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SHORT COMMUNICATION

The impact of raised water level on a winter anoxia lake
on the population of narrow-clawed crayfish Astacus

leptodactylus (Esch.)
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Abstract. The aim of the study was to determine the impact
raised water level in the winter anoxia Lake O$win
Poland) had on the population of
narrow-clawed crayfish, Astacus leptodactylus (Esch.).
Raising the water level in the lake increased the surface are
from 360 ha to 900 ha and improved habitat conditions. The
species diversity of vegetation increased, as did the area of
lake bottom covered by it (from 22 to 51%). The threat of
winter anoxia was also reduced. The improved habitat

(northeastern

conditions led to increased crayfish population density
expressed through the mean catch efficiency, which increased
by 252%. The share of individuals measuring more than 10
cm increased from 76% in 1991 to 95% sixteen years after
raising the water level. During this period (1991-2007) the
mean total length of crayfish increased significantly
statistically (P < 0.05) from 10.5 to 12.7 cm. This means that
during this period, the life expectancy of the dominant
crayfish age group increased by about two to three years.
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In Poland, the narrow-clawed crayfish, Astacus
leptodactylus (Esch.), is designated as an endangered
species and is under legal protection. It occurs only at
a few sites in northeast Poland (Biatokoz et al. 1996,
Struzynski et al. 2001). There is no information re-
garding the initial inhabitation of Lake O$win (north-
east Poland) by the narrow-clawed crayfish. This is
why it is difficult today to trace the route and to estab-
lish when this crayfish reached Lake O$win. Accord-
ing to Kossakowski (1966), this native species of the
Black and Caspian seas catchment area migrated
through the canal built to link the Volga and DZwina
rivers in the eighteenth century to the Baltic and
White seas. By the nineteenth century, it was abun-
dant in the northwest regions of Russia and was
spreading toward the west. After the crayfish plague
epizootic (Aphanomyces astaci) in Europe in the late
nineteenth and early twentieth centuries, narrow-
-clawed crayfish from Russian were introduced into
the waters of Central Europe, where the noble cray-
fish, Astacus astacus (L.), had been all but deci-
mated. It was widely believed at the time that this
species was immune to the plague, but this theory
would be proved wrong. This is how the western
reach of narrow-claw crayfish distribution moved
markedly (and artificially) to the north and west of
Europe (Machino and Holdich 2006, Southy-Grosset
et al. 2006).
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Lake Oswin is the most important basin in the
Seven Islands Nature Reserve, which, thanks to its
unique natural qualities, is designated as a protected
area under the Ramsar Convention regarding
wetlands of international significance. In 1954, the
surface area of Lake O$win was 360.3 ha and maxi-
mum depth was 3.5 m, at a mean depth of 1.1 m
(Kondracki and Szostak 1960). According to Patalas
(1960), there was no thermal stratification in Lake
Oswin in the mid 1950s, and the Secchi depth then
ranged from 0.3 to 0.9 m. Later studies by Brylinski
et al. (1986) indicated that the lake exhibited signs of
advanced age. The lake vegetation included the fol-
lowing: six species of submerged plants, seven with
floating leaves, eight reed species, and ten wetland
species. In total these covered 22% of the bottom sur-
face area. Winter anoxia, that decimated the fish
population, were often observed in the lake. The pre-
vailing conditions were extremely harsh for crayfish,
one requirement of which is a high oxygen concen-
tration (Holdich 2002). Despite this, the nar-
row-clawed crayfish survived the winter anoxia,
during which even fish with low oxygen require-
ments died. It is probable that the population inhab-
iting this lake was able to find a niche with conditions
that allowed it to survive the most difficult periods.

In an attempt to improve the environmental con-
ditions in the lake, an overflow was constructed at the
water outflow in 1993. This raised the water level by
about 80 cm, and increased the lake surface area to
899.9 ha. The threat of winter anoxia was reduced,
and habitation conditions for crayfish improved con-
siderably. Currently, about 50 species of emerged,
wetland vegetation species occur, while there are 17
species of submerged hydrophytes with floating or
pleustonic leaves. In comparison to the 1980s, the
area occupied and stabilized by the two basic sub-
merged vegetation species (e.g., Ceratophyllum
demersum and Striatiotes aloides) has increased. At
the moment, this assemblage forms a strip of sub-
merged vegetation along 90% of the contact zone be-
tween emerged vegetation assemblages and open
lake waters, which, together with floating leaf vegeta-
tion, occupy 29% of the lake surface area. Currently,
51% of the lake bottom is occupied by vegetation,

which is twofold more than before the water level was
increased (Gromadzki and Wisniewski 2005). Such
a shift in environmental conditions could impact the
narrow-clawed crayfish population inhabiting this
lake. The aim of the current work was to determine
the impact of increased water level on the nar-
row-clawed crayfish population in the winter anoxia
Lake O$win.

Long-term research of this basin was the source
of the data used to compare the crayfish population
before and after the water level increase. Data from
three years were used: 1991 (two years before the
water level increase), 1996, and 2007 (both follow-
ing the water level increase). Crayfish catches in
these years were conducted using traps deployed in
the same locations and at the same time of year (Sep-
tember). Catches made with traps provide a good pic-
ture of the so-called catchable population comprised
mainly of larger individuals, and which, through food
competition, distances smaller individuals from the
bait in the traps. The parameters determined in-
cluded mean total length (TL) and population density
(the mean catch efficiency expressed as the number
of crayfish caught per trap per hour). Statistica 7.1
was used to analyze the data collected. The means
from the length (TL) measurements of females and
males were compared with analysis of variance and
Tukey’s test at a level of significance of P < 0.05. Only
data from 1991 and 2007 were analyzed since the
sample sizes were similar.

