninen et al. 2000, Johansson ez al. 2001, Anon. 2002b, Lehmann
et al. 2002). The NAO for the winter of 2002-2003 was lower than in recent years (Anon.
2003).

The strong stratification of waters observed in the Baltic is related to the highly
differentiated thermohaline regime in this sea and to the circumstances of the exchange of
waters with the ocean (Majewski 1987). The most complicated vertical distribution of
waters appears in the western parts of the Baltic Sea, which are strongly influenced by
inflows from the North Sea (Matthdus 1975, Majewski 1987). Changes of hydrological
conditions in the deep waters are strictly dependent on periodical inflows which occur
irregularly and are a random phenomenon (Wojewddzki 1991). The inflows, even if not
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large, play a major role in shaping long-term changes in the deep layer and in improving
oxygen conditions in the bottom waters (Majewski 1987, Wojewodzki 1991, Dahlin ef al.
1993).

These so-called major inflows are very small compared with the total volume of the
Baltic waters (0.1-0.5% of the total volume; Anon. 2003), but their effects may be very
significant to the food web, species distribution, fish spawning and abundance of early life
stages. Grauman (1973, 1974), Westin and Nissling (1991), Nissling and Westin (1991),
Wieland and Zuzarte (1991), Waller et al. (1993), Bagge et al. (1994), Zezera and Zezera
(1997) and Wieland et al. (2000) described the possible impact of hydrological regime
variation on cod spawning conditions in the Baltic.

Recent international investigations in the Baltic Sea region have indicated that win-
ter 2002-2003 and spring 2003 were colder than most in the 1990s (Anon. 2003). More-
over, a strong, new inflow was recorded for the first time on 16-25 January 2003 at the
autonomous Darss Sill measuring platform (Anon. 2003). Previous effective major in-
flows into the Baltic Sea occurred in 1976, 1983 and 1993 (Dahlin et al. 1993, Matthaus
1995, Zazera and Zazera 1997).

The goal of this article is to evaluate recent (autumn 2002-winter/spring 2003) changes
in the hydrological conditions (temperature, salinity, oxygen content) of southern Baltic
waters (within the Polish EEZ), taking into account the differences in vertical (in upper-
and bottom-layer) and horizontal profiles. Hydrological data collected by the authors dur-
ing four research surveys (October and November 2002, February and March 2003) aboard
the r/v BaLtica allows for the observation of seasonal changes which take place in the area
of investigations. The Sea Fisheries Institute in Gdynia (SFI) organized the surveys and the
ICES Baltic International Fish Survey Working Group (BIFSWG) coordinated these ac-
tivities (Anon. 2002a).

MATERIALS AND METHODS

The seawater temperature (7 in °C), salinity (S in PSU) and oxygen content (O, in ml/I)
were measured during research surveys aboard the r/v BaLtica in October 11-28, 2002,
November 5-9, 2002, February 18-28, 2003 and March 19-28, 2003.

Measurements of hydrological parameters were carried out in the southern parts of
ICES sub-divisions 24, 25 and 26 (within the Polish EEZ) at varied fish control haul loca-
tions and at fixed hydrographic stations (Fig. 1). Three of these stations were arbitrarily
designated as representative for the description of hydrological conditions in the Bornholm
Deep, the Stupsk Furrow and the Gdansk Deep. The stations are —IBY5 (55°14N, 15°59°E),
RS2 (55°14'N, 17°20°E) and G2 (54°50°N, 19°20°E).

Research material was collected within the framework of a hydroacoustic survey
program (October 2002) at 23 haul locations and at an additional 7 stations along the
hydrological profile of the southern Baltic (Fig. 1.A). The profile extends through the
Bornholm Deep, the Stupsk Furrow, the Gotland Deep and the Gdansk Deep. The second
survey mentioned above was realized within the framework of the Baltic International
Trawl Surveys (BITS) program and research materials were collected at 13 haul locations
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and at an additional 9 hydrographic stations on the transect which extends from the Gdansk
Deep to the Vistula River mouth (Fig. 1.B). Hydrological measurements were also con-
ducted in February 2003 during the third survey (BITS type) at 47 fish catch locations and
at 19 hydrographic stations (Fig. 1.C). A hydrological profile was designated which
extended from the Bornholm Deep, through the Stupsk Furrow, the Gdansk Deep to the
Vistula River mouth. During the hydrological survey in March 2003, measurements were
taken at 67 hydrographic stations located in the Gdansk Deep and the Gulf of Gdansk
(Fig. 1.D).

Stratified measurements of the seawater temperature, salinity and oxygen content
(Winkler method) were taken from the surface to the bottom at isobath intervals of 2.5 m
with a CTD Neil-Brown probe supplemented with a bathometer rosette. The data collected
during the recent surveys were compared with the monthly results from 1996-2002 and
with the long-term mean for particular months in the 1946-1996 period based on the Sea
Fisheries Institute data.

