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Ab stract
Cladocera com mu ni ties in sur face sed i ments of seven lakes were sam pled from the Med i ter ra nean to north Hun gary.
Con duc tiv ity, pH, pri mary ions (Ca2+, Mg2+, Na+, K+, Cl–, SO4

2–, HCO3
–, CO3

2–) and macrophyte cov er age were mea -
sured as con trib uted en vi ron men tal pa ram e ters for the dis tri bu tion of cladoceran com mu ni ties across the lakes. Thirty- 
two cladoceran spe cies were found in the seven lakes. The re corded spe cies have wide tol er ance spec tra, and are able
to col o nize very dif fer ent kind of hab i tats. The most com mon and abun dant spe cies were Chydorus sphaericus, Alona
rectangula and Bosmina longirostris. Lake area, lat i tude, macrophyte cov er age, pH, con duc tiv ity and hard ness were
found to be the most de ter mi nant en vi ron men tal vari ables in the dis tri bu tion of cladoceran spe cies. This study re -
vealed that al though the lakes show a clear sep a ra tion in en vi ron men tal pa ram e ters the com po si tion and dis tri bu tion of 
Cladoceran com mu ni ties dif fer only slightly across the in ves ti gated geo graph ical gra di ent.
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IN TRO DUC TION

Cladocerans are key spe cies in aquatic food-webs, while
be ing nu tri ent re sources to other or gan isms and be ing con -
sum ers of other or gan isms (Eggermont, Mar tens 2011). Due
to this cen tral po si tion in food-webs and to their high rep re -
sen ta tion be tween ben thic and pe lagic taxa, their com mu ni -
ties re spond rap idly to changes in pre da tion pres sure and
avail abil ity of nu tri ent re sources (Jeppesen et al. 2011).

Fol low ing the pi o neer works of Frey (1955, 1958,
1959), nu mer ous paleoenvironmental sur veys are based on
Cladocera. Their re mains are well pre served in the sed i ment
with a bias to the strongly chitinized spe cies (i.e. bosminids
and chydorids) (Korhola, Rautio 2001; Kattel et al. 2006).
Thus, these re mains can be used to re con struct for mer clado-
ceran com mu ni ties es pe cially those of chydorids. The com -
mu nity re sponses of Cladocerans to changes in the phys i cal
en vi ron ment are gen er ally ex pressed as changes in spe cies
di ver sity mea sure ments (Hofmann 1987). More over, sev eral 
stud ies have doc u mented the gen eral im por tance of tem per a -
ture and other cli mate fac tors to Cladocera com mu nity (Kor-
hola, Rautio 2001; Bjerring 2007, Korponai et al. 2011).

Fac ing a global cli mate change, ex treme warm ing is ex -
pected with in creased dry pe ri ods in the Carpathian ba sin
(Gálos et al. 2007). Two sce nar ios were con structed for the
pre dic tions of the pos si ble ef fect of the cli mate change. Sce -
nario A2 pre dicted a greater tem per a ture in crease in the
Carpathian ba sin than sce nario B2. The larg est tem per a ture

in crease is ex pected in the sum mer, whilst the small est in
spring. In case of the sum mer daily mean tem per a ture the ex -
pected in crease is 4.5–5.1°C (A2) and 3.7–4.2°C (B2). For
spring, the ex pected tem per a ture in crease in Hun gary is
2.8–3.3°C (A2) and 2.3–2.7°C (B2). These pre dic tions sug -
gest that an in creas ing Med i ter ra nean ef fect on the Hun gar -
ian cli mate is highly prob a ble.

Due to cli ma tic dif fer ences, the sum mer tem per a tures in
the Med i ter ra nean lakes ex hibit higher sum mer val ues than
those in Hun gary. Thus, we as sumed that the dif fer ences
among cladoceran com mu ni ties can be ad dressed to cli mate.
In this study we com pared cladoceran com mu ni ties across a
cli ma tic gra di ent from the Med i ter ra nean to the Carpathian
Ba sin. We se lected lakes from the South (Croatia and Bosnia
and Herzegovina) to the North (Aggtelek Na tional Park in
North ern Hun gary) cov er ing the broad est spec trum of het er -
o ge ne ity in wa ter chem is try and hab i tats. This col lec tion of
lakes also pro vides the fundaments for build ing the “Clado-
cera Train ing-Set” for the Carpathian Ba sin.

