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ABSTRACT

The specific composition and seasonal dynamics of the zooplankton of Lake Garda have been studied through monthly surveys in
two annual cycles (December 1994-November 1995 and January-December 1997). The assemblage is largely dominated by Copipo-
diaptomus steueri typical calanoid presently identified in deep (Garda, Iseo) and shallow lakes of NE Italy and in the hinterland of
the central Adriatic region (Dalmatia and Marche Region). Cladocerans and the smaller rotifers represent a significant component
of the zooplankton from spring to autumn. A re-examination of the results obtained in previous studies does not seem to demonstrate
substantial shifts in the composition of the dominant species. The only documentable and consolidated differences are constituted by
the disappearance of Sida crystallinaince the '50s and the appearance of new rotifers since the '70s and the '80s. It is stressed that,
owing to the fragmentation of the available studies and the use of different methodologies, the qualitative and quantitative modifica-

tions of the zooplankton should be interpreted with special caution,

requiring further in-depth and continuous monitoring for the

meaning they could have as possible signs of modifications of the trophic structure of the lake. However, the results of the compari-
son of the different investigations do not seem to contrast with the substantial stability of the oligo-mesotrophic character of the lake

formally documented since the '70s.
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1. INTRODUCTION

Zooplankton is an important constituent of the food
chain in pelagic ecosystems. The zooplankton organ-
isms feed on the phytoplankton, on bacteria, on aggre-
gates of detritus and microorganisms as well as on other
zooplankton species; furthermore, amost all freshwater
fish feed on zooplankters at some stage in their life his-
tory (Moss 1988; Lampert & Sommer 1997). Zoo-
plankton may be of interest in the prediction of long-
term changes in lake ecosystems. Despite some un-
avoidable taxonomic and methodological uncertainties,
the comparison of measurements carried out in recent
years with measurements made many years ago may
give significant results in indicating signs of environ-
mental changes (cf. Brock 1985).

The first observations on zooplankton organisms in
Lake Garda (Fig. 1) began in the second half of the
nineteenth century, in coincidence with the recognition
of the existence of a planktonic fauna in lakes (Pavesi
1877). In agreement with the descriptive criteria at that
time, the first studies were primarily directed towards
the identification of zooplankton species and their dis-
tribution (e.g., Pavesi 1883; Garbini 1895; Brehm 1906;
Brehm & Zederbauer 1906). Comparisons of the micro-
crustaceans found until the "20s and '40s in Lake Garda
and other deep southern subalpine lakes were made by
Monti (1929) and Baldi (1949), respectively.

The first detailed studies on the zooplankton were
carried out, on the basis of monthly samplings and on

four stations (Fig. 1) representative of the whole lake, in
the late '50s in the framework of the most complete lim-
nological research carried out until then in Lake Garda
(Merlo 1959; Merlo & Mozzi 1963).

From December 1970 to May 1972, studies were
conducted with monthly samplings by IRSA (1974) in
three representative stations located in the W and E ba-
sins of the lake (Fig. 1). Ten years later, Barbato (1988)
carried out a series of seven seasona samplings span-
ning from March 1982 to February 1983 in four stations
located in the Gulf of Salg, in the SW zone of the lake;
more recently, Negri & Pelaia (1990) described the re-
sults obtained from monthly samplings in four stations
in the W and E basins of the lake from September 1988
to September 1989 (Fig. 1).

Since 1991, limnological research was carried out in
the W and E basins of Lake Garda by the Dipartimento
di Biologia dell’'Universita di Padova (Salmaso al.
1997b). Detailed information on phytoplankton assem-
blages, trophic evolution, chemical characteristics and
thermal regime may be found in Salmaso (1996), Sal-
masoet al. (1997a), Salmaso & Decet (1998). The prin-
cipal objectives of this study are i) to evaluate the recent
structure of the zooplankton in Lake Garda and ii) to
compare the actual composition with that found in pre-
vious studies.

