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Abstract

A small alpine karst lake in the North Bastern Calcareous Alps
was investigated between 1986 and 1988. Lake Dreibrüdersee
(1643m, Totes Gebirge) fills a doline (130 m diameter) sinee the
last iee age. Between July and Deeember the lake volume deelined
by approximately 92% from 41514n13 to 3200 m 3 through leakage
into sink holes. Winter cover lasted for up to 250 days. The
permanent loss of water resulted in concentric fission lines in the
primary ice cover. During the ice free period assimilation of the
developing phytobenthos caused biogenic deealcifieation and
supersaturation with oxygen. With the onset of ice cover the lake
changed within 3 months to a heavily stratified, anoxie residual
volume, where CO 2 accumulated from intensive heterotrophic
processes in the sediment.

The distinct zonation of the phytobenthos seems to be related
to the special hydrological and ehemieal conditions in Lake
Dreibrüdersee.

In the zooplankton large crustaceans dominate over rotifers
and protozoans. The univoltine copepods Acanthodiaptomus den
ticornis and Arctodiaptomus alpinus produce exelusively hiber
nating resting eggs whieh hatch the following season, while
Cyclops abyssorum tatricus actively survives the winter months in
the almost anoxie lake. Daphnia rosea shows a very long sexual
period with males emerging a few weeks after the appearance of
primiparous females. Probably as a result of a high crustaeean
grazing rate the phytoplankton standing stock is low, with small
cryptomonad speeies and the large inedible Ceratium hirundinella
predominating.

Introduction

In areas of soluble rock like limestone or gypsum a typical
form of erosion is found caused by water containing free
carbondioxide. Effluent waters produce cavities and cha-
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racteristic superficial depressions. The dry and deeply
fissured areas in limestone districts are usually referred to
as "karst" after the first description of this phenornenon
in the Karst region inland from the Dalmatian coast of
the Adriatic Sea. Typical erosion-fonns in the karst are
dolines. These funnel shaped circular depressions, varying
in size from several to more than 100 meters, usually lead
into small cracks or caves. When these drainage channels
become blocked with residual material occasionally ponds
or lakes develop. These water bodies often undergo
considerable changes in water level due to the fact that
only seldom they are completely sealed and isolated from
the permeable bed rocks. Typically regular shaped solution
lakes have been studied extensively in Florida (DEEVEY
1988 and references therein) and in the Perm region of
Russia (BUTYRINA 1972 and references therein).

In the North-Eastern Calcareous Alps of Austria exten
sive karst plateaus rise up with steep slopes at their edges.
The biggest karst massif is the "Totes Gebirge" with an
area of 590 km", the meaning of the name ("dead moun
tains") deriving from the lack of superficial water. This
area receives more than 2200 mm precipitation annually
and .snow cover is present for more than 196 days each
year. However, radiohydrological studies of DINCER et al.
(1972) have shown, that storage of water in the massif is
negligible, and that all surface water drains quickly over
crevices and comes out in springs at lower altitudes.

Nevertheless, several lakes fill karst depressions at the
dry plateau region above timber line in altitudes between
1450 and 1650 m (MÜLLER 1974), of which some have
been studied previously (BAUER & ZÖTL 1962; MAHRINGER
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1965; STUNDl 1953). Most of them developed where the
glaciers of the last ice age had closed the drainage channels
with unsoluble sediments. In this study we present first
data on abiotic conditions in Lake Dreibrüdersee (1643 m),
which loses more than 90% of its water content and
changes each year from a productive small alpine lake in
summer to an anoxie residual volume under iee. The effects
on species composition are discussed.

Material and Methods

The lake was surveyed, sounded, and the distribution of macro
phytes was recorded by scuba diving in July 1986. Water and
plankton samples were taken at the deepest point in monthly inter
vals with a Schindler-Patalas trap. During winter and spring a pump
was used to take samples at distinct depths to ensure proper analysis
of chemical gradients. pH-value and conductivity (20°C) were
measured with WTW-electrodes. Oxygen concentrations were

determined by applying Winkler's method. Alkalinity, total hard
ness, Fe 2 + and HS - were measured according to DIN-norms.