MA TE RIAL AND METH ODS

Sur vey area

The sur veys of the seven lakes and ponds (Fig. 1) were
con ducted be tween April and Au gust, 2011. Two small lakes
were se lected in North ern Hun gary. Lake Aggtelek is rel a -
tively small (1.13 ha) and shal low (av er age depth is 1 m)



lake, on the bor der of karstic and non-karstic bedrocks in the
vil lage of Aggtelek. Due to hu man im pact the lake be came
eutrophic with dense sub mersed veg e ta tion. Lake Vörös is
also a small (1 ha), shal low (av er age depth is 1 m) lake near to 
Lake Aggtelek. Its wa ter is eutrophic and tur bid, due to the
col loi dal clay frac tion (Samu, Bárány-Kevei 2010).

Lake Velence is larger but also a shal low lake with an av -
er age depth of 1.89 m, and it is con sid ered as a eutrophic, sa -
line and al ka line lake. Its wa ter is dark be cause of the humic
sub stances. Two main hab i tat types in clude open wa ter and
reed beds. The lake suf fers from a strong hu man im pact since
its cou pling with Lake Balaton, as a main tar get for tour ism
(Ács et al. 1994).

Lake Ferto is a large and also a sa line lake, sit u ated be -
tween Hun gary and Aus tria in the west part of Hun gary. Its
trophic state is mesotrophic. Its wa ter is tur bid, be cause even
small winds (2 m s–1) can mix the shal low wa ter col umn and
stir up the sed i ment (Löffler 1979). Two main hab i tats can be
iden ti fied in the lake, the reedbelt (Hun gar ian part) and the
open wa ter area (Aus trian part). Sam ples were taken in the
Hun gar ian part of the lake.

Lake Baláta is con sid ered as an endorheic peat bog lake
far from in hab ited ar eas with an av er age depth of 1.6 m. This
lake is eutrophic with dense veg e ta tion (Majer et al. 2002).

Lake Vrana is a shal low lake (av er age depth of 2.8 m)
with dense, sub merged macrophytes, lo cated in Croatia. The
wa ter is brack ish in this lake par tially due to the nar row, lime -
stone-do lo mite sed i men tary rock bar rier sep a rat ing it from
the sea, that are par tially per me able to salt wa ter. More over,

in the south east ern part of the lake, an 800 m long ar ti fi cial
chan nel con nects it to the sea (Katalinic et al. 2008).

Lake Svitavsko is in Bosnia and Herzegovina, a large ex -
panse of moor land, lo cated in the Hutovo Blato Na tional
Park. This lake had been a swamp un til 1979, but fol lowed by 
the con struc tion of a hy dro elec tric power sta tion the swamp
was flooded and ex panded to a 1,300 ha lake. This is a shal -
low lake with dense sub merged macrophyte veg e ta tion con -
nected to the River Neretva, Hutovo Blato and other lakes
through the Krupa River.

En vi ron men tal and chem i cal vari ables

Mea sure ments were taken from a boat at five sam pling
points at each lake. Phys i cal pa ram e ters such like con duc tiv -
ity, tem per a ture and pH were mea sured in the field us ing a
WQC-24 Multiparameter Wa ter Qual ity Me ter. Macrophyte
cover (emerse and sub merse) was es ti mated dur ing walks
around the lake by screen ing the lake bot tom in transects with 
wa ter glass. Wa ter depth and trans par ency were mea sured
us ing a Secchi disk. Con cen tra tion of Na+ and K+ were mea -
sured in the lab us ing a flame spectrophotometer (Flapho 41 ,
Zeiss Inc.). SO4

– was de ter mined by UV/VIS spectrophoto-
me ter (Specol, Zeiss Inc.), ma jor ions (Ca2+, Mg2+, Cl–, CO3

2–

and HCO3
–) were mea sured by titrimetry. Fur ther more, chlo -

ro phyll-a con tent was de ter mined spec tro pho to met ri cally af -
ter an ex trac tion with meth a nol (Wetzel & Lik ens, 1991). All
mea sur ing were con ducted fol low ing ISO pro to cols. The
mean value char ac ter is tic to each lake was cal cu lated from
data re corded at five sam pling points.