RESULTS

Hydrological conditions in October 2002
The water temperature in October 2002 was exceptionally high and was up to 13, 11 and
9.5°C in the surface layer of the western, central and eastern parts of the southern Baltic,
respectively (Fig. 2). The lack of a normal thermal gradient in the deeper layers was
registered (Figs. 2 and 5). The mean water temperature in the investigated areas of ICES
Sub-division 24 at depths of 19-33 m from the surface (location of fish control catches)
was 12.58°C, in Sub-division 25 at depths of 24-41 m it was 10.69°C and in Sub-division
26 at depths of 39-56 m it was 8.74°C. The ranges of the average salinity and oxygen
content in waters at the fish catch depths mentioned previously were relatively narrow at
7.36-7.75 PSU and 6.42-6.91 ml/l, respectively.

The water temperature in the near-bottom layer in the Bornholm Deep (station IBY'S;
Figs. 2 and 5) was 10.08°C, which was 3.01°C higher than in October 2001 and 3.41°C
higher than the long-term October mean for the 1946-1996 period. The water salinity was
15.46 PSU, which was 0.29 PSU lower than that reported in October 2001 and 0.72 PSU
lower than the long-term mean. The oxygen content in waters was very low — 0.09 ml/I,
while in 1998-2001 hydrogen sulfide was recorded near the bottom in October surveys.

During the 1996-2002 period the highest water temperature (10.32°C) near the bot-
tom of the Stupsk Furrow (station RS2) was recorded in 2002, and this was also 3.98°C
higher than the long-term October mean for the 1950-1996 period (Figs. 2 and 5). In Octo-
ber 2002 salinity was 13.11 PSU, which was 0.42 PSU higher than in October 2001 and
0.59 PSU higher than the long-term mean. Oxygen content was 1.78 ml/l, which was 1.00
ml/l lower than in October 2001 and 0.98 ml/l lower than the long-term mean. In 1996-
2002 hydrogen sulfide was not recorded in the bottom layers of the Stupsk Furrow during
measurements taken in October.

The water temperature near the bottom of the Gdansk Deep (station G2) was 8.64°C,
which was 3.11°C higher than in October 2001 and 3.44°C higher than the long-term mean
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Fig. 2. Vertical distributions of seawater temperature, salinity and oxygen content along the hydrological
profile of the southern Baltic in October 2002.
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for 1946-1996. Salinity was 11.77 PSU, which was 0.75 PSU higher than in October 2001
and only 0.06 PSU higher than the long-term mean. Oxygen content was 2.18 ml/l, which
was 1.77 ml/l higher than in October 2001 and 1.58 ml/l higher than the long-term mean.
On the other hand, the appearance of hydrogen sulfide near the bottom was noted in the
1998-2000 October surveys.

The values of the hydrological parameters in the near-bottom layer in the studied
area indicate the improvement of oxygen conditions in the Gdansk Basin which was caused
by the “dissolution” of the halocline. This facilitated the diffusion processes, i.e., it was
easier for surface waters with high oxygen content to penetrate the lower layers (Fig. 2).
The long-term lack of water inflow caused stagnant conditions in the southern Baltic.

Hydrological conditions in November 2002

Atmospheric processes shaped the thermal conditions of the upper seawater layer in the
survey area. During the survey the air temperature was relatively low and ranged from —
1.5°C to 6.2°ClIn the autumn of 2002 a temperature decrease to approximately 9.0°C
in the upper seawater layer and water mixing in the layer reaching 40 m were recorded
(Fig. 4). The hydrological conditions on the surface and near the bottom in the vast survey
area were similar, with exception of the Vistula River mouth and Kotobrzeg regions.

The impact of the Vistula River was evident in surface waters with a salinity range of
6.5-6.8 PSU which extended for up to 20 km from the river mouth. An upwelling was
observed near Kotobrzeg and was manifested by the presence of near-bottom water with a
salinity range of 7.8-8.5 PSU and temperatures of 10.5-10.9°C. In the near-bottom water
layer with higher salinity, the oxygen content decreased to 5.5 ml/l, while in the adjacent
bottom areas it varied from 7.0 to 7.9 ml/I.

No significant amounts of typical seawaters reached the Gulf of Gdansk after 1997.
This was particularly evident in the salinity distribution on the hydrological profile (Figs.
1.B and 3). In the first ten days of November 2002 the water salinity was 11.6 PSU, which
was slightly lower than the long-term mean value (11.82 PSU) for 1948-1996. The water
temperature throughout most of the Gulf of Gdansk area varied from 8.5 to 9.5°C up to the
halocline.

In the center of the Gdansk Deep the winter waters from the previous year were still
present, and their temperature varied from 5.5 to 7.5°C. The temperature of the deep wa-
ters was similar to that of the surface waters and in the Gulf of Gdansk they were thermally
uniform to a depth of 80-90 m (Fig. 3). The deep waters in the Gulf of Gdansk were
characterized by a significant oxygen content of approximately 2.5 ml/l, while the long-
term mean for 1948-1996 for the Gdansk Deep was 1.44 ml/l. In the Gulf of Gdansk
oxygen content varied from 5.5 to 2.5 ml/l from 60 m to the bottom (Fig. 3). This was most
likely due to the weak halocline.

