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Abstract

Community structure of ground-beetles along altitudinal gradient on a Submediterranean mountain
in North Macedonia, bordered with Bulgaria and Greece was studied. The aim was to determine whether
altitude influences the distribution and ecology pattern of ground-beetle community.

The research was carried out in 14 localities covering the main vegetation types on northern slopes of
Belasica Mountain, by using pitfall traps.

The ground-beetle fauna consisted of 38 taxa and 7 subfamilies. Species richness and abundance of
ground-beetles did not change significantly with increasing altitude and consequently with differences of
vegetation type. But, the overall pattern of species diversity and homogeneity showed significant decrease
towards higher altitudes indicating disruption of the community stability and presence of unfavorable
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conditions.

This study gives a preliminary analysis of the climatic mechanisms affecting ground beetle communities
and indicates possible sensitiveness towards environmental changes along altitudinal gradient on Belasica

Mountain.
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Introduction

Belasica Mt. has boundary position in the south-
east part of the country, with presence of rich floral
and faunal complexes. This mountain is one of the most
isolated areas with presence of well-preserved natural
habitats and it is part of the Balkan green belt. Due to
the abundance of natural habitats of great conservation
importance, Greek and Bulgarian parts of Belasica
are protected as ,Natura 2000“. This mountain is
declared as Nature Park in Bulgaria as well as National
park in Greece, and is considered as Special Protected
Area, according to the EC Birds Directive (79/409/EC).
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Unfortunately, in North Macedonia, Belasica Mountain
does not have a status of protection.

Because of the south-eastern position in the
country, Belasica Mt. represents the upper limit where
the Mediterranean climate is present and is one of
the first mountains in Republic of North Macedonia
to be influenced by climate change, considering that
these types of changes are particularly expected in the
Mediterranean regions (Pefiuelas et al. 2017).

In forest ecosystems, as a result of the altitude
gradient, there are differences in the community
structure among different altitude zones and habitats.
This phenomenon is closely related to the spatial
gradient of the physical factors of the environment,
primarily determined by vegetation type. In most cases,
altitudinal gradients has been analysed in order to: study
biodiversity and its change along the gradient, to form
a pattern of altitudinal zones, to perform a comparative
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analysis of the behaviour of different taxa along the
same altitudinal gradient, to determine the causes why
different groups respond differently to changes along
gradients, to determine whether biodiversity changes
continuously or intermittently, to analyse interactions
between different taxa, etc.

This type of research has been carried out in a
number of mountain ecosystems around the world, and
the target group of the research, the method of work
and the main objectives differ. Thus, for example, the
change in the structure of the invertebrate community
along altitudinal gradients has been studied by Olson
(1994), Fleishman et al. (1998), Sanders (2002), Axmacher
et al. (2004), Hausdorff (2006), Wilson et al. (2007),
Nogués-Bravo et al. (2008), Miiller et al. (2009); of birds:
Doran et al. (2003), Altshuler (2006), Mccain (2009); on
mammals: Mccain (2005), Mccain (2007), Rowe (2009);
on plants: Frahm & Gradstein (1991), Wolf (1993), Odland
& Birks (1999), Kessler (2001), Vetaas & Grytnes (2002),
Grytnes & Vetaas (2002), Grytnes (2003), Fisher & Fulé
(2004), Bachman et al. (2004), Kreft et al. (2004), Lovett
et al. (2006), Grytnes et al. (2006), Erschbamer et al.
(2006), Wang et al. (2007), Pauli et al. (2007), Behera &
Kushwaha (2007), Shimono et al. (2010), Zhang et al.
(2011) etc.

Often, a small number of taxonomic groups are
used as bioindicators (McGeoch 1998). The family of
ground-beetles (Coleoptera: Carabidae) abounds with
species characterized by close attachment to certain
microclimatic and soil conditions (stenobionts) and high
bioindicative importance and representativeness. These
arthropods are well-known indicators of environmental
change (Stork 1990; Desender et al. 1991; Desender 1996;
Niemeld 1996; Dufréne & Legendre 1997). Furthermore,
Brandmayr & Pizzolotto (2016) consider epigean and
hypogean carabid beetles as excellent and , multitask”
indicators of climate change.

According to Butterfield (1997), ground-beetles
respond to changes by changing their habitat rather
than changing their physiological adaptations, thus
emphasizing their usefulness as favourable bioindicators
of environmental changes. Looking back, there is a long
history of their use as indicators of environmental

change (den Boer 1977; Thiele 1977; Brandmayr 1980;
Czechowski 1982; Klausnitzer & Richter 1983).

So far, no records exist about variations of
terrestrial insect communities along altitudinal
gradients in Republic of North Macedonia and at the
same time we lack hiodiversity and population data as
important baseline information for measuring species
population dynamics in the area. Also, there are no
ecological studies of ground-beetles on Belasica Mt.
related to changes of community structure throughout
the altitudinal gradient and within habitat.

Regarding the hypotheses that altitude influences
the distribution and ecology pattern of ground-beetle
community on Belasica Mt., the aim of the study was to
determine changes of species richness and community
structure of ground-beetles along altitudinal gradient
and consequently with differences of vegetation type on
Belasica Mt. as first study which perform an ecological
analysis of the carabid communities on this mountain
and provide basic data for the future impacts of climate
change and subsequent changes in vegetation structure,
on animal communities.

Material and methods

Study site

The study was conducted on the northern slopes
of Belasica Mountain at the south-east part of North
Macedonia, at the border with Bulgaria and Greece
(Fig.1). It is high mountain with an area of 198.2 km?
(Melovski et al. 2013).