Sur face sed i ment sam pling and cladoceran
anal y sis

Sed i ment sam ples were taken from a boat us ing a grav ity 
corer at five points from each lake. The top two centi metres
of the core was uti lized for fur ther anal y ses. Subsamples
(1 cm3) for the Cladoceran anal y ses were treated with 10%
KOH, 10% HCl, and con cen trated HF so lu tions and were
then sieved through a 35-µm mesh (Frey 1986), and di luted
in 10 cm3 of dis tilled wa ter. Slides were pre pared from 0.1 ml
of each sam ple, and ex am ined un der a mi cro scope (100, 200,
and 400 mag ni fi ca tions). The com po si tion of the Cladoceran
com mu nity was es ti mated on the ba sis of de ter mi na tion of at
least 300 in di vid u als in each subsample (Korhola & Rautio
2001). Two to six slides from each sam ple were scanned. In
cases where less than 300 in di vid u als were counted, the en -
tire sam ple was as sessed. To de ter mine the den sity of Clado-
cerans only well pre served chitinous re mains were taken into
con sid er ation (headshields, car a paces, postabdomens, post-
ab dom i nal claws, and ephippia; frag ments were counted
only if un am big u ous di ag nos tic marks were found). Body
parts found most fre quently in the sam ples were used to es ti -
mate the abun dance of each taxa per unit vol ume (den sity: in -
di vid u als cm–3). Rel a tive abun dance were cal cu lated us ing
this raw dataset. Iden ti fi ca tion was car ried out us ing the keys
and de scrip tions of Frey (1950, 1962, 1988, 1991), Goulden
& Frey (1963), Gulyás & Forró (1999), Sebestyén (1965,
1969, 1970, 1971), Szeroczyñska & Sarmaja-Korjonen
(2007) and White side et al. (1978). The five sam ples from
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Fig. 1. Map of the study lakes.



each lake were counted sep a rately, and then a mean value
was cal cu lated for each lake for fur ther anal y sis.

Sta tis ti cal anal y sis

Sta tis ti cal anal y ses were car ried out on the Cladocera
rel a tive abun dance data. The Hill’s N2 num bers were cal cu -
lated for each sam ple and spe cies (Hill 1973; Korponai et al.
2011). Spe cies hav ing a N2 <2 were ex cluded from the anal -
y sis, the re moved spe cies ac count ing for less than 20% of all
the in di vid u als re corded from the sam ples. The rel a tive
abun dance of each spe cies was cal cu lated and val ues were
arcsine square root trans formed. The en vi ron men tal pa ram e -
ters were used as a con cen tra tion value, hence pH was con -
verted to H+-ion con cen tra tion, then all con cen tra tions were
stan dard ized.

To char ac ter ize lake groups con strained hi er ar chi cal
clus ter anal y sis (Ward’s method) was ap plied on Bray-Curtis 
dis sim i lar i ties of cladoceran rel a tive abun dances. The same
method was used for en vi ron men tal pa ram e ters based on
their eu clid ean dis tances. Sim i lar ity Per cent age (SIM PER)
anal y sis, with a Bray-Curtis mea sure, was per formed to as -
sess which taxa are pri mar ily re spon si ble for the ob served
dif fer ences be tween the lakes groups. Con strained re dun -
dancy anal y sis (RDA), clus ter and sim per anal y ses were car -
ried out on the trans formed data, us ing R (R De vel op ment
Core Team, 2010) with vegan pack age (Oksanen et al. 2010).

RE SULTS AND DIS CUS SION

Lakes showed a strong dif fer en ti a tion in size and in the
amount of macrophyte-cov ered area, since the lakes with
high macrophyte cover or small in size grouped in one clus -

ter, while the large lakes with less macrophyte cover grouped
in the other clus ter (Fig. 2 up per panel). The pH var ied be -
tween 5.4 and 8.6, the con duc tiv ity dis trib uted in wide range
and it var ied be tween 73 µS cm–1 and 3860 µS cm–1 (Ta ble 1). 
Ion com po si tion sug gested two main lake groups. One
group, in clud ing Lake Aggtelek, Lake Vörös and Lake Svita- 
vsko, was char ac ter ized by a dom i nance of cal cium-hy dro -
gen-car bon ate ion, whilst the sec ond group, in cor po rat ing
Lake Ferto and Lake Velence, could be char ac ter ized with a
so dium-hy dro gen-car bon ate wa ter. Due to wet land en vi ron -
ment the wa ter chem is try of Lake Baláta was char ac ter ized
by cal cium-sul phate ion dom i nance. Lake Vrana had so -
dium-chlo ride type brack ish wa ter (Fig. 3).