100-ml aliquots oflake water were fixed with Lugol's iodine to
obtain estimates of cell numbers and phytoplankton as weIl as of
protozoan biomass, which are based on counts according to
Utermöhl's method (LuND et a1. 1958; UTERMÖHL 1958).

Results

Study site

Lake Dreibrüdersee (47°40'43/1 N, 13°55'23/1 E, 1643 m
a.s.1.) fills a big doline (Fig. 1) whieh was sealed with
fine-clastic material of a ground moraine during the last
ice age (ZÖTL, pers. comm.). The bedrocks are Jurassie
limestone deposits ("Oberalmer-Schichten, Plassenkalk",
FLÜGEL & FENNINGER 1966).
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Fig.T, Bathymatric map and dis
tribution ofphytobenthos in Lake
Dreibrüdersee. The maximum
water level is limited by a
Ponor (big karst sink).
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Fig.2. Changes of volume in Lake Dreibrüdersee.

Changes in water level

The lake dropped from a maximum, by a Ponor (sink
hole) limited water level at 9.6 m (41514 m') in spring, to
aminimum water level at 3.7 m (3200 m') in winter, thereby
losing approximately 92% ofits total volume at an average
rate of200 m' per day (Fig. 2).Strang rainfall in spring and
summer retarded the lass of water in 1987 and 1988. The
lake had lost half of the water eontent in November, one
month later than in 1986.The lake has a tight basin with a
rest-volume of 3200m'. At the end ofwinter it had filledwith
iee and slush, so that the open water body below iee was re
dueed to 570m' (1.5 m depth). At temperatures above freez
ing meltwater filled the basin within 30 to 50 days. In 1986
the lake was ice-free at the beginning of June, whereas iee
cover eontinued up to the beginning of July in 1987.Beeause
of the late melting of snow masses the water could not drain
away and eaused a short period of overfilling in spring 1987.

Thermic conditions

An inverse stratifieation is usually established for 7 to 8
months. After the melting of the ice in June/July a rapid

heating of superfieial layers together with pronouneed
ehemieal gradients in the lake eause a delay of full
eireulation.

During August the lake reaehed maximum surfaee
temperatures of 17 to 18 "C. Nevertheless, the stability of
the water body was low. Rapid eooling and strong wind
during periods of bad weather eaused a nearly homo
thermie temperature profile within a few days.

After the formation of the iee cover a slight warming of
hypolimnetie layers up to 5 "C took plaee as a result of
heat storage in the mud. Not until the lake had reaehed
the minimum water level the temperature in the open water
dropped to the minimum of 2 "C,

During the period of filling a stratum of cold melting
water overlied the warmer ion-rich water in the residual
volume. Only a few days after the iee had melted, surfaee
temperatures of 10 "C were reaehed in July 1987. They
dropped to 5.8 "C in 6 m and rose to 6.2 "C near the
sediment, showing that the lake had not cireulated. It took
two weeks until the ion-rieh residual volume had mixed
with the overlaying melting water. Thus, spring eireulation
does not include homothermie eonditions in Lake Drei
brüdersee.
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Dynamics of the winter cover Oxygen

Due to the settling of cold air in the doline a thin ice cover
often formed in late autumn and melted during the day.
The formation of a permanent ice cover coincided with
the first heavy snow fall at the beginning of November
(Fig, 3). Snow isolated the first layer of columnar ice which
did not become thicker than 15 cm in 1986. After heavy
snowfall at the end of December the ice cover broke as a
result of continued loss of water and the snow soaked with
water. The slush froze on the top and formed a layer of
granular ice. This process was repeated during winter and
resulted in alternating layers of slush and granular ice.

The permanent loss of water caused concentric fission
lines in the primary ice cover, which became visible during
melting (Fig.4). The small residual volume continuously
filled with slush. However, a total filling of the basin is
unlikely, because the layers of slush compress when air
escapes from the winter cover.

