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Macroinvertebrates of inlets and outlets of the Tatra Mountain
lakes (Slovakia)
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Abstract: The composition of invertebrates of inlets and outlets of selected West Tatra and High Tatra lakes (Slovakia,
49°10" N, 20°00" E) was analyzed. Twenty-seven sampling sites representing 11 inlets and 16 outlets of 19 mountain
lakes were investigated. In total, 10,692 aquatic invertebrates from 27 samples were sorted, 7,314 from inlets and 3,378
from outlets. Altogether, 110 zoobenthic taxa (81 in inlets and 85 in outlets) belonging to 12 higher taxonomic groups were
identified. The most constant benthic groups found both in inlets and outlets, at more than half of all sites, were Oligochaeta
(93% of all sites), Chironomidae (78%), Trichoptera (63%), Plecoptera (59%) and Turbellaria (56%). The most abundant
groups were Chironomidae (4,697 ind.), Oligochaeta (2,473 ind.) and Turbellaria (2,236 ind.). No statistically significant
differences were found between the benthic communities of inlets and outlets. On the contrary, significant differences (P
< 0.05) were found in some parameters of benthic communities of inlets situated in different altitudes (< 1800 m a.s.l,
1800-2000 m a.s.l., > 2000 m a.s.l), outlets of different altitudes, and finally, outlets of lakes with different areas (< 5 ha
and > 5 ha). Cluster analysis relatively clearly separated outlets of subalpine lakes from the alpine lakes. Also, outlets of
lakes with the lowest pH were separated from the other sites. In the case of inlets, West Tatra sites were separated from

the High Tatra sites.

Key words: Zoobenthos, invertebrates, inlet, outlet, mountain lakes, Tatra Mountains, Slovakia.

Introduction

In the Tatra Mountains (Mts) — the highest moun-
tains of both Slovakia and the Carpathian moun-
tain range — there are about 120 lakes of glacial ori-
gin, representing more than 90% of all lakes in Slo-
vakia. VEJDOVSKY (1884) and DADAY (1897) started
research of macrozoobenthos of Tatra lakes at the end
of the 19" century. Up to the present, numerous au-
thors have studied the benthos of these lakes from dif-
ferent points of view (KOWALEWSKI, 1914; ZAVREL,
1935a, b, 1937a, b; ZAVREL & PAGAST, 1935; HRABE,
1939, 1940, 1942; GOWIN & ZAVREL, 1944; CER-
NosviTov, 1930; OBR, 1955; ERTLOVA, 1964, 1987;
JURIS et al., 1965; SPORKA, 1984, 1992a, b; KRNO
et al., 1985, 2006; KrRNO, 1988a, b, 1991a, b; VRA-
NOVSKY et al., 1994; BITUSIK, 1996, 2004; KOWNACKI
et al., 2000; BITUSIK et al., 2003, 2006; ZATOVICOVA,
2002, 2003; TATOSOVA & STUCHLIK, 2003; HAMER-
LiK, 2004; BULANKOVA & ZATOVICOVA, 2006). Re-
cently, the High Tatra lakes were investigated dur-
ing multilateral projects supported by the EU, as re-
viewed in STEFKOVA & SPORKA (2001). However,
only few works have focused on inlets and outlets of
the Tatra lakes (KRNO, 1988b, 1991a; KOWNACKI et
al., 1997). The fauna of other European lakes outlets

has been extensively studied by MULLER (1954), IL-
LIES (1956), ULFSTRAND (1968) and RICHARDSON &
MACKAY (1991). These last authors have also reviewed
papers which have investigated the fauna of lake out-
lets.

This work is part of a larger investigation focused
primarily on the littoral, profundal and pelagial com-
munities of macroinvertebrates, paleolimnology, chem-
ical and physical parameters of the Tatra lakes, as well
as characteristics of soils in their catchments. The aim
of the present study is to compare lake inlets and out-
lets based on their invertebrate communities. Differ-
ences between inlets and outlets of different altitudes
and outlets of different lake areas were also investigated.

