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Short Communication

Relict chironomid communities surviving in the coldest High Tatra
Mountain lakes confirmed by a palaeolimnological survey
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Abstract: The climatically most extreme lakes in the High Tatra Mountains are populated with species-poor chironomid
communities dominated by Micropsectra radialis and Pseudodiamesa nivosa. Based on paleolimnological studies from other
parts of Europe this community had been hypothesized to be a relict of the Late Glacial period, however, this assumption
has not been proved in the Tatras. A paleolimnological survey of a subalpine Tatra lake demonstrated that this community
was indeed occupying lakes located even in relatively low altitudes as long as they were glacially influenced, i.e., until the
early Holocene. Due to the restricted distribution and specific ecological requirements of the species creating this relict
community, it is extremely prone to extinction.
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Introduction

Relict species as remnants of old times or fascinat-
ing ‘living fossils’ have always attracted the atten-
tion of scientists and naturalists (Grandcolas et al.
2014). The origin and distribution of modern-day re-
licts can often be related to the past environmental
changes. Climatic oscillations in the Quaternary forced
organisms to shift geographical distribution as they
spread to more favourable conditions (Hewitt 1999).
Many temperate species that are widespread today ex-
isted as small relict populations just a few thousand
years ago, and, on the other hand, many cold-adapted
species formerly widely distributed, survive now in re-
stricted areas in high mountain ranges (e.g., Schmitt
2007). Despite the differences in detailed distributional
types, the last mentioned species show recently dis-
junct distribution patterns in European mountain sys-
tems and, in some case, in the Arctic (Schmitt 2009).
The term “geographic relicts” is used for such descen-
dants of once widespread populations (Lomolino et al.
2006). These species are reduced to few populations
restricted to small number of locations, e.g., isolated
mountain peaks, valleys or lakes. Consequently, relict
species are considered as threatened or endangered
what makes them especially important for nature con-
servation.

Similar to other European mountain ranges, nu-
merous relict and endemic taxa are known in the
Carpathians. In terms of occurrence of these species,
perhaps the most important part of the Western

Carpathians is its highest part, the Tatra Mountains
(Kadlečík 2014; Kliment et al. 2016).

Extensive limnological survey of the Tatra Mts re-
vealed a chironomid community dominated by Micro-
psectra radialis (Goetghebuer, 1939) and Pseudodi-
amesa nivosa (Goetghebuer, 1928) characteristic of the
lakes situated in the alpine zone above 2000 m a.s.l.
(Bitušík et al. 2006). This community has been hy-
pothesized to be a relict of the Late-Glacial period.
However, this assumption was based on ecological re-
quirements and recent and past distribution of both
dominant species (e.g., Hoffmann 1988; Larocque et
al. 2001; Nyman & Korhola 2005; Boggero et al. 2006;
Lods-Crozet et al. 2012; Luoto et al. 2013, 2014), and
have never been proved.

Using a paleolimnological reconstruction of a sub-
alpine Tatra lake, our goal was to prove that a com-
munity dominated by M. radialis and P. nivosa popu-
lated the Tatra lakes when glaciers were present in their
catchments and that this community disappeared with
the retreat of the glacier from the valleys.

Methods

Study site
Lake Popradské pleso (49◦09′13′′ N, 20◦04′47′′ E) is situ-
ated in the Mengusovská dolina valley, High Tatra Mts, at
1494 m a.s.l. The lake has a maximum and average depth of
17 m and 7 m, respectively; the lake surface reaches 6.8 ha
(Gregor & Pacl 2005). Popradské pleso is an ideal site for
deglaciation studies, since due to its relatively low altitude
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Fig. 1. Stratigraphic changes of the chironomid community (% abundance) of the lake Popradské pleso over the last more than 8000
years. Taxa are ordered according to their weighed average scores and only taxa characteristic for the different zones are shown. Black
colour refers to taxa characteristic for the glacially influenced period of the lake; grey colour show taxa typical for the period after
the glacial retreat; transparent chart stands for the taxon that reached highest proportion in the transition layer. Only the uppermost
110 cm of the total 340 cm long sediment sequence is shown.

it belongs to the oldest glacial lakes in the Tatra Mts. The
lake is dimictic, it has an inflow and an outflow and har-
bours a natural population of brown trout (Salmo trutta
L., 1758). Most of the lake’s catchment area is located in
the alpine zone and consists mainly of bedrock, debris and
alpine meadows; only ∼ 14% of the catchment is covered by
forest. For the comprehensive description of the study lake
see Hamerlík et al. (2016) and references therein.

