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Scree habitat as ecological refuge: A case study on the Carpathian endemic
species Platynus glacialis and Pterostichus pilosus wellensii (Coleoptera,
Carabidae) in their first case of co-occurrence in the rock debris

Eugen NITZU

“Emile Racovitza” Institute of Speleology, Romanian Academy, Department of Biospeleology and Soil Biology,
Calea 13 Septembrie No. 13, 050711 Bucharest, Romania, E-mail: eunitu@yahoo.com

Received: 30. October 2014 / Accepted: 29. March 2015 / Available online: 29. May 2016 / Printed: June 2016

Abstract. In the actual context of global climatic and environmental changes, two endemic species for the
Carpathians - Platynus glacialis Reitter, 1877 and Pterostichus pilosus wellensii (Drapiez, 1819), previously
localized in and characteristic for two different mountain habitats (rocky areas in alpine to subalpine zone,
respectively high altitude mountain forests), were found cohabiting, in large numbers, in the screes of
subalpine zone. The bibliographical sources compiled with our field records revealed that both species have
disjunct distributions. The effect of environmental variables (temperature, relative humidity and depth) on
their populations was tested in this new type of habitat, where these two species were found coexisting. The
statistical analysis of data gathered during a two years period, indicated that each species uses the scree
habitat in different way, mainly depending on the exterior temperature variations, emphasizing the
ecological importance of this habitat for species conservation. A distribution map of both species is given.

Key words: Platynus glacialis, Pterostichus pillosus wellensii, Carpathian endemic species,
scree habitat, covariance, ecological refuge, Romania.

Introduction

Nowadays, due to global changes, many species
seem to respond to the changes in their habitat
conditions by modifying their latitudinal and alti-
tudinal distribution as a compensation of these
disturbances (Drees et al. 2011) and by adapting
themselves to new habitats which preserve more
properly their major environment requirements.

Platynus glacialis Reitter, 1877 and Ptersotichus
pilosus wellensii (Drapiez, 1819) are two endemic
species of Carabidae, highly representative for the
Carpathian fauna of Coleoptera (Holdhaus &
Deubel 1910, Csiki 1946, Miiller-Motzfeld 2004).
Up to present, each species was known as charac-
teristic for different habitat types. Pl. glacialis was
known as a cryophilic, strictly localised species,
recorded in rocky environments of the alpine and
subalpine zones (Ganglbauer 1892, Holdhaus &
Deubel 19010, Freude, Harde, Lohse 1976). Pt. pilo-
sus wellensii was known as a representative soil
(edaphic) species for the subalpine zone with
shrubs of Pinus mugo and Vaccinium and down-
wards the spruce forest zone and that of mixed
forests (Varvara 2005, Nitzu et al., 2008, Nitzu et
al. 2014), being sporadically recorded in subalpine
pastures (Merkl 2008).

During the 2008-2009 period, in the frame of a
throughout study on the fauna of scree habitats of
the “Piatra Craiului” National Park, both species

were sampled in large number of individuals at
0.5 m and 0.75 m depth in the scree habitat of
“Marele Grohotis” (1579 m altitude) in the sub-
alpine zone. These predator species were identi-
fied as co-dominant in the previously mentioned
habitat (Nitzu et al. 2014).

In theory, the maximum number of coexisting
species is given by the limiting factors and re-
sources (Armstrong & McGehee 1980), although,
quoting Tilman (2007) ‘high diversity of coexisting
competitors can result from spatial heterogeneity,
temporal variability, spatial structure and interac-
tions between competition and colonization, and
trophic complexity’. According to the Lotka-
Volterra competition model, two species can
stably coexist at equilibrium when each inhibits it-
self more than it inhibits the other species (Tilman
2007).

Taking into consideration that both Pt. pilosus
vellensi and PI. glacialis belong to the same ecologi-
cal functional type (predators), the aim was to ob-
serve whether, in this unique case of co-occurrence
in scree habitat, these species directly interact with
each other, or use the same habitat (as resource)
without any direct interaction.

I tested whether i) a positive or negative asso-
ciation between species can be identified; ii) the
seasonal and annual variations of species abun-
dance strongly suggests a direct species interac-
tion (i.e. trophic interaction, facilitation or compe-
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tition), or not; iii) the use of the same habitat (as
resource) can be correlated with the variation of
some environmental factors (depth, relative hu-
midity, temperature); iv) the variation in the
abundance of the two species represents their re-
sponse to the same or to different environmental
factors.