Material and methods

Study area

The study area is located in the High Tatra and West Tatra
Mts (West Carpathians) within the Tatra National Park (N
Slovakia, 49°10" N, 20°00’ E). The dominant bedrock of the
Tatra Mts is granodiorite, thus the water of these lakes is
extremely poor in inorganic and organic components and
has very weak neutralizing capacity. Altogether, 11 inlets
and 16 outlets of 19 lakes were investigated. The altitude of
the studied lakes ranges from 1674 to 2055 m a.s.l. and their
surface areas from 0.1 to 18.2 ha. All of the lakes are situated
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Table 1. List of the studied lakes and their basic parameters (GREGOR & PACL, 2005). Temperatures represent current values measured

in the littoral in September 2000.

Lake name Lake code Altitude Lake area Depth  Temp. Inlet Outlet Seepage
(m a.s.l) (m?) (m) °C presence presence
Pusté pleso PUSTE 2056 11890 6.6 6.6 0 1 0
Velké spisské pleso VESPIS 2013 28700 10.1 6.4 1 1 0
Prostredné spisské pleso PRSPIS 2010 18880 4.7 7.0 0 1 0
Prostredné sivé pleso PRSIVE 2013 10810 4.8 6.5 1 1 0
Vysné zbojnicke pleso VYZBOJ 1961.8 6410 8.3 6.9 1 1 0
Prostredné zbojnicke pleso PRZBOJ 1959.6 6135 5.3 7.5 1 1 0
Velké Hincovo pleso VEHINC 1944.8 200800 54.0 7.8 1 1 0
Nizné Terianske pleso NITERI 1940.4 55580 47.3 7.4 1 1 0
Malé Hincovo pleso MAHINC 1921.3 22260 6.4 7.6 1 1 1
Vysné Satanie pliesko SATANI 1894 2010 3.5 9.5 0 1 0
Batizovské pleso BATIZO 1884.2 34775 10.5 6.0 0 1 0
Litvorové pleso LITVOR 1860 18645 19.1 4.4 0 1 0
Nizné Jamnicke pleso NIJAMN 1732 11315 8.2 - 1 0 0
Stvrté Rohadske pleso HOROHA 1719.2 14400 8.2 9.0 1 0 1
Vysné Temnosmrecinské pleso VYTEMN 1724.8 55625 20.0 5.8 1 1 0
Malé Zabie javorové pleso MAZABI 1704.2 1800 3.1 5.5 0 1 0
Vy$né Zabie bielovodské pleso VYZABI 1699.1 94640 24.8 8.5 0 1 0
Vysné Rackove pleso VYRACK 1696.8 7425 12.3 7.6 1 0 0
Nizné Temnosmrecinské pleso NITEMN 1677 117045 38.1 9.8 0 1 0

above timberline. The dominant vegetation in their catch-
ments is composed of shrubs of dwarf pine (Pinus mugho)
up to ~1800 m a.s.l., and alpine meadows and rocks above
~1800 m a.s.l. Three lakes (Stvrté Rohac¢ske pleso, Nizné
Jamnicke pleso and Vysné Rackove pleso) have only inlets,
seven lakes (Vy$né Zabie bielovodské pleso, Litvorové pleso,
Batizovské pleso, Malé Zabie javorové pleso, Pusté pleso,
Prostredné spisské pleso and Vysné Satanie pliesko) have
only outlets. The remaining eight lakes have both inlets and
outlets. Despite the fact that Nizné Temnosmrecinské pleso
has both inlet and outlet, samples were taken just from the
outlet, because its inlet is the same as the outlet of Vy$né
Temnosmrecinské pleso which was sampled. The list of the
examined lakes and their basic parameters is given in Ta-
ble 1. Detailed morphometry, hydrography hydrology and
the thermal regime of the observed lakes was published by
GREGOR & PACL (2005) and SPORKA et al. (2006).

Investigated outlets and especially inlets were not uni-
form. Differences were obvious in flow intensity, width and
depth. Inlets differed also in their length, slope and water-
shed size. In each case, outlets were sampled close to the
lake dam (5-10 m from the outflow region).

