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Summary: The distribution of the Siberian sculpin, Cottus poecilopus, in the lakes of the South
Baltic basin is currently restricted to Hancza (NE Poland) and the Luzin (NE Germany) lakes.
Other populations are extinct due to pollution. The Luzin lake population is highly endangered.
In Lake Hancza the littoral habitats were used by sculpins for spawning in spring. The density of
sculpins in this time was significantly and positively correlated with the occurrence of cobbles
of a diameter between 10 and 20 cm. Sandy bottom was not used by sculpins. Between April and
May 2002 the maximum sculpin density in the littoral zone increased from 7.5 to 16.5 ind./
100 m shoreline. Most of the year C. poecilgpus live in the profundal or sublittoral areas. Diurnal
vertical movements of sculpins could be observed in August 2002. During the day most of the
fish were absent above a depth of 28 m, whereas at dusk and night they migrated up to 16 m. The
sediment particle size structure in the Luzin lakes and Lake Hancza did not differ significantly.
All these lakes were characterized by dominance of stony bottom in the littoral and by sandy and
muddy bottom in the sublittoral and profundal zones. That’s why possible changes of the
sediments of the Luzin lakes are not responsible for the population decline of the Siberian
sculpin.

Key words: Siberian sculpin, Cottus poecilopus, glacial relict, habitat use, lake population, seasonal
occurrence, spawning migrations, diurnal movements, eutrophication, conservation.

Zusammenfassung: Die Verbreitung der Ostgroppe (Cottus poecilgpus) im stdlichen Ostseeraum
ist gegenwirtig auf den Hanczasee (Nordostpolen) und die Feldberger Seen (Luzinseen, Nordost-
deutschland) beschrinkt. Infolge der Eutrophierung ihrer Wohngewisser sind alle anderen Seepo-
pulationen ausgestorben. Die Luzinpopulation ist ebenfalls gefihrdet. Im Hancza-See erhShte sich
im Litoral die Groppendichte von April bis Mai 2002 von 7,5 auf 16,5 Ind./100 m Uferlinge. Die
Flachwasserbereiche werden nur im Frihjahr zur Laichzeit genutzt. Die Dichte der Groppen im
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Litoral korreliert positiv mit dem Angebot an Steinen der Korngrofie 10-20 cm. Sandige Abschnit-
te werden gemieden. Die tibrige Zeit im Jahr leben die Groppen im Sublitoral oder Profundal. Im
August 2002 konnten diurnale Wanderungen beobachtet werden. Tagstiber hielten sich die Grop-
pen vorwiegend unterhalb 28 m auf, in der Abenddimmerung und nachts stiegen sie bis auf 16 m
auf. Zwischen den Luzinseen und dem Hanczasee konnten keine wesentlichen Unterschiede in den
Sedimenten festgestellt werden. Hartsubstrate dominieren in allen Seen im Uferbereich, gefolgt
von sandigen Sedimenten und Muddeflichen in der Tiefe. Somit ist davon auszugehen, dass Verin-
derungen der Sedimentqualitit der Luzinseen nicht fiir den Riickgang der Ostgroppe verantwort-
lich sind.

Key words: Ostgroppe, Cottus poecilgpus, Eiszeitrelikt, Habitatnutzung, Seenpopulation, saisonales
Auftreten, Laichwanderungen, Nahrungswanderungen, Eutrophierung, Arterhaltung,

1. Introduction C. poecilopus is restricted to some lakes in the
districts of Holstein, Jitland, Mecklenburg,

The Siberian sculpin, Cottus poecilopus, has a
wide holarctic distributionand is ranked
among the European “northern species” (Ba-
narescu 1991). It occurs in two centres in the
Carpathian-Sudetic and Scandinavian area.
The latter is divided into the northern part,
which comprises Finland, NE Sweden and a
fragment of Norway and the southern part,
including S Sweden, SW Norway and the Jut-
land Peninsula. Besides, isolated localities are
known from NW Russia and a few lowland
lakes in the south of the Baltic Sea (Witkowski
in press). In the South Baltic catchment area

Pomerania and Suwalki (Tab. 1). In this area
the Siberian sculpin is a glacial relict.

