
148

INFLUENCE OF CLIMATIC FACTORS ON
DISTRIBUTION OF THE BEETLES FROM FAMILIES
Curculionidae AND Carabidae (Coleoptera)
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Abstract

Maciejowski W., Skalski T.: Influence of climatic factors on distribution of the beetles from
families Curculionidae and Carabidae (Coleoptera). Ekológia (Bratislava), Vol. 25, Supplement
1/2006, p. 148–158.

Relationships between climatic factors and occurrence of beetles (Coleoptera) belonging to families
Curculionidae and Carabidae (forming respectively phytophagous and carnivorous guilds) have
been investigated in southern part of Cracow-Częstochowa upland during three consecutive years
2001–2003. Thirty localities differing in features of natural environment have been chosen.
Principal Component Analysis described of 57.2% of variation for Carabidae assemblages and
35.5% of variation for Curculionidae assemblages for the first two axes. Exposure and land use
were main factors determining species variation between localities. Multiple Regression didn’t
show close relationships between insect richness and climatic factors. Usefulness of analyse
small group in investigation of biodiversity is discussed.
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Introduction

Many hypotheses and empirical tests concerning geographic distribution of biological di-
versity have been published (Rhode, 1992; Rosenzweig, 1995). Most of them are trying to
link climatic conditions (mainly measures of energy intake or climate stability) and species
richness gradients. Currie (1991) in so-called species richness–energy hypothesis, predicted
that, as heat and water availability increases, so does the species richness. Such point of
view is strongly supported by empirical data on regional or continental scale (Currie, 1991;
Linder, 1991; Birks, 1996; Wohlgemuth, 1998; Qian, 1998; O’Brien et al., 1998).
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Unfortunately, the description of geographic trends in species number is accompanied
by many methodological difficulties. First of all, it is unevenness of sampling effort in
different regions. Casual relationships underlying multivariate environmental and spatial
correlation are also important (Lobo et al., 2001). When we take into account mesoregional
relationships, many global events (such as evapotranspiration) are not influential (Kerr,
2001). We must also remember that we always analyse only a small proportion of mostly
uniform (in ecological requirements) group of species which does not describe the over-
whelming diversity (Ricketts et al., 2002).

Invertebrates, the most diverse group of organisms play critical role in many ecosystem
processes (Stork, Eggleton, 1992). As a good representatives of whole group two families
(Carabidae and Curculionidae) of the order Coleoptera have been chosen. Carabid beetles
are often used as a good indicators of environmental changes because they show different
degrees of habitat selectivity (habitat specialists and generalists) (Niemela, 1990) and food
requirements (Hengewelt, 1980). Weevils beetles, however are indicative of botanical com-
position (Witkowski, 1978) and management practices (Morris, 1967).

The objective of the current study was to identify which (if any) factor of mesoclimate is
responsible for changes in community structure components of two beetles assemblages –
 Carabidae and Curculionidae. We suspect that if climatic theory is a paradigm these two
groups independently should respond in the same way on climatic disproportion.

Material and methods

The study area consists of a small fragment of Cracow-Częstochowa upland’s southern part, 10–15 km north-
west of Cracow. It stretches 9 km from north to south and 5 km from east to west, and covers the area of 45
square km. In the physical-geographical division by Kondracki (2000), particular parts of the study area belong
to three mesoregions going along the parallel of latitude:
• Olkusz upland in the north – an undulated surface of planation (400–420 m a.s.l.), with mogots reaching up

to 468 m a.s.l., strongly dismembered by karst canyons 80–120 m deep
• Krzeszowice Through in the centre – a flat tectonic depression, filled with fluvio-glacial sediments forming

a high plain. Its borders are marked with steep slopes reaching 60–100 m
• Tenczyn Ridge in the south – a horst with surface of planation on its top (350–360 m a.s.l.).