Thirty-two cladoceran spe cies were found in the seven
lakes (Ta ble 2). Re corded spe cies have wide tol er ance spec -
tra, and are able to col o nize very dif fer ent kinds of hab i tats
(Korhola & Rautio 2001). The most com mon and most abun -
dant spe cies were Chydorus sphaericus, Alona rectangula
and Bosmina longirostris. The Cladocera com mu ni ties of
Lake Vörös and Lake Aggtelek can be char ac ter ized by the
pres ence of Dunhevedia crassa. In Lake Baláta, be sides the
most abun dant spe cies men tioned above, Alonella excisa oc -
curred in high num ber. Al though Lake Ferto and Lake Ve-
lence were char ac ter ized by the high amount of the most
com mon spe cies, the oc cur rence of Oxyurella tenuicaudis
was also re mark able. The Med i ter ra nean lakes had dense
sub merged macrophyte cover sup port ing abun dant pop u la -
tions of Acroperus harpae and Alona affinis (Ta ble 2).

Cladocera data yielded DCA gra di ent lengths of 1.1927
and 0.71347 SD for axes 1 and 2, which fa vours for the use of
re dun dancy anal y sis (con strained RDA). The set cur rently
have more en vi ron men tal pa ram e ters than lakes, and in the
RDA en vi ron men tal data ac counted for 100% of the vari ance 

DIS TRI BU TION OF CLADOCERA COM MU NI TIES 47

Fig. 2. Clus ter di a gram of lakes by the en vi ron men tal pa ram e ter (Eucledian dis tance with Ward meth ods: sup per panel), and by clado-
ceran spe cies (Bray-Curtis dis sim i lar ity with Ward meth ods: lower panel).
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Ta ble 1
Lake char ac ter is tics and chem i cal pa ram e ters

L. Aggtelek L. Vörös L. Baláta L. Fertõ L. Velence L. Vrana L. Svitavsko

Lat i tude (°) 48.47002 48.47311 46.31494 47.73612 47.21514 43.90956 43.021859

Lon gi tude(°) 20.51118 20.54277 17.20676 16.71889 18.61295 15.55744 17.784334

Area (ha) 1.13 1 174 7500* 2800 3000 1300

Macrophyte cover (%) 100 30 100 70 30 70 100

pH 7.5 7.6 5.4 8.6 8.1 8.3 7.1

Con duc tiv ity (µS/cm) 616 179 73.8 2072 1855 3860 259

Chlo ro phyll-a (mg/m3) 56 19 7 12 21 <1 <1

TP (mg/l) 0.349 0.045 0.297 0.051 0.641 0.013 0.026

TN (mg/l) 2.160 0.610 2.900 2.060 2.073 0.1 0.2

Ca++  (mg/l) 92 36 27 38 36 97 53.5

Mg++ (mg/l) 7 3 17 88 203 83 4

Na+ (mg/l) 23 6 1 459 287 660 7

K+ (mg/l) 77 3.9 2.6 37 44 27 0.4

Cl– (mg/l) 5.1 10 8 244 229 1143 11.5

SO4
–– (mg/l) 62 <25 117 372 529 181 0

HCO3
– (mg/l) 311 112 30 481 786 137 166

CO3
– (mg/l) 0 0 0 88 66 0 0

* – Hun gar ian part only

Fig. 3. Maucha di a gram of the ma jor ions.



in Cladocera data. The eigenvalue of the first two RDA axes
were 0.07354 and 0.04938, ac count ing for 72% of the cu mu -
la tive vari ance in the cladoceran data. Lake area, lat i tude,
macrophyte cover, pH, con duc tiv ity and hard ness had the
low est multicollinearity ([Vari ance In fla tion Fac tor (VIFs)]
< 10). It re vealed that they were the most de ter mi nant en vi -
ron men tal vari ables in the dis tri bu tion of cladoceran spe cies
(Ta ble 3, Fig. 4).