Lower parts of the mountain are with cinnamon-
forest soils, and at the higher parts most common
are the brown-forest and mountain-meadow soils
(Filipovski et al., 1996). Climate at lower elevations (300-
1000 m a.s.l.) is sub-Mediterranean (low precipitation
rate and high temperature), while the mountain belt
over 1000 m alt. is influenced by typical mountainous
climate, characterized with higher precipitation and
lower temperatures (Filipovski et al. 1996).

]
s Belasica Mt. :

Figure 1. Topographic map of the investigated area on Belasica Mountain
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Sampling design

Fourteen localities (L1-L14) at different altitudes
(240-1450 m a.s.l.) along an altitudinal gradient were
chosen (Fig. 1b), covering the main vegetation types
represented by four climazonal forests. First five
localities (L1-L5) are under forests of White oak and
Oriental hornbeam; L6-1.9 are under Sessile oak forest;
L10is disposed within submontane beech forest; L10-L13
are allocated within the montane beech forest, and 114
represents clear-cut area in a montane beech forest.

Beetle sampling

Ground-beetles were collected by pitfall traps
(plastic cups with volume of 0.5 L, diameter of 8.5 cm
and height of 11.5 cm) placed along a transect line
following an isohypse. At each locality 10 pitfall traps
were placed 10 m apart along a 100 m long transect line,
thus covering each altitudinal zone. In total 140 traps
were placed in 14 different localities (L1-L14) in vertical
interval of 100 meters referring to different altitudes
on northern slopes of Belasica Mountain. Traps were

Table 1. List of the investigated localities with the data about the altitudes, GPS coordinates, slope and dominant

vegetation type
Altitude . GPS Slope | Vegetation
Code (m) Locality coordinates (%) cover %)

near the locality of Markova Skala; ass. Querco pubescentis- | 41.382297

1 250asl. Carpinetum orientalis Horvatic¢ 1939 22.771482 70 80

% 397 asl under the viewing point near the Koleshino Waterfall; ass. | 41.377504 70 85
o Querco pubescentis-Carpinetum orientalis Horvatic 1939 22.812616
near the Koleshino Waterfall, ass. Querco pubescentis- | 41.372145

L3 | 45asl ) cominetum orientalis Horvatic 1930 22807476 b %0
near the locality of Pod; ass. Querco pubescentis-Carpinetum | 41.371468

L4 | S00asl o ontalis Horvatic 1939 22.804530 0 >0

L5 587 sl between the localities of Pod and Suva Cheshma ass. Querco | 41.370699 10 60
o pubescentis-Carpinetum orientalis Horvati¢ 1939 22.800324
near the locality of Suva Cheshma; ass. Fraxino orni-Quercetum | 41.368247

Lo 693asl | o eqe Em 1968 22799759 40 %0
near the locality of Popadija; ass. Fraxino orni-Quercetum | 41369374

L7 7asl | iraeae Em 1968 22795384 5 70
near the locality of Popadija; ass. Fraxino orni-Quercetum | 41.366565

L8 | 847asl | i eqe Em 1968 22794000 15 %0
near the locality of Popadija; ass. Fraxino orni-Quercetum | 41.359571

L9 1038as.l. | o iraeae Em 1968 22794153 20 9
near the locality of Popadija; ass. Festuco heterophyllae- | 41.358462

L0 | H00as] | b um (Em 1965) Rizovski & Diekov ex Matevski etal. 2011 | 22790140 5 8
near the locality of Popadija; ass. Calamintho grandiflorae- | 41.352880

LI 1200281 oo tum (Em 1965) Rizovski & Diekov ex Matevski et al. 2011 | 22791669 60 %0
near the locality of Groba; ass. Calamintho grandiflorae- | 41.347933

112 1300 as.l Fagetum (Em 1965) Rizovski & Dzekov ex Matevski et al. 2011 22.792675 60 %0

113 138505 | hear the locality of Pisana Skala; ass. Calamintho grandiflorae- | 41.344122 15 60
| Fagetum (Em 1965) Rizovski & Dzekov ex Matevski et al. 2011 22.793764
. . ) 41.341242

L14 1442 a.s.l. | near the locality of Pisana Skala; clear-cut area 92798097 25 60
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placed in line with the soil surface and metal roofs
were mounted above each trap to prevent flooding.
Formaldehyde-vinegar solution (1:7; 200 ml) was used as
a preservative.

The research was carried out monthly, during the
period April-November 2010. The material was collected
at the end of the month.

Data analyses

Species richness and the structure of
carabidocoenosis were analysed for each altitude and
vegetation type along the altitudinal gradient.

The abundance of ground-beetles was represented
as number of individuals per trap (ind-trap”).

Dominance of species was calculated as a
percentage of the number of individuals of a species
from a total number of individuals of all species. On the
basis of dominance the species were categorised in four
groups: dominant species (D) over 10%, subdominant
species (SD) - 5-10%, recedent species (R) - 1-5% and
subrecedent species (SR) - less than 1%.

Indices of richness-d (Margalef 1958), diversity - H’
(Shannon-Wiener 1949) and homogeneity - Jo (Pielou
1969) were used to compare alpha-diversity.

Statistical analysis was performed for the data
of collected ground heetles at each altitude. Species
abundance data were tested for normal distribution
and variance of homogeneity by using Shapiro-Wilks
and Levene’s tests, respectively. To obtain normal
distribution, data were log(x+1) transformed.