The raised water level and the resulting changes
in environmental conditions did not have a signifi-
cant impact on the sex ratio in the population, which
was similar in 1996 and 2007 (Table 1). However,
the length (TL) measurement data collected from the
catchable population indicated that there was an in-
crease in mean length from 10.5 cm in 1991 to 12.7
cm in 2007 (P < 0.05; Table 1).

The data also showed that there was a tendency
toward a greater share of larger individuals in the pop-
ulation. This was distinctly notable in the size distri-
bution of the catchable population in 1991 and 2007
(Fig. 1). The share of individuals exceeding 10 cm in
TL increased from 76% in 1991 to 95% in 2007. In
Lake Loby, where conditions are advantageous for the
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Table 1

Abundance, total length (mean + SD), sex ratio, and catch yield of the catchable population of narrow-clawed crayfish from Lake
Oswin before (1991) and after the water level increase (1996 and 2007)

Catch effectiveness

Year Sex N Total length (cm) ~ Sex ratio (indiv. trap’1 h)
males 24 10.9%+1.67 0.92 0.021

1991 females 26 10.2%+1.36
males 6 11.3+1.51 1.50 0.030

1996 females 4 11.6+1.48
males 27 12.6"+1.65 0.92 0.053

2007 females 28 12.9°+1.41

Means with the same superscript letter index do not differ significantly statistically (ANOVA, Tukey’s post hoc test, P < 0.05).

narrow-clawed crayfish population, the correspond-
ing result was 91% (Kossakowski 1964). In Lake
Oswin in 1991, the catches were dominated by the
group of crayfish measuring 10-12 cm, which com-
prised 56% of the catchable population. However, in
2007 they were dominated by the group of crayfish
measuring from 13-14 cm, which comprised 31% of
the catchable population as opposed to just 6% in
1991. Thus, there was an increase in older individuals
(by 2-3 years) in comparison to the previous sampling.
This means that over the sixteen-year study period
(1991-2007), the life span of the dominant crayfish
age group in this lake increased. Undoubtedly, this
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was thanks to the improved habitat conditions in Lake
Oswin following the rise in water level. Thanks to this,
the narrow-clawed crayfish from Lake Os$win attained
body sizes comparable to those in lakes with advanta-
geous environmental conditions (Kossakowski 1964,
1966).

According to mean catch efficiency figures, after
the water level was increased the population density
also increased (Table 1). In 1991 it was 0.021 indiv.
trap_1 h!, while over the sixteen years of the experi-
ment it increased to 0.053 indiv. trap_1 h'l, or by
252%. However, despite growth, this is still
twentyfold lower than that in lakes with high catch
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Figure 1. Distribution of total length (TL) of the catchable population of narrow-clawed crayfish from Lake O$win before (1991) and after

(2007) the water level was raised.
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efficiency, where, according to the Cukerzis scale
(1970), it is 1 indiv. trap'1 h'l. This is why Lake
Oswin is in the lowest category on this scale (i.e., low
catch efficiency under 0.25 indiv. trap'1 h'l). The low
catch efficiency was doubtlessly influenced by the
substantially silty bottom sediments of Lake O$win
(Gromadzki and Wiéniewski 2005), which makes it
difficult for the crayfish to penetrate many sections of
the lake. This is especially so in areas where there is
a lack of aquatic vegetation, which makes movement
easier for the crayfish. Hydrophytes also provide
shelter and nutrition for the crayfish, which is why
the increased bottom area covered by aquatic vegeta-
tion following the raised water level in Lake O$win
has had a positive impact on the crayfish population
inhabiting the lake.
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Wplyw spietrzenia wody w jeziorze przyduchowym na populacje raka blotnego Astacus

leptodactylus (Esch.)

Celem pracy byto okreslenie wptywu spietrzenia wody, w przy-
duchowym jeziorze O$win, na populacje raka btotnego zasie-
dlajaca ten zbiornik. Spietrzenie (o 0,8 m) spowodowato wzrost
powierzchni jeziora z 360 ha do 900 ha i poprawe warunkéw
bytowych. Zwiekszyta sie réznorodnos¢ gatunkowa roslin i po-
wierzchnia dna przez nie zajmowana z 22 do 51%. Zmniejszyta
si¢ grozba wystapienia przyduchy zimowej. Spigtrzenie wody
jeziora oraz zmiana warunkéw srodowiska nie miata istotnego
wplywu na zmiane stosunku ptci w populacji (tab. 1). Nato-
miast wplyneta korzystnie na wzrost zageszczenia populaciji
wyrazonego $rednig wydajno$cia potowowa, ktére wzrosto

0 252%. Udziat osobnikéw o dlugosci ciala powyzej 10 cm

wzrost z 76% przed spietrzeniem wody, do 95% po 14 latach od
spietrzenia wody. W tym samym czasie $rednia dtugosc¢ ciata
TL rakéw wzrosta istotnie z 10,5 cm do 12,7 cm (P < 0,05).
W jeziorze O$win przed spietrzeniem wody w potowach zdecy-
dowanie dominowata grupa rakéw o dlugosci ciata w prze-
dziatach 10-11 cm i 11-12 cm, na ktére przypadato po 28%
populacji fownej. Natomiast 14 lat po spietrzeniu wody
w potowach dominowata grupa rakéow o dtugosci ciata w prze-
dziale 13-14 cm, na ktéra przypadato 31% populacji townej
wobec tylko 6% udziatu tej grupy wielkosciowej w populacji
przed spietrzeniem wody jeziora (rys. 1). Oznacza to, ze w bada-
nym okresie szesnastu lat (1991-2007) wydtuzyt sie okres zycia
(0 2-3 lata) dominujgcej w jeziorze grupy wiekowej rakow.