2. METHODS

Zooplankton was sampled monthly during two dif-
ferent annual cycles (December 1994-November 1995
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and January-December 1997) and in two pelagic sta-
tions located in the deepest zone of the W (Brenzone)
and E (Bardolino) basins (Fig. 1). Samplings were car-
ried out by single vertical tows from 20 m to the surface

with a 25 cm diameter and 75 cm length net of 80 um
mesh. The volume of water filtered has been determined
indirectly assuming that the net filters the whole volume

of the column of water traversed by the net (de Bernardi
1984). All samples were immediately fixed with 95%

ethanol and examined in the laboratory with Zeiss in-
vertoscopes. The most abundant organisms and rotifers tifera). The taxonomy of the family of Bosminidae was
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with magnification varying from 100 to 400x and sub-

sample volumes chosen so that organisms did not pile
up on one another (McCauley 1984). The less frequent
or larger organisms (e.g., predatory Cladocera) were
counted with a long working distance objective at 50x

after sedimentation of larger subsamples (10 ml) on
Petri dishes. Identification of species was made accord-
ing to Kiefer (1978), Stella (1984) and Einsle (1993)

(Copepoda), Margaritora (1985) (Cladocera), Ruttner-

Kolisko (1972) and Braioni & Gelmini (1983) (Ro-

were identified and counted on sedimentation chambers updated following Lieder (1996).

Lake Garda

Lake area: 368 km?
Maximum depth: 350 m
Mean depth: 133 m
Volume: 49.03 km®
Outflow: 58 m® st
Theor. renewal time: 27 years
Lake altitude: 65 m
Catchment area: 2260 km?

Desenzano
Peschiera

ks
%

3. RESULTS AND DISCUSSION

3.1. Species composition

Zooplankton species identified in Lake Garda in the

course of 1995 and 1997 include &8« (Tab. 1). The

Fig. 1. Lake Garda: main morphometric and hydrological
characteristics, bathymetric map (from IRSA 1974,
modified) and location of the sampling stations (solid
circles). The approximate location of the stations sampled
in the previous works isindicated with: a(Merlo & Mozzi
1963), b (IRSA 1974), ¢ (Barbato 1988), d (Negri & Pelaia
1990).

was the calanoid opipodiaptomus steueri. Other fre-

qguent species, found in almost half of the samples in

1995 or 1997, werdfesocyclops leuckarti (Copepoda),
Diaphanosoma  brachyurum, Bosmina (Eubosmina)
longicornis kessleri (= B. (Eub.) mixta kessleri) and
Daphnia hyalina-galeata group (Cladocera)dscomor-

assemblage was dominated, as number of species, bypha ovalis, Asplanchna priodonta, Conochilus unicor-

rotifers (21taxa); Cladocera and Copepoda were found
respectively with 3 and fixa. The most representative

nis, Euchlanis dilatata, Kellicottia longispina, Keratella
quadrata, Polyarthra spp. (includingP. vulgaris and P.

member, found with high densities in all the samples, ™Major), Synchaeta sp. andlrichocerca sp. (Rotifera).
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Tab. 1. List of zooplankton species found in Lake Garda during 1995 and 1997. Rarest faxa,
identified only once, are indicated with "r". @: including a single finding of K. cochlearis f. tecta

(Lauterborn) in 1997.

COPEPODA

Diaptomidae

Copipodiaptomus steueri (Brehm)
Cyclopidae

Cyclops cf. abyssorum G.O. Sars
Mesocyclops leuckarti (Claus)

CLADOCERA

Sididae

Diaphanosoma brachyurum (Liévin)
Bosminidae

Bosmina (Eub.) longicornis kessleri Uljanin
Daphniidae

Daphnia hyalina-galeata group
Chydoridae

Chydorinae ind.

Cercopagidae

Bythotrephes longimanus Leydig
Leptodoridae

Leptodora kindtii (Focke)

ROTIFERA

Brachionidae
Brachionus quadridentatus Hermann
Keratella cochlearis (Gosse}?

Table 2 reports the list of the taxa recorded (at least
at the genus level) in Lake Garda since the first com-
plete study carried out in 1957-1958 with modern crite-
ria (Merlo & Mozzi 1963). Moreover, the list of Cope-
poda and Cladocera found in the lake until the 1940s
(Baldi 1949) is reported. Current species names have
been given to the raxa listed in the papers of previous
authors (see Kiefer 1978, Margaritora 1985 and Ruttner-
Kolisko 1972 for synonyms). The evaluation of the dif-
ferent lists allows to outline the species composition of
the zooplankton in the last 40 years. However, owing to
unavoidable methodological differences, the documen-
tation of the disappearance and appearance of different
species should be always considered with some caution
when comparing the results of different investigations.
This may be obvious in the case of sporadic findings but
also when identification at the species level may be dif-
ficult or when alimited zone of the lake has been inves-
tigated (asin 1982-1983: Barbato 1988).