Nonparametric tests, Kruskal-Wallis, followed
by post-hoc Mann-Whitney U tests (which follows
when significant differences are recorded with the
Kruskal Wallis ANOVA test) were applied to check
for the differences in average species richness and
abundance, within and between localities. These
results are presented with box plots, which allow visual
comparisons of centers and spread through the five-
number summary (minimum, lower quartile, median,
upper quartile, maximum), dividing the data into four
equally sized sections (Pfannkuch 2006).

Spearman rank correlation (r) was used to analyse
the relationship between the altitude and average
number of captured species and specimens.

To test the efficacy of the sampling method and
consequently to estimate the real versus estimated
number of species, individual-based rarefaction was
used (Gotelli & Colwell 2001, Hammer et al. 2013). This
method is based on random re-sampling of the pool of
captured individuals and plots the number of species
versus a given number of individuals taken randomly
from the observed data. With this method the number
of species was rarified to the lowest values registered
at a locality in order to provide valid information of
species richness between different localities along the
gradient.

To define groups of localities with similar species
composition, Dice-Sorensen cluster analyse was used
with UPGMA algorithm (Krebs 1999, Hammer et al.
2013). The similarity of relative abundance between
different localities and vegetation types was compared
with Bray-Curtis paired group cluster analysis (clusters
were joined hased on the average distance between all
members in the two groups) (Somerfield 2008, Hammer
et al. 2013). For calculating these indices, average
species richness and relative abundance (ind-trap?) of
ground-beetles between localities were used.

The species responsible for site clustering were
established by using Principal component analyse (PCA)
(Hammer et al., 2013).

All statistical data analyses were done with
statistical programmes STATISTICA 7, PAST and XL stat
for windows. Significant values were those with p<0.05.

Results

Overall 8680 individuals were collected belonging
to 38 species, 18 genera and 7 subfamilies. Species
composition is presented on Tab.2. Tapinopterus
balcanicus belasicensis, Carabus convexus dilatatus,
Molops rufipes belasicensis, and Myas chalybaeus had
wide distributional range throughout the gradient,
while the remaining species showed narrow altitudinal
ranges as the same were found either in the localities
from the lower or at the upper altitudinal belt, or were
appearing discontinuously, in one or two localities.

Tapinopterus  balcanicus  belasicensis  (26,00%),
Carabus convexus dilatatus (23,13%) and Molops rufipes
belasicensis (16,70%) were dominant species, while most
of the species had occurrence less than 5% of total catch
(Tab. 2).

The studied carabid beetles’ community have
demonstrated high species richness and abundance.
Although, the decrease of overall species richness and
abundance with increasing altitude and changes of
vegetation types (from oak to beech forests and clear
cut area) was not statistically significant (p>0.05),
considerable differences of species richness and
abundance between localities were registered (p<0.05)
(Fig. 2 a,b).

To estimate the number of species from each
locality separately, rarefaction-method was used. For
better visibility, the results are presented on two charts
referring to lower and upper altitudinal range (Fig. 3.
a,b), where the expected number of species is presented
with red line, while 95% confidence interval with blue
lines. This analysis showed that the expected number of
species is highest in L5 (11.5), L6 (12.0) and L14 (8.5), and
the lowest in L9 (4.0) and L10 (2.3), which confirms that
the registered number of species on Belasica (presented
in Tab. 2) almost equals to the expected number of
species.
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Table 2. Distributional range. abundance (ind-trap?) and dominance (%) of ground-beetle species along altitudinal
gradient and dominant vegetation types on Belasica Mt.

E S, g5 o= = =
5 £5E | 2§ | 5| B g
species list S 2 TE £5% <£% 5] 3 g £
gg g g 28 © B E _,gg % E
(=4 () E =] 8
L1 | L2 | L3 | L4 | L5 | L6 | L7 | L8 | L9 L10 L11 112 L13| L4 =