Hydrological conditions in February 2003

The vertical mixing of waters both during stormy winds and convective mixing during
periods of low temperatures resulted in the significant decrease of temperature in the surface
layer to a depth of 60 m e.g. to 1.7°C inthe Gulf of Gdansk (Figs. 4 and 5). The winter of
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Fig. 3. Vertical distributions of seawater temperature, salinity and oxygen content along the hydrological
profile of the Gdésk Basin in November 2002.

2002-2003 was the first cold winter in fourteen years in the investigated area. The long-
term (February 1988-2002) mean of water temperature at a depth of 0-50 m in the Gulf of
Gdaisk was 3.1°Cufipublished data by SFI— Gdynia). The previous low water temperature
of 0.3T was recorded in this area in February 1987.
The thickness of the surface layer in the Bornholm Deep, which was mixed in terms
of temperature and salinity, was approximately 45 m (Figs. 4 and 5). In the mixed layer the
water temperature, which varied from 12°C (October 2002) to 2P€bruary 2003), indi-
cates that the value of this parameter strongly diminished during the last winter.
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The values of temperature, salinity and oxygen content measurements above the sea
bottom confirmed that there had been a heavy inflow into the Bornholm Deep. The salin-
ity of 19.2 PSU is the fourth highest figure recorded over the past 57 years in surveys
conducted by the SFI (Gdynia). Such high salinity will replenish stores of “cod waters”.
The oxygen content at station IBY5 of 6.94 ml/l and of 7.2-7.4 ml/lI (Figs. 4 and 5) at two
other stations at depths of 80 m near Bornholm allows for the prediction that in 2003 the
deep waters in the majority of the southern Baltic will be well oxygenated. The long-term
(1950-1996) mean of oxygen content for February in the near-bottom waters of the
Bornholm Deep was 2.48 ml/l. In February 2003 the mean temperature in these waters
was 3.46°C and was 3.44°C lower than the long-term mean. This allows us to characterize
the observed inflow as very cold.

In the Stupsk Furrow the surface waters and the transformed waters of the new
inflow were 5.5°C colder than the deep waters in October 2002. In February 2003 the
water temperature in the near-bottom layer of thg$k Furrow (at station RS2; Figs. 4
and 5) was 5.45°C and was 2.61°C lower than in February 2002 and 1.32°C lower than the
long-term mean for the 1953-1996 period. Salinity was 14.02 PSU and was 1.24 PSU
higher than in February 2002 and 1.42 PSU higher than the long-term mean. Oxygen
content was 4.59 ml/l and was 1.86 ml/l higher than in February 2002 and 1.16 ml/l higher
than the long-term mean. The distribution oflifejogical parameters above the bottom
indicates that in February 2003 the majority of inflow waters in the Stupsk Furrow were
located in the northern part.

Water temperature above the bottom in the Gdansk Deep (station G2; Figs. 4 and 5)
was 8.01°C, which was 0.75°C higher than in February 2002 and 1.87°C higher than the
long-term mean for 1950-1996. Water salinity was 11.81 PSU, which was 0.26 PSU higher
than in 2002, and slightly (0.05 PSU) lower than the long-term mean. Oxygen content was
2.25 ml/l, which was 0.65 ml/l higher than in the previous year and 0.25 ml/I higher than
the long-term mean. Three other measurements in this region proved that in the near-
bottom layer the water temperature was 2.2°C lower and the oxygen content was 1.2 ml/|
higher than at adjacent, shsdler levels. These data indicate that the inflow water filling
process in the central part of the Gdansk Deep has begun.

The eight-meter thick ,new water” layer above the bottom, which was observed in
the area to the north-west of station G2 indicated the presence of inflow waters in the
Gdansk Deep (Fig. 5). A twenty-meter thick water layer rested on top of this layer; the
temperature of it was approximately 2°C higher and the oxygen content was minimal — at
some places it was as low as 0.9 ml/l (Figs. 4 and 5).

Efficient catches of the main Baltic fish species were made in locations where there
was a several-meter thick layer of new, well-oxygenated inflow water under the existing,
oxygen-poor deep waters. This usually occurred at depths of 60 m in the Bornholm Deep,
70-75 m in the Bipsk Furrow and 70-90 m in the Gdansk Deep. Well-mixed cold surface
waters with temperatures from 1.8 to 2.4°C and with an oxygen content of 9.5-10.5 ml/l
(February 2003) are known as “winter waters”. These waters will be a source of well-
oxygenated water at depths from 30 to 60 m in the summer. The highly saline (above 19
PSU) inflow water that was observed in the Bornholm Deep will refresh deep waters
throughout the Polish EEZ and will replenish the body of well oxygenated “cod water”.
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Hydrological conditions in March 2003

The inflow waters in th&dansk Deep spread farther in comparison with the observations
made in February 2003. This was noted near the eastern border of the Polish EEZ (Fig. 6).
Since the maximum salinity value of deep waters in thea§dBeep was 11.8 PSU in
November 2002, it was assumed arbitrarily that waters with salinity equal to or higher
than 12.0 PSU are the result of the progressing inflow. These waters were further analyzed
to determine the thickness of this layer.