In the climatic division, the whole area is included in the region of upland climates, in the Silesia-Cracow
subregion (Romer, 1949). The climate of the studied area is controlled mainly by the air masses advection. The
polar maritime air masses dominate (60.2%). In summer, they bring cool and cloudy weather with showers,
while in winter – warming and thawing. Polar continental air masses are less frequent (24.9%), but dominate in
winter (Hess, 1969). They bring cold air from the Asiatic High in winter, while in summer they cause significant
warming. Moreover, warm tropical air masses (7.9%) and cold arctic air masses (7%) reach the study area. The
atmospheric fronts are observed during 42% days per year (Niedźwiedź, 1969). Dismemberment of the area and
large differences in relative height influence to a large extent climatic conditions, mean annual air temperature
varies from 7.2–7.6oC at the tops of flattened ridges to 7.8–8.2oC in the valleys (Nowak, 1968; Tlałka, 1970).
Mean annual temperature in January is equal to –4.5oC, while in July it is about 17oC, therefore mean annual
temperature range exceeds 21oC (Klein, 1974). The increase of continentality in the valleys’ floors is worth
noting (Nowak, 1966). It is documented by higher values of temperature range in the valleys than at the flat-
tened ridge tops. Concave landforms warm and cool much faster, which results in higher maximum and lower
minimum temperatures (Hess, 1966). Annual sums of precipitation vary from 600–650 mm in Krzeszowice
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Through to 800–850 mm at Olkusz upland. However, the karst canyons located in the “precipitation shadow”
receive less precipitation. Temperature inversions are a characteristic feature in the study area. They occur in the
valleys of the Olkusz upland and in Krzeszowice Through (Nowak, 1968). The frequency of days with tempera-
ture inversions reaches 256 days per year, and the highest noted values were equal to 9–10oC (Nowak, 1966;
Partyka, 1990). Temperature inversions are closely related to the fog formation. The fog occurs in Krzeszowice
Through and little valleys up to 280–300 m a.s.l. The number of days with fog is the smallest at the top of the
flattened ridge (< 40 per year) and the highest at the bottom of Krzeszowice Through and in the valleys of
Olkusz upland (> 80 per year). Sometimes the karst canyons are filled with fog while the tops of the flattened
ridges are exposed to sunshine. The variety of landforms influences to a large extent the snow cover duration. It
lasts the longest in shaded valleys (over 100 days), while on the flattened ridges and isolated rocks it is present
during only 55 days. The difference in snow cover duration between southern and northern slopes can reach 20
days. The main climatic features of the study area are presented in Table 1.

The material was collected during consecutive years 2001–2003 at 30 sites. Samples from the ground floor
were collected using pitfall traps consisting of plastic cups (diameter 90 mm, 500 ml) containing glycerol
(Thiele, 1977). On each locality row of five cups in regular line 7 m apart was placed. To estimate diversity in
herb layer standard sizes (38 cm diameter) sweepnet was applied. Six sampling units (sweeps ca 30 minutes) on
each locality were taken (Siemann et al., 1999; Duelli et al., 1999). The material was sorted in a laboratory and
identified using identification keys (Smreczyński, 1965–1976; Hurka, 1996).

We analysed characteristic parameters of assemblage structure on each locality: cumulative total abundance
(A), total species richness (S) and five nonparametric indexes of diversity- Shannon-Wiener (H’) and its eveness
(e), Simpson (D), Berger-Parker (B) and McIntosh (Q) (Magurran, 1988).

The following climatic parameters were taken under consideration: annual sums of precipitation, minimum
and maximum insolation in the vegetation period, relative sunshine duration, mean annual maximum and mini-
mum air temperatures, frequency of days with maximum temperature below 0oC and above 25oC, and minimum
temperature below 0oC, frequency of temperature inversions, frequency of days with fog, and duration of the
snow-cover. Table 2 shows the correlation matrix of the mentioned climatic parameters, in order to find out their
inter-correlation. In the correlation coefficient was higher than 0.9, only one chosen parameter was used for
further analysis.

The relationship between community structure measures (dependent variables) and climatic factors (inde-
pendent variables) were analysed using stepwise backward multiple regression analysis. In multiple regression
method, the sum of squared residuals between the regression plane and the observed values of dependent vari-
ables are minimized. Backward elimination removes the least significant variables in the model until all remain-
ing variables have individual p values smaller than 0.05 (Jongman et al., 1995).

Principal Component Analysis (PCA) was used to explain variation in composition and relative abundance
of species between particular assemblages. In this data reduction technique allowing multivariate data sets to be
represented to lower dimensional space. The method derives new axes of variation in data-sets which summa-
rise as much variation as possible. The distance between assemblages is a measure of differences in species
composition. Species abundances in analysed matrix were log (n+1) transformed to improve normality. All
statistical computations were made using Statistica (2003).

Results and discussion

We found no correlation between ground beetles and weevils across 30 sites, using any of
seven indices of assemblage structure (Fig. 1, Table 3). Them we may expect that also
different abiotic factors, if any will be responsible for diversity pattern in local scale.