Meltwater started to fill the basin at the end of April.
The ice cover bulged up probably due to areduction of
area (Fig. 3, 10.5. 1987). Puddies developed along the
fission lines and the stronger absorption of radiation
therein quickly reduced the thickness ofthe winter cover.

Fig. 5 shows the varying conditions in Lake Dreibrüdersee,
changing from saturated conditions during the ice-free peri
od to an almost completely anoxic residual volume in winter.

During summer the whole water body was supersaturated
with oxygen due to the assimilation of the phytobenthos.
Only during long fair weather periods in late autumn short
periods of oxygen depletion near the sediment were re
corded. The highest observed actual oxygen deficit one meter
above the mud surface ranged from 16% to 30% in
September 1986 and October 1988 respectively.

With formation of the permanent ice cover a strong oxy
gen depletion started (Fig. 5). This process was probably
accelerated by chemical density currents at the mud-water
interface (cf. ALSTERBERG 1930), and by the continuous loss
of oxygen-rich layers. After a few weeks the residual volume
was almost completely anoxic. lronsulfid precipitated and
gave the residual water a grayish-black colour.

At the beginning of the filling phase traces of oxygen even
close to the sediments indicate, that the ion-rich residual vo
lume remains not unaffected by refilling events in spring.
However, low oxygen concentrations were rapidly used up
by the high reduction capacity of the anoxic sediment.
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Fig.3. Dynamics of the winter cover of Lake Dreibrüdersee. Nov. 1986 - Jun. 1987.
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Fig.4. Lake Dreibrüdersee on 14.5. 1986.

Carbonate system

During summer the RC03" concentration sank continu
ously, probably due to biogenic decalcification processes
of the developing phytobenthos. The uptake of CO 2 and
HC03-resulted in increasing pH-values (Fig. 6), coincid
ing with a drop in conductivity (Fig. 7), alkalinity (Fig. 8),
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and total hardness (Fig. 9), although dilution by inflowing
rain water could not be quantified. With the onset of ice
cover CO 2 rapidly accumulated and dissolved carbo
nates from the sediment. Under the winter cover strang
ion gradients were found with pR decreasing and conduc
tivity, alkalinity, and total hardness increasing near the
sediment.
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Fig. 5. Temporal development of oxygen saturation in Lake Dreibrüdersee.
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Fig. 6. Temporal development of pH in Lake Dreibrüdersee.

Phytobenthos

The special hydrological conditions in Lake Dreibrüdersee
cause a typical concentrie distribution of Chara contraria
(Fig. 1). As the water level usually drops about 2 to 3 m

during summer, shallow parts of the lake cannot be
colonized, A eoncentric ring, where 100% of the lake
bottom is covered by the algae, is surrounded by zones
where they form patches of about 1 to 3 m in diameter. The .
anoxie conditions in the deepest part of the lake during
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Fig.7. Temporal development of conductivity (20°C) in Lake Dreibrüdersee.
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Fig. 8. Temporal development of alkalinity (meq 1- 1) in Lake Dreibrüdersee.

winter probably inhibit the growth of the charophytes.
During the ice free period filamentous Chloro- and Conju
gatophyceae develop on the Characeae, and form thick
pads in the deepest part of the lake. Ranunculus eradicatus
flowers in the shallow shore line regions down to 3 m depth.

Phytoplankton

Phytoplankton was scarce throughout the whole year
with large dinoflagellates (Ceratium hirundinella, max.
1.97 . 103 ind.jl (198 mg/m ') and small cryptoflagellates
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Fig. 9. Temporal development of total hardness (meq 1- 1) in Lake Dreibrüdersee.
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Table 1. Species cornposition of phytobenthos and phytoplankton (*)

BACTERIA
Thioploca schmidlei LAUTERBORN

CYANOPHYCEAE
"Anabaena constricta (SZAFER)

*Anabaena sp.
Calothrix sp.
"Chroocaccus sp.
"Coeiosphaerlum kuetzingianum NAEG.