The three species of Copepoda appear to maintain an
unaltered coexistence in all the studies considered.
Some uncertainties are due to differences in the identifi-
cation of Cyclops, reported as C. strenuus in Badi
(1949) and Merlo & Mozzi (1963). On the other hand,
as underlined by Einde (1996), the "species' C. abysso-

=

Keratella quadrata (Muller)

Kellicottia longispina (Kellicott)

Euchlanis dilatata (Ehrenberg)

Lepadelia ovalis (O.F. Muller) r

Lecanidae

Lecane lunaris (Ehrenberg
Notommatidae

Cephalodella sp.

Trichocercidae

Trichocerca sp.

Trichocerca longiseta (Schrank)
Gastropodidae

Gastropus stylifer Imhof
Ascomorpha ovalis (Bergendahl)
Ascomorpha sp.

Synchaetidae

Synchaeta sp.

Synchaeta lackowitziana Lucks
Polyarthra major Burckhardt
Polyarthra vulgaris Carlin
Ploesoma hudsoni (Imhof) r
Asplanchnidae

Asplanchna priodonta Gosse
Testudinellidae

Filinia terminalis (Plate)

r Conochilidae

Conochilus unicornis-hippocrepis group

rum comprises a number of phenotypes and ecotypes
that cannot be described or defined by morphological or
morphometrical criteria only. Moreover, in the list of
species compiled before the revision of the genus
Eudiaptomus by Kiefer (1968), the dominant calanoid
Copipodiaptomus steueri Was reported as E. vulgaris.
At present, the distribution of this species appears rela-
tively restricted to an area comprised between NE Italy
(Lake Garda and the lakes Iseo, Ledro, Cavazzo and S.
Daniele del Friuli) and Dalmatia (Kiefer 1968; Stella
1984), with two findings in Central Italy (Marche: res-
ervoirs of Fiastra and Caccamo, Kiefer 1978). Despite
its absence in the list compiled by Merlo & Mozzi
(1963), the species M. leuckarti should be considered, in
the same way as the other two copepods, a constant and
typical constituent of the lake.

Among the cladocerans, the main difference is due
to the disappearance of Sida crystallina beginning from
the research of Merlo & Mozzi (1963), at the end of the
'50s. It is interesting to observe that, since the '60s and
the '40s, this species was never found aso in Lake
Maggiore and Lake Lugano, respectively (De Bernardi
& Canale 1995, Polli & Simona 1992). De Bernardi &
Canale (1995) correlated this disappearance with a sig-
nificant development of an allochtonous coregonid
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(Coregonus macrophtalmus) introduced in Lake Mag-
giore in the middle of the '50s. Ravera & Parise (1978)
ascribed the disappearance of Sida to the progressive
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this species from Lake Garda; however, a possible in-
fluence due to allochtonous fishes (e.g., Coregonus p..
Oppi 1989) introduced in the lake since the beginning of

eutrophication of Lake Lugano. It is difficult to estab-
lish with any certainty the cause of the disappearance of

this century should not be excluded.

Tab. 2. Comparison lists of zooplankton found in 1995/1997 and in previous years; only the faxa found at
least at the genus level are reported. (i): Baldi (1949), (ii): Merlo & Mozzi (1963), (iii): IRSA (1974), (iv):
Barbato (1988), (v): Negri & Pelaia (1990). The species which, on the whole, were found only sporadicall}/
are indicated by "r". ©: reported as Eudiaptomus vulgaris; @: including C. abyssorum and C. strenuus; ©:
including B. (Eub.) coregoni and B. (Eub.) I kessleri; : reported as B. longicornis + B. coregon,
including Daphnia hyalina x galeata.

1949 1957-1958 1970-1972 1982-1983 1987-1989 1995/1997

0] (i) (iii) (iv) (v) (thiswork)
COPEPODA Copipodiaptomus steueri + +@ + + + +
Cyclops spp? + + +) + +
Mesocyclops leuckarti + + + +
CLADOCERA  Diaphanosoma brachyurum + + + + +
Sida crystallina
Bosmina (Eubosmina) spp® +@ + + + + +
Daphnia hyalina® + + + +
Daphnia longispina +
Chydorus sp. +
Polyphemus pediculus r +
Bythotrephes longimanus + + + +
Leptodora kindtii + + + + +
ROTIFERA Brachionus quadridentatus 1 +
Brachionus sp. r + +
Keratella cochlearis (+) + + + +
Keratella quadrata + + + +
Kellicottia longispina + + + + +
FEuchlanis dilatata + +
Lepadella ovalis r +
Lecane luna r +
Lecane lunaris + + +
Cephalodella sp. +
Trichocerca longiseta +
Trichocerca birostris +
Trichocerca sp. + + + +
Gastropus stylifer + + + + +
Ascomorpha ovalis + + +
Ascomorpha ecaudis + +
Ascomorpha sp. +
Synchaeta lackowitziana + +
Synchaeta pectinata + + +
Synchaeta sp. + + + + +
Polyarthra major +
Polyarthra vulgaris + + + + +
Ploesoma hudsoni r +
Ploesoma sp. + +
Asplanchna priodonta + + + + +
Filinia longiseta +
Filinia terminalis + + + +
Filinia sp. +
Hexarthra mira +
Conochilus unicornis-hippocrepis + + + + +

