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Abstract 
 
Among the most important factors influencing the properties of soil are the type of soil management and fertilization. Agronomic 
technologies, such as undifferentiated fertilization, or fallow and set-aside breaks have a significant, although not always positive 
effect on soil properties. They can stimulate humus degradation in soil, the leaching of nutrients and accumulation of weed seeds, 
pathogens and pests in soil. Being a very useful component of biocenoses, carabid fauna is a particularly valuable group of ani-
mals. They are very sensitive to changes in habitat quality and are therefore commonly used as environmental indicators. Because 
of their predatory polyphagous nutrition, they can be treated as an important component of natural environmental resistance. This 
paper discusses the species composition of Carabidae communities found on experimental plots maintained under identical, undif-
ferentiated fertilization but managed differently. Relationships between selected physicochemical soil properties under long-term 
fertilization or soil fallowing and the composition of carabid communities were analyzed. Significantly more carabid individuals 
were found in the fallows compared to the experimental plots. The Shannon index indicated that treatments with a higher content 
of organic carbon and total nitrogen had a higher diversity. Carabidae preferred the treatments where the soil had lower pH. The 
most significant factor affecting assemblages of carabid beetles consisted in agronomic treatments, such as the type of soil man-
agement and fertilization. Thus, it can be concluded that the way the land is managed for agricultural purposes has a strong influ-
ence on shaping the epigeal fauna of Carabidae. We suggest that in the present experiment carabids preferred fallows, as beetles 
were not disturbed and could find more places to hide. 
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Introduction 
 
Soil is an essential element of agriculture and the soil 
fauna, its intrinsic component, obviously affects its ag-
ricultural value (Tischler, 1955; Kromp, 1999; Nietup-
ski et al., 2010; Gu et al., 2011; Santorufo et al., 2012; 
Keith et al., 2012). Macrofauna can change soil proper-
ties, e.g. porosity, structure and aeration. It also contrib-
utes to the transfer of particular soil layers and enriches 
soil with various organic substances (Górny, 1968; 
Oprychałowa, 1994; Folgarait et al., 2003). Another 
important factor which determines soil properties is the 
soil tillage, cultivation and fertilization (Birkhofer et al., 
2008a; Skłodowski, 2010). Over the recent years, two 
groups of farms in Poland have become more distin-
guishable. One comprises farms engaged in plant pro-
duction, where mineral fertilization is applied. The other 
group of farms specializes in animal production and 
crops grown on these farms are more often nourished 
with natural fertilizers (liquid manure, farmyard ma-
nure). This division stems from the fact that Polish 
farmers tend to specialize in one type of production. At 
the same time, it is still common practice to lay fallow 
or set aside some of the farmland. Undifferentiated fer-
tilization, simplified agronomic practice, fallowing or 
setting aside farmland, if lasting for many years, have a 
strong albeit not always positive effect on soil. The 
above factors can stimulate undesirable changes in soil, 
including the leaching of nutrients, mainly nitrogen, di-
minishing amounts or worse quality of humus, soil ero-
sion, accumulation of weed seeds, pathogens and pests. 
Such negative consequences have been demonstrated in 

a three-year experiment conducted by Sądej et al. 
(2008), who found significant positive influence of the 
content of organic matter and total nitrogen in grey-
brown podsolic soil on the density of pest macrofauna. 

The carabid fauna, in contrast, is a particularly valu-
able group of animals in a biocenosis. These beetles, 
mostly predators, contribute to the biological control of 
pests (Lövei and Sunderland, 1996; Kromp, 1999; Pa-
łosz, 1999; Sunderland, 2002; Saska, 2007). Carabidae 
are frequently used for zooindication (Niemelä et al., 
2000; Rainio and Niemelä, 2003; Skalski et al., 2011; 
Kotze et al., 2011) and the species composition of 
carabid fauna depends on several factors, including soil 
conditions (Szyszko, 1974; Pałosz, 1999; Holland and 
Luff, 2000). The fact that some species of ground bee-
tles are sensitive to the factors associated with the type 
of soil management has been indicated by many authors 
(Andersen, 1999; Holland and Luff, 2000; Weibull et 
al., 2003; Shah et al., 2003; Birkhofer et al., 2008b; Ja-
worska and Gospodarek, 2009). The abundance of 
Carabidae is also affected by the soil treatments as well 
as the inter-row management in orchards (Cotes et al., 
2009). 