Figure 6A presents the thickness of deep-water layer with a safnit PSU,
which varied from 5 to 17 m. The oxygen content in this water layer varied from 3.5 to 4.8
ml/I (Fig. 6B). Figure 6C presents the dependence of temperature on salinity in the water
layer from the surface to the bottom (up to a maximum depth of 105 m). The distribution
of oxygen content dependent on salinity in the same water layers is also illustrated in this
figure. The vertical lines denote the salinity range registered in deep waters from the time
period before the inflow (Fig. 6C).

Our observations indicate that the mean water temperature in the surface layer at
station G2 (Gdask Deep; Fig. 5) was 1.80°C, which was 1.54°C lower than in March
2002 and 0.17°C lower than the long-term mean for 1948-1996. In March 2003 the mean
salinity as well as oxygen content in these waters was nearly the same as in March 2002.
In March 2003 the temperature near the bottom o6thisk Deep was 6.07°C (Fig. 5),
which was 1.19°C lower than in March 2002 and 0.12°C lower than the long-term mean
for 1948-1996. The mean salinity in this area was 12.60 PSU, which was 1.05 PSU higher
than in March 2002 and 0.78 PSU higher than the long-term mean. Oxygen content was
very high at 3.97 ml/l and was 2.37 ml/l higher than in March 2002 and 2.12 ml/I higher
than the long-term mean. In 1998-2000 the oxygen content in the near-bottom waters of
the Gdansk Deep was very low (below 0.70 ml/l) and the appearance of hydrogen sulfide
was noted in March 2001.

The thickness of the surface layer in @idansk Deep, which was mixed in terms of
temperature and salinity, was approximately 60 m. Results of measurements also show
that the layer of old deep waters contained minimum oxygen (about 1 ml/l) and had maxi-
mum temperatures (6.5-8.9°C). The water parameters listed above were registered at depths
from 60 to 80 m (Fig. 5). Oxygen content below this layer increased from 1.0 to 4.1 ml/I.

Deep waters with typical values of temperature (8.4-8.7°C) and salinity (10.7-11.8
PSU) for autumn 2002, which were registered in November (Fig. 3) at depth stratums of
80-105 m, were in the 70 to 90 m layer in February 2003 and in the 60-80 m layer in
March 2003 (Fig. 5C). These data indicate that during the process of deep water transfor-
mation, which occurred in spring 2003 in thelGof Gdansk, the water layer with mini-
mum oxygen content will move close to the picnocline.

DISCUSSION

Qualitative and quantitative characteristics of seawater temperature, salinity, oxygen content
and the thickness of reproductive volumes (RV — water layer favorable for fish spawning;
Westin and Nissling 1991) are indispensable hydrological investigations which are applied
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directly in the evaluation of the fish spawning process as well as in the preliminary assessment
of new year-class abundance (Grauman 1973, 1974, Nissling and Westin 1991, Wieland
and Zuzarte 1991, Waller ef al. 1993, Bagge ef al. 1994, Zezera and Zezera 1997, Wieland
et al. 2000). These authors describe the possible hydrological regime variation’s impact
on cod spawning conditions in the Baltic. The following conditions determine the success
of cod spawning in the Gdansk Basin: salinity >11 PSU, oxygen content >2 ml/l and
temperature >1.5°C.

Investigations conducted by Westin and Nissling (1991) revealed that a minimum
salinity of 11 PSU is necessary for the successful fertilization and egg development of
Baltic cod. Further investigation showed that no hatching of cod occurred at a salinity of 5
PSU, while, in contrast, mortality during hatching was comparatively low at a salinity of
10 and 15 PSU (Nissling and Westin 1991). Grauman (1973, 1974) concluded that the
thickness of the spawning layer, i.e., the layer with favorable salinity and oxygen condi-
tions for normal egg development, is the most significant factor for Baltic cod egg sur-
vival. Other authors (Wieland ez al. 2000) stated that water temperature during the period
of gonad maturation is one of three key factors governing the timing of Baltic cod spawn-
ing. According to Bagge et al. (1994), salinity combined with oxygen content (both of
which are determined by the frequency of inflows) are the most important factors which
determine the mortality of Baltic cod eggs. The minimum oxygen content for successful
cod egg development is 2.3 ml/l; the lethal oxygen level was assumed to be approximately
1.6 ml/l (Wieland and Zuzarte 1991, Waller et al. 1993).