*Doctylococcopsis fascicularis LEMM.

Gloeocapsa sp.
*/\.1erismopedia tenuissima LEMM.

*Merismopedia sp.
Nostoc sp.
Oscillatoria cf. chlorine KÜTZ.

O. lauterbornli SCHMIDLE

O. cf. ornata KÜTZ.

O. cf. tenuis AG.
*Spirulina sp.

CHLOROPHYCEAE
Actinastrum sp.
*Ankistrodesmus cf. longissimus (LEMM.)

*Astasia sp.
*Botryococcus braunii KÜTZ.

Bulbochaete sp.
"Carteria sp.
Characium sp.
*Chlorella sp.
"Chlamydomonas sp.
"Chlorella sp.
*Crucigenia rectangularis (A. BRAUN)

*Elakatothrix sp.
*Euglena sp.
*Koliella sp.
*Golenkinia radiata CHODAT

Oedogonium sp.
*Ooeystis laeustris CHODAT

Ooeystis sp.
*Pediastrum boryanum (TURPIN)

"Scenedesmus sp.
*Sphaeroeystis sehroeteri (CHOD.)

*Tetraspora sp.

CHRYSOPHYCEAE
*Bieosoeca sp.
*Chromulina sp.
*Kephyrion rubri-claustri CONRAD

"Ochromonas sp.

CRYPTOPHYCEAE
"Cryptomonas erosa

"Cryptomonas spp.
*Rhodomonas minuta var. nannoplanctica SKUJA

DINOPHYCEAE
*Ceratium hirundinella f. austriacum (ZEDERBAUER)

*Gymnodinium cf. profundum SCHILLER

*Gymnodinium spp.
*Peridinium sp.

CONJUGATOPHYCEAE

"Cosmatium granatum BRim.

Cosmarium sp.
Closterium sp.
*e. cf. reniforme (RALFS)

Desmidium swartzii AG.
Hyalotheea dissilens (SMITH)

Pleurotaenium ehrenbergii (Bnss.)
Spirogyra kunsamiiensis HIRN

*Staurastrum graeile RALFS

*Staurastrum sp.

DIATOMEAE

Aehnanthes minutissima KÜTZ.

Amphora ovalis KÜTZ.

Cocconeis pedieulus EI-IRB.

e.plaeentula (EHRB.)

*Cyclotella comta (EHRB.)

*Cyclotella sp.
Cymatopleura solea (BRl3B.)

Cymbella cistula (HEMPRICH)

e. cuspidata KÜTZ.

C. ehrenbergi KÜTZ.

e. lanceolata (EHRB.)

e.prostrata (BERKELEY)

e. silesiaca BLEISCH

Denticula tenuis KÜTZ.

D. oblongella (NAEGLI)

Gomphonema cf. graeile EI-IRB.

Gyrosigma attenuatum (KÜTZ.)

Navieula eryptotenella LANGE-BERTALOT

N. euspidata KÜTZ.

N. radiosa KÜTZ.

Navieula sp.
Neidium sp.
Nitzschia dissipata (KÜTZ.)

Nitzschia sp.
Pinnularia spp.
Surirella robusta var. splendida (EHRB.)

*Synedra aeus KÜTZ.

*Synedra sp.

CHAROPHYTA

Chara contraria BRAUN ex KÜTZ.

ANTHOPHYTA

Ranunculus eradicatus (LAESTADIUS)
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tCryptomonas spp., Rhodomonas minuta var. nannoplanc
tica, max. 110.7 . 103 ind.zl (149 rng/m') being dominant
in September and July, respectively. During summer
chlorophytes iCrucigenia rectangularis, Golenkinia ra
diata, Sphaerocystis schroeteri, max. 139.9' 103 ind.rl in
July (188 mg/rrr') became increasingly important. The
standing stock of phytoplankton was highest in July with
431 mg/m 3 in 9 m depth.

An overview ofthe qualitative composition ofplanktonic
as well as of benthic plants in Lake Dreibrüdersee is given
in Tab. 1.