Biological sampling
The field survey was carried out between 16—29 September,
2000. Altogether 11 and 16 samples were taken from in-
let and outlet streams, respectively. Within each sampling
site, kick samples of zoobenthos were collected using a hand
net (frame 25 x 25 cm, mesh size 300 pum) disturbing the
substrate for 5 min. During the sampling all present sub-
strate types were included (from soft sand to pebbles and
rocks). The collected material was preserved in 4% forma-
lin. Organisms were hand-sorted under a stereoscopic micro-
scope, identified to the lowest possible taxonomic level and
counted. The results are expressed as number of individuals
collected during the 5 min of kicking. Taxa were assigned to
a trophic category based on SPORKA (2003).

Physical and chemical parameters as well as zooplank-
ton and phytoplankton were also studied within the same
framework. These results are published by KOPACEK et

al., (2006), SACHEROVA et al. (2006) and STUCHLIK et al.
(2006).

Data analysis
Hierarchical classification analysis was performed to find the
main groups of sampling sites by PC-ORD (McCUNE &
MEFFORD, 1999). The complete linkage method and Jac-
card index of similarity were used to compare 11 inlet and
16 outlet sites based on presence/absence data of 21 zooben-
thic taxa with occurrence at three or more sampling sites.
One-way analysis of variance (ANOVA) was used
to find significant differences between inlets and outlets.
In addition, inlets and outlets situated at different alti-
tudes (< 1800 m a.s.l., 1800-2000 m a.s.l. and > 2000
m a.s.l.) and outlets of lakes with different areas (< 5
ha, > 5 ha) were tested. The tested attributes in each
case were total abundance, total number of taxa, abun-
dance of EPT taxa (Ephemeroptera, Plecoptera and Tri-
choptera together), number of EPT taxa, abundance of
Oligochaeta, taxa number of Oligochaeta, abundance of Chi-
ronomidae, and taxa number of Chironomidae, plus the fol-
lowing ratios: abundance and taxa numbers of Chironomi-
dae/total fauna, Oligochaeta + Chironomidae/total fauna
(O + CH/total fauna), permanent fauna/total fauna, and
temporal fauna/total fauna. Representatives of Hydrozoa,
Turbellaria, Nematoda, Oligochaeta and Hydracarina were
considered to be permanent fauna. Representatives of the
remaining taxonomic groups constituted temporal fauna.
Species abundance data (if transformed) were [log(z +
1)] transformed. SigmaStat 3.1 was used for these analyses
and values with P < 0.05 were considered significant.

Results

Species richness and frequency

Altogether, 10,692 specimens of aquatic invertebrates
from 27 samples were sorted. In total, 110 zoobenthic
taxa belonging to 12 higher taxonomic groups were
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Fig. 1. Total abundance and number of taxa found at each sampling site. The left y-axis represents the abundance as number of total
sampled individuals. The right y-axis represents the taxa number as number of total identified taxa in the site. I — inlets, O — outlets;

for lake codes see Table 1.

identified: Hydrozoa, Turbellaria, Nematoda, Oligo-
chaeta, Hydracarina, Ephemeroptera, Plecoptera, Het-
eroptera, Megaloptera, Coleoptera, Trichoptera and
Diptera. The complete list of taxa and their abundance
is presented in Appendix 1. Representatives of Het-
eroptera were found only in inlets, Hydrozoa and Mega-
loptera only in outlets; however, frequency and abun-
dance of these taxa were very low. The number of taxa
occurring both in inlets and outlets was 57, while 24
taxa were restricted to inlets and 28 to outlets. Besides
Drusus monticola (found in 3 of 11 inlets) and Diura bi-
caudata (in 7 of 16 outlets), the frequency of taxa occur-
ring only in inlets or only in outlets was very low (found
max. in 2 of all sites). The major groups (occurring in
more than half of all sites), were Oligochaeta (93% of
all sites), Chironomidae (78%), Trichoptera (63%), Ple-
coptera (59%) and Turbellaria (56%). The most abun-
dant groups were Chironomidae (4,697 individuals),
Oligochaeta (2,473 ind.) and Turbellaria (2,236 ind.).
Other benthic groups were represented by less than 403
specimens. Chironomidae, with 38 taxa, represents 34%
of the species richness, Trichoptera were represented by
15 taxa (13.5%), and Plecoptera and Oligochaeta by 12
taxa each (10.8%). The total abundance and taxa num-
ber of the 27 sampling sites are given in Fig. 1.