Glacial relict fishes and malacostraca coloni-
zed the area during the late stages of the Vis-
tulian glaciation about 10.000 years ago. In
more then 20 deeper lakes of Germany and
Poland such glacial relicts as Mysis relicta (My-
sidacea), Pontoporeia affinis (Haustoriidae), Pal-
lasiola guadrispinosa (Gammaridae) and Cottus
poecilopus (Cottidae) were recorded (Fig, 1, af-
ter Segerstrale 1957). These investigations stat-
ted already at the beginning of the 20th cen-
tury (Samter 1905, Thienemann 1925, 1928,

Tab. 1: Collections of Siberian Sculpins from the South Baltic populations (MNHUW — Museum
of Natural History Wroclaw; MZH — Museum of Zoology Hambutrg, BON — Collection Bonito
e.V. Feldberg).

Tab. 1: Zusammenstellung von Belegexemparen der Ostgroppe von stidbaltischen Populationen
(MNHUW — Museum fiir Naturgeschichte Breslau; MZH — Zoologisches Museum Hamburg, BON

— Sammlung Bonito e.V. Feldberg).

locality date collector collection |n
Lake Insko (Pomeranian district)  |24.8.1926 Thienemann, A. MZH 1
Lake GroBer Ploner See (Holstein) |1.7.1924 Thienemann, A. MZH 1
Lake Grofier Pléner See (Holstein) |17.8.1926 Hasselley MZH 2
Lake Grofier Ploner See (Holstein) {1885 — 1898 Duncker, G. MZH 4
Lake GroBer Pléner See (Holstein) |- Duncker, G. MZH 10
Holtem Aa (Jitland) 21.5.1929 Mohr, E. MZH 10
Lake Schmaler Luzin (Meckl.) 15.6.1926 Duncker, G. MZH 1
Lake Zansen (Meckl.) 20.8.1924 Thienemann, A. MZH 2
Lake Zansen (Meckl.) 1966 Haase, B. BON 1
Lake Hancza (Suwalki district) 22.5.1974 Witkowski, A. MNHUW |73
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Fig. 1: Ice cap limits during
the late stages of the Vistuli-
an glaciation and locations of
glacial relicts (from Segerstra-
le 1957).

Abb. 1: Eisgrenzen im Spit-
glazial und Lage der Vorkom-
men von Reliktarten entlang
des Eisrandes (aus Segerstra-

1950, Duncker and Ladiges 1960). In most
of the mentioned lakes the glacial relicts are
extinct now (Waterstraat 1988, Kéhn and Wa-
terstraat 1990). In Germany and Poland the
last populations of the Siberian sculpin have
survived in the lakes of the Feldberg lake dis-
trict (Winkler et al. 2002, Knaack 2003) and
Lake Hancza (Witkowski 1975, 1984).

Since all the lakes inhabited by C. poecilopus are
oligo- or mesotrophic, their natural status is
endangered by pollution with nutrients. In-
creased man-produced waste and the intensi-
fication of agriculture give rise to problems
with nitrate and phosphorus enrichment. The
effects of eutrophication in lakes are nume-
rous and well known. Usual symptoms in-
clude increased growth of phytoplankton.
This production may lead to deoxygenation
of the deeper waters, undesirable changes in
the fish community and, sometimes, death
of fish. In fact, these negative effects of pol-
lution occur in most of the lakes inhabited
by C. poecilopus.

Another negative human impact is connected
with fisheries. One of the most harmful ef-
fects can be caused by introduction of pre-
dators like the eel, wels or lake trout.
Currently the last not endangered population
of the Siberian sculpin in the South Baltic
lakes is restricted to Lake Hancza (Witkowski
1975, 1984). In the Luzin lakes the extinction
of the species was supposed (Winkler et al.
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le 1957).

1991), but a very small and highly endangered
population was recently discovered by Knaack
(2003). In Germany and Poland programmes
to protect these lakes have been adopted in
accordance with the Water Directive of the
European Union, that now will be imple-
mented. In order to restore the habitat con-
ditions suitable for the Siberian sculpin, the
ecological demands of this species largely
unknown as yet have to be known. Our in-
vestigations in Lake Hancza and the Luzin
lakes try to fill some of these gaps.