The purpose of the present experiment has been to de-
termine the species composition and abundance of 
Carabidae populating the experimental plots, which re-
ceived undifferentiated fertilization but were differently 
managed for agricultural purposes. Relationships be-
tween selected physicochemical properties of soil, 
formed under the influence of long-term fertilization or 
fallowing, and the composition of carabid assemblages 
have been examined. 
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Materials and methods 
 
The location and design of the trials 

The present research was based on a long–term static 
field experiment, set up in a random block design at the 
Research Station in Bałcyny (northern Poland – UTM 
DE23) in 1972. The field experiment has been con-
ducted by the researchers from the Chair of Environ-
mental Chemistry at the University of Warmia and Ma-
zury in Olsztyn. It is located on grey-brown podsolic 
soil, developed on medium clay underlain by the light 
sand (Soil Taxonomy). The farmland covered by the 
experiment is used for growing crops in a 7-year rota-
tion system, consisting of potato, spring barley, winter 
oilseed rape, winter wheat + winter rye aftercrop, maize, 
spring barley and winter wheat. The trials discussed in 
this paper began in the first year of the fifth rotation cy-
cle and continued for 3 years on potato, spring barley 
and winter oilseed rape fields. 

The objective has been to compare the effect of natural 
and mineral fertilizers. The natural fertilizers included 
farmyard manure (FYM) and bovine liquid manure 
(BLM), which was applied in two doses: I - balanced 
with FYM in the amount of total nitrogen introduced to 
soil (BLM I), and II - corresponding to FYM in the 
amount of organic carbon added to soil (BLM II). The 
rate of nitrogen in mineral fertilizers (NPK) was equal to 
the amount of this element introduced to soil with FYM 
or liquid manure dose I, whereas the fertilization with 
phosphorus and potassium was adjusted to the nutritional 
requirements of each of the crops. The rates of fertilizers 
were established every year, prior to their introduction to 
soil. The average annual rates of natural fertilizers are 
shown in figure 1. Figure 2, in turn, presents the average 
amounts of nutrients added to soil each year with the fer-
tilizers applied over 33 years. The control (Control) was 
a treatment without any fertilization. The experiment 
was run in 6 replications, and the area of each plot for 
harvest was 52.5 m2. Four out of the six replications 
were chosen for entomological investigations. Two other 
treatments consisted of fields kept fallow for eight (Fal-
low I) and twelve (Fallow II) years. The fallows were 
adjacent to the field experiment and the soil underneath 
belonged to the same soil classification class. The area of 
each fallow was approximately equal to the total area of 
four plots from a single treatment. 
 
Chemical analyses of soil 

Soil samples for chemical analyses were taken each 
year after the crop grown in that year had been harvested. 
The samples were collected from the 0-25 cm soil layer. 
Chemical analyses were carried out in the laboratory of 
the Chair of Environmental Chemistry of the UWM in 
Olsztyn. The following determinations were made: con-
tent of organic carbon by Tiurin method (Bednarek et al., 
2005), total nitrogen content by Kjeldahl method 
(Mroczkowski and Stuczyński, 2011), content of hydro-
gen and alkaline ions by Kappen method (Drozd et al., 
2002) and soil reaction by potentiometry. Having com-
pleted the chemical analyses, the following were com-
puted: the ratio of organic carbon to total nitrogen (table 1), 
soil sorption capacity and base saturation of soil (table 2). 
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Figure 1. Rates of natural fertilizers applied during the 

long-term static experiment (annual means for 33 
years). 
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Figure 2. Amounts of nutrients introduced to soil with 
natural fertilizers (annual means for 33 years). 

 
 
Soil sampling 

In order to determine the composition of the fauna 
populating the tested plots and fallows, soil samples 
were taken six times at 3-week intervals from May to 
September each year. A cylinder measuring 160 mm in 
height and 95 mm in diameter was used for the sam-
pling. On field, each soil sample was passed through a 
10-mm-mesh sieve and, once brought to the laboratory, 
placed in Tullgren funnels for 7-8 days in order to ob-
tain smaller insects using the dynamic method (Górny 
and Grűm, 1981). In total, 24 aggregate samples were 
taken annually from each experimental treatment. One 
sample consisted of the soil from 20 cylinders (5 cylin-
ders from each plot - samples taken along the plot’s di-
agonal). From both fallows, 20 single samples were 
taken once, 5 samples from each of the following loca-
tions: near the edge, near the middle and in the middle 
of the fallow field. Soil sampling with a soil cylinder is 
not a popular method for collecting samples of carabid 
fauna, but it was applied in this study because it is part 
of a larger project, in which all soil macrofauna is inves-
tigated. The best-known collection method used by 
carabidologists is pitfall trapping (Kotze et al., 2011), 
but soil samples have also been, for example by Pfiffner 
and Luka (2000). The specimens of carabid beetles re-
trieved from soil samples were identified with the keys 
by Pawłowski (1974), Watała (1995) and Hůrka (1996). 
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Table 1. Content of organic carbon, total nitrogen and C:N ratio in soil (means for 3 years). 
 