A long period of sunny, warm, calm weather conditions in late summer 2002 and the
long-term lack of water inflow caused the oxygen situation in the near-bottom waters to
deteriorate rapidly, mostly in the west and south-west parts of the Baltic. In these areas
oxygen levels fell to the limit of detection and there was hydrogen sulfide production
(Anon. 2003). The result was a wide-ranging depletion of bottom fauna in Danish and
German waters, and there were reports of fish kills over wide areas of the western Baltic.
The affected areas were larger than had ever been observed before and covered an area
between Kattegat and the Mecklenburg Bight (Anon. 2003). Investigations conducted abroad
the r/v BaLtica indicated that the temperature at depths of about 30-45 m from the surface
(the location of fish control catches) was higher in October 2002 than in October 2000 by
an average of 3.72°C, 4.20°C and 3.5749@ ICES sub-divisions 24, 25 and 26, respec-
tively. Stronger winds in early autumn, however, led to slight improvement in this situa-
tion.

The results obtained by the authors indicate that oxygen conditions improved in the
near-bottom layer in the Gdansk Basin in October 2002, but in the Bornholm Deep the
oxygen content was still very low (0.09 ml/l). The next survey of the r/v BaLtica confirmed
improved oxygen conditions in the deep waters of the Gulf of Gdansk — in November 2002
it was 2.5 ml/l on average, while the long-term mean for 1948-1996 was 1.44 ml/I. The
hydrological conditions in the deep waters of the Gotland Basin in 2002-2003 are charac-
terized by a continuing stagnation period (Anon. 2003).

In the second half of January 2003 a large, new inflow from the Kattegat into the
Baltic basins was first recorded (Anon. 2003). One the main reason for the occurrence of
this phenomenon was the relatively low water level in the Baltic, e.g. about 20-30 cm
below mean at Stockholm, due to stable high air pressure over Scandinavia and the associ-
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ated north-easterly winds (unpublished data from the Swedish Meteorological and
Hydrographical Institute — Anon. 2003). In February 2003 the Swedish r/v ARGOS re-
ported an inflow through the Sound with a volume of 4§, kahich is normally around
one-third of the total inflow through both the Sound and the Belt Sea (Anon. 2003). This
inflow is estimated to have a volume of between 120-18%) &md calculations indicate

that it may have been a strong one comparable with that from 1993. The average velocity
of the inflowing waters in 1993 was 9 cm/s (Daldiral. 1993).

The salinity of 19.2 PSU, which was registered in February 2003 during the sur-
vey of the r/v BLTica in the Polish part of the Bornholm Deep, is the fourth highest
figure recorded in the past 57 years. The present inflow has to be regarded as a very
cold; the water temperature in the near-bottom layer in the Bornholm Deep was 3.44°C
lower than the long-term mean for 1950-1996. The oxygen content range from 6.9 to
7.4 ml/l (in the Bornholm area) and the well-mixed cold surface waters (with tempera-
tures of 1-2°C and an oxygen content of 9.5 ml/l — so-called “winter waters”) will be the
source of well-oxygenated waters below the picnocline and at depths of 30-60 m in
summer 2003.

The latest results of the Polish survey, in comparison with data from February 2003,
indicate that in March 2003 inflow waters were continuing to spread to the eastern parts of
the southern Baltic. Oxygen content in the water layer below depths of 60-80 m in the
Gdansk Deep increased from 1.0 to 4.1 ml/l. A number of recent surveys carried out by
various institutes from around the Baltic Sea have also provided evidence that the inflow
improved considerably the hydrological situation in the Bornholm Basin and adjacent
waters. The inflow waters will refresh deep waters in the majority of the southern Baltic
region and will replenish the body of well oxygenated “cod waters”.

The largest inflow into the Baltic observed to date occurred in 1951/1952 (Wyrtki
1954), when about 200 Knof waters with a salinity of 22 PSU were introduced into
this sea (in June 1952 salinity in the Bornholm Deep was 20.8 PSU). The volume of
average inflows is usually between 30-50%ksmaller inflows do not reach to central
basins of the Baltic (Majewski 1987). After 1951 the next highest salinity values in the
southern Baltic were recorded in September 1953 (20.43 PSU) and August 1954 (19.38
PSU). One of the last effective inflows into the Baltic Proper occurred in 1993 (Dahlin
et al. 1993, Matthaus 1995, Zazera and Zazera 1997, Anon. 2003). In the Oresund and
in the Belt Sea in January 1993 the temperature of the inflowing waters was below 5°C;
this contrasts with the inflow in 1976-1977 which brought unusually warm water into
the Gotland Deep (>7°C; Dahlat al 1993). In 1993 the average salinity of the inflow
waters in the Bornholm Basin was slightly higher than 18 PSU, and the volume of all
inflow waters was about 300 KniDahlin et al 1993, Matthaus 1993). In April-May
1994, following the inflow from 1993, the reproductive volumes for cod spawning in
the Gdask Basin increased significantly to 95.4%gim 1992 this figure was 15.1 Km
Zazera and Zazera 1997).
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Piscicola pojmanskae Bielecki 1994 (Piscicolidae, Hirudinea)
reported in a new location in central Pomerania

Izabela Jabtonska-Barna and Aleksander Bielecki
University of Warmia and Mazury in Olsztyn, Oczapowskiego 2, 10-957 Olsztyn, Poland

Abstract. The leech Piscicola pojmanskae was found in the brackish Lake Gardno for the
first time. This is the second report of this leech occurring in lakes.