Zooplankton
In the zooplankton large-bodied crustaceans dominate
over protozoans and rotifers. Both calanoid copepod
species, Acanthodiaptomus denticomis and Arctodiaptomus
alpinus produce discrete clutches of diapausing eggs which

hatch the following season. Hatching of Arctodiaptomus
eggs took place in the ice-covered lake as soon as the basin
was filled with meltwater in May, while the observations of
first nauplii of A. denticornis and neonate D. rosea coincided
with the melting ofthe winter-cover in June. With its late co
pepodite stages A. alpinus disappears from the pelagial and
populates the very next bottom layers, so that a sharp spatial
separation of the two calanoid species is established in
advance of reproduction. First ovigerous females emerged
in August, with A. alpinus females generally being ahead
of A. denticornis. Reproductive features of both calanoids
are thoroughly described and discussed by JERSABEK &
SCHABETSBERGER (1995).

Cyclops abyssorum tatricus is the only crustacean plank
ter that actively survives the winter months in the lake.
Low numbers of fifth copepodite stages and mature adults
were present in spring. The sequence of developmental
stages of C. a . tatricus is shown in Fig. 10. In Acanthocy-
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Fig.1O. Abundance (a) and relative proportions (b) of copepodite stages of Cyclops abyssorum tatricus in the pelagial. Broken line:
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clops ternalis the dormant stage is confined to the fourth
copepodite stage, which enters diapause at times ofdeterio
rating conditions under ice and becomes abundant in the
pelagial in spring, preying heavily upon newly hatched
nauplii of A. alpinus. After the break of ice this cyclopoid
species was restricted to the bottom layers and only
occasionally encountered in the plankton of the open lake.

The life cycle of Daphnia rosea is characterized by a
very long sexual period with males emerging a few weeks
after the appearance of primiparous females (Fig. 11f),
First adult males and resting eggs were encountered in Sep
tember. High egg numbers of > 6 eggs/clutch were observ
ed in spring, whereas clutch sizes remained low throughout
the rest ofthe year (Fig, 11b). It should be mentioned, that
this European Daphnia rosea SARS and the North Ameri
can Daphnia rosea (RICHARD) are probably not identical
species, and that some European authors consider the

former to be a form of the highly variable D. longispina
O. F. M. (PEJLER 1973; among others).

Micrometazoan plankton is ofminor quantitative import
ance. Namely the only euplanktonic rotifers Ascomorpha
ecaudis and Notholca squamula never reached densities
exceeding 0.5 to 1ind.jl. At times their densities were surpas
sed by turbellarians (Rhynchomesostoma rostratum, Micro
dalyellia sp.) and by tychoplanktonic rotifers. In winter
N. squamula also inhabits the interstitial water ofthe winter
cover, which is protected from heavy oxygen depletion.

The dominant planktonic protozoans in Lake Drei
brüdersee are Halteria cf. grandinella, Strobilidium humile,
and Strombidium viride, with highest densities reaching
6640 ind.rl (129 mg/rn'), 8400 ind.zl (113 mg/m'), and 1020
ind.rl (24 mg/m'), respectively, in July. A list of planktonic
as weIl as of benthic anima1s determined from the lake is
given in Tab. 2.
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Table 2. Species composition of z~obenthos and zooplankton (*accidental, and ** euplanktonic forms). Species shown in brackcts
are rarely encountered forms, considered to be non-resident in the lake.

PROTOZOA

Rhizopoda
Centropyxis aculeata EHRB.
Difflugia sp.

Ciliata
*Aspidisca lynceus EHRB.
*Blepharisma elongatum STOKES
"Calyptotricha cf. clzlorelligera (LEPsI)
"Chilodontopsis cf. depressa (PERTY)
Christigere minor PENARD
*C. phoenix PENARD
*Dexiotricha plagia (STOKES)
Dileptus anser (O.F.M.)