Field and laboratory works
The bottom of Popradské pleso was surveyed using a sub-
bottom profiler SB-216S to find the maximum deposit thick-
ness for drilling. Subsequently, two long, overlapping cores
with a total length of 340 cm of sedimentary record were
taken from a sampling platform using a UWITEC Nieder-
reiter 60 type hydraulic corer in May 2013. Both sediment
cores were transferred to laboratory and sectioned in 1 cm
sequences. For detailed description of the coring and the a
priori sediment survey see Pipík et al. (submitted). Even
though the total length of the sediment core is 340 cm, in
the present study we focused only on the uppermost 110 cm
of it, representing the transition from glaciated to non-
glacial system. The sediment sequence from 110 to 340 cm
is glacially laminated and is currently being processed.

The age-depth model was calculated based on 14C ages
of plant macrofossils (conifer needles and twig) found within
the uppermost 79 cm of the sediment core. Due to high liq-
uefaction of the organic deposits, approximately one meter
of the uppermost sediment was missing from the core, thus it
was impossible to develop a chronology for sediments above
the uppermost dated level. According to the dating, the
transition from the glacially influenced system (varved sed-
iments) to lacustrine system (gyttja sediments) took place
about 8787.5 ± 192.5 cal BP.

Sediment samples for chironomid analysis were pro-
cessed using a standard technique sensu Walker & Pater-
son (1985). A minimum of 50 chironomid head capsules
per sample were hand-picked under a binocular microscope

(40× magnification) and permanently mounted in Berlese
medium. Taxonomic identification was performed using a
compound microscope with reference to Brooks et al. (2007)
and Andersen et al. (2013).

C2 software version 1.7.7 (Juggins 2007) was used for
visualising stratigraphic changes of the relative abundance
(%) of chironomids in the first 110 cm of the sediment core.
Taxa were sorted by their weighted average of their sample
number. This method allows ordering the species/taxa in
terms of their occurrence in the core, which provide a useful
starting point for their order in a stratigraphic diagram.

Results

From sedimentological point of view the sediment core
consists of three main lithologically different zones re-
flecting altered environmental conditions of the lake.
The laminated bottom sediment (from 340 to 97 cm)
refers to the Early Holocene under a strong glacial in-
fluence. The uppermost (80–0 cm) dark brown homoge-
nous gyttja zone represents Mid-Holocene lake deposits
after the disappearance of the glacier from the valley.
The light greyish-brownish plastic slightly stratified silt
layer between these zones (97–80 cm) indicates a tran-
sition between the two main zones.

The chironomid composition corresponds well with
the lithological changes in the sediment (Fig. 1).
While low taxonomic richness was characteristic for the
glacially influenced zone (10 taxa on average), rich-
ness suddenly increased at the end of the transition
zone by almost twofold and remained high in the gyt-
tja layer (16 taxa on average, 22 max). The glacially
influenced and non-glacial (gyttja) zones differed con-
siderably also in community structure. Pseudodiamesa
nivosa andMicropsectra radialis-type highly dominated
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Fig. 2. A schematic representation of the possible changes in chironomid communities in the High Tatra lakes during and after the
last glaciation. Species that were typical for the lowermost lakes for the time when the valleys were glaciated (A) has gradually moved
upwards when the glacial retreated leaving new lakes behind (B) or went extinct (H. subpilosus). Nowadays, glacial relicts M. radialis
and P. nivosa are only surviving in the coldest uppermost lakes, while new species invade to the Tatra lakes from lower areas (C).
Glacier is symbolized with white colour, lakes are marked with black.

(∼ 30% and ∼ 17%, respectively) the glacially in-
fluenced layers with P. nivosa only being present in
this part of the sediment. In the transition zone the
relative abundance of M. radialis-type rapidly dimin-
ished and even though it was occasionally recorded
in the younger sequences, its proportion remained
very low (∼ 2%). Heterotrissocladius subpilosus type
was only recorded in the transition zone. The rela-
tive abundance of Procladius sp. peaks in the transi-
tion zone (< 22%), but above and below it was only
found in small amounts (< 2%). Taxa characteristic
for the recent community of the lake, such as Tany-
tarsus sp., Tanytarsus lugens type, Macropelopia sp.,
Dicrotendipes nervosus type, Psectrocladius sordidel-
lus type and Heterotrissocladius marcidus (Walker,
1856) became common in the gyttja zone. Pseudodi-
amesa nivosa was replaced by P. branickii (Nowicki,
1873).