gﬁfa’ﬁﬁé’ﬁigs balcanicus 0 043039016 0 018 053 3.85 301 2124 9 341 206 029 [ 4455 41.03 D
Carabus convexus dilatatus 1.8 0.64 1.06 2.18 0.35 17 6.34 0.54 0.01 0 0.01 0.01 0 0 14.64 13.48 D
Molops rufipes belasicensis 0 0 0.85 0.54 0.04 0.19 0.53 1.48 3.06 7.64 529 3.08 145 0 24.15 22.24 D
Muyas chalybaeus 0.39 0.88 043 011 0.03 02 011 005 0 0 001 001 0 0 2.22 2.04 R
Harpalus tardus 004 006 0 001 O 001 0010 0 O 0 0 0 0 0 0.13 0.12 SR
Calosoma inquisitor 041 0 026 074 0.03 065 404 008 0 0 0 0 0 6.21 5.72 SD
Carabus montivagus montivagus |0.16 034 011 006 001 0 003 0 0 0 0 001 O 0 0.72 0.66 R
Carabus intricatus intricatus 0.01 0.05 0.06 006 003 003 0 0 0 0 0 003 0 0 0.27 0.25 SR
Carabus coriaceus cerisyi 1 116 098 025 048 038 004 0 O 0 0 0 0 0 4.29 3.95 SD
Trechus quadristriatus 0 0 0 0 0 001 0 001 01 0.14 12 024 078 0.08 2.56 2.36 R
Cychrus semigranosus balcanicus | 0 0 0 0 005 0 021 021 0.55 035 075 015 0 2.27 2.09 R
Nebria brevicollis o 0 o0 o0 0 0 0 001 O 0.05 0.16 0.03 0.05 0.01 0.31 0.29 SR
Calathus fuscipes fuscipes 0 0 0 O 0 003001014 0 0.01 005 0 0 0 0.24 0.22 SR
Amara similata 0001 0 0O O 003 0 0 001 O 0 0o 0 0 0 0.05 0.05 SR
Amara aenea o o0 o0 o 0 0 0 0 O 0 003 0 001 005 0.09 0.08 SR
Harpalus atratus 0 0 0 0 003001004 0 O 0 0o 0 0 0 0.08 0.07 SR
Harpalus honestus honestus 0 0 0 0 013006 0 0 0 0 0 0 0 004 0.23 0.21 SR
Harpalus rufipalpis rufipalpis 0O 0 0 0 009005 0 0 O 0 0 0 0 44 4.55 4.19 SD
Synuchus vivalis o o0 o o 0 0 0 0 O 0 003 0 005 001 0.09 0.08 SR
Amara convexior o 0 0 0 0O 0 O 0 O 0 0 0 001 006 0.07 0.06 SR
Harpalus rubripes 0 0 0 O O 0 0 001 O 0 0 0 0 009 0.1 0.09 SR
Asaphidion flavipes o o0 o o 0 0 0 0 O 0.03 015 0 0 0 0.18 0.17 SR
Notiophilus substriatus 0 000 0 O O 005 0 O O 0 0 0 0 0 0.06 0.06 SR
Abax carinatus carinatus 0 001 0 0 0 O O 0 O 0 0 0 0 0 0.01 0.01 SR
Amara curta 0 0 0o 0 0 0 0 O 0 0 0 0 004 0.04 0.04 SR
Amara eurynota o 0 o0 o0 o0 o0 0 0 o0 0 0 0 0 026 0.26 0.24 SR
Calathus erratus erratus 0 0 0 0 0 00 O 0 O 0 0 0 0 0 0.01 0.01 SR
Carabus violaceus azurescens o 0 0 0 0 O 0 0 O 0 0 0 0 003 0.03 0.03 SR
Carabus hortensis o0 0 0 0 O 0 0 O 0 0 001 0 0 0.01 0.01 SR
Z‘;g‘gﬂ:ﬂdéi‘s""q“‘/’"dl‘s 0 0 0 0 0 0 0030 0 0 0 0 0 0 0.03 0.3 SR
Harpalus smaragdinus o 0 0 O O 0 O 0 O 0 0 0 0 003 0.03 0.03 SR
Harpalus tenebrosus 0 0 0 0 000 0 O O O 0 0 0 0 0 0.01 0.01 SR
Harpalus rufipes 0o 0 0 0 0 0 0 0 O 0 001 0 0 0 0.01 0.01 SR
Philorhizus notatus o 0 o 0 O 0 O0 0 o0 0 001 0 O 0 0.01 0.01 SR
Pterostichus niger niger o 0 0 0 0 001 0 0 O 0 0o 0 0 0 0.01 0.01 SR
Pterostichus anthracinus 000 0 0 0 0 0 0 0 0 0 0 0 0.01 0.01 SR
Trechus subnotatus o 0 0o 0 O 0 O 0 O 0.05 0 0 0 0 0.05 0.05 SR
Trechus nigrinus o o0 o o 0 0 0 0 O 0 0 0 0 001 0.01 0.01 SR
Number of species 9 9 8 9 12 17 1N 1M 5 8 13 10 8 13
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Figure 2. Species richness a) and abundance (ind-trap?) b) of ground-beetle community along altitudinal gradient on
Belasica Mt.
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Figure 5. UPGMA Dice-Sorensen cluster analysis for the presence-absence of species a), and Bray-Curtis paired group
cluster analysis for similarity of ground-beetle abundance b), along altitudinal gradient on Belasica Mt.

Indices of richness and diversity were lowest for
the carabidoenosis in 19, L10 and L14 causing lowest
homogeneity thus emphasizing the existence of
unfavourable conditions. Index of diversity was highest
(p<0,05) in L2, L5 and L6 which contributes to highest
values of homogeneity and the most stable populations
in those habitats (Fig. 4 a,b,c).

Cluster analysis of ground-beetle composition
based on the presence-ahsence of species, showed clear
separation of beetle community from L14 in relation
to other localities which were joined on approximately
35% level of similarity of their species composition
(Fig.5a). First group includes communities inhabiting
lower (L1-L7), and the second one, upper altitudinal belt
(L8-L13).

Variables (axes F1 and F2: 68.73%)

0.5

- Axis F1 (26.69%)--
=

=
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0.5 1

f
=
th
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Figure 6. PCA ordination analysis of the distribution of
species along altitudinal gradient on Belasica

When analyzing similarity of ground-beetle’s
abundance between different localities and vegetation
types, two groups of localities were registered, L1 - L7
at 29% similarity level, and L8 - L13 at 42% similarity
level, inhabited by carabidocoenosis similar in terms of
quantitative composition (Fig.5h).

PCA ordination analysis of the distribution of
species show correlation between the altitude and the
abundance of some species. High relative abundance
of Calosoma inquisitor (R = -0,310, p<0,05) and Myas
chalybaeus (R= -0,490, p<0,05) contributed to the
grouping of the communities from the lower altitudinal
belt, while higher abundance of Trechus quadristriatus
(R= 0,431, p<0,05) and Cychrus semigranosus (R= 0,484,
p<0,05) separated communities at higher altitudes.