Results of stepwise backward multiple regression confirm these hypotheses. The mini-
mal adequate models of climatic factors describing assemblage indices are shown in Table
4. Weevils diversity indices variability are explained by climatic factors in 30%. It is sig-



152

T
 a

 b
 l 

e 
 2

.  
C

or
re

la
tio

n 
m

at
ri

x 
of

 m
ai

n 
cl

im
at

ic
 fa

ct
or

s 

C
lim

at
ic

 
fa

ct
or

s 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
 

11
 

12
 

13
 

1 
 

0.
97

 
p 

= 
.0

00
 

–0
.4

6 
p 

= 
.0

11
 

–0
.0

4 
p 

= 
.8

44
 

–0
.1

6 
p 

= 
.4

09
 

–0
.1

0 
p 

= 
.6

00
 

0.
02

 
p 

= 
.9

00
 

0.
18

 
p 

= 
.3

37
 

–0
.0

4 
p 

= 
.8

50
 

0.
18

 
p 

= 
.3

51
 

0.
07

 
p 

= 
.7

11
 

0.
01

 
p 

= 
.9

51
 

0.
38

 
p 

= 
.0

40
 

2 
0.

97
 

p 
= 

.0
00

 
 

–0
.5

2 
p 

= 
.0

03
 

–0
.1

5 
p 

= 
.4

23
 

–0
.2

5 
p 

= 
.1

82
 

–0
.0

3 
p 

= 
.8

79
 

–0
.1

1 
p 

= 
.5

51
 

0.
30

 
p 

= 
.1

04
 

–0
.1

6 
p 

= 
.4

08
 

0.
29

 
p 

= 
.1

16
 

0.
18

 
p 

= 
.3

33
 

0.
10

 
p 

= 
.6

17
 

0.
31

 
p 

= 
.0

91
 

3 
–0

.4
6 

p 
= 

.0
11

 
–0

.5
2 

p 
= 

.0
03

 
 

0.
58

 
p 

= 
.0

01
 

0.
49

 
p 

= 
.0

06
 

–0
.2

8 
p 

=.
13

5 
0.

56
 

p 
= 

.0
01

 
–0

.6
3 

p 
= 

.0
00

 
0.

50
 

p 
= 

.0
05

 
–0

.5
8 

p 
= 

.0
01

 
–0

.5
1 

p 
= 

.0
04

 
–0

.3
6 

p 
= 

.0
54

 
–0

.1
8 

p 
= 

.3
41

 
4 

–0
.0

4 
p=

.8
44

 
–0

.1
5 

p=
.4

23
 

0.
58

 
p=

.0
01

 
 

0.
86

 
p=

.0
00

 
–0

.7
8 

p=
.0

00
 

0.
84

 
p=

.0
00

 
–0

.8
4 

p=
.0

00
 

0.
91

 
p=

.0
00

 
–0

.4
8 

p=
.0

08
 

–0
.9

1 
p=

.0
00

 
–0

.8
6 

p=
.0

00
 

0.
50

 
p=

.0
05

 

5 
–0

.1
6 

p=
.4

09
 

–0
.2

5 
p=

.1
82

 
0.

49
 

p=
.0

06
 

0.
86

 
p=

.0
00

 
 

–0
.7

6 
p=

.0
00

 
0.

77
 

p=
.0

00
 

–0
.9

3 
p=

.0
00

 
0.

92
 

p=
.0

00
 

–0
.6

2 
p=

.0
00

 
–0

.9
2 

p=
.0

00
 

–0
.8

7 
p=

.0
00

 
0.

44
 

p=
.0

16
 

6 
–0

.1
0 

p=
.6

00
 

–0
.0

3 
p=

.8
79

 
–0

.2
8 

p=
.1

35
 

–0
.7

8 
p=

.0
00

 
–0

.7
6 

p=
.0

00
 

 
–0

.6
9 

p=
.0

00
 

0.
62

 
p=

.0
00

 
–0

.7
8 

p=
.0

00
 

0.
19

 
p=

.3
21

 
0.

80
 

p=
.0

00
 

0.
86

 
p=

.0
00

 
–0

.6
3 

p=
.0

00
 

7 
0.

02
 

p=
.9

00
 

–0
.1

1 
p=

.5
51

 
0.

56
 

p=
.0

01
 

0.
84

 
p=

.0
00

 
0.

77
 

p=
.0

00
 

–0
.6

9 
p=

.0
00

 
 

–0
.8

2 
p=

.0
00

 
0.

84
 

p=
.0

00
 

–0
.5

6 
p=

.0
01

 
–0

.8
3 

p=
.0

00
 

–0
.7

2 
p=

.0
00

 
0.

41
 

p=
.0

23
 

8 
0.

18
 

p=
.3

37
 

0.
30

 
p=

.1
04

 
–0

.6
3 

p=
.0

00
 

–0
.8

4 
p=

.0
00

 
–0

.9
3 

p=
.0

00
 

0.
62

 
p=

.0
00

 
–0

.8
2 

p=
.0

00
 

 
–0

.9
2 

p=
.0

00
 

0.
80

 
p=

.0
00

 
0.