Inlets were represented by 7,314 specimens of ben-
thic invertebrates, with abundances ranging from 3 ind.
(Velké spisské pleso) to 2,467 ind. (Velké Hincovo pleso)
per 5 min of sampling. The invertebrates belonged to
81 taxa; however, 49 of them occurred only at 1 of 11
sites and only 3 taxa were found in more than 50% of
the inlets (Crenobia alpina, Nematoda and Nais vari-
abilis). All 11 inlet sites contained Oligochaeta, Chi-
ronomidae were found in 9 (82%) and representatives
of other Diptera in 7 inlets (63%). The predominant
benthic groups at the studied sites were Chironomi-

dae (3,792 ind.) followed by Turbellaria (1,741 ind.)
and Oligochaeta (1,171 ind.). These 3 groups repre-
sented more than 90% of the total abundance of in-
lets; Chironomidae represented more than 50% of the
total abundance. The most abundant species were C.
alpina, N. variabilis, Eukiefferiella gracei gr. and Twvete-
nia calvescens. The greatest number of taxa was col-
lected at Vysné Rackove pleso (41 taxa), followed by
Nizné Jamnicke pleso (22 taxa) and Vysné zbojnicke
pleso (18 taxa). The mean taxa number found in in-
let sites was 15. Frequency and abundance of the most
common inlet taxa is given in Fig. 2A.

Despite the higher number of outlets (16) com-
pared to the number of inlets (11), only 3,378 speci-
mens of benthic invertebrates with abundances ranging
from 16 ind. (Pusté pleso) to 873 ind. (Vysné zbojnicke
pleso) per sampling period were found. The collected
invertebrates were classified into 85 taxa; 44 of them
occurred at only 1 of all outlet sites. As with the inlets,
the species composition of outlets also showed consid-
erable variability: only 4 species were found in more
than 50% of outlets (C. alpina, N. variabilis, Hete-
rotrissocladius marcidus, Micropsectra sp.). The most
frequent groups were Oligochaeta, Chironomidae, Ple-
coptera, Turbellaria and Ephemeroptera. Numerically,
Oligochaeta dominated (1,302 ind.); however, abun-
dances of Chironomidae (905 ind.), Turbellaria (495
ind.) and Ephemeroptera (353 ind.) were also consid-
erable. The most abundant species were N. variabilis,
C. alpina, Ameletus inopinatus, Microspectra sp. and H.
marcidus. The greatest taxa number was found in outlet
of Vy8né Temnosmreéinské pleso (27), followed by Malé
Zabie javorové pleso (23) and Vysné Zabie bielovodské
pleso (22). The mean taxa number found in inlet sites
was 13. Frequency and abundance of the most common
outlet taxa is given in Fig. 2B.
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Fig. 2. The most represented macroinvertebrate taxa in inlet (A) and outlet (B) sites. The top wz-axis represents the frequency as
number of sampling sites with occurrence of the taxon. The bottom a-axis represents the abundance as number of total sampled
individuals. Only taxa collected in three or more sites have been considered.

Trophic structure
The trophic structure of the inlet and outlet inverte-
brate communities is shown in Fig 3.

Scrapers (41%) predominated in inlets, followed by
collectors (29%) and predators (28%). Shredders (1%)
and filter feeders (1%) represented a negligible part of
the total invertebrate fauna.

In outlet sites, collectors were predominant (43%)
followed by scrapers (29%) and predators (25%). As
in inlets, the representation of filter feeders (1%) and
shredders (2%) was not considerable.

