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Aspects on the seasonal dynamics and the vertical distribution of the crustacean
zooplankton community and the Dreissena polymorpha larvae in Lake Trichonis 
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Abstract

In Lake Trichonis 9 crustacea species and the molluscan larvae of Dreissena polymorpha were recorded
during four seasonal samplings from summer 2002 to spring 2003. Mean integrated values of crustacea
abundance ranged from 4.5 to 12.9 ind/L and were mainly dominated by the calanoida Eudiaptomus drieschi.
The abundance values recorded, as well as the seasonal dynamics, followed the monoacmic pattern of
oligotrophic lakes. However, the presence of Daphnia cucullata, a typical representative of eutrophic lakes,
the decrease of the calanoida participation in the crustacea community and the succession in the cladocera
community, could probably indicate a tendency towards a change of the trophic condition of Lake Trichonis.
Along the vertical axis the maximum abundance of the zooplankton community was recorded in the surface
0-10 m. Mollusca larvae were present in all seasons and their highest abundance was recorded in the surface
layer 0-10 m. Temperature, competition and predation seemed to be the main factors regulating vertical
distribution.
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Introduction

Lake Trichonis (38Æ18’-38Æ51’N, 21Æ01-
21Æ42’E) is the largest natural lake in Greece
with a surface area of about 98 km2 and a
maximum depth of 57 m. It is a warm
monomictic lake, exhibiting stable thermal
stratification and it is considered to be
oligotrophic to mesotrophic (KOUSSOURIS,

1981, KOUSSOURIS et al., 1993, BERTAHAS

et al., 1997, SKOULIKIDIS et al., 1998). 
The lake has received a great deal of

attention and so there are several studies
concerning the physical and chemical
characteristics and the water balance of the lake
(OVERBECK et al., 1982, TAFAS et al., 1997,
DIMITRIOU et al., 2001); the phytoplankton
abundance and species composition (see in



TAFAS and ECONOMOU-AMILLI, 1997,) as
well as the ichthyofauna (ECONOMOU et al.,
1999).

On the other hand, although zooplankton
is a critical component in all lake ecosystems,
the data concerning this community in Lake
Trichonis are very limited (KOUSSOURIS,
1978; 1979; KOUSSOURIS et al., 1993). 

In the present study, we attempt to provide
information on zooplankton community
structure and the possible changes that have
taken place since the last study in 1990-1991
(KOUSSOURIS et al., 1993) and on the vertical
abundance distribution pattern of crustacean
zooplankton in Lake Trichonis and how this
alters during a four seasons period (summer
2002-spring 2003). Conclusions regarding the
seasonal dynamics of zooplankton, are difficult
to be drawn based on seasonal sampling, while
the fact that the data resulted from a single
sampling station, creates limitation for the
generalization of our results.

Materials and Methods

Samples were collected seasonally (3rd of
July, 16th of October 2002, 28th of February,
29th of March 2003) from a single station (A),
which is situated in the southeastern part of
Lake Trichonis and has a depth of 48 m (Fig.
1). The samples were collected using a conical
closing plankton net (40cm diameter, 1 m long,
100 Ìm mesh size). Vertical hauls were
conducted at 5 m depth intervals, from 45 m
to the surface in all sampling occasions, except
in July 2002 where the samples were taken in
10 m intervals from 40 m to the surface. The
net was towed at a speed of approximately 0.5
m/s. All samples were taken in the morning (9-
11 a.m.) and after the collection were preserved
in 4 % formalin. 

For the identification of species the keys
of RYLOV (1963), KIEFER (1968), VOIGT
and KOSTE (1978) and ALONSO (1996) were
used. For the abundance analysis for each
sample (total volume 100 ml), five counts of 1

Fig. 1: Lake Trichonis with the sampling station.
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ml subsamples were made on a Sedwick-Rafter
cell.