2. Investigation area, material and
methods

Lake Hancza is situated in NE Poland in the
Suwalki district (Fig. 2). It is the deepest lake
of the whole Central European lowland (Cyd-
zik et al. 1995). Beside C. poecilopus, another
glacial relict, the amphipod Pallasiola guadispi-
nosa, inhabits the lake (Niedomagala 2002).
The Luzin lakes are part of the Feldberg lake
area in the Mecklenburg-Strelitz district, a part
of the federal state Mecklenburg-Vorpom-
mern in NE Germany (Fig. 2). In the past all
these lakes were oligotrophic.

The genesis of Lake Hancza is quite similar
to that of the Luzin lakes, especially of Lake
Schmaler Luzin. Both areas were influenced
by the Saale glaciation and formed by the gla-
ciers of the Vistulian glaciation (Bajkiewicz-
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Fig. 2: Map of the localization
of Lake Hancza and the Luzin
lakes.

Abb. 2: Lage der Untersu-
chungsgebiete Hanczasee und

Luzinseen.

Tab. 2: Lake characteristics.
Tab 2: Seencharakteristik.

Lake Breiter Luzin | Lake Schmaler Luzin | Lake Hafcza

Altidude (m) 84.2 84.2 229
area (ha) 268 134 311
volume (mio m.t) 67.5 20.6 120.4
max. depth (m.) 585 34 1135
mean depth (m.) 252 14.7 38.7
shoreline (km.) 13.2 14 11
watershed (km,) 14 ? 39.7
flushing rate (a) 15-20 ? 44
trophic 1950 oligotrophic oligotrophic oligotrophic
situation 1990 meso-eutrophic eutrophic oligo-mesotrophic

2002 meso-eutrophic mesotrophic mesotrophic

Grabowska 1994 cit. in Dobek 2002, Schmidt
1997). Glaciation resulted in a large litho-lit-
toral zone, which is unusual for lowland
lakes of Central Europe. Different geogra-
phic areas, the higher latitude and bigger depth
of Lake Hancza as well as the significant pol-
lution of the Luzin lakes are responsible for
the ecological differences (Tab. 2).

To confirm the occurrence of Siberian scul-
pins, a preliminary electrofishing of the lake
took place in May 2001. In the littoral zone
of the shore of LLake Hancza we chose three
sites of visibly different types of lake bot-
tom. Those sites were selected after thorough
inspection of the whole shoreline of the lake.
Shore sites with completely sandy bottom
were excluded, because no animals could be
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caught. During the whole study period the
sampling sites, with a total of 850 min length,
were electrofished nine times with an AC-
impulse electrofishing backpack-gear. Each
fish caught was anaesthetised with MS 222,
then measured (T1with an accuracy of 1 mm;
weight with an accuracy of 0.5 g) and indivi-
dually marked by injection of colour elasto-
meres. A coloured stone (white in April and
yellow in May) was used to mark the precise
position of each fish previously caught.

To study environmental requirements of the
Siberian sculpin in the littoral zone, all cho-
sen sites were divided into sections of 10 m
in length with white vertical lines painted on
shore trees or boulders. In each section a belt
of 3 min width (from the bank) was checked



by electrofishing, For all 83 sections the follo-
wing parameters were estimated visually:
- percentage of bottom substrate of diffe-
rent particle diameter
- percentage of area covered by dead bran-
ches and sticks
- percentage of area covered by detritus
- percentage of area covered by living tree roots
- available interstices (estimated by category
1-3).
We used this investigation design, because it
is sufficent for observations of habitat prefe-
rences as well as for mark-recapture and mi-
gration studies. The microhabitat of each fish
— a circle of 1 m in radius around the fish
position — was described by using the same
methods as for 10 m sections (see above).
From August 20" to 23%, 2002, the summer
vertical distribution was investigated by scu-
ba diving. At different daytimes and sites,
standardized line transects were controlled by
divers. A standard transect was defined as a
line orthogonal to the shore, which started at
the surface and ended up at 30 m. Fach scul-
pin found within the visual range (3-4 m)
was registered with regard to the depth and
the substrate type of the site. Altogether 61
transects were controlled.
Scuba diving was also used to investigate the
sublittoral and profundal sediment structure
in the lakes. The sediment composition of
the Luzin lakes was estimated visually every
10 m on standardized line transects (rectangu-
alar to the shore) of 100 m; gravel and sand
concentrations were analyzed separately. In
Lake Hancza only a survey of the sublittoral
and profundal sediment structure was made.
Water temperature and oxygen concentration
was measured 7 sitn (WITW Oxi 197 §) in
1 m intervals.For statistical analysis, the pro-
gramme Statistica 5.01 (O StatSoft Inc.) was
used. To test the effect of habitat use at diffe-
rent sites, an analysis of variance (one-way
ANOVA) was applied. Spearman’s correlation
analyses were employed to compare the den-
sity of fishes with the resource quality at dif-
ferent sections.
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3. Results