Discussion

The investigated area on the northern part of
Belasica Mt. was characterized with relatively rich
ground-beetle fauna, consisting of 38 taxa. Similar
results were obtained in many other studies of ground-
beetles in forest ecosystems: 10 - Yu et al. (2002), 43 -
Tabhoada et al. (2004), 46 - Yu et al. (2006), 31 - Avgin
(2006), 43 - Jiang (2006), 59 - Axmacher et al. (2011), 21
- Skalski et al. (2011), 31 Jelaska et al. (2011), 54 - Zou et
al. (2014).

During the research, relatively high abundance
was registered. Lower values were registered in the
localities under oak forests in comparison to beech
forests. Although general statement is that species
richness and abundance in mountainous ecosystems
decrease with increasing altitude (Lomolino 2001;
Colwell et al. 2004; Dunn et al. 2007; Maveety et al.
2011; de Groot & Vrezec 2019), during this study the
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overall species richness and abundance did not change
significantly with increasing altitude and consequently
with differences of vegetation type.

Nevertheless, species composition of community
showed changes with increasing altitude. Principal
component ordination of ground-heetle abundance in
relation to altitudinal gradient illustrates that altitude
has influence on beetle assemblages and the overlap
in assemblage composition was apparent among each
locality and forest types. These differences were likely to
be explained by the environmental variables primarily
associated with climatic conditions along the gradient,
as well as differences of vegetation type (Maveety et
al. 2011; Ananina 2020; Ananina et al. 2021). Ground
beetle communities depend on vegetation structure
and soil morphology as well as on the altitudinal factor
itself. This is the reason why ground-beetles have
different altitudinal ranges in different mountains, or
in different slopes of the same mountain, according to
local climatic, pedologic and floristic conditions (Moret
2009).

When analyzing changes of the community
structure along the gradient, the overall pattern
of species diversity and homogeneity also showed
significant decrease towards higher altitudes mainly
as a result of significant differences of the abundance
of dominant and subdominant species. According to
Suttiprapan et al. (2006) dominant species have a wide
niche breadth and can affect the patterns of richness,
abundance and diversity. Lower values of species
richness-d, diversity-H' and homogeneity-J, of the
communities inhahiting upper altitudinal be{t clearly
indicate certain degree of degradation of the beech
forest belt, especially in localities L9, L11-L13.

Dendrogram analyze defined groups of localities
with similar species composition and abundance. In this
way, the ordination grouping confirmed the importance
of altitudinal effect and consequently the importance of
vegetation type as abiotic factor.

The first group of localities was joined mainly
by the presence of species (Calosoma inquisitor, Myas
chalybaeus, Harpalus tardus, Carabus coriaceus cerisyi,
Carabus intricatus intricatus, Carabus montivagus
montivagus) preferring low altitude and old oak
forests, in contrast to the second one, where localities
are clustered by the presence of species Trechus
quadristriatus, Cychrus semigranosus balcanicus and
Nebria brevicollis, inhabiting beech forest, where higher
precipitation and lower temperature prevail.

In L5 presence of Harpalus honestus honestus and
Harpalus rufipalpis rufipalpis, as well as an absence of
the subspecies Tapinopterus balcanicus belasicensis were
registered. Also, the abundance of Myas chalybaeus,
the dominant taxa Carabus convexus dilatatus, and
especially Molops rufipes belasicensis and Calosoma
inquisitor decreased resulting with significantly lowest
total abundance of ground-beetles, in relation to all
other localities along the gradient, which contributed

to a significant decrease of domination (6.11%) and
due to the reduced number of dominant taxa in this
community, there is also a significant increase in the
homogeneity (0.75).

Favorable conditions, such as well-preserved
forest, suitable soil and air temperature and humidity
in 16 and L7 caused increased number of dominant
taxa, which contributed to a significant increase in the
diversity index in L6 (1.01). L6 was inhabited by species
which were registered in the lower altitudinal belt
also. Some of those species have wider distribution and
move to higher altitudes, mostly to L7 (767 m). Probably
L6 (693 m a.s.l.) represents transitional zone between
the ass. Querco pubescentis-Carpinetum orientalis and
ass. Fraxino orni-Quercetum petraeae. Such habitats are
predicted to harbor more species due to overlapping
range limits or due to source-sink dynamics (McCain et
al., 2010). In L7, due to the dominant role of C. inquisitor,
the community‘s stability has been impaired, resulting
in a significant decline in the homogeneity index (0.40)
and the separation of carabidocoenosis of L7, from the
communities inhabiting L1-L6 group (about 26%, see
Fig.5b). In L7 the number of species is lower as a result
of the absence of species which prefer forests of oriental
hornbeam.

The similarity of communities inhabiting L8-L13
was due to the presence and relative abundance
of Tapinopterus balcanicus belasicensis, Carabus
convexus dilatatus, Molops rufipes belasicensis, Cychrus
semigranosus balcanicus, Nebria brevicollis and Trechus
quadristriatus. Environmental disturbance in the
localities under beech forests (L8-L13) was caused hy
the intensified logging, which was most pronounced in
the locality from the highest part of the gradient, L14,
where clear-cut area exists. It must be pointed that the
separation of carabodocoenosis from L14 is primarily
due to habitat destruction and afforestation which
have stronger effect then the altitude. L14 supports
species that have colonised recently logged beech forest
such as Harpalus rufipalpis. This species is not strictly
connected to high altitude, but generally is an open area
species and invades after forest disturbance.