Material and methods

Study area
The National Reserve “Piatra Craiului”, the unique site

where both species were recorded in the same habitat, is
located in the Southern Carpathians and is considered
one of the most important karst areas in Romania. The
scree habitat of “Marele Grohotis” (MG) in Piatra Craiului
is a semi-mobile scree situated in the subalpine zone at
1571 m altitude (45° 30" 34” N; 25° 11" 35” E); its lower
part is bordered by spruce forest.

Species distribution
In order to analyse the chorology of the two species, a dis-

tribution map was compiled using all literature sources
(Montandon 1906, 1908, Petri 1912, 1926, Ionescu & Bo-
goescu 1941, Csiki 1946, Ienistea 1941, 1956, Varvara 2005,
Merkl 2008, Nitzu et al. 2008, Nitzu & Olenici 2009,
Putchkov 2013).

Species abundance sampling
Fauna was collected monthly, from April to October in

2008, and from April to November in 2009. As already
presented in detail in a recent article on scree habitats
(Nitzu et al., 2014), the samples were taken at two depths:
0.5 m and 0.75 m. This made a total of 29 assemblages (2
depths x 2 years x 6 months = 24; 2 depths x 1 year x 2
months = 4; 1 depth x 1 year x 1 month x 1 habitat type =
1).

Fauna was sampled using pitfall traps. A pitfall trap
(80 x 100 mm), half filled with ethylene glycol as a pre-
servative solution (70%) was placed vertically in each
hole. Each pitfall trap was protected by a perforated PVC
pipe to prevent gravel falling into the trap and to provide
access for the specimens. The upper end of the PVC pipes
was closed with a plastic lid and covered with the initial
rock layer, filling up the space between the hole and the
pipe. The height of the perforated segment of the PVC
pipes corresponded to the sampled depth. The traps were
checked and emptied monthly. The material was pre-
served in 70% ethanol.

Measurement of environmental variables

Temperature (T - °C ) and relative humidity (Rh - %) val-
ues were measured using a humidityLogR thermohygrome-
ter “Digi-Sense” Cole-Palmer. T and Rh were measured at
the surface (hereafter Text and Rhext), and at 0.5 m and 0.75
m depth from the surface. Both T and Rh had very similar
values at 0.5 and 0.75 m depth and were highly correlated
(Nitzu et al. 2014). Therefore, the means of the tempera-
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ture and humidity values taken at 0.5 and 0.75 m were
used as a measure of in-depth temperature and in-depth
relative humidity (hereafter Tine and Rhint).

Data analysis
Species’ association (based on presence/absence) and

species’ covariation (based on species abundance) were
both tested statistically.

Species’ association was tested by computing vari-
ance ratio, chi-square test, and indices for species associa-
tion (Ochiai, Dice, Jaccard nonprobabilistic association
indices) (SPASSOC, Ludwig & Reynolds 1988). To avoid
biased chi-square values, resulting from low cell expecta-
tions (Zar 1984), the chi-square Yates’s correction was
computed.

To test the species covariation, the normality of the
bivariate distributions of data was tested first., using the
R-mode correlation coefficient for species affinity: Spear-
man rank correlation (MaxStat version 3.06).

To avoid distortion (spurious correlations), the dou-
ble-zero matches were eliminated (Legendre and Legen-
dre 1983), resulting in a total of 21 sample units (N) (29 -
8).

Canonical correspondence analysis (CCA) on species
abundances (in 21 sample units) was used to investigate
their associations with environmental variables (Ter
Braak & Verdonschot 1995; Legendre & Legendre 1998).
The previously mentioned selection procedure was ap-
plied with Monte Carlo simulations (199 permutations) to
constrain the final model to include only the environment
variables significant at p <0.05. CCA was carried out us-
ing the vegan package in R version 1.8.1 (R Development
Core Team 2003).

Results

Species distribution
The numbers in brackets, following the names of

sites, represent the site number according to the
distribution map (Fig. 1).

Platynus glacialis Reitter, 1877: Cernogora (1)
(Putchkov 2013); Negoiu (2); Carta (3), Brasov-
Postavarul (4); Fagaras (6); Piatra Mare (7); Serbota
(8) (all: Petri 1912); Fagdras, 15.V.1985, leg. Nitzu
E.; Bucegi, 5.V1.1984, leg. Nitzu E.; Piatra Craiului
at Padina Lancii (9), 1.V. 2009 in mixed forest
(spruce and beech), 1600 m alt., leg. Nae A P.
Craiului at Valea Seacd, 1.V.2009 in mixed forest,
1000 m alt., leg. Nae A.; Piatra Craiului at Marele
Grohotis (1600 m alt), 2008-2009, in scree habitat,
leg. Nae A.; Piatra Craiului at Cerdacul Stanciului
(1610 m alt), 2008-2009, leg. Nae A.

