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Abstract

The Carabid commmmnities on banks of eight brooks i High Tatras were mvestgated im 2009 and
2010. The commumities at the brooks munmng through the mmtact forests stands or subalpine meadows
at altitndes above 1300 m have mostly an identical fauna with the neighbonng habitats, consisting of
stenotopic forests species. Only on wider gravely shorves, some mounfain npicolous species
contributed to the species dversity of communities. In these brooks the average water temperature in
the growing season ranged from 5 81°C to 7.84°C, except of the Tomanov potok brook, with the
swpnsingly high temperature of the 8.39°C, confrasting with the low temperature (4.73°C) mn the
Javorovy potok, runnimmg parallel in the distance of about 130 m. In the area deforested by the wind
disaster of Movember 2004, the average water temperature in the brooks ranged in the growing season
from .831°C to 8.97°C. The brook bank fauna consisted of a moxhare of the most tolerant forest species
and invasion species characteristic for open landscape or arable land. The changes m the composition
of the Carabid communities on brook banks and in water temperature were a common consequence of
deforestation caused by the wind dizaster and are closely correlated.

Introduction

The extenszive deforestation cauwsed m High Tafras by the windstorm on 14 Movember 2004 has
essenfially changed the chmatic character of the damaged area and affected the both abiotic and hiohe
components of the aguatic and terrestnal ecosvstem. These mmpacts can be also strengthened by the
buman activities connected with the management of the damaged areas (ILLYOVA et al 2011, ERNO et
al. 20067. The Carabid communities i the damaged forests differentated mto three major groups: (1)
the almost infact commmumities m sites with calamite fimber let i sitw, (2} the commumtes 1o the sites
with extracted timber charactenzed by a strong decline of stenotopic forests species and by a
considerable favonng of the tolerant species and (3) the commumities on the areas with extracted
timber damaged addifionally by fire, i which invasions of species typical of arable land also ccour
(SUSTEE 2007, 2008). Thys differentiation has, up to present, a stable character, with mmor changes
resuling from the between-year changes mn the climate. The rammer and colder vears posiively
influenced the community structure of the carabids in the next growing season. There anse however
questions, (1) what 15 the deforestation mmpact on the fauna of brook banks, where specific npicolous
species can occur (BURMEISTER 1939, HOUREA 1995, LARSON 1949, THIELE 1977) or (2) to what
degree the deforestanon mmpact on the Carabids could be moderated m damaged habitats by higher
bumidity (SEVARENINA et al. 2002, SUSTEE 2007). The aimm of this contnbution 15 to show, how
composition of the Carabid npicolous commumties changes along the altitudinal gradient and betweesn
the infact and damaged areas.
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Methods

The beetles were pitfall-trapped. The plastic jars of 0.5 | and opening diameter of 9 cm, filled with 4%
formahn and protected agamst rain by a plastic disc served as fraps. The fraps were located closely to
the brook bank. According to accessibility of the banks, 3 — & traps were mstalled 1 each zifte. The
traps were exposed from May to November and empted at two month intervals.

The preference of species for bhumwdity and wvegetation cover was evaluated wusing two
semiquantitative scales {éL’STE.K 2004, in which 1 means xerophilons species and 8 polvhydrophilons
species or | means the open landscapes (heliophilous) species while 4 means the forest species
requinng shadowing by tree vegetaton and 5 the species bound to permanently moist soal (Tab. 1)
Each community 15 than charactenzed by a number caleulated az an average of preference of recorded
species welghed by number of individuals of each species (Fig. 4). The data for this classification were
mostly taken from BURMEISTER (1939), HUREA (19935), LARSON (1949) and THELE (1977).

The hierarchical classification of the Carabid communities was carmied out by the unweighted pair
group method using the Horn's index as a measure of proporional simalarity of the commumities. This
similarity index was used in order to compensate the different pumber of fraps and chatche size 1
some localifies. The non-luerarchic classification of the communities was made by the detrended
correspondence analysis (DCA) and principal component analysis. The caleulations were camied out
bv the Programs Past and CAP.