3.1. Seasonal occurrence and density of
Cottus poecilopus in the shore zone of
Lake Hancza

We observed C. poecilopus specimens in the
littoral zone only in springtime (Fig. 3). The
first two individuals in our sections were
caught after icebreak at the end of March 2002.
During the next two months the total num-
ber of fishes caught in this sections increased
to 137. At the beginning of June only one
individual was found. From Juli until the
end of November no individuals were caught
in the area investigated. From the 57 fishes
individually marked in April, only one was
recaptured during the electrofishing conduc-
ted 27 days later, whereas from the 137 scul-
pins marked in May we did not receive any
recapture information until the end of June.
The recaptured specimens moved a short dis-
tance (25 m) horizontally. These results sug-
gest that the temporary residence of a given
individual in the littoral zone of Lake Hanc-
za does not last more than 30 days.

In all studied sites we observed an increase
of fish density between April and May from
7.5 to 16.5 ind./100 m of shoreline. Diffe-
rences in fish density between the three exa-
mined sites resulted from the diversity of
habitat resources available to the sculpins.
Among the 199 fishes caught in spring all
size classes were present (means: 65.4 mm;
4.7 g). The biggest specimen reached
120 mm (20 g) and the smallest 30 mm (0.5
2). There were no statistically significant dif-
ferences between samples from the three
sites in the total length distributions
(p>0.05, one-way ANOVA). We observed
that in April the specimens appearing at the
shore were slightly larger than those caught
in May (for variables Tl and w: p<0.01,
Whitney-Mann-U-test). On May 12th, 2004
one nest with an egg clutch has been found
in the shallow water (depth of 20 cm) of
Lake Hancza. The clutch in the eyed egg
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Tab. 3: Mean percentage of available and used habitat recources (significance level of ANOVA
one-way for 83 sections of shoreline and localities (n = 199) where sculpins were caught). *Esti-
mated visually by categories: 1 — low, 2 — medium, 3 — high.

Tab. 3: Mittelwerte der verfiigbaren und genutzten Habitatressourcen mit Signifikanzlevel der
cinseitigen ANOVA fiir 83 Sektionen des Ufers und der 199 Fangstellen von Groppen. *Durch
Sichtkontakt nach Kategorien geschitzt: 1 — niedrig, 2 — mittel, 3 — hoch.

particle habitat habitat used [F P

diameter recources (n=199)

(mm) available

(n=83)

detritus 2.71 4.57 434 10.038
sand <2 11.33 5.19 1112 10.001
small gravel 2-20 8.37 2.85 19.83  {0.000
large gravel 20-50 9.82 8.39 0.97 0.325
small cobbles 50-100 11.81 15.43 3.68 0.056
large cobbles 100-200 22.71 34.80 18.34  {0.000
stones 200-300 17.10 14.76 1.02 0.313
bolders >300 16.08 13.89 1.03 0.311
dead branches 7.86 4.82 4.63 0.032
vegetation 2.53 0.10 7.25 0.008
tree roots 4.22 2.50 3.00 0.084
interstices 171 1.69 0.05 0.825
availability™*

stage stuck at the inside wall of a large stone
with 20 cm in diameter. A nest guarding
male was not observed.

We failed to find the Siberian sculpin in the
Luzin lakes, but a few specimens have been
observed by Knaack (2003) in the littoral and
profundal zone of Lake Breiter Luzin.
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3.2. Habitat use by Cottus poecilopus

A comparison of available and used habitats
of the Siberian sculpin in the Lake Hancza
littoral zone shows that the species clearly
prefers large cobbles (particle size of 10-20
cm) and avoids places with a large share of



sand and small gravel in the bottom sub-
strate (ANOVA one-way, p<0.01) (Tab. 3).
The fishes avoid places with macrophyte ve-
getation (p<0.01), dead branches and/or de-
tritus (p<<0.05). The other habitat parame-
ters seem to be less important (Tab. 3).
Similar results were obtained by a correlation
analysis using the number of fish caught in
different lake sections and the available habi-
tat resources of these sections. To minimize
systematic bias, only one catch period (May
2002) was taken into account in this analysis.
The positive correlation (Tab. 4) between fish
density and percentage of large cobbles was
highly significant (p<0.001)

The regression line (Fig. 4) shows the abun-
dance of sculpins increasing with a rising share
of large cobbles in the bottom substrate of
Lake Hancza.