90
 

p=
.0

00
 

0.
74

 
p=

.0
00

 
–0

.2
8 

p=
.1

29
 

9 
–0

.0
4 

p=
.8

50
 

–0
.1

6 
p=

.4
08

 
0.

50
 

p=
.0

05
 

0.
91

 
p=

.0
00

 
0.

92
 

p=
.0

00
 

–0
.7

8 
p=

.0
00

 
0.

84
 

p=
.0

00
 

–0
.9

2 
p=

.0
00

 
 

–0
.5

3 
p=

.0
03

 
–0

.9
9 

p=
.0

00
 

–0
.9

2 
p=

.0
00

 
0.

61
 

p=
.0

00
 

10
 

0.
18

 
p=

.3
51

 
0.

29
 

p=
.1

16
 

–0
.5

8 
p=

.0
01

 
–0

.4
8 

p=
.0

08
 

–0
.6

2 
p=

.0
00

 
0.

19
 

p=
.3

21
 

–0
.5

6 
p=

.0
01

 
0.

80
 

p=
.0

00
 

–0
.5

3 
p=

.0
03

 
 

0.
49

 
p=

.0
06

 
0.

24
 

p=
.2

07
 

0.
19

 
p=

.3
19

 
11

 
0.

07
 

p=
.7

11
 

0.
18

 
p=

.3
33

 
–0

.5
1 

p=
.0

04
 

–0
.9

1 
p=

.0
00

 
–0

.9
2 

p=
.0

00
 

0.
80

 
p=

.0
00

 
–0

.8
3 

p=
.0

00
 

0.
90

 
p=

.0
00

 
–0

.9
9 

p=
.0

00
 

0.
49

 
p=

.0
06

 
 

0.
93

 
p=

.0
00

 
–0

.5
9 

p=
.0

01
 

12
 

0.
01

 
p=

.9
51

 
0.

10
 

p=
.6

17
 

–0
.3

6 
p=

.0
54

 
–0

.8
6 

p=
.0

00
 

–0
.8

7 
p=

.0
00

 
0.

86
 

p=
.0

00
 

–0
.7

2 
p=

.0
00

 
0.

74
 

p=
.0

00
 

–0
.9

2 
p=

.0
00

 
0.

24
 

p=
.2

07
 

0.
93

 
p=

.0
00

 
 

–0
.7

4 
p=

.0
00

 

13
 

0.
38

 
p=

.0
40

 
0.

31
 

p=
.0

91
 

–0
.1

8 
p=

.3
41

 
0.

50
 

p=
.0

05
 

0.
44

 
p=

.0
16

 
–0

.6
3 

p=
.0

00
 

0.
41

 
p=

.0
23

 
–0

.2
8 

p=
.1

29
 

0.
61

 
p=

.0
00

 
0.

19
 

p=
.3

19
 

–0
.5

9 
p=

.0
01

 
–0

.7
4 

p=
.0

00
 

 