This study gives a preliminary analysis of
the climatic mechanisms affecting ground beetle
communities and indicates possible sensitiveness
towards environmental changes along altitudinal
gradient on Belasica Mountain.

Conclusion

The overall pattern of decreased species diversity
and homogeneity towards higher altitudes coupled with
lower species asymptotes of rarefaction curves indicate
that increasing altitude and consequently differences
of vegetation type (from oak to heech forest and to
clearcutted space) affects species composition and
distribution of ground beetle communities.
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The research of ground-beetle community
structure clearly point up the presence of two habitat
groups: those at lower altitudinal zones (240-767 m a.s.])
and habitats at higher altitude (847-1385 m a.s.l.), as
well as marked separation of the clear-cut area (1442 m
a. s.1.), which additionally confirms the importance of
altitudinal effect and consequently the importance of
vegetation type as abiotic factor.

We should point out that the results of this research
can serve as a basis for further monitoring, especially
research on the effects on animal communities caused
by successive changes in the vegetation structure and
the impact of climate change.

References

Altshuler, D.L. (2006). Flight Performance and
Competitive Displacement of Hummmingbirds
acorss Elevational Gradients. The American
Naturalist, 167: 216-229.

Ananina, T., Ananin, A., Aiurzanaeva, [. (2021). The
impact of climate warming on the phenology of
ground beetles in the Northern Baikal region. Biology
and Life Sciences Forum.

Ananina, T.L. (2020). Results of Long-Term Monitoring
of the Genus Carabus (Coleoptera: Carabidae) in
the Barguzinsky Range (Northern Baikal Region).
Contemporary Problems of Ecology, 13 (4): 391-400.

Avgin, S.S. (2006). Distribution and diversity of ground
beetles in Baskonus mountain National Park of
Turkey. Journal of Environmental Biology, 27: 515-
521.

Axmacher, J.C., Holtmann, G., Scheuermann, L.,
Brehm, G., Muller-Hohenstein, K. Fiedler, K.
(2004). Diversity of geometridae moths along
an Afrotropical elevational rainforest transect.
Diversity and distribution, 10: 293-302.

Axmacher, J.C., Liu, Y., Wang, C., Li, L. Yu, Z. (2011).
Spatial a-diversity patterns of diverse insect
taxa in Northern China: lessons for biodiversity
conservation. Biological Conservation, 144: 2362-
2368.

Bachman, S., Baker, WJ., Brummitt, N., Dransfield,
J. Moat, J. (2004). Elevational gradients, area and
tropical island diversity: an example from the
palms of New Guinea. Ecography, 27: 299-310.

Behera, M.D. & Kushwaha, S.P.S. (2007). An analysis of
altitudinal behavior of tree species in Subansiri
district, Eastern Himalaya. Biodiversity and
Conservation, 16: 1851-1865.

Brandmayr, P. & Pizzolotto, R. (2016). Climate change
and its impact on epigean and hypogean carabid
beetles. Periodicum Biologorum, 118(3), 147-162.

Brandmayr, P. (1980). Insect communities as indicators
of anthropogenic modifications of the landscape
and for territory planning: some results by carabid

beetles. Atti XII Congr. Naz. Ital. Ent. Roma, 1: 263
283.

Butterfield, J. (1997). Carabid community succession
during the forestry cycle in conifer plantations.
Ecography, 20: 614-625.

Colwell, R.K., Rahbek, C., Gotelli N.J. (2004). The mid-
domain effect and species richness patterns: what
have we learned so far? The American Naturalist,
163:1-23.

Czechowski, W. (1982). Occurrence of carabids
Coleoptera, Carabidae in the urban greenery of
Warsaw according to the land utilization and
cultivation. Memorabilia Zoologica, 39: 3-108.

de Groot, M. & Vrezec, A. (2019). Contrasting effects of
altitude on species groups with different traits in a
non-fragmented montane temperate forest. Nature
Conservation, 37: 99-121.

den Boer, PJ. (1977). Dispersal power and survival.
Carabids in a cultivated countryside (with a
mathematical appendix by J. Reddingius). Misc Pap
Landbouwhogesch Wageningen, 14: 1- 190.

Desender, K., Maelfait, J.P., Baert, L. (1991). Carabid
beetlesas ecological indicators in dune management
(Coleoptera: Carabidae). Elytron, 5: 239-247.

Desender, K.R.C. (1996). Diversity and dynamics of
coastal dune carabids. Annales Zoologici Fennici, 33:
65-75.

Doran, PJ. (2003). Intraspecific spatial variation in bird
abundance: patterns and processes. Ph.D. thesis,
Dartmouth College, Hanover, NH.

Dufréne, M. & Legendre, P. (1997). Species assemblages
and indicator species: the need for a flexible
asymmetrical approach. Ecological Monographs, 67
345-366.

Dunn, R.R., McCain, C.M., Sanders, N.J. (2007). When
does diversity fit null model predictions? Scale and
range size mediate the mid-domain efect. Global
Ecology and Biogeography, 16: 305-312.

Erschbamer, B., Mallaun, M., Unterluggauer, P. (2006).
Plant diversity along altitudinal gradients in the
Southern and Central Alps of South Tyrol and
Trentino (Italy). Gredleriana, 6: 47-68.

Filipovski, G., Rizovski, R., Ristevski, P. (1996). The
characteristic of the climate-vegetation-soil zones
(regions) in the Republic of Macedonia. Macedonian
Academy of Sciences and Arts, Skopje

Fisher, AM & Fule’, PZ. (2004). Changes in forest
vegetation and arbuscular mycorrhizae along a
steep elevation gradient in Arizona. Forest Ecology
and Management, 200: 293-311.