Results

Species composition
During the four sampling periods, the

zooplankton community (> 100 Ìm) of Lake
Trichonis consisted of 6 cladocera species:
Bosmina longirostris (O.F. Müller, 1785),
Ceriodaphnia pulchella Sars, 1862, Daphnia
cucullata Sars, 1862, D. galeata Sars, 1864, D.
longispina O.F. Müller, 1785 and
Diaphanosoma sp. Also 3 copepoda species
were found: Eudiaptomus drieschi (Poppe &
Mr’azek, 1895), Macrocyclops albidus (Jurine,
1820) and Microcyclops varicans (Sars, 1863).
Finally, one molluscan larvae Dreissena
polymorpha (Pallas, 1771) was found in our
samples. Additionally, although the mesh size
of the net used in the present study was not
suitable for the collection of rotifers, some
species of this zooplanktonic group were also
found sporadically in our samples: Asplanchna
priodonta Gosse, 1850, Brachionus calyciflorus
Pallas, 1766, B. c. f. anuraeiformis (Brehm,
1909), Euchlanis dilatata Ehrenberg, 1832,
Hexarthra sp., Kellicottia longispina (Kellicott,
1879), Keratella cochlearis (Gosse, 1851), K.
quadrata (Müller, 1786), Synchaeta sp.,

Trichocerca capucina Wierzejski & Zacharias,
1893 and T. similis (Wierzejski, 1893).

Seasonal dynamics
The mean integrated values of the

crustacean community in the overall water
column ranged from 4.5 to 12.9 ind/L, with the
maximum values occurring in summer and the
minimum in winter (Fig. 2). In summer and
autumn copepoda dominated the crustacean
zooplankton contributing to the total
abundance 43% and 85%, respectively. In
winter both cladocera and copepoda
contributed 50% to the total abundance, while
in spring cladocera outnumbered copepoda
(57% and 43%, respectively). 

The abundance of cladocera ranged from
1.6 ind/L in autumn to 5.3 and 4.9 ind/L in
summer and spring, respectively (Fig. 2). In
summer and autumn their community
consisted almost exclusively of Diaphanosoma
sp. (80% and 99%, respectively), while in
winter and spring Bosmina longirostris was the
only cladoceran found. Daphnia species
contributed 20% to the cladocera community
only in summer (Fig. 4). 

The copepod community abundance (Fig.
2) ranged from 2.2 ind/L in winter to 9.0 ind/L
in autumn and consisted exclusively of the
calanoida Eudiaptomus drieschi, with the
developmental stages (nauplii and

Fig. 2: Mean integrated values of the abundance (ind/L) of copepoda, cladocera and mollusca larvae in
the overall water column in Lake Trichonis during four sampling periods. 
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Fig. 3: Vertical distribution of the abundance (ind/L) of copepoda, cladocera and mollusca larvae in
Lake Trichonis during four sampling periods.

Fig. 4: Vertical distribution of the abundance (ind/L) of the cladocera community in Lake Trichonis
during four sampling periods.
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copepodites) dominating in all the sampling
periods with 10-26% and 36-61%, respectively
(Fig. 5). 

Mollusca larvae (Dreissena polymorpha)
were present in all seasons and their abundance
ranged between 1.2 ind/L in autumn and spring
and 3.6 ind/L in winter (Fig. 2).

Vertical distribution
The maximum abundance of the

zooplankton community was recorded in the
surface 0-5 or 0-10 m depth layer in all sampling
periods (Fig. 3). This was very pronounced in
summer when 77% of the community was
found within the surface 0-10 m depth layer.
In autumn high abundance was also found in
the 15-20 m depth layer, while in spring,
although maximum densities were found in
the upper 0-5 m depth layer, an increase of the
total zooplankton abundance in the deepest
sampling layers between 30 and 45 m was also
found. 

For the cladocera community the highest
abundance values were also recorded in the
surface layer of 0-10 m (Fig. 4). This was
especially profound in summer and autumn
when the majority of the community was
concentrated in this depth (75% and 89% of
the total cladocera, respectively). In autumn
the vertical distribution of the community
stopped in the 15-20 m depth layer. In winter
there were small differences in the abundance
distribution of cladocera on the vertical axis,
while in spring except for the high abundance
recorded in the surface 0-5 m depth layer, there
was an increase of abundance in the deeper
layers. Difference in the species participation
occurred only in summer when the layer of 0-
10 m was occupied by Diaphanosoma sp., while
below 10 m and especially below 20 m Daphnia
species dominated. 

Almost the same general pattern, as for
cladocera, was also the case for the vertical
distribution of copepods (Fig. 5). In summer

Fig. 5: Vertical distribution of the abundance (ind/L) of the copepoda community in Lake Trichonis
during four sampling periods.
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there was a sharp decrease of abundance below
10 m, while in autumn a decrease of abundance
with increasing depth was noticed with the
exception of the layer 15-20 m. In autumn only
few copepoda were found below 25 m, while
in winter there were small differences in the
abundance with depth. Finally, in spring after
the decrease of abundance with depth in the
upper layers (0-20 m), a slight increase of
abundance in the deeper layers (below the 20-
25 m layer) was noticed. The described patterns
were shaped mainly by the distribution of the
developmental stages which, as mentioned
above, dominate the copepod community. 