1 
 m

in
im

um
 in

so
la

tio
n 

in
 th

e 
ve

ge
ta

tio
n 

pe
ri

od
, 2

 –
  m

ax
im

um
 in

so
la

tio
n 

in
 th

e 
ve

ge
ta

tio
n 

pe
ri

od
, 3

 –
 d

ur
at

io
n 

of
 th

e 
sn

ow
co

ve
r, 

4 
– 

an
nu

al
 s

um
s 

of
 p

re
ci

pi
ta

tio
n,

 5
 –

 r
eg

io
n 

ty
pe

s 
of

 m
es

oc
lim

at
e,

 6
 –

  
fr

eq
ue

nc
y 

of
 t

em
pe

ra
tu

re
 i

nv
er

si
on

s,
 7

 –
  

m
oi

st
ur

e 
re

gi
on

s,
 8

 –
  

m
ea

n 
an

nu
al

 m
ax

im
um

 a
ir

 t
em

pe
ra

tu
re

s,
 9

 –
  

m
ea

n 
an

nu
al

 m
in

im
um

 a
ir

 
te

m
pe

ra
tu

re
s,

 1
0 

– 
 f

re
qu

en
cy

 o
f 

da
ys

 w
ith

 m
ax

im
um

 t
em

pe
ra

tu
re

 b
el

ow
 0

C
, 1

1 
– 

 f
re

qu
en

cy
 o

f 
da

ys
 w

ith
 m

ax
im

um
 te

m
pe

ra
tu

re
 a

bo
ve

 2
5

C
, 1

2 
– 

 f
re

qu
en

cy
 o

f 
da

ys
 w

ith
 

m
in

im
um

 te
m

pe
ra

tu
re

 b
el

ow
 0

C
, 1

3 
– 

 re
la

tiv
e 

su
ns

hi
ne

 d
ur

at
io

n 



153

nificant that total abundance
and species richness is not sig-
nificantly related to climatic
factors. It means that species
saturation in phytophagous
insect communities as well as
their reproductive success is
not related to energy intake.
Climatic variability changes
only dominance structure
among assemblages. Increase
of Shannon-Wiener index of
diversity (Fig. 2A) is signifi-
cant when values of minimum
insolation in the vegetation
period, and frequency of tem-
perature inversions grow up
together. Shannon-Wiener in-
dex is especially sensitive to
fraction of rare species in the
community (Magurran, 1988).
Such situation is characteris-
tic for more disturbed commu-
nities. It is suspected that this
disturbing factor may be of fre-
quency of temperature inver-
sions. What is more, this fac-
tor increase inf luence
negatively a Simpson and
McIntosh indices of diversity
(Fig. 2B, C) which values are
higher when fraction of domi-
nant species is more abundant.

Ground beetle indices of
diversity are not described sig-
nificantly by climatic variation
(Table 4). Minimum insolation
in the vegetation period de-
scribed 35% of total abun-
dance variance among localities, meanwhile mean annual temperature don’t change values
of the parameter (Fig. 2D). Species richness of ground beetles relay on two parameters:
mean annual minimum temperature and frequency of days with minimum temperature

T a b l e  3.  Spearman rank-correlation coefficients between weevil 
and ground beetle assemblage indices 

Assemblage structure 
parameters 

R t(N-2) p level 

Total abundance (A) 
Species richness (R) 
Shannon-Wiener index (H') 
equitqbility (e) 
Simpson index (D) 
Berger-Parker index (B) 
McIntosh index (Q) 

–0.155 
–0.002 
–0.304 
 0.131 
–0.232 
–0.108 
–0.232 

–0.828 
–0.009 
–1.689 
 0.699 
–1.260 
–0.574 
–1.260 

0.415 
0.993 
0.102 
0.490 
0.218 
0.570 
0.218 

Fig. 1. Relationships between species richness of weevils (Rr) and ground
beetles (Rb) and Shannon-Wiener index of diversity of weevils (H’r)
and ground beetles (H’b).
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below 0oC. Increase of these two factors, which extend vegetation season, significantly
enriches assemblages.

Principal component analysis for abundance matrix transformed as log (n+1), describ-
ing variability of species composition and its relative abundances between assemblages,
describes 35.5% and 57.2% of total variance for the first two axes of weevil and ground
beetle assemblages respectively. Results are shown on Fig. 3. Among weevil assemblages
three groups can be derived. Group A consist of assemblages of natural meadows occur-
ring on strongly insolated slopes on southern exposure. In group B concentrate assem-
blages of forests in different degree of management, whereas in group C are located assem-
blages of anthropogenic meadows and fields. Analysing distribution of assemblages along
first axis, exposure describes 23% of species variation. Second axis (12% of variance) is
strongly related to land use changes. No relationships with climatic factors is characteristic.

Ground beetles assemblages creates two, not clear groups (Fig. 3b): A - consist of as-
semblages from cold territories, mainly forests and B - assemblages of dry, anthropogenic
ecosystems. Axis 1, describing 38.5% of variation ordinate assemblages along mesoclimatic
gradient, whereas axis 2 (18.7% of variance) along gradient of land use intensity.

Our results show that climatic factors don’t describe biological diversity in local and
regional scale as it was suggested by many authors (Richerson, Lum, 1980; Currie, 1991;
O’Brien et al., 1998). In both analysed groups species richness variability wasn’t explained
by energy intake. Such results were confirmed by Lobo et al. (2001). Climate related vari-
ables appear significant when we consider small, mostly homogeneous group of species.

Fig. 3. Principal Component Analysis (PCA) for (A) - weevils assemblages (ST1-ST30) and (B) ground beetle
assemblages (W1-W30) for the first two axes.
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Conclusions

• Mostly predaceous ground beetles are unlikely to be useful indicators of phytophagous
weevils.

• Only diversity indices of weevil assemblages were significantly explained by minimum
insolation in the vegetation period, however in different way.

• Increase in species richness depends on length of vegetation period. Land use and expo-
sure were main factors describing in greatest degree of species composition in beetle
assemblages. Climatic factors had only marginal significance.

Translated by the authors
This work was supported by grant BW/28/IZ/2002.
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