Classification of study sites based on zoobenthic
species

Inlets

Cluster analysis, based on presence/absence data, sep-
arated the investigated inlets into four basic clusters
(Fig. 4). The first cluster A is subdivided into two
clusters. Sub-cluster A1l could be described as a group
of three West Tatra lake inlets lying in the subalpine
zone. Typical taxa for this sub cluster are N. variabilis,
Chaetocladius piger gr., Corynoneura lobata, Microp-
sectra sp., Dicranota sp. and Pedicia rivosa. Sub-cluster
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A2 consists of inlets of two alpine lakes situated in the
same valley at almost the same altitude. Their common
taxa are C. alpina, N. variabilis, Hydracarina, Agabus
bipustulatus, Corynoneura scutellata gr., Fukiefferiella
gracei gr., H. marcidus and Micropsectra sp. Generally,
cluster A contains inlets with the highest taxa number
(13-9); Micropsectra spp. occurs only in sites of this
cluster.

The second cluster B contains inlets of lakes with
large area (> 5 ha) and could be divided into two sub-
clusters: B1 includes two alpine lake inlets; sub-cluster
B1 consists of one inlet of a subalpine lake. Inlet sites
of cluster B typically have relatively high taxa number
(8-9) and the occurrence of Nematoda and Twvetenia
bavarica.

The third cluster C consists of two very similar
alpine lake inlets, characterized by very low species rich-
ness (the lowest from the investigated inlet sites). The
only species found was N. variabilis.

The fourth cluster D consists of one separated
alpine lake inlet. As with cluster C, low taxa num-
ber was typical for this site (only oligochetes Cernosuvi-
toviella sp. and Cognettia sp. were present). Clusters C
and D, which showed the highest dissimilarity to the
other sites, contain two inlet sites with the highest al-
titude (> 2000 m a.s.l.) and with the lowest species
richness among the investigated sites.

Outlets

16 outlet sites were divided into five basic clusters
based on presence/absence data (Fig. 5). The first clus-
ter A contains 2 sub-clusters: Al includes three alpine
lake outlets with relatively high taxa number (12—
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16). Sub-cluster A2 consists of five outlet sites with
high number of taxa (11-27) and the highest abun-
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dance of the outlet sites. Four of them are situated
in the subalpine zone, whereas one lake lies in the
alpine zone. Furthermore, three lakes have an area
greater than 5 ha. For the whole cluster A, the pres-
ence of N. wvariabilis and Micropsectra sp. was charac-
teristic.

The second cluster B is characterised by low species
richness (4 to 7 taxa) and the absence of common taxa
such as D. bicaudata, A. bipustulatus, H. marcidus and
Micropsectra sp. The only taxon occurring in all three
sites was N. wvariabilis. This cluster consists of three
alpine lakes; two of them (BATIZ and LITVOR) are
situated at almost identical altitude.

Cluster C consists of one separated site, the outlet
of an alpine lake. This was the only site where Baetis
alpinus and Capnia vidua occurred together.

The fourth cluster D could be described as a group
of three outlets of small (area < 1 ha) alpine lakes.
Two of them (PRSIVE and SATANI), have the lowest
pH of the investigated lakes (pH 4.87 and 5.76). The
typical taxa of these sites were Cernosvitoviella sp. and
H. marcidus.

Cluster E is represented by a single site, the outlet
of a lake which lies in the alpine zone. Pseudodiamesa
branickii and Pseudokiefferiella parva occurred in this
site.

Both clusters C and E are characterised by very
low taxa numbers (3 and 4) and also the absence of
common taxa as in the case of cluster B. Cluster E is
the least similar to other clusters.

Testing the differences between sites

No statistically significant differences were found be-
tween the benthic communities of inlets and outlets for
those parameters tested.

On the contrary, significant differences (P < 0.05)
were found among benthic communities of inlets situ-
ated in different altitude zones, and for outlets of differ-
ent altitudes. In the case of inlets these parameters were
the ratio of the taxa number of permanent/total fauna,
O + CH/total fauna (taxa number), and the ratio of
the abundance of permanent/total fauna (Fig. 6).

Outlets differed significantly in total number of
taxa, number of EPT taxa, transformed total abun-
dance, taxa number of permanent fauna and taxa num-
ber of temporal fauna (Fig. 7).