A further problem is constituted by the taxonomy of
Daphnia, reported as D. longispina until the work of
Merlo & Mozzi (1963) and afterwards as D. hyalina
(Tab. 2). As underlined by Margaritora (1985), both
these species are characterised by a great number of
types which make their nomenclature rather difficult;

moreover, in various deep ltalian lakes D. hyalina has
been reported under the generic name of D. longispina.
In our investigations, the identification of D. hyalina has
been complicated by the appearance, principally during
the warmest months, of morphotypes with characteris-

tics, following Flossner & Kraus (1986), resembling



70

those of D. galeata. However, in most cases the micro-
scopic examination does not always appear satisfactory
enough for a definitive differentiation of these speci-
mens (see also Glagolev 1986). This taxonomical prob-

lem may be complicated by the widespread occurrence

of hybrids between D. hyalina and D. galeata (Fl6ssner
1993). Taking into account these problems, and owing
to some uncertainties in differentiating clearly the sea-

N. Salmaso & L. Naselli-Flores

species (. unicornis, the only one reported before this
work, andC. hippocrepis). The identification ofC. Aip-
pocrepis in our samples has been easily carried out only
with living specimens, because the character of the an-
tennae was not always well represented in the fixed
samples. For this reason, and following the suggestions
of Manca & Sonvico (1996), we have adopted the term
Conochilus unicornis-hippocrepis group to identify this

sonal succession of different morphotypes, at present organism in Lake Garda.

they have been conditionally included in thehyalina-
galeata group. It is interesting to observe that in Lake
Maggiore the appearance of two new form®aphnia
(D. galeata andD. cucullata), beside. hyalina, which

The evaluation of the long-term changes of some
species of rotifers may be rather complicated when
identifications include also generic names, as in the case
of Brachionus, Trichocerca, Ascomorpha, Synchaeta

was reported as the only species of this group in the lake and Filinia. However, apart fronBrachionus, sporadi-

since the beginning of this century, was documented

cally identified only after the '70s, these genera were

beginning from 1988 (de Bernardi & Canale 1995).

The taxonomy of the genudosmina represents an-
other interesting problem. In all the preceding investi-
gations (Tab. 2) the reported species Whasmina
(Eubosmina) coregoni (with the addition ofB. (Eub.)
longicornis in Baldi (1949)). However, the presence of a
clearly distinguishable mucrone contrasted with the
features of the coregoni-type; a closer investigation of
the specimens of this genus allowed their identification
as B. (Eub.) longicornis kessleri Uljanin (=B. (Eub.)
mixta kessleri (Uljanin)), F.G. Margaritora det.). The
differences in these determinations may be only appar- Figures 2, 3 and 4 report the seasonal variations of
ent. In fact, the relative position 8f (Eub.) longicornis selected groups or species of copepods, cladocerans and
within the subgenus has been the subject of much de- rotifers in 1995 and 1997. In figure 2 copepods are sub-
bate, with some authors considering it as a subspecies ofdivided between calanoids, cyclopoids and total nauplii,
B. (Eub.) coregoni (for a brief history of thisaxon see whereas figure 3 reports all the species of cladocerans
Lieder & Gunther (1995)). Moreover, the presence of found, with the exclusion of an isolated finding of an
the "mucronate” form - reported both Bslongicornis undetermined Chydoridae on September 1997 at Bar-
(Garbini 1895; Pavesi 1883) or as a subspecieB. of  dolino. Owing to the great development @fnochilus
(Eub.) coregoni (subsp.longicornis: Margaritora 1985) in 1997, in figure 4 the densities of this organism are re-

- was well known in Lake Garda since the first collec- ported separately from those of other rotifers.

