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Daphnia species (Crustacea, Cladocera) and the genetic
characteristics of their populations based on allozyme studies
in Lake Balaton, Hungary

J.NEDLL, L. FORRO?, J. KORPONAL® & L. G-TOTH?

Abstract. Although the Daphnia species of Lake Balaton have long been studied, there was no consensus on the species
composition. In this paper we attempted to clarify their specific status using allozyme electrophoresis. Zooplankton samples were
collected between 2002 and 2004 from each basin of Lake Balaton. Daphnia specimens were counted and analysed using
cellulose acetate gelelectrophoresis. The analysis revealed the presence of Daphnia cucullata, D. galeata and their hybrid in the

lake. While Daphnia galeata was very rare, D. cucullata and the hybrids were abundant during the growing season.

Within the genus Daphnia three subgenera
may be differentiated, Daphnia, Cteno-
daphni, and Hyalodaphnia, of which Daphnia and
Hyalodaphnia are monophyletic sistertaxa, based
on phylogenetic studies of the small subunit
ribosomal RNA (12S), cytochrome oxidase I and
the internal transscribed spacer region (Schwenk
et al. 2000). Out of the twelve species of sub-
genus Hyalodaphnia three are distributed in both
North America and Europe. The remaining spe-
cies are restricted to one of the continents, as for
example Daphnia cucullata is widely spread only
in European lakes.

D. galeata or D. hyalina coexist with D. cu-
cullata in several lakes. Interspecific hybrids of
them frequently occur, usually together with one
or both parental species, and some local popula-
tions can even be dominated by hybrids. Mor-
phological characters of the hybrids are stable
across lakes (FloBner, 1993).

Wolf and Mort (1986) provided a useful tool
for the identification of the species, since their
allozyme study showed that morphologically typi-
cal specimens of D. cucullata and D. galeata are
fixed for different alleles at the AAT enzyme lo-

cus and interspecific hybrids are heterozygous for
these alleles. Although GieBler (1997) showed
that the AAT locus per se is not sufficient to de-
cide on the taxonomical status of the members of
the subgenus Hyalodaphnia, in our case it is still
applicable to differentiate between taxa. GieBler
(1997) agrees that D. cucullata is fixed for a
diagnostic allele (S) at the AAT locus, and beside
examples of this genotype (SS) only a certain ge-
notype of heterozygotes has been found.

Lake Balaton is the largest shallow lake in
Europe. It extends 77 km in length, its width
ranges from 1.5 to 15 km,and it is 3.5 m deep on
the average. It can be divided into five large ba-
sins: Keszthely, Szigliget, Zanka, Tihany and Ba-
latonkenese Basins (SW-NE direction). In dif-
ferences between the basins, trophic level, ab-
undance ratio of zooplankton species and other
characteristics can be substantial.

Opinion is divided on the taxonomical status
of Daphnia occurring in Lake Balaton. Ponyi
(1965) recorded two Daphnia species: D. cucul-
lata and D. hyalina, the latter can be found in two
forms: D. hyalina var. lacustris and D. hyalina
var. galeata. FloBner and Kraus (1986) concluded
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that these are actually the hybrid forms of D. cu-
cullata and D. galeata. Later, FlofBner (1993)
named this form Daphnia (Daphnia) x krausi
hybr. nat. nov., and referred again to the individu-
als from Balaton as being D. cucullata x D. ga-
leata hybrids. In his summary, Ponyi (1997) men-
tioned two species in the lake: D. cucullata G. O.
Sars, 1862 and Daphnia galeata G. O. Sars, 1864.

The main object of the present study was to
clarify the controversy over the taxonomical
status of Daphnia in Lake Balaton. Beside that we
aimed to investigate the seasonal dynamics of the
different Daphnia taxa and to describe the pop-
ulations’ genetic characteristics.

MATERIALS AND METHODS
Allozyme studies

Zooplankton for the genetic analysis were col-
lected with a towed plankton net (60 x 60 cm net-
frame, 200 um mesh size) from each of the five
basins of Lake Balaton. We towed the net with a
motorboat altering the speed, in order to cover the
total water depth. Gravid females were picked up
randomly from the sample and stored at -65°C
until processing. The analysed populations, sam-
ple locations and dates are indicated in Table 1.

To reveal allelic variance at three enzyme loci
(aspartate amino transferase - AAT, phosphoglu-
cose-isomerase - PGI and phosphogluco-mutase -
PGM) cellulose acetate gelelectrophoresis (Hebert
et al., 1989) was applied, followed by the analysis
of the dataset with the programmes GenAlEx 6
(Peakall et al., 2005) and TFPGA (Miller 1997).
Wright’s F- statistics (Wright, 1965) and cluster-
ing with Unweighted Pair Group Method, Arith-
metic Mean (UPGMA) based on Nei’s original
genetic distances (Nei, 1972) have been used as a
measure of differentiation.