Fleishman, E., Austin, G.T., Weiss, A.D. (1998). An
empirical test of Rapoport’s rule: elevational
gradients in montane butterfly communities.
Ecology, 79: 2482-2493.

Frahm, J.P. & Gradstein, S.R. (1991). An altitudinal
zonation of tropical rain forests using bryophytes.
Journal of Biogeography, 18: 669-676.

Vol. 24, issue 2 (2022)

123



Cvetkovska-Gjorgjievska et al.

Gotelli, N.J., & Colwell, R.K. (2001). Quantifying
biodiversity: procedures and pitfalls in the
measurement and comparison of species richness.
Ecology letters, 4 (4): 379-391.

Grytnes, J.A. & Vetaas, O.R. (2002) Species richness and
altitude, a comparison between simulation models
and interpolated plant species richness along
the Himalayan altitudinal gradient, Nepal. The
American Naturalist, 159: 294-304.

Grytnes, J.A. (2003). Species-richness patterns of
vascular plants along seven altitudinal transects in
Norway. Ecography, 26: 291-300.

Grytnes, J.A., Heegaard, E., Thlen, P.G. (2006). Species
richness of vascular plants, bryophytes, and lichens
along an altitudinal gradient in western Norway.
Acta Oecologica, 29: 241-246.

Hammer, 0., Harper, D.A.T., Ryan, P. D. (2013). PAST:
Paleontological Statistics, Version 3.0. Reference
manual. Oslo: Natural History Museum University
of Oslo.

Hausdorf, B. (2006). Latitudinal and altitudinal diversity
patterns and Rapoport effects in north-west
European land snails and their causes. Biological
Journal of the Linnean Society, 87: 309-323.

Jelaska, L.S., Dumbovi¢, V., Kuc¢ini¢, M. (2011). Carabid
beetle diversity and mean individual hiomass in
beech forests of various ages. ZooKeys, 100: 393.

Jiang, S.L. (2006). Study on Carabid fauna in Ziwu
Mountain of eastern Gansu. Journal of Gansu
Sciences, 18: 49-51.

Kessler, M. (2001). Patterns of diversity and range size of
selected plant groups along an elevational transect
in the Bolivian Andes. Biodiversity and Conservation,
10: 1897- 1921.

Klausnitzer, B. & Richter, K. (1983). Presence of an urban
gradient demonstrated for carabid associations.
Oecologia, 59: 79-82.

Krebs, C.J. (1999). Similarity coefficients and cluster
analysis. Ecological Methodology. Second Edition.
Inglaterra.

Kreft, H., Koster, N., Kiiper, W., Nieder, ., Barthlott,
W. (2004). Diversity and biogeography of vascular
epiphytes in Western Amazonia, Yasuni, Ecuador.
Journal of Biogeography, 31: 1463-1476.

Lomolino, M.V. (2001) Elevation gradients of species
diversity: historical and prospective views. Global
Ecology and Biogeography, 10: 3-13.

Lovei, G.L. & Sunderland, K.D. (1996). The ecology and
behavior of ground beetles (Coleoptera: Carabidae).
Annual Review of Entomology, 41: 231-256.

Lovett, J.C., Marshall, A.R., Carr, J. (2006). Changes
in tropical forest vegetation along an altitudinal
gradient in the Udzungwa Mountains National Park,
Tanzania. African Journal of Ecology, 44: 478-490.

Margalef, R. (1958). Information theory in ecology.
General Systems, 3: 36-71.

Maveety, S.A., Browne, R.A., Erwin, T.L. (2011).
Carabidae diversity along an altitudinal gradient in

a Peruvian cloud forest (Coleoptera). In: Erwin T (Ed)
Proceedings of a symposium honouring the careers
of Ross and Joyce Bell and their contributions to
scientific work. Burlington, Vermont, 12-15 June
2010. ZooKeys, 147: 651-666.

McCain, C.M. (2005). Elevational gradients in diversity
of small mammals. Ecology, 86: 366- 372.

McCain, C.M. (2007). Could temperature and water
availability drive elevational species richness
patterns? A global case study for bats. Global Ecology
and Biogeography, 16: 1-13.

McCain, C.M. (2009). Global analysis of bird elevational
diversity. Global Ecology and Biogeography, 18: 346-
360.

McGeoch, M.A. (1998). The selection, testing and
application of terrestrial insects as bioindicators,
Biological Reviews, 73: 181-201.

Melovski, LJ., Markovski, B., Hristovski, S., Jovanovska,
D., Anastasovski, V., Klincharov, S., Velevski,
M., Velkovski, N., Trendafilov, A., Matevski, V.,
Kostadinovski, M., Karadelev, M., Levkov, Z.,
Kolchakovski, D. (2013). Regional division of the
Republic of Macedonia for the needs of hiological
databases. Macedonian Journal of Ecology and
Environment, 15 (2): 81-111.

Moret, P. (2009). Altitudinal distribution, diversity and
endemicity of Carabidae 71 (Coleoptera) in the
paramos of Ecuadorian Andes. Annales de la Société
entomologique de France, 45: 500-510.

Miiller, J., Bassler, C., Stritz, C., Klocking, B., Brandl,
R. (2009). Molluscs and climate warming in a low
mountain range National Park. Malacologia, 51: 89-
109.