**Halteria sp.
Mucotrichidium hospes (EHRE.)
Ophrydium versatile (O.F.M.)
Ophrydium sp.
Pseudovorticella sp.
**Strobilidium humile PENARD
**Strombidium viride STEIN
*Urotricha furcata SCHEWIAKOFF

TURBELLARIA - Neorhabdocoela

*Gyratrix hermaphroditus EHRB.

**Microdalyellia sp.
**Rhynchomesostoma rostratum (O.F .M.)
Gen. sp.

ROTATORIA

Bdelloidea

M acrotrachela sp.
Philodina acuticornis MURRAY
*Pleuretra bryeei (WEBER)
Rotaria rotatoria (PALLAS)

Monogononta
**Ascomorpha ecaudis (PERTY)
Cephalodella auriculata (O.F.M.)
C. eva (GOSSE)
*C. gibba (EHRB.)
C. gracilis (EHRB.)
C. intuta MYERS
C. stenroosi WULF.
C. sterea (GOSSE)
C. oentripes DIXON-NuTALL
Collotheca trilobata (COLLINS)
Colurella obtusa (GOSSE)
Encentrum grande (WESTERN)
E. putorius putorius WULFERT
*Euchlanis dilatata EHRB.
*Euchlanis dejlexa (GOSSE)
*Lecane (M.) closterocerca (SCHMARDA)
L. (s.str.) flexilis (GOSSE)
L. levistyla (OLOFSSON)
*L. luna (O.F.M.)
Limnias eeratophylli (SCHRANK)

Lindia torulosa DUJARDIN
**NotllOlca squamula (O.F.M.)
Notommata cyrtopus GOSSE
Proales fallaciosa WULF.
Taphrocampa selenura (GOSSE)
Trichocerca (D.) bidens (LUCKS)
*T. parvula (CARLIN)
T. porcellus (GOSSE)
T. relieta DONNER
T. tigris (O.F.M.)
T. (s.str.) elongata (GOSSE)
*T. longiseta (SCHRANK)
*T. rattus (O.F.M.)
Trichotria pocillum (O.F.M.)

MOLLUSCA

Gastropoda
Lymnaea (Galba) truncatula (O.F.M.)

Bivalvia
Pisidium casertanum (POLI)

OLIGOCHAETA indet.

TARDIGRADA indet.

COPEPODA

Calanoida
** Acanthodiaptomus denticornis (WIERZ.)
**Arctodiaptomus (Rh.) alpinus (IMHOF)

Cyclopoida
**Acanthocyclops vernalis (FISCHER)
**Cyclops abyssorum tatricus (KoZM.)
*Eucyclops serrulatus (FISCHER)
E. macruroides (LILLJEBORG)

Harpacticoida
Bryocamptus (A.) rhaeticus (SCHMEIL)
Paracamptus schmeili (MRAZEK)

CLADOCERA

*Acroperus harpae (BAmD)

Alonella excisa (FISCHER)
*Biapertura affinis (LEYDIG)
[Ceriodaphnia quadrangula (O.F.M.)]
**Chydorus sphaericus (O.F.M.)
[Daphnia obtusa KURz]
**Daphnia rosea SARS
**Scapholeberis mucronata (O.F.M.)
Simocephalus »etulus (O.F.M.)

AMPHIPODA

[Niphargus sp.]

MEGALOPTERA

Stalls lutaria (LINN.)

Limnologica 26 (1996) 1 11



Table 2. (continued)

HETEROPTERA

Hydrocorisae
*Arctocorisa carinata (SHLBG.)
[Notonecra glauca LINN.]

Amphicorisae
Gerris costai H.S.

COLEOPTERA

Dytiscidae
*Agabus solieri AUBE

Helophorus nioalis GrRAuD

*Hydroporus palustris (LrNN.)