Zooplankton counts
Daphnia cucullata, Daphnia cucullata *x ga-

leata and Daphnia galeata individuals were
counted based on FloBner (1993) separately, in
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three of the five basins: Keszthely, Szigliget and
Tihany Basin, to define the abundance of the dif-
ferent taxa.

Sampling was carried out every third week
between 15. 04. 2002. and 07. 10. 2002. Samples
for the analysis have been collected using a
Schindler-Patalas plankton trap of 34 litre, and
fixed with 10% formaldehyde.

Samples containing limited numbers of indivi-
duals have been counted directly, and the abun-
dance of the different Daphnia species was calcu-
lated using the following formule: S;,q = Z. / PAT/
34 dm3, where Z. is the number of specimens in
the sample, PAT means the number of merging
the Schindler-Patalas plankton trap.

Samples, which contained a large number of
animals have been diluted with distilled water to
200 ml from which five sub-samples, 5 ml apiece,
were used for counting Daphnia individuals. If
the standard deviation exceeded 10%, additional 5
ml units were included until the SD was less than
10%. In this case Z. means the average number of
individuals in sub-samples multiplied by the quo-
tient of the total volume of the fixed sample (200
ml) and the volume of a sub-sample (5 ml).

RESULTS

Allozyme studies

We analysed 1294 randomly chosen gravid fe-
male specimens (Table 1) using cellulose-acetate
gelelectrophoresis, 958 of that turned out to be D.
cucullata, 335 D. cucullata * galeata and only
one specimen D. galeata (Keszthely Basin, 26.04.
2004.) according to the species specific alleles of
the AAT enzyme locus. Among the male speci-
mens we discovered 9 D. cucullata and 7 hybrids.

The analysis revealed four alleles (S, M, F, F")
both on the PGI and PGM loci. The F" allele on
the PGI locus was found only in hybrid popu-
lations and the F" allele on the PGM locus was
confined to one D. cucullata population. Mean al-
lele frequencies are shown in Table 2.
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Table 1. Populations scored for the different alleles at the three loci. Capitals (A, B) next to the number of individuals refer to the
different analyses. Zeros indicate that no individual of the given taxon was found on the given sampling date among the ran-

domly chosen animals

Balatonkenese Tihany Zanka Szigliget Keszthely
(BK) Basin (T) Basin (Z) Basin (S) Basin (K) Basin
Sampling date | D. cuc. | hybrid | D. cuc. | hybrid | D. cuc. | hybrid | D. cuc. | hybrid | D. cuc. | hybrid
06.05.2002 - - 7 32 - - - - 22 45
23.06.2002 - - - - - - 28 8 - -
01.07.2002 - - 18 3 - - - - - -
31.07.2002 - - 21 3 - - - - - -
23.08.2002 53 0 48 0 48 0 43 4 42 4
19.06.2003 - - 36 19 - - - - - -
31.07.2003 - - 29 13 - - - - 40 15
21.08.2003 - - 54 1 - - - - - -
15.09.2003 - - 44 9 - - - - - -
02.10.2003 - - 47 6 - - - - - -
21.10.2003 - - 35 19 - - - - - -
07.11.2003 - - 45 10 - - - - - -
28.11.2003 — — 35 19 — — — — — —
26.04.2004 - - - - - - - - 0 47
07.10.2004 52 17 65 16 43 16 39 15 60 8
Total number of individuals/ breeding season
48 64
2002. 53 (A) 0 94 (A) [38(B)| (A) 0 |71(A)| 12 (A) |49 (B)
325 40
2003. - - (A) |94B)| - - - - (A) | 15(B)
60
2004. 52(A)| 17(B) [65(A) | 16 (B) |43(A) | 16 (B) |39(A)|15(B)| (A) |55(B)

Analysis of the genetic structure of the D. cu-
cullata population in Lake Balaton was carried
out for the samples marked with an ,,A” in Table
1. Wright’s Fig (Table 3) implied heterozygote
excess on both loci, Fsr values indicated little ge-
netic differentiation between the samples. Hybrid
populations marked with a ,,B” in Table 1 have
been studied to reveal differentiation. Wright’s F-
statistics (Table 3) show considerable hetero-
zygote excess at the PGI locus and heterozygote
deficiency at the PGM locus. Population differen-

tiation is moderate (Fsr= 0,099). UPGMA clus-
tering (Fig. 1) reveals that the observed moderate
differentiation originates mainly from the separa-
tion of two clusters.