Key words: brackish waters, Piscicola pojmanskae, Hirudinea

Leeches are typical components of reservoir fauna in the Polish climatic zone. The phylum
is comprised of six families which include predatory and parasitic species. The majority of
the representatives of the Piscicolidae family are fish parasites. Only two or three species
from this family (Timm 1999, Kotodziejczyk and Koperski 2000) are mentioned in the
most widely available guidebooks. However, 21 species of Piscicolidae leech have been
recorded in Poland alone (Bielecki 1994). The most common is the fish parasite Piscicola
geometra (L.). Detailed morphological and anatomical analysis allowed Bielecki to
distinguish a number of species from this group, including Piscicola pojmanskae (Bielecki
1994) — Photograph 1. To date, Piscicola pojmanskae has been recorded in numerous

Phot. 1.Piscicola pojmanskae ventral view.
1. Interior sucker small or very small, its greatest diameter is not wider than the greatest width of the trachelosome.
2. Posterior sucker small too, its greatest diameter is not wider than the greatest width of the urosome.
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fishing ponds and dam reservoirs (Bielecki 1997), although only one publication reported
the occurrence of this species in lakes, namely lakes Ukiel and Wulpinskie which belong to
a group of lakes situated near Olsztyn (Bielecki and Dzika 2000). The author of the current
article found Piscicola pojmanskae in Lake Gardno, a brackish water coastal lake located
on the central Baltic coast. According to the available literature, this is the first time this
species has been recorded in such a lake. Lake Gardno is a B-oligohaline lake, and during
the studied period the chloride ion concentration ranged from 20 to 4425 mg Cl dm- and
was 0.5 %o, on average. It follows that it is possible that Piscicola pojmanskae, like Piscicola
geometra, is a euryhaline species that occurs in freshwater as well as brackish water Baltic
estuaries.

REFERENCES

Bielecki, A. 1994. Piscicola pojmanskae, a new leech species from Poland (Hirudinea: Piscicolidae).
Genus, 5(4): 411-421.

Bielecki, A. 1997. Fish leech of Poland in relation to the palearctic piscicolines (Hirudinea:
Piscicoldae: Piscicolinae). Genus, 8(2): 223-375.

Bielecki, A. and E. Dzika 2000. Pijawki pasozytujace na rybach (Hirudinea: Piscicolidae i
Glossiphonidae) w jeziorach Ukiel, Warniak i Wulpinskie. Badania wstgpne [Leeches
(Hirudinea: Piscicolidae and Glossiphonidae) infecting lake fish in the Ukiel, Warniak and
Waulpinskie. Preliminary study]. Wiad. Parazytol. 46(1): 123-126.

Kotodziejezyk, A. and P. Koperski 2000. Bezkrggowce stodkowodne Polski. Klucz do oznaczania
oraz podstawy biologii i ekologii makrofauny [Freshwater invertebrates in Poland. Identifica-
tion key and the biological and ecological foundations of macrofauna]. Wydaw. UW Warszawa.

Timm, T. 1999. A Guide to the Estonian Annelida. Estonian Acad. Publ., Tallinn.



INSTRUCTIONS
FOR AUTHORS

GENERAL INFORMATION

The Bulletin of the Sea Fisheries Institigea scientific
journal which accepts papers from all over the woi
Foreign authors are requested to submit their pape
English, the research staff of the SFI in Polish 3
authors not associated with the SFIin Polish and Engl|

Papers submitted to the Bulletin are classifi
according to the following three categories: 1) scient
papers, 2) short communications, 3) varia.

The Editorial Staff will accept a paper and assi
it to one the above categories. Papers accepted
publication in theBulletin may not be published
elsewhere. Publication in th&ulletin is free of charge.

TYPESCRIPT FORM
Papers should be submitted in two copies of single-si
double-spaced typescript on A4 paper and a disk
containing all the material in the article must be includ
Words to be set in italic type, i.e. Latin names of spe
and genera, as well as symbols for the values of varial
should be underlined with a wavy line<~~~. No
other underlineation should be used.

In the papers from categories 1 and 2, t
following order is required:
1. Title: brief (up to 100 characters).
2. First and last name of the authorandthe name of
the affiliated institution .
3. An abstract must precede every scientific pape
research report and other paper; length — one typewr|
page at the most.
4. Key words: a few terms which enable a given pap
to be found among computer files.
5. Text. The length of the typescript of papers fro
category 1 should not exceed 40 pages, and papers
category 2 — 15 pages. In papers from categories 1
2, the traditional division is used: 1) introduction,
materials and methods, 3) results, 4) discussion
references. The results of measurements should be ¢
in metric system units and their abbreviations sho|
comply with the International System of Unit (SI).
6. Acknowledgmentsshould be limited to the necessa|
minimum (the initials and the last name of the pers
they are addressed to, without listing scientific titles
names of institutions).
7. Referencesshould be put in alphabetical order, wi
the year of publication directly after the author’s na
and should list solely the papers referred to in the t
(e.g. Smith 1990). Titles of journals — in full form. Title
of papers — in the original language. The exception
titles in Russian which are in a non-Latin alphabet, s
as Cyrilic, which should be translated into either Engl
or Polish.