tion of zoological samples. However, it should be The temporal evolution of cladocerans and, to a
stressed that the classification of thison, being re- lesser extent, copepods, is characterised by the presence
lated to hybridisation processes (Lieder 1991), is still of a discrete seasonal component, with higher densities
difficult ("kessleriist die Crux der Eubosminal axono- during the spring-summer months and/or autumn
mie" Lieder 1996). months (Figs 2 and 3). Rotifers have their greatest de-

Other differences in the group of cladocerans appear velopment in spring and, partly, during autumn in 1995
of secondary importance, as the occasional finding of and early spring and summer in 1997 (Fig. 4). However,
Chydorus sp. andPolyphemus pediculus in the '80s. apart differences in the timing of maximum develop-

The changes observed in the composition of rotifers ment, the cyclical character in the evolution of the zoo-
must be interpreted with some caution. The composition plankton assemblage has different amplitude in the two
of this heterogeneous and large group may be greatly in- study years. In particular, in 1995 the cladocerans
fluenced by the sampling strategy (Ruttner-Kolisko showed a more pronounced development, whereas, in
1977) as well as by the occurrence of a greater number 1997, rotifers were dominated by a strong number of
of the rarest forms in comparison to the copepods and Conochilus.
cladocerans. In fact, the organisms found only in a sin- In general, the whole assemblage and the three dis-
gle sampling campaign are represented byd2 (Tab. tinct zooplankton groups have a comparable temporal
2). Conversely, the rotifers found by all the authors are evolution in the western and eastern sub-basins of the
Keratella cochlearis, Kellicottia longispina, Gastropus lake (Tab. 3).

found in all the considered periods; apparentiy/inia
terminalis has also been a typical pelagic constituent of
the lake, since it was not found only in the work of Bar-
bato (1988) which reports the presencerdfnia sp.
Probably, the most interesting and consolidated modifi-
cations within this group are the appearance of the new
specieKeratella quadrata andLecane lunaris since the
"70s, andEuchlanis dilatata since the second half of the
'80s.

3.2. Seasonal variations of the dominant species

stylifer, Synchaeta sp.,Polyarthra vulgaris, Asplanchna
priodonta and Conochilus spp. On the whole, in Lake

The seasonal evolution of copepods is almost en-
tirely determined byC. steueri (Fig. 2). In 1995 this

Garda this last genus appears to include at least two species reaches its higher densities (25,000-55,000 ind
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m?) in summer and (at Brenzone) autumn months. In
1997 it is possible to distinguish two periods of high de-
velopment in spring (mainly at Bardolino) and during
summer (up to 40,000 ind m® in both stations). The
dominance of this species among the copepods confirms
the results of previous works (afterwards the densities
cited or recomputed from other papers include adults+
copepodites). Merlo & Mozzi (1963) found a maximum
density, in the layer 0-25 m, of ca 13,500 ind m* in
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September. In the investigations of IRSA (1974) higher
densities (between 45,000-77,000 ind m*®) in the first 25
m were found in spring and autumn. Barbato (1988)
reported a maximum density of 26,000 ind m?, with the
higher values reached from spring to autumn. Negri &
Pelaia (1990) found a general increase during spring and
summer (with maximum values always below 17,000
ind m®) and minimum values in October.
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Fig. 2. Density variations of caanoids (Copipodiaptomus), cyclopoids (Mesocyclops, Cyclops) and nauplii at Brenzone (a, b) and
Bardolino (¢, d) in 1995 (left panels) and 1997 (right panels). "Calanoids' and "cyclopoids" include adults + copepodites.

The difficulty to find some regularity in the seasonal
development of C. steueri may be due to its policyclic
character, well evidenced by the presence of ovigerous
femalesin all the samples.

In comparison to C. steueri, the cyclopoids are pres-
ent with alow number of individuals. The most frequent
and abundant between the two species living in Lake
Garda is M. leuckarti. In both years, the maximum de-
velopment is attained in a limited period, between the
summer and autumn months, i.e. July-September in
1995 (up to 6500 ind m®) and August-November in
1997 (up to 1800 ind m™), thus confirming the warm-
stenothermal character of this species (IRSA 1974;
Negri & Pelaia 1990). On the contrary, Cyclops cf.
abyssorum has been identified in a limited number of
samples (ca 20% of the total) and with densities gener-
aly below 500 ind m™ (with the exception of two iso-
lated peaks of 2000 and 1000 ind m™ in June and No-
vember 1995). The development of this species appears
mainly limited to the cold and mild months (autumn-

spring), a feature observed aso in the previous research
(IRSA 1974; Negri & Pelaia 1990). A similar seasonal-
ity was observed in Lake Maggiore by Ravera (1954),
s that this species was defined cold-stenothermal.