The water femperature m individual brooks was measured by automate thermistores (3-TE
Mimlogs, Vemeo Ltd., Shad Ba, Mova Scotia, Canada) fixed in the selected profiles of the brooks and
exposed the whole vear over. The data were downloaded once a vear. The average temperatures were
caleulated for the equally long peniods of the growing season, from Mayv to September.

Characteriztics of study sites

The Carabids were collected on the banks of following eight brooks mm High Tatras seleceted so to

they reflect the albfudinal gradient of the aguatic ecosystems and the differences between the mtact

and damaged areas. The sites can be briefly charactenzed as follows:

Zeleny potok - upper site — E 207 12" 49.86", W 49° 12" 18.79", 1743 m a:=zl, average water
temperature 3.82°C, a southeasterly onented grassy plot between two talus cones, mmdividually
dispersed small dwarf pines in vicimity. & fraps imstalled about 2 m from the water, the sife was
completely open,

Zeleny potok - lower site — E 20° 13" 415", N 49° 12" 32.35", 1348 m a.s 1., average water temperature
6.31°C, a flat stony alluvium on the bottom of the valley, near the Zelens pleso lake, a
discontmuous cover of willows, bilbermes and bigh herbs. 6 traps installed about 1 - 2 m from the
water, the site was partially shadowed.

Tomanov potok—E 197 36" 103", M 457 13" 16.92", 1294 m a. 5. L, average water temperature 3.35°C,
an Almetum at the brook left sude, on a flat alluvium with deep burmic soil, 6 fraps were installed in
a flat moist alluvium, the site was completely shadowed,

Tichy potok — E 19° 54" 49.04", N 49° 8' 49 36", 1058 m a.s.l, average water temperature 7.89°C, an
open stony area at the brook left side bank, with low discontmuous frees and shrubs, six traps
mstalled about 3 m from the water, the site was partially shadowed,

Poprad — E 20° 4' 41.93", N 497 7' 12.49" 1232 m asl, average water temperature 8. 81°C brook
bank on a small cleaning on a southem slope, 2 fraps were installed on a steep easterly onented
bank, about 2 m from the water, the site was almost open,

Velky Sum — E 20° 6 26.83, M 49° 7' 4495 1253 m 2.5 |, average water temperature 7.24°C, a partly
opened matare Morway spmace stand, & traps were installed m the grassy stand with dispersed low
spruces and willows, about 1 m from the bank, the site was parfially shadowed,

Hromadna Voda —E 207 107 18957, W 49° 7' 20.88", 1021 m as.l, average water temperature 3.827C,
damaged area of the former Morway spruce forests, 3 the fraps were installed in the secondary
vegetation of willows and aspens, about 0,3 - 1 m from the bank, the site was completely open,
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Slavkowsky potok— E 207 11" 4247327, W 49° 7" 38.77", 1047 m a=l., average water temperature
8.97°C. lower part of the stretch passmg the burden area of the former Norway spruce forest. near
the Tatranske Zruby, about 100 m above the water plant, the samphng site was sifuated m a deep
glen, 3 traps were installed about 1 m from the brook bank, the site was completely open.