3.3. Vertical distribution and circadian
movements of Cottus poecilopus in
summer

The littoral catches, which were carried out
in summer, autumn, and winter, until the
appearance of the first ice cover (beginning
of December), revealed that C. poecilopus
stayed in deeper zones of Lake Hancza du-
ring these seasons. This was confirmed by
an underwater observation of sport-divers
in August 2001. One specimen was caught
in the east side of the lake bed at a depth of
29 m. Therefore, we suggest that the occur-
rence of sculpins in summer starts in depths
below 20 m.

By subsequent regular studies with scuba
equipment it was possible to describe the C.
poecilopus distribution in Lake Hancza during
the summer stagnation period (August
2002). Altogether, 18 individuals were caught
in 61 transects (Fig; 5).

The minimum depth where sculpins occurred
was 9 m, but most individuals were noticed
below 20 m, i.e. below the thermocline (Fig
6). The scattered occurrence found in the stu-
died transects also may reflect a pattern of dis-
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Tab. 4: Spearman correlation coefficient (Spear-
man r) between available habitat resources (sec-
tions: n=83) and density of Cottus poecilopus
(n=137) of Lake Hancza in May 2002

Tab. 4: Spearmans Korrelations Koefizient
(Spearman r) zwischen dem verfiigbaren Habi-
tatangebot (n = 83 Sektionen) und der Dichte
von Cottus poecilopns (n = 137) im Mai 2002 im
Hanczasce.

Spearmanr  |p
detritus -0.074 0.508
sand -0.141 0.202
small gravel -0.230 0.036
large gravel -0.216 0.050
small cobbles 0.117 0.293
large cobbles 0.555 0.000
stones -0.058 0.600
bolders 0.229 0.037
dead branches -0.038 0.735
vegetation 0.211 0.055
tree roots -0.008 0.946
interstices 0.144 0.195

tribution typical for deeper (not examined)
zones. All observed individuals stayed on soft
bottom (organic lake sediment, mussel shells,
clay or fine silt), except for one individual found
on awreck. The deepwater microhabitats utili-
zed by C. poecilopus significantly differed from
the spring microhabitat, which was full of shel-
ters (stones, roots, dead branches etc.). Most
of the individuals were recorded during night
observations (Fig, 5). The probability of fin-
ding one individual in one transect equalled
p = 0.47 and p = 0.05 at dusk or night and at
daytime, respectively. We suppose, that this re-
flects the diurnal distribution of the individu-
als, because no shelter or other hiding places
were present between 9 and 28 m. During the
day most of the individuals obviously went
into deeper zones of the lake.
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Fig. 4: Regression line of Cottus poecilopus abundance in May 2002 in relation to the portion of large
cobbles (particle size 10-20 cm, r = 0.52977; number of sections = 83; number of individuals
caught = 137; numerical indices mean the number of cases for each point).

Abb. 4: Regression der Abundanz von Cottus poecilgpns im Mai 2002 in Abhingigkeit von Vorkom-
men grofler Steine (KorngroBe 10-20 cm, r = 0,52977, 83 Sektionen, 137 gefangenen Tiere,
Ziffern entsprechen der Anzahl Fille je Punkt).
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3.4. Comparison of habitat quality in

Total

Day

Lake Hancza and Lakes Luzin

The highest summer epilimnetic temperatu-

Dusk / Night

Fig. 5: Percentage distribu-
tion of Cottus poecilopus in
Lake Hancza in relation to
the time of the day (num-
bers above the bars indicate
the of
transects).

Abb. 5: Prozentuale Vertei-
lung der Anwesenheit von

total number

Cottus poecilopns zu den ver-
schiedenen Tageszeiten im
Hanczasee (die Zahlen tiber
den Siulen entsprechen der
Anzahl der jeweils betauch-
ten Transekte).