The numerical prevalence of Mesocyclops over Cy-
clops is confirmed also by the investigations made in
the '80s. Barbato (1988) found Mesocyclops with a
maximum density of ca 3200 ind m?, but was able to
identify some specimens of Cyclops only after further
appropriate samplings, successively not included in his
research. In the investigations of Negri & Pelaia (1990)
the highest densities of Mesocyclops and Cyclops in the
whole lake were between 200-1100 and 50-300 ind m’,
respectively. It is interesting to observe that, in the be-
ginning of the "70s (IRSA 1974) the relative importance
of these two cyclopoids appeared inverted in favour of
Cyclops; between 0-25 m, this species was found with
maximum densities up to 5000 ind m™ (April), whereas
Mesocyclops reached a density around 1300 ind m™

(May).
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Fig. 3. Density variations of cladocerans at Brenzone (a, ) and Bardolino (¢, d) in 1995 (left panels) and 1997 (right panels).
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Fig. 4. Density variations of Conochilus and the remaining rotifers (excluding Conochilus) a Brenzone (a, b) and Bardolino (c, d) in
1995 (left panels) and 1997 (right panels).
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Tab. 3. Correlation coefficients among the zooplankton densities quantified at Brenzone and
Bardolino in the two study years (n=26); the figurein itdic is significant at P<0.05, the others at

P<0.01.

Total density Copepoda Cladocera Rotifera
Untransformed data 0.74 0.61 0.47 0.91
Log transformed 0.70 0.62 0.69 0.78

The three most frequent cladocerans (Daphnia spp.,
D. brachyurum and B. (Eub.) I. kessleri) have their
higher densities only from spring to early autumn (Fig.
3). The timing of the maximum development and sea-
sonal replacement of these species is comparable in the
two study years and in both stations. Daphnia is char-
acterised by a well defined spring pulse delimited in a
restricted period between April and June. In the other
months densities are generally lower, even if it is possi-
ble to observe a successive tendency towards an in-
crease in summer (1997) or autumn (1995). The ten-
dency towards the development of a subsequent maxi-
mum following the spring peaks was observed also in
Lake Maggiore, but only at irregular intervals (de Ber-
nardi & Canae 1995). D. brachyurum and B. (Eub.) .
kessleri have their maximum development in summer
and autumn. However, the density of Bosmina appears
to increase earlier, during the spring development of
Daphnia, whereas, excluding a relative high value re-
corded during spring 1995 at Bardolino, Diaphano-
soma shows its distinctive maximum during the
warmest months.

The analysis of the data reported in previous works
permits to delineate a more or less similar seasonal re-
placement among the three phytophagous cladocerans,
particularly in the investigations carried out in the pe-
lagic environment (Merlo & Mozzi 1963; IRSA 1974;
Negri & Pelaia 1990). In the layer 0-25 m Merlo &
Mozzi (1963) reported the maximum growth of Daph-
nia during spring (1700 ind m'3), whereas Bosmina (up
to 700 ind m*®) and Diaphanosoma (over 2700 ind m*)
were mainly present in summer and autumn. Data re-
portsincluded in IRSA (1974) permit to observe, in the
first 25 m, a spring pulse of Daphnia beginning in
April (5000-1300 ind m™) followed by maximum
values of Bosmina in May (4000-7500 ind m®) and an
increase of Diaphanosoma during summer and early
autumn (up to 8000 ind m®). The results reported by
Negri & Pelaia (1990) show a clear correspondence in
the spring development of both Daphnia and Bosmina
(with densities up to 7000 and 2000 ind m?, respec-
tively) with a successive maximum of Diaphanosoma
(up to 6000 ind m™3).

The aternating development between Daphnia and
Diaphanosoma may be due, as evidenced by de Ber-
nardi & Canali (1975) and Horn & Horn (1990), to
competitive mechanisms, the same which may explain
the relationships between the population dynamics of
Daphnia and FEubosmina (de Bernardi & Canale 1995).

On the other hand, as evidenced by the same authors,
the mutual interactions among these three species may
be significantly influenced by their selective predation;
it was shown that, depending on the size, D. hyalina is
the preferred food for planktivorous fishes or for
Bythotrephes and Leptodora, whereas Eubosmina and
Diaphanosoma do not contribute to the diet of plank-
tivorous fishes, but are caught by the invertebrate
predators (see references in de Bernardi & Canale
1995). L. kindtii (a warm-stenothermal species) was
found in samples between April and September (with
maximum densities of ca 1600 ind m™ in 1995), while
B. longimanus between June and December (up to 700
ind m?in 1995).