Pterostichus pilosus wellensii (Drapiez, 1819):
Fagaras (6); Retezat (10) (both, Petri 1912); Bucegi
(5) (Ionescu & Bogoescu 1941, Ienistea 1948; 15.V.
1985, leg. Nitzu E.); Pietrosul Rodnei (11) (at 2005
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Figure 1. Distribution of
Pterostichus pilosus wel-
lensii and Platynus gla-
cialis (numbers corre-
spond to the numbers
in brackets for the sites
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cited in the paper).

m, 1795 m, 1413 m, 1269 m alt.) (Nitzu et al. 2008);
Giumaldu (12) (Nitzu & Olenici 2009); Piatra
Craiului (Nitzu et al. 2014); Slitioara (13) (Varvara
2005); Maramures Mountains at: Borsa (14);
Fantina Stanchi (15) (1600 m alt, in alpine pasture,
26.VIL.2007); Mt. Cearcdnul, Valea Vinisor;
Poienile de sub Munti (16); Valea Izei (17); Muntii
Lapus; Rodna Mt. at Valea Cimpoies (11) (all:
Merkl 2008); Tocarnia; Certina; Grohot;. Vaserului
Valley (beech forst) (16) (all: Nitzu 2007); Negoiu
(2), 4.VIL.1933 leg. M. Al Ienistea; Sgliver Peak (18),
13.VIL.1933 leg. M. AL Ienistea.

Spatial-temporal variances of species abundance
in Marele Grohotis (Piatra Craiului Massif)

During the 2008-2009 sampling period, a total of
208 individuals of Platynus glacialis and 127 indi-
viduals of Pterostichus pilosus were collected at
MG.

The monthly variation in the abundance of
both species during the two years at MG (the
unique site where both species occurred in large
number of specimens) is presented in Fig. 2. The
monthly variation of the abundance has its peak in
June, for both species, in both years, but inversely
proportional as amplitude between years. For
June, the abundance of both species, on years and
depth, is presented in Fig. 3.

The monthly variations of internal and exter-
nal temperature (°C) and relative humidity (%) are
presented in Fig. 4. For June, when the abundance
of both species was highest, the external tempera-
ture and relative humidity values differ between

2008 (27 °C T ext / 45% RH ext) and 2009 (18 °C T
ext / 59% RH ext), whereas the internal tempera-
ture and relative humidity values were relatively
constant (10 °C - 15 °C and 85 % - 95 %) during
the sampling period in both years.

Due to the fact that two species may exhibit a
strong positive association with regard to their
joint occurrence in the sample unit, yet may have a
strong negative covariation (Ludwig & Reynolds
1988), both species association (based on pres-
ence/ absence) and species covariation (based on
species abundance) were statistically tested.

The chi-square test of species association (the
theoretical chi-square value for 1 degree of free-
dom (df) at the 5% probability level) indicates a
negative association between species. Chi-square
computed value was 7.875 > 3.84, meaning that
the null hypothesis is rejected (the co-occurrence
of both species is not independent). The computed
values of association indices were low (below 0.5)
(Table 1).

To assess the covariation in abundance be-
tween species, the Anderson-Darling test for nor-
mality (p>0.05) was performed as a first step. The
obtained p values were p = 0.057 for Pt. pillosus
and p = 0.0031 for PI. glacialis. As far as the test for
normality shows that bivariate distributions are
not normal, the nonparametric coefficient — the
Spearman rank correlation was computed. The
null hypothesis was that the species abundances
are uncorrelated. For Spearman’s correlation, the
obtained value of rs (0.385) did not exceed the
critical value of rs and the null hypothesis was
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Table 1. Interspecific association indices and test statistics between Pt. pilosus and PI. glacialis
in the scree habitat from Marele Grohotis.
Species pair Association  Chi-square Yates's Association indices
(+or-) correction  QOchiai  Dice  Jaccard
Pt. pilosus / Pl. glacialis - 7.875 49.219 0.354 0.333  0.200
e @Plglacialis|  Table 2. Results of Spearman rank correlation test be-
b 8Pt pilosus tween abundances of Pl glacialis and Pt. pilosus in the
scree habitat from Marele Grohotis
120 Spearman Correlation coefficient
= Number of pairs (XY) 21
r 0.385
80 Confidence interval (95%) of r
Lower C.I 0.018
60 Upper C.I. 0.661
p-value (two tailed) 0.0847
40 Significant correlation (for sign. Level 95%)  NO
20 1
Table 3. Results of forward selection procedure with
U 05m 075m v e Monte Carlo simulations (199 permutations); Text -
temperature at surface, Tint - temperature inside the
2008 2009 scree, RHext - exterior relative humidity, RHint - inte-

Figure 3. The variation of species abundance
in June, on years and sampling depth.

accepted, thus, the species abundances are uncor-
related (Table 2).