23 °C, while in the Luzin lakes temperatures

up to 25 °C are possible. During the summer
stagnation the metalimnion (temperature

shifts > 1 °C m") in both lakes is situated

re observed in Lake Hancza did not exceed between 6 and 13 m depth. The beginning
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of water circulation is observed from mid-
October. Homothermy in the whole water
column falls on the turn of November in
Lake Hancza, whereas in Lake Breiter Luzin it
does not occur before January. Usually, from
mid-December up to the end of March the
surface of Lake Hancza is covered by ice. In
the Luzin lakes years without permanent ice
cover alternate with those of ice cover present
in two ot three winter months. In the first
half of April in the Luzin lakes and in the
second half of this month in Lake Hancza
the temperature of the surface water increa-
ses slightly. The oxygen concentration in the
Lake Hancza waters during the summer stag-
nation is very high. Even ata depth of 60 m it
does not drop below 8 mg/1 (Fig. 7). The
eutrophication of Luzin lakes is expressed in
a characteristic metalimnetic and hypolimne-
tic depletion of oxygen concentration during
the period of summer stagnation. At the end
of summer the oxygen concentration in the
whole water column below 10 m does not
reach more than 6 mg/1.
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The littoral of Lake Hancza and Lakes Schma-
ler and Breiter Luzin is dominated (60-70%
of the shore) by cobbles, stones and bolders
(Tab. 5). In Lake Hancza the share of this
particle sizes in the 83 investigated sections,
representing 89% of the shore line, totals
69.7 % (Tab. 3). Sand and gravel are the do-
minating sediments of the other third of
the lake littoral.

The sublittoral and profundal areas in all
lakes are dominated by sandy and muddy
substrates. Twenty transects in the Luzin
lakes were analyzed by scuba diving. Stones
were regularly found in the upper 5 m layer,
in one transect also down to 20 m. The mean
maximum depth of stony bottom was 8.6
m. The highest concentration of sand was
found in the sublittoral zone. The maximum
depth of sandy bottom recorded was 27.0 m,
the mean maximum depth was 17.0 m. In
the deepest areas organic matter occurred.
Muddy bottom was observed at a minimum
depth of 7.0 m and 15.8 m on average. The
only specific character of LLake Hancza was
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Fig. 7: Profiles of temperature and oxygen saturation during the summer thermocline in TLake
Hancza (Aug 22, 2002) and Lake Breiter Luzin (Oct. 8, 2003).

Abb. 7: Temperatur- und Sauerstoffsittigungsprofil im Hanczasee am 22. August 2002 und im
Breiten Luzin am 8. Oktober 2003 wihrend der Sommerstagnation.

that the transitional section between sand
and mud began at 20-25 m deep, in a

single transect 10-20 m.
4. Discussion
Cottus poecilopus has not been recorded to mi-

grate vertically in the annual cycle yet. Howe-
ver, available data on its biological traits con-

cern mainly stream populations, studied both
in natural and laboratory conditions (Andre-
asson 1973, Cichar 1969, Orsag and Zelinka
1974, Starmach 1962, 1962a, 1965, 1971, Ju-
rajda 1992). Ecological data of lake popula-
tions are scanty (Witkowski in press).

In Lake Hancza, the spring vertical migrati-
ons ate not directly induced by thermal con-
ditions. At the beginning of the upward

Tab. 5: Precentage of different sediments on the shore line of the investigated lakes (for Lake

Hancza after Dobek 2002).

Tab. 5: Prozentualer Anteil der verschiedenen Sedimentklassen imFlachwasserbereich der unter-

suchten Seen (im Hanczasee nach Dobek 2002).