The explanation of the factors responsible of the
wax and wane of cladocerans will require, besides
interspecific competition and fish predation, an in-
depth analysis of food requirement.

When considering the seasonal evolution of both
copepods and cladocerans, their daily vertical migra-
tion behaviour must be taken into consideration (Lam-
pert & Sommer 1997), especialy in large lakes when
only alimited strata has been sampled in relation to the
maximum depth. In this context, and considering its
low densities, this may be of particular importance for
Cyclops. In fact, as observed by Einde (1996), the
populations of C. abyssorum which live in the subal-
pine, large and deep lakes ("prealpinus”-group) prefer
the deeper water layers (40-60 m of depth) during day-
time, migrating to the surface only during the night. On
the contrary, as shown by the work of IRSA (1974), M.
leuckarti appears confined, in the daytime, in the strata
between 0-25 m. The same may be important also for
cladocerans (see Stich & Lampert 1981 for examples
on migrations of Daphnia in the deep Lake Constance).

Among the Rotifera, the most abundant species are
represented, in 1995 and/or 1997, by A. ovalis, E. di-
latata, K. longispina, Polyarthra $pp. (with maximum
densities ranging from 7000 to 13,500 ind m™) and by
Conochilus, which, in 1997, attained density peaks of
ca 110,000 and 190,000 ind m* at Brenzone and Bar-
dolino, respectively (Fig. 4). Other important species,
reaching densities around 5000 ind m'®, are represented
by G. stylifer, K. cochlearis and Synchaeta p.

The seasonal development of Rotifera is character-
ised by a spring pulse and a successive maximum de-
velopment reached during autumn in 1995 and summer
in 1997; however, the most noticeable difference be-
tween the two study years is represented by the major
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development of Conochilus in 1997. Excluding this
species (discussed below) the maximum densities at-
tained by the remaining rotifers in the previous investi-
gations carried out in pelagic stations (Merlo & Mozzi
1963; IRSA 1974; Negri & Pelaia 1990) are comprised
in the range of maximum values found at Brenzone and
Bardolino in the two study years (Fig. 4). However, the
relative development of the different species was not
always directly comparable with that found in 1995/97.
For example, the investigations carried out by IRSA
(1974) identified a significant development of 4. pri-
odonta and Synchaeta sp. (up to 27,000 and 21,000 ind
m* in the first 25 m). As regards Conochilus, density
peaks were recorded also in previous research, but with
values comparable to those observed in 1997 only in
the investigations of IRSA (1974) where in the layer O-
25 m two periods of higher development were identi-
fied, one in the whole lake, in spring (up to 115,000 ind
m® in the W-basin) and the other in the southern basin,
in autumn (45,000 ind m®). Merlo & Mozzi (1963)
found two maxima (up to 4500 ind m> between 0-25
m) in summer and autumn. Negri & Pelaia (1989)
found a single spring pulse in the whole lake, with

asximum densities ranging from 11,000 to 25,000 ind
m”.

Theirregular character found in the development of
Conochilus in Lake Garda, as regards both the season-
ality and the maximum densities attained in the differ-
ent years, has been verified also in other lakes. In par-
ticular, in Lake Washington C. unicornis appeared spo-
radically and usually in small humbers during a total of
28 years of observations since 1933; C. hippocrepis has
been even more sporadic and less conspicuous until a
3-year period at the end of the "70s when it became ex-
traordinarily abundant, with a peak of 10° ind m*
(Edmondson & Litt 1987). In this lake the only con-
sistent correlation found was between the seasonal
maximum of Leptodora and the decrease of Conochilus
from its peak abundance each year. More recently,
Manca & Sonvico (1996) observed that, in Lake Mag-
giore, the colonies of Conochilus became numerically
important in comparison to previous research; besides
Leptodora, the predation pressure of Bythotrephes was
considered to contribute significantly to the summer
depletion of Conochilus which, at least during June-
July, represented a large proportion of the total pre-
ferred prey of the two predatory Cladocera.