Eezults
The whole matenal studied consists of 205 mdinduals belonging to 28 species. The number of spacies
in mdividual sites vaned from 6 to 14 (Table 1) and pumber of individuals per site ranged from 9 to
43. The species belonged to four major ecological groups. The first one includes three crvophilous
species, Deltomerns tanicns, Prevostichus morie and Prerostichus blandulus charactenistic for the
alpine meadows. The second group represented a complex of 14 species (Carabus auromirens,
Carabus fabricii, Cavabus glabrams, Cavabus limnei, Carabus violacens, Cyvehrus atfernaius, Cyorus
caraboides, Pterostichus burmeisteri, Prevostichus foveolams Prerostichus pillosus, Prerostichus
pumilio, Ptevostichus unctulatus and Trechus stmatulus) regularly constitubing fauna of the closed
mountain forests. Among them occwrence of Carabus fabricii 15 of 2 great faunisoic sigmficance.
Carabus vielacens has wide amplitude of verfical distnbution with the optinnam in the beech to spmace
vegetation tier (in the semse of RAUSER & ZLATNIE 1966) and shows a remarkable tolerance to
deforestation. The third group included five species npicolous (Nebrig ruyfescens, Nebria Jockizchi,
Chlaenius nitidulus, Bembidion glaciale) and one hvgrophilous species (Prerostichus miger). The
fourth group included six open landscape species (Amara erratica, Amara aenea, Bembidion kampros,
Harpaluz guadripumetarus, Poeciluz cupreus and Microlesres mawrns). Among them dmara aenea,
Bembidion kampros and Poecilus cuprens are typical of arable land and Micrelesfes mawrus 15 an
expressively xeophilous species preffering even strongly insolated habitats with discontinuous herbage
or grassy vegetation. In the area studied all these species represented a strongly xenocoenous element
As patent from the table 1, 1n no habitat stedied a commumity consisting of the characteristic npanan
species (BURMEISTER, 1939, HUREA 1995, LARSON 1949) was found. Such species co-occur only m
both sites along the Zeleny potok brook (Nebria ryfescens, Nebria jockischi, Bembidion glacials) and
at the Tichy potok and Slavkowszky potok brooks (Chlaewmins nifidulus or Prerostichus niger). The
major part of the communities consisted of mezobygrophulous forests species or in the deforested site
also by wvading heliophilous species of open landscape. The fact that in the namrow npanan zone or
even alluovia of brook or around springs the carabid commumities are strongly mfluenced by the species
mhabiting the adjacent habifats 15 known also from other locahiies 1n Fhgh Tairas (SUSTEE 2006) or in
other West Carpatian mountains [SUSTEE & ZUFFA 1986).

Table 1. Swrvey af Carvabid species recorded on banks of eight brooks in High Tamras, their preference
Jor humidity and vegetation cover, number of individuals and of species in each study site

Species Brook

S eleny potok hore
LS eleny potok dole
T'omamoy potok
lhy potok

velky fum

i |Posprad
— |Hromadng voda

Amara aenea (DE GEER, 1774)
Amara erraiica (DUFTSCHMIDT, 1812)
Bambidion glaciale TEANNEL, 1941
Bembidion lampros (HERBST, 1784)
Calathus mefallicus DEIEAN, 1828
Carabus auronitens FABRICIUS, 1792
Carabus fabricii PANZER 1706
Carabus glabrans PATEULL, 178
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Carabus [mnel PANZER 1812 5 4 3 1
Carabus vielaceuws LINNAFUS, 1758 5 5 5 1 1 3 2
Chyerus caraboidas (LIMHAEUS, 1758) 5 4 3 1
Cychrus atfenugrus FARRICTUS, 1792 5 4 5 1
Dielromerus fatricus (MILER 1858 5 1 2
Harpalus quadripuncan: DETEAN, 1829 4 2 2
Chigeniuz niiidulns (SCHRANE, 1781) g 5 1
Microlastes maurus (STURM, 1827) 2 1
Nebria jockizchi DEIEAN, 1824 g 5 1
Nebria ryfescens (STROEM, 1768) g 5 1 1] 1 1
Poecitns cupreuws (LTNNAFUS, 1758) 3 1 3 T
Prerastichus hlandulus MTIIFR 1850 5 1 2
Prerastickus burmeissers HEER, 18338 5 4 5 3
FPrerozfickus foveolans (DUFTSCHMIDT, 18132) 5 4 2 o 1 2 o
Prerastichus mario (DUFTSCHMIDT, 1812) 5 1 8 1
FPrerastichus niger (SCHALLER, 1783) & 4 1
Prerostickus pillosus (HOST, 1788) 5 4 5 2
Preraztichus pumilio (DETEAM, 1828) 5 4 1 1
Prerastichus unctulois (DUFTSCHMIDT, 1812) 5 4 1 3 1 1
Trechus sorigfulus PUTZEYS, 1847 5 4 5 3 5 1
Number of species 14 1] 10 L] 1] 10 b
Number of individuals 48 25 43 10 o a7 15
Horn's index
0.5 1.0
1 1 1 ] 1 I 1 1 1 1
Poprad
Hromadna voda
Slavkovsky potok
Tomanov patok
Valky Sum
Tichy potok
[ Zeleny potok lower
1 Zeleny potok upper