Sediment class Breiter Luzin Schmaler Luzin Lake Hancza
dominance
> 200mm 14% 48%
200 mm - 63mm 45% 24% 64%
63 mm - 2 mm 4% 2%
(<2 mm) 22% 22% 36%
rhizomes 15% 4% -
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migration the temperature of the surface is
very low (1.1-1.3°C). Individuals that come
later to the shoreline area enter much warmer
water (up to 17 °C) (Fig. 3). The appearance
of sculpins in the littoral zone during spring,
observed in this population, is probably
caused by the spawning migration to the areas
where the fishes find more favourable condi-
tions for reproduction and offspring deve-
lopment. The sublittoral and profundal
zones of the lake are dominated by sandy
and muddy bottom, whereas stony substrate
is the obligatory bottom type in spawning
habitats of stream populations (Starmach
1962a, b), since C. poecilopus adopts shelters
between stones as nests (speleophilous repro-
ductive guild; Balon 1981). Moreover, in the
places chosen for nests, the males remove all
the mud and fine gravel before spawning and
during the whole incubation period of the
eggs. They also clean the underside of the
stone that has been selected for the attach-
ment of eggs (Starmach 1962a, b). Thus the
suitable spawning conditions can only be pro-
vided by the littoral zones of the investiga-
ted lakes. For instance, nests with egg clut-
ches were observed in the littoral of Lake
Hancza in May 1984 by one of the authors
(Witkowski in press). In Mai 2004 we could
confirm this observation. This is also the
month with the highest density of C. poecilo-
pus in the littoral zone. Our data suggest that
stones of 10-20 cm in diameter are the most
preferred by the Hancza population.

Migrations into the littoral zone have not
been reported from Scandinavia where C. po-
ecilopus is fairly abundant in lakes and reser-
voirs (Nybelin 1969, Andreasson 1972, Kul-
lander 2002). Probably this behaviour does
not occur there. Scandinavian lakes are colder
and less eutrophic than Lake Hancza. There-
fore the whole bottom, and not only the litt-
oral, may supply sculpins with suitable habi-
tats during the entire year. The spawning mi-
gration in the life-cycle is not a typical trait of
the freshwater Cottus species, although it has
been documented for some Far-Eastern Asia-
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tic and American species C. kagika, C. hangi-
ongensis (Lucas and Baras 2001), C. rbothens
(Thomas 1973) and C. asper (Krejsa 1967).
The summer migration of Siberian sculpins
into the deeper, hypolimnetic zone of Lake
Hancza is probably caused by high tempera-
ture of the surface water. In July and August
it reaches more than 22 °C (Fig. 3), whereas
the lethal temperature for this stenothermo-
philic species tested on a stream population
is 24 °C (Starmach 1965).

The distribution pattern of sculpins in the
lake-bed sublittoral and profundal sections
of Hancza is hardly known, but it should, at
least partly, be correlated with food distribu-
tion. As C. poecilopus feeds on various crusta-
ceans (Orsag and Zelinka 1974), we expected
that it also feeds on the amphipod Pallasiola
quadyispinosa, which is abundant in Lake Han-
cza profundal zone; the summer densities
of this amphipod range from to 120-150
ind./m? as estimated in 2000 and 2002 by
Niedomagala (2002) and Riel (2003). More-
over, a seasonal habitat shift has been recor-
ded for P. guadrispinosa. During summer this
invertebrate concentrates below the thermo-
cline, but in spring and autumn it is noted in
the littoral, too (Niedomagala 2002). This
phenomenon may be the reason for the scul-
pin distribution and migrations, but our
hitherto obtained data on its diet compositi-
on during the spawning period do not sup-
port this assumption. During the spawning
season P. quadrispinosa occurs at a depth be-
low 1 m (Niedomagala 2002), whereas C. po-
ecilopus is observed in shallower places, fee-
ding on other invertebrates.

Further research is also necessary to interprete
the observed circadian profundal summer
movements of C. poecilopus in Lake Hancza.
During the day most individuals remain be-
low a depth of 28 m, whereas at night they
migrate up to 16 m. Andreasson (1969, 1972),
Miiller (1970) and Starmach (1962b, 1965)
describe C. poecilopus as night-active in sum-
mer. Thus, the sculpin’s occurrence in shal-
lower zones at dusk and night-time could be
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simply an effect of increased locomotory acti-
vity. However, this type of migration could
also be caused by other reasons, e.g. the pre-
ference for deeper and darker profundal habi-
tats during the daylight, which serve as shel-
ters, and for shallower sites at twilight and
during night foraging. However, it cannot be
excluded that sculpins follow their prey. Ver-
tical diurnal migrations of crustaceans are de-
scribed for different species (Pothoven et al.
2000). Niedomagala (2002) supposed that P.
quadrispinosa can reduce the feeding pressure
of predators in this way. As C. poecilopus pre-
fers relatively constant temperature within a
range of 2 °C (Fig. 7), the hypolimnetic tem-
perature gradient can also be an important
factor which influences circadian migrations
in summer. The oxygen concentration in the
whole water body of Lake Hancza is very high,
at high and low temperatures (Fig, 7), and
therefore this factor does not seem to be de-
cisive in migration behaviour.