In Lake Garda, the maximum development of
Conochilus in 1997, paralleled by alower development
of Leptodora and Bythotrephes in comparison to 1995
(Fig. 3), would find some interpretations in the light of
the above observations. In particular, the development
of Conochilus a the end of May in 1995 stopped
abruptly in June, in coincidence with the rapid growth
of Leptodora (Figs 3a, ). In 1997 the mutual relation-
ships among predators and prey appear less defined,
with the greatest development of Conochilus occurring
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in the whole range of density of the two invertebrate
predators (0-150 ind m). However, the discrimination

of the whole set of factors responsible of the growth
and decline of the Conochilus colonies requires, as un-
derlined by Edmondson & Litt (1987) and Manca &
Sonvico (1996), further studies clarifying better the
role of food availability (Conochilus accepts particles

of 10 to 12 um, Pourriot 1977) and the abilities of
Leptodora and other plankton predators to find, catch
and consume€onochilus.

4. CONCLUSIONS

The studies carried out in 1995 and 1997 in Lake
Garda have revealed an assemblage largely dominated
by C. steueri, a typical species identified also in other
deep (Iseo) and shallow lakes of NE Italy and of the
hinterland of the central Adriatic Region (Dalmatia and
Marche Region). CladoceransD.( hyalina-galeata
group,B. (Eub.) L. kessleri, D. brachyurum and inverte-
brate predators), together with rotifers, represent a sig-
nificant component of the zooplankton from spring to
autumn.

The zooplankton of Lake Garda presents traits typi-
cal of deep lakes with moderate productivity, where the
calanoids constitute the main component in comparison
with cladocerans and smaller rotifers. Such composi-
tion was evidenced since the first studies carried out
from the beginning of this century. Excluding unavoid-
able modifications due to the improvement of taxon-
omy and species description in the last decades, the
documentable and consolidated differences in the list
of species appear mainly due to the disappearange of
crystallina since the '50s and the appearance of new
rotifers since the "70K( quadrata, L. lunaris) and the
'‘80s €. dilatata). The quantitative comparison of our
data with those of the previous works carried out in
pelagic stations (Merlo & Mozzi 1963; IRSA 1974;
Negri & Pelaia 1990) are difficult to interpret, also in
the light of significant differences in the maximum
densities reached by different groups and species in the
two recent study years, 1995 and 1997. On the other
hand, owing to the fragmentation of the available
studies and the use of different methodologies, the
qualitative and quantitative modifications observed in
the seasonal development of the zooplankton commu-
nity in Lake Garda should be interpreted with special
caution, particularly as regards the rotifers. From this
point of view the irregular development 6brochilus
or the appearance of new rotifers are difficult to deci-
pher and should require further in-depth and continu-
ous observations for their interpretation as possible
signs of modifications in the trophic structure of the
lake.

All in all, but with the limitations deriving from the
above considerations, the results of the comparison of
the different investigations presented here do not seem
to contrast with the substantial stability in the oligo-
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mesotrophic character of the lake formally docu-
mented, athough on the basis of non-continuous
studies, since the "70s (e.g., IRSA 1974; Salmaso et al.
19974, b). On the other hand, most observations show
that changes in the composition of the species inhabit-
ing alake may occur only after considerable changesin
its trophic level. For example, during the "70s, when
Lake Maggiore reached its maximum eutrophication, a
reduction in the relative importance of copepods in fa-
vour of cladocerans and rotifers was observed together
with an increase in the total population density of the
zooplankton and a significant development of new spe-
cies (Chydorus sphaericus) (Mancaet al. 1992).

The only way to evaluate adequately the efficiency
of political interventions aimed at the control of nutri-
ents and the maintenance of good water quality in lakes
is constituted, besides experimental determinations of
chemical loads and in-lake concentrations, by long
term-studies of the biological components, principally
those at the base of the trophic chains. Owing to the
present low concentrations of phosphorus compounds
in the euphotic layers (with annual average concentra-
tions around 10 ug TPY, the trophic status of Lake

Garda does not seem to show any apparent trend to-

wards eutrophication; in the period 1992-1997 mean
annual values of epilimnetic chlorophyilin the W

and E basins were, with the exclusion of a low value
computed in 1994 (Brenzone, 2.3 |19, lbetween 2.8-
4.0 ug 1* (Salmasat al. 1997b and unpublished data).
However, the increase of total and reactive-P in the hy-
polimnion of Lake Garda since the ‘80s (Moselia:!/.
1997) demonstrates an increase in its trophic potential-
ity giving, at the same time, indications about the un-
certainty of defining precisely future scenarios in the
productive layers (Salmasoe a/. 1997a). In this light,
continuous studies of the plankton communities should
become an inalienable feature in the management of
Lake Garda, due to the ability of both zooplankton and
phytoplankton assemblages to rearrange their relative
composition and growth in reply to changing condi-
tions.
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