The sep a ra tion of small lakes was con firmed by clus ter
anal y sis. Since these small lakes are sit u ated in the north ern -
most area, the lat i tude ef fect ob trudes size in the RDA anal y -
sis (Fig. 4). The sec ond group con sisted of large lakes (Lake
Ferto, Lake Velence, Lake Vrana and Lake Svitavsko) and
this group can be di vided into fur ther groups such as Hun gar -
ian (Lake Ferto, Lake Velence) and Med i ter ra nean (Lake

Vrana and Lake Svitavsko) large lakes. Al though char ac ter -
is tic of Lake Vrana is sim i lar to Hun gar ian large lakes (Lake
Velence and Lake Ferto, Fig. 2 up per panel) its Cladocera
com mu nity is closer to Lake Svitavsko (Fig. 2 lower panel,
Fig. 4). Abun dances of A. rectangula, C. sphaericus, B.
longirostris pop u la tions were greater in large lakes than in
small ones, thus play ing a sig nif i cant role in the sep a ra tion of
these groups. More over, greater pop u la tion sizes of A. rec-
tangula and C. sphaericus were re corded in Hun gar ian large
lakes, whilst B. longirostris and A. guttata were more abun -
dant in the Cro atian lakes.

We con ducted a sim i lar ity per cent age (SIM PER) anal y -
sis with Bray-Curtis sim i lar ity in di ces to in di cate the taxa re -
spon si ble for the fau nal dif fer ences be tween lakes. Macro-
phyte cover, chlo ro phyll-a and con duc tiv ity were se lected as
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Ta ble 2
Rel a tive abun dance of Cladocera spe cies

L. Aggtelek L. Vörös L. Baláta L. Fertõ L.Velence L. Vrana L. Svitavsko

Acroperus harpae 0.09 4.81 3.45 0.58 2.64 7.66

Alona affinis 0.09 3.45 1.26 0.002 8.02 8.82

Alona costata 0.35 0.16

Alona guttata 5.24 0.96 5.84 0.92 0.15 3.29 17.46

Alona quadrangularis 0.17 0.53 2.54 2.97

Alona rectangula 34.47 8.65 30.5 15.51 47.28 24.07 18.2

Alona sp. 0.35

Alonella excisa 0.96 0.96 10.08 0.04 0.14 3.61 0.06

Alonella exigua 4.77 0.07 0.07 0.09

Alonella nana 2.12 0.27 0.03 8.72

Bosmina longirostris 0.96 2.65 13.14 12.73 34.26 18.64

Camptocercus rectirostris 1.86 0.36 0.35

Ceriodaphnia ephippium 1.48 0.96 0.53 0.06 0.26 0.09

Chydorus sphaericus 32.55 16.35 25.46 39.71 34.18 12.54 10.52

Daph nia longispina-group 0.96

Daph nia magna 1.13

Daph nia pulex-group 7.07 0.96 0.03

Daph nia sp. 0.17 0.96 0.17 0.04

Diaphanosoma sp. 2.8 0.04

Disparalona rostrata 0.96 1.06 0.17 0.02 0.03 0.48

Dunhevedia crassa 14.83 0.96

Eurycercus lamellatus 0.09 0.32 0.09 0.24 0.96

Graptoleberis testudinaria 2.92 0.09 0.29 0.47

Leptodora sp. 0.06

Leydigia acanthocercoides 6.71 1.34 6.43 0.82

Leydigia leydigi 1.59 2.34 0.42 1.4 0.68

Monospilus dispar 0.1 0.002 0.02 0.38

Oxyurella tenuicaudis 0.26 21.15 0.53 14.37 1.82

Pleuroxus laevis 2.88 1.33 0.05 0.1

Pleuroxus trigonellus 0.87 4.81 0.53 0.57 1.12 0.52 1.95

Pleuroxus truncatus 0.17 31.73 0.27 0.01

Pleuroxus unicatus 0.2

Sida crystallina 0.11

Simocephalus sp. 0.96 0.53 0.26 0.09 0.02



en vi ron men tal fac tors into SIM PER anal y sis. SIM PER re -
vealed that the abun dance of A. rectangula and C. sphaericus
in creased, while that of B. longirostris and A. guttata de -
creased with in creas ing macrophyte cover. With the in crease
of chlo ro phyll-a con tent the abun dance of A. rectangula and
C. sphaericus de creased while that of B. longirostris, A.
guttata and A. affinis in creased. These spe cies were re garded
as in di ca tors of mod er ate and high trophic sta tus (Chen et al.
2010; Korponai et al. 2010), which is in line with the mea -
sured high chlo ro phyll con tent in these lakes. Be side lat i tude, 
con duc tiv ity also had an ef fect on the abun dance of A.
rectangula, C. sphaericus, B. longirostris and Leydigia
acanthocercoides.