Comparing the abundance of the Siberian
sculpin in Lake Hancza and in the Luzin lakes
some possible reasons of its decline in Ger-
man localities became evident. The lakes exa-
mined are fairly similar in thermal conditions
and bottom structure. These two factors to-
gether with oxygen concentration and flow
intensity (in rivers) are regarded as critical for
the survical of C. poecilopus (Andreasson 1969,
Starmach 1962b, 1971). Another ecological
factor of vital importance is the availability
of food, which also is comparable in the in-
vestigated lakes. Riel (2003) has not found
significant differences between Lake Hancza
and Luzin Lakes with respect to the abun-
dance and species diversity of macroinverte-
brates. However, the macroinvertebrate com-
munities of the two lakes are distinguished
by occurrence of different relic crustaceans. In
the Luzin lakes, the mysid Mysis relicta occurs
in the profundal zone instead of P. guadrispi-
nosa (Waterstraat 1988). Like P. guadrispinosa
in Lake Hancza, the mysid is known to mi-
grate vertically in a diurnal cycle (Waterstraat
and Krappe 2003, Scharf and Koschel 2004).
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Although the importance of the two crusta-
ceans in the diet of the Siberian sculpin is not
entirely known, they may replace each other
as food component.

The main dissimilarities in ecological condi-
tions between the Polish and German lakes
investigated originate in the different intensi-
ty of human impact. The Suwalki region in
Poland is sparsely populated, only one small
village is settled next to Lake Hancza. The oxy-
gen concentration is high in the whole water
body of this lake, whereas in the Luzin Lakes,
which are under more intensive anthropogenic
pressure (densely populated area), a large part
of the hypolymnion is poor of oxygen. Be-
fore the restoration of Lake Schmaler Luzin at
the end of the 1990s, the majority of the hy-
polimnion totally lacked oxygen during sum-
mer (Koschel etal. 2001). In this lake the Sibe-
rian sculpin and Mysis relicta have been extinc-
ted. The same process of oxygen loss has been
observed in Lake Breiter Luzin. Simultane-
ously, H_S-formation at the bottom has been
reported since 1976 (Richter 1982). Currently,
the maximum O -concentration in the hypo-
limnion falls below 6 mg/1and no oxygen can
be detected below 40 m at the end of the sum-
mer stratification period. Eutrophication ef-
fects have destroyed the profundal habitats of
C. poecilopus and this factor seems to be one of
the most crucial reasons for the decline of scul-
pins.

Another reason for the endangering of scul-
pinin the Luzin lakes may be eels, opportu-
nistic feeders that could easily adapt to fee-
ding on sculpins. The first introduction into
these isolated lakes was probably made in
the beginning of the 20th century. In the
Feldberg region lakes were intensively stocked
with eels, especially in the last fifty years. For
example, in the 1980s annual stocking of
Lake Breiter Luzin with 50 kg of elvers or 20
kg of older juveniles was a common proce-
dure. At this time, the fisherman catches yiel-
ded 2-3 kg/ha. Today the percentage of eels
in the littoral fish fauna of the Luzin lakes
reaches 5.8-14.6%, as revealed by our inves-



tigations. High numbers of this predators
may have caused a rapid increase of mortali-
ty in the sculpins and a strong decrease in its
population size.

In order to reduce the harmful influence of
human activity in the Feldberg region, a re-
storation programme for Lake Schmaler Lu-
zin has been started recently. Thanks to this
programme, the oxygen concentration in the
hypolimnion recorded during the summer
stagnation season has rapidly increased (Ko-
schel and Dietrich 2000, Koschel et al. 2001).
The first species recovered in the lake was My-
sis relicta (Waterstraat and Krappe 2003,
Scharf and Koschel 2004), which has immi-
grated from the neighbouring Lake Breiter
Luzin. Here the conditions have improved
and especially the total phosphorus loading
has dropped (Scharf and Koschel 2004). Ne-
vertheless, further endeavour is necessary to
impede the eutrophication of this lake. To
rescue the highly endangered last German po-
pulation of the Siberian sculpin, the input
of nutrients should be reduced and an effec-
tive fishery management is needed.
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