8. Footnotesshould be marked with Arabic numerals
in superscript ( .}), and numbered in succession
throughout the text, except for tables; footnote content
should be on separate sheets of paper.

9. Tables should supplement, not duplicate, data
contained in the text or figures. Tables should be
numbered and each one should be on a separate sheet of
paper. All tables must have titles; all references to them

Idshould be placed within the text. Each column in a table
s ia supplied with a heading, explaining the content of the
natolumn. Footnotes in tables should be marked with
isthetters in italics, in superscript (e. g. Yéarand their
pdexplanation should be placed under the table.
ficl0. Figures Successive numeration with a reference to
each number in the text should be used. Captions must
grbe on a separate sheet of paper. Abbreviations, terms
fand symbols used in figures must correspond to those
used in the text. After scaling, each figure, placed on a
separate sheet of paper and marked with a successive
number and the author's name, must fit into a column
of theBulletin; this should be taken into account by using
the appropriate thickness of lines and size of legends in
edhe figures. Only computer generated figures are
pttecceptable. Both a printout and a diskette are required.
edPapers can be illustrated with photographs in black and
iewhite or color. The total content of drawings and
leghotographs must not exceed 30% of the paper.

heSAVING TEXT ONTO DISKETTE
Files should be saved on diskette in a format which can
be opened by our editorial office. The preferred format
is Word for Windows. Please save computer generated
figures on diskette in the format which they were created.
r
tten
REVIEWS
erUpon receiving a review, the authors is obliged to revise
the paper and to explain in writing which of the
mreviewer's suggestions he or she has taken into account,
frand what he or she disagrees with and why.
and
P)
PROOF-READING
ivAnten day limit is given for proofreading. At this stage
ulaho changes in text content are allowed and only technical
corrections will be accepted.
y
on
oPRESENTATION COPIES
Each author published in categories 1, 2 and 3 receives
h one copy of théulletin; the authors of the papers form
mecategory 1 additionally receive ten offprints of their
expaper, and from category 2 — five.
S
is
uckddress of Editorial Office:
shCenter for Scientific Information and Publishing
Sea Fisheries Institute
Kollataja 1, 81-332 Gdynia, Poland




WSKAZOWKI
DLA AUTOROW

INFORMACJE OGOLNE

The Bulletin of the Sea Fisheries Institute jest czasopi-
smem naukowym, przyjmujacym prace z catego $wiata.
Autorzy obcojgzyczni proszeni sg o sktadanie prac w jg-
zyku angielskim, pracownicy MIR — jgzyku polskim, a
pozostali autorzy — w jezyku polskim i angielskim.

Prace ztozone klasyfikowane sa wedtug trzech kate-
gorii: 1) artykuly naukowe, 2) noty, 3) varia.

O przyjeciu pracy i zakwalifikowaniu jej do okreslo-
nej kategorii decyduje Zespot Redakceyjny. Prace przy-
jete do druku nie moga by¢ publikowane w innym cza-
sopi$mie. Publikacja jest bezptatna.

FORMA MASZYNOPISU

Prace nalezy sktada¢ w 2 egzemplarzach maszynopisu
pisanego jednostronnie, formatu A4, z podwojnym od-
stepem (konieczna jest dyskietka z cato$cig materiatu).
Stowa, ktore powinny by¢ ztozone drukiem pochylym
(kursywa), tzn. tacinskie nazwy gatunkow i rodzajow
oraz symbole wielko$ci zmiennych nalezy podkresli¢

wezykiem (~~~~-). Innych podkreslen nie nalezy sto-
sowac.

W pracach kategorii 1 i 2 obowiazuje nast¢pujaca
kolejnosé:

1. Tytul: krotki (do 100 znakow).

2. Imi¢ i nazwisko autora oraz nazwa i adres instytu-
cji macierzystej.

3. Abstrakt musi poprzedza¢ kazdy artykul naukowy i
notg; objgto$¢ — najwyzej 1 strona maszynopisu.

4. Slowa kluczowe: kilka poje¢ pozwalajacych na od-
szukanie danej pracy w systemach komputerowych.

5. Tekst. Objgto$¢ maszynopisu prac kategorii 1 nie
powinna przekracza¢ 40 stron, a kategorii 2 — 15 stron.
W pracach kategorii 1 i 2 stosuje si¢ tradycyjny podziat:
1) wstep, 2) materiat i metoda badan, 3) wyniki badan,
4) dyskusja, 5) bibliografia. Wyniki pomiaréw nalezy
podawac w jednostkach miar przyjgtych w systemie me-
trycznym, a ich skroty — zgodnie z Migdzynarodowym
Uktadem Jednostek Miar (SI).