In multivariate analysis (canonical correspon-
dence analysis), the abundance of species was sig-
nificantly related to exterior and interior tempera-
ture and depth, as indicated by the Monte-Carlo
test (Table 3).

The association of these significant environ-
mental variables and species abundance (direct
gradient analysis focus scaling on inter-species
distances) was depicted in the CCA ordination
plot (Fig. 5). The two eigenvalues were 0.437 (for

rior relative humidity. (lambda-A represents the addi-
tional variance each variable explains at the time it was
included).

Variable df Lambda A p F
Text 1 0.25 0.015 20.55
Depth 1 0.08 0.025 8.93
Tint 1 0.11 0.050 38.18
RHint 1 0.00 0.345 0.97
RHext 1 0.00 0.285 1.73

axis I) and 0.048 (for axis II). The first axis ex-
plained 90.1 % of the total variance for species
data. In Fig. 5, the species are shown by points,
and the environment variables are shown as vec-
tors, arrowheads indicating the direction in which
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Figure 4. Monthly variation in relative hu-
midity (RH) and temperatures (T) on years

recorded at the surface (ext) and inside the
scree (int).
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Figure 5. Canonical correspondence analysis
bi-plot of abundance for Pt. pilosus (Ptpi-
los) and Pl glacialis (Platglac) and envi-
ronmental variables (Depth - Scree depth,
Text - exterior temperature, Tint -interior

the value of environmental variable increases
(Lep$ & Smilauer 1999). Species plotted close to
the vectors have a strong relationship with them.
All environmental variables were significantly
correlated with the first axis. The abundance of Pt.
pilosus in the scree habitat at MG was strongly cor-
related with the temperature  (Tin)
whereas the abundance of Pl. glacialis in the same
habitat was correlated with depth and exterior
temperature (Text).

internal

Discussion

Literature data shows that both species display a
disjunct distribution in the Carpathians (Fig. 1),
the most probable cause being their habitat frag-

temperature.
+1.

mentation. In Piatra Craiului Massif, both species
occurred in a new type of habitat - the scree habi-
tat at Marele Grohotis in the subalpine zone. The
inversely proportional variations of species abun-
dance in June between the years 2008 and 2009 at
0.5 m and 0.75 m scree depth (Figs. 2-3) suggested
a possible direct interaction between the two spe-
cies, suspected at first as a competition between
these predator species. The statistical test of spe-
cies association suggested a negative association
between them. In theory, the negative association
between two species occurs in cases of competi-
tion, avoidance, mutualism or predation (Schluter
1984). In this case, both species being predators,
only the first two mentioned ecological relation-
ships were worth to be taken into consideration.
The statistical tests of the covariation showed that
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their variations of abundance in the scree habitat
were uncorrelated, meaning that there is no com-
petition between the two species. Combined statis-
tical analysis of environmental factors and
monthly variation of species abundance in two
consecutive years indicated that the two species
are using the same habitat in different weather
conditions and prefer different depths (Fig. 5). The
cryophilic species P. glacialis populated the empty
spaces inside the scree habitat, in large number of
individuals in warm periods, when the exterior
temperature increased, preferring also the depth
of 0.75 m. On the contrary, P. pilosus wellensii
populated the screes in large number of individu-
als in the year 2009 when the exterior temperature
in aestival season was lower than in 2008, prefer-
ring depth of 0.5 m and showing a strong positive
correlation with internal temperature.

Brole & Keplin (2005) stated that ‘Mountain
ecosystems belong to the most endangered ecosys-
tems in the world. Especially, the treeline ecotone
acts as an indicator for environmental change’.
The importance of gravels as preferential habitat
for numerous invertebrate species, including gla-
cial relicts and endemic species, has been empha-
sized by Christian (1987), Razicka (2000), Rtzicka
et al. (2012). In line with the previously quoted
studies, in the specific conditions of the Carpathi-
ans, other two endemic species: Pt. pilosus wellensii
and Pl. glacialis were found populating the scree
habitat situated in sub-alpine zone, at the upper
limit of the spruce forests. The two species inhabit
this new environment in different conditions re-
lated to the seasonal variations of some environ-
mental factors (temperature, depth), without es-
tablishing competitive relationships among them-
selves

In the actual circumstances of habitat frag-
mentation for these Carpathian species, the scree
habitat proved to play an important role in their
life cycle, especially in the context of the global
climatic changes (Mann et al. 2008, Fenoglio et al.
2010). Therefore, for a better protection of inverte-
brate species, more effort must be paid in future
studies and conservation activities targeting scree
habitats as potential ecological refuge in moun-
tains.
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