Haliplidae
Haliplus confinis STEPHENS

Discussion

The thick winter cover isolates high altitude lakes over
most ofthe year from their oxygen sources, namely contact
with air and light. In eonsequence, dissimilation in the
sediment may cause an oxygen depletion similar to that
observed during phases of stagnation in eutrophic lowland
lakes. The strong oxygen loss during winter in many high
altitude lakes led STEINBÖCK (1953) to the creation of the
terminus "kryoeutroph". Lake Dreibrüdersee changes
each year from a productive alpine lake supersaturated
with oxygen during summer to an anoxic residual volume
eovered by up to 3 meters of ice and slush in winter. This
extraordinary strong alternation in abiotic eonditions
favours speeies that are eapable of enduring deteriorating
eonditions in winter either by entering a diapausing stage
or by producing resting eggs. On the other hand the exis
tenee of a pelagic zone during summer results in a species
composition distinetly different from nearby ponds.

The zooplankton is dominated by Daphnia rosea, Arcto
diaptomus alpinus, Acanthodiaptomus denticornis and Cy
clops abyssorum tatricus, which are typical elements of
high altitude lakes in the Alps (FLÖSSNER 1972; KIEFER
1978). Reproductive modes in Lake Dreibrüdersee are either
univoltine without produetion ofsubitaneous eggs in A. alpi
nus and A. denticornis (JERSABEK & SCHABETSBERGER 1995),
or monoeyclic with sexual reproduction in spring/sumrner
(C. abyssorum tatricus) or summer/autumn (D. rosea). As
already known from other alpine lakes BRETSCHKO 1976;
GLIWICZ 1967) C. abyssorum tatricus is largely restrieted
to the bottom sediments. However, this behavior was
hitherto unknown for A. alpinus, whieh in Lake Drei
brüdersee concentrates immediately above the lake bot
tom. Thus, the two diaptomid species are temporally
separated during the time of postembryonie development
and spatially separated during the time of reproduction.

TRICHOPTERA

Limnephilus cf. ignatus McLACHLAN

DIPTERA

Chironomidae
Corynoneura sp.
cf. Eukiefferiella sp.
Procladius sp.

AMPHIBIA

Triturus a. alpestris (LAURENTI)

Due to the high produetion of crustaceans, micrometa
zoans and protozoans are scarce and only two euplankto
nie rotifers (Notholea squamula and Ascomorpha ecaudis )
are present in low numbers. The suppression of planktonie
rotifers and ciliates is due to either mechanical interferenee
in the filtration chamber of Daphnia (GILBERT 1987), or
to direct predation of carnivorous and omnivorous cope
pods (HARTMANN et al. 1993; LAIR & HILAL 1992).

The high grazing rate of the erustaceans results in a
consistently low standing stock of phytoplankton, where
small flagellates with a high turnover rate and large unedible
colonies and dinoflagellates predominate. It is conspi
cuous, that diatoms are of negligible qualitative and
quantitative importance in the phytoplankton, while cya
nophytes, normally underrepresented in plankton com
munities of arctic and alpine lakes (NAUWERCK 1966),
provide a number of speeies.

The phytobenthos is colonized by a diverse community
of rotifers, different species of microcrustaceans and inseet
larvae. Sialis lutaria larvae develop over several years in
the lake sediment. During winter in a large part of the
lake the ice cover lays on the sediment surface. In this
contact zone we found aerobic conditions with tem
peratures near the freezing point and with larvae of Sialis
and beetles frozen on the undersurface of the primary ice
cover. The larvae started to swim when the ice floes were
melted in jars.

Fish introduction failed in 1751 (WALLNER 1911). All
the other lakes on the plateau contain Arctic charr
(Salvelinus alpinus) introduced during this time. Alpine
newts (Triturus alpestris) probably have disappeared, as
the fish prey heavily on their eggs and larvae (GIACOMA
1988). Due to the extreme changes in hydrological and
-chemical conditions of Lake Dreibrüdersee alpine newts
are still free to exploit the habitat during the summer
months (SCHABETSBERGER & JERSABEK 1995). They over-
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winter on land and use the rich food resources in the lake
during summer. Nevertheless, most of the larvae die each
year under the ice cover, because metamorphosis is delayed
in the lake compared to ponds at similar altitudes. The
larger water body and the settling of cold air in the doline
causes a lower average water temperature during summer.
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