6. Podzigkowania nalezy ograniczy¢ do niezbgdnego mi-
nimum (inicjaly imienia i nazwisko osoby, do ktorej sa
adresowane, bez wymieniania tytulow naukowych i nazw
instytucji).

7. Bibliografi¢ nalezy zestawia¢ w porzadku alfabetycz-
nym, podajac bezposrednio po nazwiskach autoréw rok
wydania i wymieniajac tylko prace cytowane w tekscie
(np. Kowalski 1990). Tytuly czasopism — w pelnym
brzmieniu. Tytuly prac — w jezykach oryginatu (z wyjat-
kiem tytutow w jezyku rosyjskim wydrukowanych alfa-
betem nietacinskim, np. cyrylica, ktore nalezy przettu-
maczy¢ na jezyk polski lub angielski).

8. Przypisy oznacza si¢ cyfra arabskg we frakcji gornej
(...1) 1 numeruje kolejno w catym tekscie, z wyjatkiem
tabel; tre$¢ przypisow — na osobnych stronach.

9. Tabele sa dodatkowym zrodlem informacji; nie nale-
zy powtarza¢ w nich danych wystgpujacych w tekscie
lub na rysunkach. Tabele numerowane, kazda na osob-
nej stronie, musza mie¢ tytul; powotanie na nie nalezy
umieséci¢ w tekécie. Kazda kolumng w tabeli opatruje
sig¢ tzw. ,,glowka” wyjasniajaca zawarto$¢ kolumny. Przy-
pisy w tabelach nalezy oznaczy¢ literami, kursywa, we
frakcji gornej (np. Lata“), a ich objasnienie umiesci¢ pod
tabela.

10. Ilustracje. Obowiazuje kolejna numeracja z przy-
wolaniem kazdego numeru w tekscie. Podpisy pod ilu-
stracjami — na osobnej kartce. Stosowane na rysunkach
skroty, terminy i symbole musza odpowiadaé uzytym w
tekscie. Kazdy rysunek, umieszczony na osobnej kartce
oraz opisany kolejnym numerem i nazwiskiem autora,
po wyskalowaniu musi zmiesci¢ sie w kolumnie; trzeba
to uwzglednic stosujac odpowiednia grubos¢ linii 1 wiel-
ko$¢ opiséw na rysunkach. Redakcja przyjmuje wytacz-
nie rysunki wykonane technikg komputerowa (koniecz-
ny wydruk i dyskietka). Prace mozna ilustrowa¢ foto-
grafiami (moga by¢ kolorowe). Laczna objgtos¢ rysun-
kow i zdje¢ nie moze przekracza¢ 30% objgtosci pracy.

ZAPIS TEKSTU NA DYSKIETCE

Plik powinien by¢ zachowany na dyskietce w takim for-
macie, aby umozliwi¢ odczytanie go w programach przez
nas stosowanych. Preferowanym formatem jest Word for
Windows. Rysunki wykonane technika komputerowa
prosimy zapisywac na dyskietce w formacie wykonania.

RECENZIE

Po otrzymaniu recenzji autor jest zobowigzany do po-
prawienia pracy i wyjasnienia na pismie, co uwzglednit
z sugestii recenzenta, a z czym si¢ nie zgadza i dlaczego.

KOREKTA AUTORSKA

Na wykonanie i odestanie korekty autorskiej przewiduje
si¢ termin 10-dniowy. Na tym etapie nie nalezy dokony-
wac zmian autorskich w tekscie, a jedynie poprawic uster-
ki techniczne.

EGZEMPLARZE AUTORSKIE

Kazdy autor opublikowanego artykutu otrzymuje 1 eg-
zemplarz czasopisma, autorzy prac kategorii 1 otrzymu-
ja ponadto 10 nadbitek swej pracy; kategorii 2 — 5 nad-
bitek.

Adres Redakcji:

Osrodek Informacji Naukowej i Wydawnictw
Morski Instytut Rybacki

ul. Kolfataja 1, 81-332 Gdynia,

tel.: 058 620 17 28 (centrala).



	Main Page
	Contents
	Scientific papers
	Early developmental stages of pikeperch in the Szczecin Lagoon: selected aspects of their biology and ecology from 1994 to 1998
	The food and feeding of the round goby (Neogobius melanostomus Pallas, 1811) from the Puck Bay and the Gulf of Gdansk
	Hysterothylacium incurvum (Rudolphi, 1819) (Nematoda: Anisakidae) - a parasite of swordfish (Xiphias gladius L.)

	Short communications
	Primary productivity off western and southern Portuguese waters
	Hydrological conditions of the southern Baltic waters in autumn 2002 and spring 2003

	Varia
	Piscicola pojmanskae Bielecki 1994 (Piscicolidae, Hirudinea) reported in a new location in central Pomerania

	About the Bulletin
	Instructions for authors
	Wskazówki dla autorów