The only attribute in which lakes with different
areas (< 5 ha and > 5 ha) significantly differed was the
number of EPT taxa (Fig. 8).

While the subalpine lake outlets differed from the
alpine lake outlets, differences between alpine lake out-
lets situated at 1800-2000 m and above 2000 m a.s.l.
were not significant.

Inlets situated above 2000 m a.s.] significantly dif-
fered from both inlets of lakes situated in the subalpine
zone and at 1800-2000 m a.s.l. No significant differences
were found between inlets of subalpine lakes and alpine
lakes situated at 1800-2000 m a.s.l.
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Discussion

The most important feeding groups of the studied Tatra
lake outlets were collectors and scrapers. Filter-feeding
invertebrates represented only a marginal part of the

S173

Permanent fauna taxa number

Taxa number
S~
L

1 T T T
<1800 ma.sl. 1800-2000 ma.s.. >2000 ma.s.l.

Temporal fauna taxa number
25

20 1

Taxa number

T T T
<1800 ma.s.l. 1800-2000ma.s.l. >2000ma.s.l.

Fig. 7. Box & Whisker-plots showing the variability of statis-
tically significant attributes of outlets situated at different al-
titudes (P < 0.05). A — total number of taxa, B — number of
EPT taxa (Ephemeroptera + Plecoptera + Trichoptera), C —
total abundance (transformed), D — taxa number of permanent
fauna, E — taxa number of temporal fauna.

community. However, in other studies focused on lake
outlets, the predominant invertebrate groups are filter-
feeders such as Simuliidae, net spinning Trichoptera,
bivalves and other filter-feeder invertebrates (MULLER,
1954; ILLIES, 1956; ULFSTRAND, 1968; RICHARDSON
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& MACKAY, 1991). It could be supposed that the differ-
ent trophic structure in the Tatra lakes is caused by the
low amount of seston flowing out from these extremely
oligotrophic lakes. However, the amount of seston in the
outflow of Tatra lakes has not been measured.

KOWNACKI et al. (1997) also recognized that the
community structure of Tatra lake outlets only partly
corresponded with the established “lake outlet com-
munity scheme”. In June, these authors found filter-
feeding invertebrates (Prosimulium sp.) as the predom-
inant group; however, in the following months the pro-
portion of Simuliidae decreased. Starting in July, scrap-
ers, mainly Nais variabilis, were the predominant group
in the outlets (KOWNACKI et al., 1997). HRABE (1939)
found N. wvariabilis as the dominant taxon in the lit-
toral of Tatra lakes. During the present study, the
most frequent taxon was N. variabilis both in inlet and
outlet sites; moreover, it was the second most abun-
dant macroinvertebrate taxon in inlets (after Crenobia
alpina) and the most abundant one in outlets. Also, the
collector Heterotissocladius marcidus belonged to the
most frequent and abundant species in sampled out-
lets. H. marcidus was found in all of the studied lakes
and it is probably the most common chironomid of the
Tatra lakes. (cf. BITUSIK et al., 2006).

The classification of lake outlets based on zooben-
thos taxa corresponded well with the Tatra lake ty-
pology based on physico-chemical features and macro-
zoobenthos (KRNO et al., 1985, 2006) and chironomids
(BITUSIK et al., 2003, 2006).

According to KRNO et al. (2006) macroinverte-
brate assemblages in the littoral of the Tatra lakes are
affected mainly by pH (influenced by concentrations of
Ca, Mg, alkalinity etc.) and the temperature regime of
lake water (influenced by altitude and geographical ori-
entation). Also, duration of ice cover, lake area, amount
of total phosphorus and organic carbon, and the occur-
rence of fish play significant roles in taxonomic com-
position of littoral zoobenthos. These authors classified
Tatra lakes into five classes based on littoral benthos

L. HAMERLIK et al.

and assigned typical taxa for each class: strongly acid-
ified, alpine acidified, alpine non-acidified, subalpine
acidified and subalpine non-acidified lakes. Diura bi-
caudata was a typical species in the littoral of subalpine
lakes (KRNO et al., 2006). However, in the present study
the occurrence of D. bicaudata was not restricted to the
subalpine zone and it was frequent also in alpine lake
outlets. KRNO et al. (2006) considered Sialis lutaria and
Limnephilus coenosus typical inhabitants in the littoral
of strongly acidified lakes. The same species occurred
also in outlets of acidified Vysné Satanie pliesko; more-
over, S. lutaria was found only in this lake. Similarly
to the situation in the littoral (KRNO et al., 2006),
Arcynopteryr compacta and Haplotaxis gordioides oc-
curred only in inlets and outlets of non-acidified alpine
lakes.