Discussion

Even though M. radialis and P. nivosa recently oc-
cur together in several High Tatra lakes (Bitušík et
al. 2006), remarkably, the almost exact qualitative
and quantitative composition of the subfossil commu-
nity found in the glacially influenced zone was so far
recorded only in two of them. Detailed studies of the
recent and subfossil larval material from Ľadové pleso
lake (Tátosová & Stuchlík 2006; Kubovčík & Bitušík
2006) revealed a species poor chironomid community
with the dominance of M. radialis, whereas larvae
of P. nivosa were common but less abundant; other
species were represented only sparsely. Similar taxo-
nomic composition was found in Vyšné Wahlenbergovo
pleso lake, however, with higher proportion of H. mar-
cidus (Hamerlík & Bitušík 2009) that became an im-
portant faunal component since the 1930s (Bitušík et
al. 2009).

Even though both M. radialis and P. nivosa have
been recorded in many European countries (15 and
20, respectively; Sæther & Spies 2013), their strictly
cold-stenothermic and polyoxybiontic feature resulted
in strongly disjunct distribution patterns, since they
are bind to extremely cold water bodies in high alti-
tudes and latitudes (Rossaro 1991; Heiri et al. 2011;
Eggermont & Heiri 2012).

There are slight differences in habitat preferences
of M. radialis and P. nivosa. While M. radialis is a typ-
ical inhabitant of alpine lakes in the European moun-
tain systems (e.g., Gi�lka 2011), P. nivosa is adapted to
harsher physical environments, including freezing and
drying in alpine ponds and lakes; it can even colonize
cold habitats of the periglacial zones at lower altitudes
(see Ilyashuk et al. 2010, citation therein). Hofmann
(1971) demonstrated that M. radialis, like other cold-
adapted chironomids, occupied littoral of lakes created
by the last glaciation. Later, during the warmer At-
lantic climate it either disappeared from shallow lakes
or migrated from the littoral into the profundal. Cur-
rent distribution of M. radialis in the Tatra lakes coin-
cides with this scheme very well. It only occurs in lakes
with extremely cold thermal regimes, usually situated
at high elevation; at the same time it is absent in rel-
atively warmer subalpine lakes with the exception of
some deep lakes with a cold and well-oxygenated hy-
polimnetic zone (Bitušík et al. 2006). P. nivosa seems
to be more widely distributed along the altitudinal and
temperature gradients of the Tatra Mts and it dwells
a wide range of water bodies from small alpine ponds
(Hamerlík et al. 2017) to deep lakes (Bitušík et al.
2006).

It has already been shown that climatic amelio-
ration, i.e., increased air and in turn water temper-
atures, can significantly change the structure of chi-
ronomid communities (see Walker 2001 and references
therein). This was probably the case of the unexpected
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increase of H. marcidus in the sediment sequence of
Vyšné Wahlenbergovo pleso since the 1930s (Bitušík et
al. 2009) that was most likely connected to the warmer
climate following the end of the Little Ice Age (K�lapyta
et al. 2016). Nowadays we are witnessing a gradual up-
slope movement of species typical for lower altitudes.
Since 2000 and/or 2004 some species previously only
recorded in warmer sub-alpine lakes, such as Macro-
pelopia cf. nebulosa (Meigen, 1804), Zavrelimyia sp.,
Corynoneura scutellata group, Psectrocladius (P.) lim-
batellus/sordidellus group and Paratanytarsus austri-
acus Kieffer, 1924 have started to appear more or less
regularly in some alpine lakes (unpublished data). Their
up-slope dispersal to the lakes at higher altitude is most
likely connected with the climatic warming observed
in the Tatra Mts over the last two decades when the
annual mean temperature increased by 1.1◦C (Svitok,
unpubl. data). Again, the upward movement of ther-
mally plastic taxa is in a good accordance with the
community development recorded in the sediment se-
quence of Popradské pleso after the retreat of the glacier
(Fig. 2). In this section of the core, the above mentioned
taxa become common at the expense of the relict taxa
that became less important or disappeared (Fig. 1).
With further warming in the Tatra Mts, this can po-
tentially happen to the relict community dominated by
M. radialis and P. nivosa in the close future. Because
they are surviving together only in few isolated lakes,
their restricted distribution and specific ecological re-
quirements make them as a relict community extremely
prone to extinction.

Our findings underline the importance of paleolim-
nological survey in mountainous areas and show that
palaeolimnological data can indeed indicate present and
future scenarios of possible biological changes in the
mountain environment caused by climatic warming.
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