Fig. 1. Hierarchical claszification of the Carabid communities living on the banks of sight brooks in
High Tatras.

The commmmnities form two clusters at siomlarity level of 0,15 (Fig. 1}. The first cluster mchades
commurities from the brooks Poprad, Hromadna voda and 5lavkovsky potok charactenzed by
ocoomwrence of the beliophilous species Peoecilus cuprens, Harpalus guadripunctatus, Amara aeanea,
Amara ervatica, Bembidion lampros, and relatively tolerant forest species Carabus vielaceus and
Carabus glabrams. The only hvdropholous element 1o thas sites was Plerostichus miger, a species with
wide amplitude of vertical dismbution and a characteristic species of floodplam ecosystems in
lowlands.

The second cluster consists of two subclusters at similanty level 0.3. The first subcluster meludes
communities from more or less shadowed bank of Tomanov potok, Velky Sum and Tichy potok at the
albtudes of about 1,000 — 1,300 m Charactenized by absence of the hehophilous species and by

742

19" International Poster Day
Tramspart of Water, Chemicals and Energy in the Sodl-Plant-Atmosphere System
Bratislava, 10.112011

oocomwrence of fypical species of mountain forests like Prerosrichus foveolams, Prerostichus
brrmeister, Cvorns affemuaius and Cychrus caraboides, Prerostichus unctulaims and Prerostichus
pumilio. The second subcluster mncludes two communities, from open or partly shadowed sifes from
albtudes of 1,300 — 1,750 m at the Zelany potok brook. These commmmities are charactenized by the
common occmrence of Calathus mefallicus. The gher siuated site consists of typical forests species,
which tolerate, at higher albtudes, absence of closed free vegetation. In addifion there ocowred the rare
and highly locabzed species Carabus fabricii. The lower site was charactenzed by the typical
npicolous species Bembidion glaciale, Nebria myfescens and Nebria jockizchi.

The pattern described by the hierarchical classification (Fig. 1) 1= confimed by the DCA
ordination (Fig. 2}, where the commumities from the Zeleny potok brock are situated m the lefi lower
corner of the ordination diagram. The commmumibies from the more or less shadowed banks of the
Tomanov potok, Velky Sum and Tichv potok in the upper central part, while the communifies from
the open banks of Poprad, Hromadna voda and Slavkovsky potok are in the night lower part of the
ordinafion spas. Thus the first axis can be mterpreted as gradient of temperature mereasing from left to
nght or as gradient of altihude decreasing from nght to left The second axis can be mterpreted as
gradient of shadowing of the banks, mereasing upwards, from Zeleny potok and Hromadna voda to the
completely shadowed banks of the Tomanov potok brook.