Our sur veys re vealed that the com po si tion and dis tri bu -
tion of Cladoceran com mu ni ties only slightly dif fer across
the in ves ti gated geo graph ical gra di ent, even though the lakes 
show clear sep a ra tion in en vi ron men tal pa ram e ters. Shal low
lakes usu ally have ex tended lit to ral zone, thus phytophilous

spe cies can be found in high num ber (Korponai et al. 2010).
Al though in our lake set the macrophyte cover was high, A.
harpae, Pleuroxus sp. and E. lamellatus oc curred in high
abun dances in Lake Svitavsko only. The bot tom of Lake
Svitavsko was to tally cov ered by sub merse pond weed
among reed patches, while the cov er age on the bot tom of
Lake Vrana was lower (70%). Al though A. quadrangularis is 
re garded as a mud-liv ing spe cies (Korhola & Rautio 2001,
Nykänen et al. 2010), it shows a clear re la tion ships with
macrophytes as, in our sam ples, it was found in lakes with
high macrophyte cover. We found high abun dances of
Oxyurella tenuicaudis in Lake Vörös, which is a small lake,
and Lake Ferto. This spe cies oc curs in eutrophic small ponds
(Boix et al. 2007, Bjerring et al. 2009, Nykänen et al. 2010,
Kattel 2011). Al though these lakes were highly dif fer ent in
most of en vi ron men tal vari ables (Ta ble 1, Fig. 2 up per
panel), the com mon char ac ter is tic was the high tur bid ity.

In con trast with our ex pec ta tion the Cladocera com mu -
ni ties of the stud ied lakes were very sim i lar, con sist ing of
com mon spe cies. These lakes were in hab ited by Cladocera
spe cies with wide tol er ance in di cat ing a nar row eco log i cal
gra di ent length (eigenvalue of first two DCA axes). Due to
the high pro por tion of gen er a list spe cies in our sam ples along 
with the higher sen si tiv ity of multivariate or di na tions to spe -
cial ist spe cies the power of dis crim i na tion pro cess in our
anal y sis was lim ited. The main eco log i cal driv ers could not
be iden ti fied and still are to be ana lysed us ing a greater sam -
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Ta ble 3
Vari ance In fla tion Fac tor of ex plan a tory en vi ron men tal

vari ables

Area Lat i tude
Macro-

phyte cover
pH

Conducti-
vity

Hard ness

2.488046 1.572175 1.817284 3.568177 4.209104 3.351000

Fig. 4. Re dun dancy anal y sis (RDA) biplot of zoo plank ton spe cies and en vi ron men tal scores. (Acroperus harpae: Acro_harpa, Alona
affinis: Alon_affin, A. guttata: Alon_gutta, A. quadrangularis: Alon_quadr, A. rectangula: Alon_recta, Alonella excisa: Alon_excis,
Bosmina longirostris: Bosm_longi, Ceriodaphnia ephippium: Ceri_efipp, Chydorus sphaericus: Chyd_sphae, Disparalona rostrata:
Disp_rostr, Eurycercus lamellatus: Eury_lamel, Leydigia acanthocercoides: Leyd_acant, L. leydigi: Leyd_leydi, Oxyurella tenuicaudis:
Oxyu_tenui, Pleuroxus trigonelus: Pleu_trigo, Simpocephalus sp.: Simo_sp.).



ple set and sta tis ti cal meth ods more sen si tive to gen er a list
spe cies. For study ing the ef fect of cli mate change, in cor po -
rat ing other en vi ron men tal pa ram e ters into the anal y sis and
the ex ten sion of the data set with other shal low lakes across
the en tire cli ma tic gra di ent have to be se ri ously con sid ered.
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