BITUSIK et al. (2006) — similarly to KRNO et al.
(2006) — considered altitude, Ca?" and Mg?* concen-
trations, total phosphorus, total nitrogen and pH to be
the most important environmental variables determin-
ing taxonomic composition of chironomids in lakes. In
their study, the lake area (as the only parameter con-
nected with lake morphometry) was significantly corre-
lated with taxa richness. BITUSIK et al. (2006) distin-
guished four lake types based on the chironomid assem-
blages of 22 Tatra lakes: subalpine, alpine, high alpine
and acidified (they have specific taxonomic composi-
tion without respect to differences in altitude). In this
study, cluster analysis relatively clearly separated out-
lets of subalpine lakes from those of the alpine lakes.
Also, lakes with the lowest pH were separated from the
other sites. It can be supposed, that the acidification
status of the lake influenced the invertebrate commu-
nities of the outlet. Zalutschia tatrica seemed to be a
reliable indicator of acid conditions in the Tatra lakes
(BITUSIK et al., 2006; HAMERLIK, 2004; KRNO et al.,
2006). The only site in which Z. tatrica occurred was
the outlet of acidified Vysné Satanie pliesko.

According to KOWNACKI et al. (1997) the seasonal-
ity of water flow is an important factor which affects the
development of the outlet communities of Tatra lakes.
In this region, the outlets freeze in late autumn and
winter, and species which are not adapted to such con-
ditions and those with a one-year life cycle die.

As inlets and outlets are running waters, the dis-
tribution of their invertebrate communities is affected
by additional factors as substrate particle size, or-
ganic matter deposition, water depth, current veloc-
ity and the presence of mosses (MALMQVIST et al.,
1999; LENcIONI & ROSSARO, 2005). Current veloc-
ity influences other environmental parameters like sub-
strate particles, deposition of silt, transport of detritus,
and is necessary for respiration of organisms (LENCIONI
& ROSSARO, 2005). However, some authors consider
that current velocity plays a secondary role, while
substrate-detritus interaction is the main factor influ-
encing insect microdistribution (RABENI & MINSHALL,
1977).
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It is a known fact that there is a relationship be-
tween species diversity and lake area. As mentioned
above, BITUSIK et al. (2006) found significant corre-
lation between lake area and taxa richness of chirono-
mids. The invertebrate structure of outlets also seems
to be influenced by the lake area. In number of EPT
taxa there were significant differences between lakes of
different surface area. Outlets of lakes with area 5 ha
and more were colonised by more EPT taxa than out-
lets of smaller lakes.

It is interesting that metrics in which zoobenthic
assemblages differed were different in inlets and outlets.
Inlets of lakes situated above 2000 m a.s.l. significantly
differed in proportion of the permanent fauna, which
was about 80% both in taxa number and abundance.
All taxa found in these sites belonged to Oligochaeta
and Chironomidae.

Outlets of subalpine lakes differed from the alpine
ones in terms of analysed parameters related to taxa
number and abundance. Subalpine outlets were more
diverse (totally, but also in EPT taxa, and temporal
and permanent fauna taxa numbers) and had higher
total abundance when compared to alpine lakes.

This paper is the result of research which recorded
zoobenthic assemblages within a relatively short pe-
riod of time. However, in different seasons, hydrolog-
ical and physico-chemical features vary and different
invertebrate communities may be found in the same
microhabitats. Therefore, further studies are needed to
find out the exact pattern of inlet and outlet inverte-
brate communities of Tatra lakes due to high habitat
heterogeneity and seasonality.
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