T
Torranay pofak
-
Valky Sum
f.
- * Tichy potok
‘E‘ o=
F
* Poprad
- .
— Zeleny pobok
upper Slavikovsloy potok
Hrarmadnd voda
- .
Feleny polok
lowwer
1 | | | | | |
w2 1 [u] 1 2 X L]
Bxis 1

Fig. 2. DCA Ovdination of Carabid communities on the banks of eight brooks in High Tatras.
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Fig. 3. PCA Ordimarion of the Carabid communities on banks of eight brooks im High Tamras and of
thres emvirommental variablez (water temperature during growing season, altitnde and vegetation
cover), {(abbreviatiens of sites — ZPU — Zeleny potek upper. ZPL Zeleny potok lowsr, TOP — Tomanov
potok, TIP -Tichy potok, POP — Poprad, HVD — Hromadna voda, ViU - Felky Sum, 5LP -
Slavkovsky potok, abbreviations of species consist of first letter of the generic name and of three first
letters of the specijfic name give in Tab. 1).
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The PCA ordimation (Fig. 3) gives shll more detailled classificabon of the locahife: and their
assoctation with mdividuzl species and thew comelation with three environmental factors (alttude,
vegetation cover and average water temperature. The commumifies at the Zelenv Potok brook are
clearly comrelated by the ligher altitude, but they are separated each from other bv presence of the
crvophilons species Prerestichus morio and Prerostichus blandulus in the upper sife and by the
npicolous species Nebria ryfescens and Bembidion glaciale in the gravely bank in the lower study site.
The community at the Tomanov potok brook 15 correlated by the closed vegetation cover and common
ocomrence of Cyelrus anenuwarus, Cychrus cavaboides, Carabus linei, Prevostichus burmeisteri,
Prerostichuz uncrulatus, Pterostichus pumilio, Pierestichus foveleatus and Trechus striatulus. The
semi-shadowed commumnity from the Velky Sum brook takes a central posibon, while that from the
almost open banks of the Tichy potok brook 15 separated due to ccomrence of the typical npacolous
species Chlaemins mitidulus. The commmmities from the deforested banks of the brooks Hromadna
voda, Slavkovsky potok and Poprad are clearly associated with the increased water temperature and
penetration of the open landscape species Amara aemea, Bembidion lampro:, Harpalus
guadrupunctans, Poecilus cuprews and Microlestes maurus.

10
o | |mHumidity
H Vegetation cover ] [ | [
RN OTemperature | B
- _
7I% 6.
Y
g2t o
E 5
28F 4
3
2
1
0

P prad
Va'lky dum

Tomanoy pobok
Tichy potok
Hromadng voda
Savkowvsky potok

Zeleny potok hore
Zelany potok dole

Fig. 4 Relationship between watfer temperature in the studied brooks and preference of
carabid communities for humidity and vegeiafion cover.

The average preference of the Carabid commmmity for humudity and vegetafion cover (Fig. 4)
shows that the preference for both factors 15, in general, negatively comrelated with the averaze water
temperafure. Water temperature was megattvely correlated with the alttude (r = -0.74), but there were
some sites, like the alluvium at the Tomanov potok brook, which laid at a considerable altitude of
1372 m, but temperature of its water as warm as water of brook stretches at lower albtudes (Hromadna
voda, Slavkowvsky potok).

The results (especially the Zeleny potok brock, upper site) confum that the strongly positive
climatic water balance (SEVARENINA et al. 2002} m higher vegetation fiers (dwarf pme vegetafion tier
in sense of RAUSER & ZLATNIE 1966) or in higher altitudes (above timber line) is able to compensate
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for the Carabids absence of the closed free cover. However thev show that sall in the Morway spruce
vegetation tier, the water balance 15 unable to compensate absence of closed tree cover and
macrochmate condition required by the forest Carabads. At the same tmme, the results show that even
the mmediate vicinity of a water stream does not increase the bumidity to such a degree, which would
be able to compensate the impact of deforestation on the Carabid commmumities on the banks. Thew
composifion n the deforested brook banks 15 1dentical as those on more remote parts of the damaged
area of High Tatras (SUSTEE 2007, 2008).

The results also conformed the fact that the npanan zones of mountam brooks have mostly almost
1denfical carabid communifies with the adjacent habitats and only in some place are also mmhabited by
haghly speciabized species.
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