As for the mollusca larvae the highest
abundance was recorded in the surface layer
0-10 m followed by a decrease with depth, both
in summer and in winter. However, in autumn
and spring higher abundance values were
found at the 10-15 and the 5-10 m depth layer,
respectively (Fig. 3). 

Discussion

The species composition of the crustacean
zooplankton community found in Lake
Trichonis during the present study showed
some differences compared to the one
recorded by KOUSSOURIS et al. (1993). Thus,
in the present study only one calanoida species
was recorded, while KOUSSOURIS et al. (1993)
reported three including Eudiaptomus drieschi.
In large lakes like Trichonis zooplankton
populations can be separated along the
horizontal axis (WETZEL, 2001), so, since the
present data came from one station, this could
be the reason why the other species were not
encountered. On the other hand, the presence
of the two cladocera species Daphnia cucullata
and Diaphanosoma sp. should be considered
as new for the zooplankton fauna of the lake.
Among these two new species, the presence of
Daphnia cucullata was interesting, since it is a
typical representative in eutrophic lakes in
Europe (GLIWICZ & LAMPERT, 1990).

As far as the seasonal dynamics of the
crustacean community are concerned, they

should be considered with caution, since they
derive from four seasonal samplings.
Nevertheless, they seem to have followed the
monoacmic pattern recorded in oligotrophic
lakes (SOMMER et al., 1986), following in time
the peak of the phytoplankton biomass
(TAFAS & ECONOMOU-AMILLI, 1997). At
the same time, the dominance of calanoida in
the crustacean community is characteristic of
oligotrophic ecosystems (McNaught, 1975).
Still, their participation in the crustacean
community has decreased from 50-100%
(KOUSSOURIS et al., 1993) to 42-85% in the
present study, while cladocera increased their
participation (from 0-49% to 14-57%,
respectively). This could probably indicate a
tendency towards a change in the trophic
condition of the lake, since the calanoida
participation is considered to decrease with
increasing trophic conditions (GANNON &
STEMBERGER, 1978). However, the
abundance values recorded in the present study
were within the range of values recorded in
other large oligotrophic lakes [Lake Ohrid:
copepoda 2.5-12 ind/L, cladocera <1 ind/L
(STANKOVIC, 1960); Lake Tavropou:
copepoda 3-20 ind/L, cladocera 0.4-16 ind/L
(TSEKOS et al., 1992); Lake Bracciano:
copepoda 3-17,5 ind/L, cladocera: 0-3 ind/L
(FERRARA et al., 2002)]. Additionally, the
cladocera community was mainly characterized
by the presence of Diaphanosoma sp. and
Bosmina longirostris. The succession of these
species followed the one described by GELLER
& MÜLLER (1985) for eutrophic lakes. Thus,
Diaphanosoma as a highly efficient
bacteriofeeder was present in summer, while
Bosmina as a low efficient bacteriofeeder was
present in autumn and spring, preceding
Daphnia and following Diaphanosoma. 

The mollusca Dreissena polymorpha is a
very common species in European lakes and
the duration of the planktonic phase of its
larvae differs among lakes increasing from
North to South (LEWANDOWSKI, 1982). In
Lake Trichonis the planktonic larvae were
present in all four seasons. This long duration
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was also encountered in Lake Ohrid
(STANKOVIC, 1960). In both lakes the
temperature never drops below 9 ÆC which
seems to be the key factor for this prolonged
planktonic stage, since geographically between
these two lakes there are lakes where
temperatures during winter are much lower
and the duration of the planktonic phase of
this species is shorter (Lake Megali Prespa:
SERAFIMOVA-HADZISCE, (1959); Lake
Volvi: ZARFDJIAN, (1989); Lake Mikri
Prespa: MICHALOUDI, 1997). 