Zooplankton counts

Results of the zooplankton counts are sum-
marized on Fig. 2. On the first sampling date in
the breeding season almost no Daphnia indivi-
duals could be found in the water. Number of in-
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Table 2. Mean allele frequencies of the different Daphnia

taxa
D. cucullata | D. cuc.* gal.

S 0.395 0.309

M 0.604 0.205
PGI

F 0.001 0.467

F' 0.000 0.019

S 0.697 0.175

M 0.275 0.583
PGM

F 0.028 0.242

F' 0.001 0.000

Table 3. Wright’s F- statistics for the Daphnia cucullata and
Daphnia cucullata galeata populations

PGI PGM Mean
D. Fis | -0.408 | -0,041 | -0.225
cucullata o | 4008 | 0,070 | 0,039
D.cuc. Fis | -0,594 | 0452 | -0.071
“gal g | 0044 | 0154 | 0,099
:IJ .2;5 .1‘5 .0;5 l],[il]l]
K- 2003
Z- 2004
T- 2003
0471 K- 2004
T- 2002
0,268 [K- 2002
5-2004
0,061 _[BK- 2004

T- 2004

Figure 1. UPGMA clustering of the hybrid populations
based on Nei’s original genetic distances. K = Keszthely Ba-
sin, S = Szigliget Basin, Z = Zanka Basin, T = Tihany Basin,
BK = Balatonkenese Basin, numbers combined with the capi-
tals mean the different breeding seasons. Numbers above cer-
tain branches show Nei’s distance for the given node
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dividuals of D. galeata was very low throughout
the studied period. Early in May the hybrids ex-
ceeded the number of D. cucullata individuals in
two of the three basins (Keszthely and Tihany). D.
cucullata dominated the assemblage in every ba-
sin later. In the middle of the summer the number
of the hybrids decreased strongly and rose to a
slight extent in September again. However, the
abundance of Daphnia (every taxa together) never
exceeded 28.7 individuum/litre (03. 06. 2002.,
Szigliget Basin).

DISCUSSION

Based on cellulose acetate gelelectrophoresis
carried out in the present study, it has been con-
cluded that the following Daphnia taxa are pres-
ent in Lake Balaton: Daphnia cucullata G. O.
Sars, 1862, Daphnia galeata G. O. Sars, 1864 and
Daphnia cucullata x Daphnia galeata. The forms
mentioned by Ponyi (1965) FloBner and Kraus
(1986) and FloBner (1993) are probably really D.
cucullata x galeata hybrids, as the latter authors
claimed.

Spaak (1996) revealed similar mean allele fre-
quencies for D. galeata and D. cucullata * gale-
ata in Lake Tjeukemeer, but allele frequencies of
the hybrid populations were markedly different
from those of D. cucullata, as it was the case in
Lake Balaton. Nei’s genetic distance x galeata
and D. cucullata was 0.71 (Spaak, 1996). Si-
milarly, Nei’s genetic distance was high (0.65)
between the D. cucullata and hybrid populations
in our case.

D. galeata occurs extremely rarely in Lake Ba-
laton. Only one specimen has been found using
electrophoresis and the zooplankton counts re-
vealed D. galeata individuals only in samples
from April, May and October in low numbers (its
highest abundace was 0.3 ind/dm’, Keszthely
Basin, 15.04.2002.). Hence the photos of D. ga-
leata, presented by Ponyi (1997) depict, in our
opinion, D. cucullata % galeata. However Daph-
nia taxa are not typical of Lake Balaton since the
total abundance throughout the growing season
was low.
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Figure 2. Abundance of different Daphnia taxa. Solid line = D. cucullata, dashed line = hybrid, dotted line = D. galeata, square =
Tihany Basin, X = Keszthely Basin, triangle = Szigliget Basin

First year offspring of Abramis brama L. con-
sumes solely zooplankton in Lake Balaton, it only
occasionally switches to benthic feeding during
fall (Specziar & Bir6, 2004). In three permanent
lakes in Germany significant positive correlation
was found between the intensity of selection and
fish density for D. galeata, but not for D. cucul-
lata * galeata hybrids (Miiller & Seitz, 1995).
Presumably, the abundance of D. galeata, the
largest and most visible of the taxa is reduced by
the predation pressure to a great extent. Since D.
cucullata x galeata occurs together with D. ga-
leata in most of the cases more detailed inves-
tigations of the ecological factors acting behind
the absence of D. galeata are necessary.
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