Niemeld, J. (1996). From systematics to conservation -
carahidologists do it all. Annales Zoologici Fennici,
33:1-4.

Nogués-Bravo, D., Aratjo, M.B., Romdal, T., Rahbek,
C. (2008). Scale effects and human impact on the
elevational species richness gradients. Nature 453:
216-220.

Odland, A. & Birks, H.J.B. (1999). The altitudinal gradient
of vascular plant richness in Aurland, western
Norway. Ecography, 22: 548-566.

Olson, D.M. (1994). The distribution of leaf litter
invertebrates along a Neotropical altitudinal
gradient. Journal of Tropical Ecology, 10: 129-150.

Pauli, H., Gottfried, M., Reiter, K., Klettner, C.
Grabherr, G. (2007). Signals of range expansions and
contractions of vascular plants in the high Alps:
observations (1994-2004) at the Gloria master site
Schrankogel, Tyrol, Austria. Global Change Biology,
13: 147-156.

Petiuelas, J., Sardans, J., Filella, L., Estiarte, M., Llusia, J.,
Ogaya, R., Carnicer, J., Bartrons, M., Rivas-Ubach,
A., Grau, O., Peguero, G. (2017). Impacts of global
change on Mediterranean forests and their services.
Forests, 8 (12): p.463.

124

Macedonian Journal of Ecology and Environment



Variation on ground-heetle communities (Coleoptera) in altitude gradient on Belasica Mt., Republic of North Macedonia

Pfannkuch, M. (2006). Comparing box plot distributions:
A teacher’s reasoning. Statistics Education Research
Journal, 5 (2): 27-45.

Pielou, E.C. (1966). The measurement of diversity in
different types of hiological collections. Journal of
Theoretical Biology, 10: 370-373.

Rowe, R. (2009). Environmental and geometric drivers
of small mammal diversity along elevational
gradients in Utah. Ecography, 32: 411-422.

Shannon, C.E. & Weaver, W. (1949). The mathematical
theory of communication. Urbana, IL: University of
Illinois Press.

Shimono, A., Zhou, H., Shen., H., Hirota, M., Ohtsuka,
T., Tang, Y. (2010). Patterns of plant diversity at high
altitudes on the Qinghai-Tibetan Plateau. Journal of
Plant Ecology, 3: 1-7.

Skalski, T., Kezdzior, R., Maciejowski, W., Kacprzak,
A. (2011). Soil and habitat preferences of ground
beetles (Coleoptera, Carabidae) in natural mountain
landscape. Baltic Journal of Coleopterology, 11: 105-
115.

Somerfield, PJ. (2008). Identification of the Bray-Curtis
similarity index: Comment on Yoshioka (2008).
Marine Ecology Progress Series, 372: 303-306.

Stork, N.E. (1990). The role of ground beetles in
ecological and environmental studies. Proceedings
of the 7" European Carabidologists’ Meeting.
Intercept, Andover, Hampshire, 424 pp.

Suttiprapan, P., Yamamoto, S., Nakamura, H. (2006).
Species composition and the vertical niche
breadth of ground beetles (Carabidae, Brachinidae)
in the Southern Japan Alps. Japanese Journal of
Environmental Entomology and Zoology, 17: 143-152.

Taboada, A., Kotze, D.J., Salgado, J.M. (2004). Carabid
beetle occurrence at the edges of oak and
beech forests in NW Spain. European Journal of
Entomology, 101: 555-563.

Thiele, H.U. (1977). Carabid beetles in their
environments.-369 pp. Springer-Verlag. Berlin.

Vetaas, O.R. & Grytnes, ].A.(2002). Distribution of vascular
plant species richness and endemic richness along
the Himalayan elevational gradient in Nepal. Global
Ecology and Biogeography, 11: 291-301.

Wang, Z.H., Tang, Z.Y., Fang, J.Y. (2007). Altitudinal
patterns of seed plant richness in the Gaoligong
Mountains, south-east Tibet, China. Diversity and
Distributions, 13: 845-854.

Wilson, R.J., Gutierrez, D., Gutierrez, J., Monserrat,
VJ. (2007). An elevational shift in butterfly species
richness and composition accompanying recent
climate change. Global Change Biology, 13: 1873-
1887.

Wolf, J.H.D. (1993). Diversity patterns and hiomass
of epiphytic bryophytes and lichens along an
altitudinal gradient in the northern Andes. The
Annals of the Missouri Botanical Garden, 80: 928-
960.

Yu, X.D., Luo, T.H., Zhou, H.Z. (2006). Distribution of
carabid beetles among regenerating and natural
forest types in Southwestern China. Forest Ecology
and Management, 231: 169-177.

Yu, X.D., Zhou, H.Z., Luo, T.H. (2002). Distribution
patterns and their seasonal changes of Carabus
beetles in Dongling Mountain region near Beijing.
Acta Ecologica Sinica, 10: 1724-1733.

Zhang, Z., Nisancioglu, K.H., Flatoy, F., Bentsen, M.,
Bethke, I., Wang, H. (2011). Tropical seaways played
a more important role than high latitude seaways
in Cenozoic cooling. Climate of the Past, 7: 801-813.

Zou, Y., Sang, W., Zhou, H., Huang, L., Axmacher, J.C.
(2014). Altitudinal diversity patterns of ground
beetles (Coleoptera: Carabidae) in the forests
of Changbai Mountain, Northeast China. Insect
Conservation and Diversity, 7: 161-171.

Vol. 24, issue 2 (2022)

125