The vertical distribution of the zooplankton
community in general showed a clear
concentration in the upper layers of the water
column, which is typical of deep stratified lakes.
Temperature, oxygen concentration, light,
predation and the distribution of food are some
of the factors that influence the vertical
distribution of zooplankton species (eg.
GOPHEN, 1972; ORCUTT & PORTER, 1983;
GELLER, 1986; LEVY, 1990; HANAZATO,
1992). Unfortunately, the only information
concerning the above factors comes from
bibliographical data. So, Lake Trichonis has
been considered as an oligotrophic lake by
many previous reports (KOUSSOURIS, 1981,
KOUSSOURIS et al., 1993, TAFAS et al., 1997,
SKOULIKIDIS et al., 1998) having low
concentrations of nutrients (P-PO4: 3-14 mg/L,
N-NO3: 41-147 mg/L), low chlorophyll-a
concentrations (2.3-4.3 mg/m3) and high water
transparency (Secchi disk: 7-13 m). It is a warm
lake (10-30 ÆC) and has a prolonged period of
thermal stratification, starting in April and
lasting through early November (KOUSSOURIS
et al., 1993, TAFAS et al., 1997). TAFAS et al.
(1997) reported that at the peak of the
stratification period (June and July), the upper
boundary of metalimnion was generally between
10-13 m of depth and the lower was located
between 18-20 m, while in late October the
metalimnion extended between 21 and 24 m. 

Considering the above information,
temperature seemed to be the factor affecting
the vertical distribution of Diaphanosoma sp.
The species was present during the summer

and autumn when the lake was stratified and
temperature in the epilimnion and
metalimnion ranged from 15 to 25 ÆC, while
in the hypolimnion it was much lower (TAFAS
et al., 1997). Diaphanosoma species are
considered as thermophilous
(KOROVCHINSKY, 1992) while in Greek
lakes this genus is present at temperatures
higher than 10-15 ÆC, with an optimum at 
25 ÆC (ZARFDJIAN, 1989; MICHALOUDI et
al., 1997). Thus, in Lake Trichonis the low
temperature in the hypolimnion excluded the
species from that water layer. Daphnia, on the
other hand, which is not so well adapted to the
high temperatures of the epilimnion
(SOMMER, 1989) was found to be present
below 10 m. Competition could be another
factor affecting the vertical distribution of
Daphnia. Calanoida, in general, are efficient
filter feeders (WETZEL, 2001) and they
compete with other filter feeders such as
Daphnia. Thus, during the summer period in
Lake Trichonis the two filter feeders (Daphnia
and Eudiaptomus drieschi) were separated in
the vertical axis, probably in order to avoid
competition. A similar strategy was also
recorded in Lake Mikri Prespa, even though
it is a much smaller lake (MICHALOUDI,
1997). Predation may also be considered as an
important factor, since a great deal of
zooplanktivorous fish species have been
recorded in Lake Trichonis (ECONOMOU et
al., 1999). Thus, predation could account for
the restriction of Daphnia in deeper layers of
water especially during the daytime, as has
been found by ZARFDJIAN (1989) and
GELLER et al. (1992). Any of the above
mentioned factors could also have influenced
the vertical distribution of Bosmina longirostris
and Eudiaptomus drieschi, but at the moment
with the available data no assumption could
be made. Nevertheless, copepods during winter
can create resting eggs or enter diapause and
stay near the bottom of the lake (WETZEL,
2001), thus although there is no available
information about E. drieschi, the slight
increase of its abundance in the deeper layers
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during winter and spring could probably be
attributed to parameters concerning the life
cycle of this species. 

The vertical distribution of the mollusca
larvae showed practically a restriction to the
water layer of 0-20 m. The same pattern
recorded by ZARFDJIAN (1989) in Lake Volvi,
especially during the stratification period.
Furthermore, the tendency towards an
abundance increase in the deeper layers
recorded in the present study could be owed
to the ontogeny of the species, which descends
to deeper layers in order to turn to the benthic
phase of its life (MICHALOUDI, 1997;
ZARFDJIAN, 1989).

In conclusion, according to our data it
seems that Lake Trichonis holds the main
characteristics of oligotrophic lakes and at the
same time exhibited features of eutrophic lakes
indicating probably a tendency towards a
change in its trophic condition. A more
detailed research could confirm the present
trophic state of the lake and establish the
trophic interactions that take place in the water
of the biggest lake in Greece. As for the vertical
distribution, the majority of the zooplanktonic
organisms were concentrated in the water layer
0-20 m, which was especially pronounced
during stratification. The factors that could
account for the distribution of the species in
the vertical axis were temperature, competition
and probably predation.
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