T r e a t m e n t s *  Parameter 1 2 3 4 5 6 7 
pH in H2O 6 5.9 5.8 6.2 5.5 6.6 6.2 
C (g·kg-1 soil) 7.1 9.4 10.25 11.54 7.91 12.77 14.44 
N (g·kg-1 soil) 0.6 0.73 0.85 0.87 0.71 1.15 1.3 
C:N 11.9 12.9 12 13.4 11.1 11.6 11.4 
 

* Treatments: 1. control, unfertilized; 2. liquid manure rate I (BLM I); 3. liquid manure rate II (BLM II); 4. FYM;   
5. NPK; 6. eight-year fallow (Fallow I); 7. twelve-year fallow (Fallow II). 

 
 
Table 2. Value of soil reaction and soil sorptive properties (means for 3 years). 
 

Hydrolytic 
acidity (Hh) 

Base exchange 
capacity (S) 

Cation exchange 
capacity (T) 

Base saturation 
of soils No Fertilization pH in 

1 mol KCl mmol(+). kg -1 mmol(+). kg -1 mmol(+). kg -1 % 
1 Control 5.00 20.2 40.0 60.2 66.4 
2 BLM I 5.17 29.5 61.8 91.3 67.7 
3 BLM II 5.02 29.8 75.8 105.6 71.8 
4 FYM 5.45 27.6 83.8 111.4 73.5 
5 NPK 4.50 42.8 44.7 87.5 51.1 
6 Fallow I 5.78 28.7 77.9 106.6 73.1 
7 Fallow II 5.44 26.7 74.2 100.9 73.5 
 
 
Afterwards, they were analyzed in terms of their species 
composition and number of individuals. The following 
indices were used: the Shannon general species diver-
sity index (H’) and the Pielou index of evenness (J’). 
 
Statistical analysis of the data 

Similarities between the analyzed objects and com-
munities of carabid beetles were illustrated by drawing 
up a dendrogram according to the TWINSPAN analysis 
(Hill and Milauer, 2005). While analyzing the data, the 
method of the canonical correlation analysis (CCA) was 
applied as it enabled us to evaluate changes in the as-
semblages dwelling on the experimental fields induced 
by environmental factors (content of C, N, C:N ratio, 
pH in H2O and agrotechnical treatments). The statistical 
significance of canonical axes was determined with the 
Monte-Carlo test. The analysis was run with the com-
puter software package Canoco v. 4.5 (Ter Braak and 
Milauer, 1998). The significance of differences between 
the means was determined using analysis of variance 
(ANOVA) at the level of significance p < 0.05 with the 
software package Statistica 9.0 Pl. In addition, Duncan’s 
test, which combines means of similar values into or-
dered homogenous groups, was applied. 
 
 
Results and discussion 
 

In total, 161 specimens belonging to 32 species of 
Carabidae were collected (table 3). Statistically signifi-
cant differences (F = 6.55; p < 0.001) were revealed be-
tween the number of carabid beetles on the 12-year fal-
low versus the fertilized and control treatments and be-
tween the eight–year fallow and all the other treatments. 
Duncan’s test distinguished two homogenous groups 
(table 3). In terms of the number of captured Carabidae 

species, statistically significant differences (F = 5.31,    
p = 0.008) were found between the 12-year fallow and 
the treatments fertilized with liquid manure. The above 
can be attributed to the content of organic matter in soil 
(table 2). The soil organic matter content was positively 
related to carabid species numbers (Pfiffner and Luka, 
2000). The application of organic manures may influ-
ence the beetles’ capability of ovetwintering, burrowing 
and oviposition and the availability of prey (Holland 
and Luff, 2000). Soils that contain much organic car-
bon, which is the primary component of soil humus, are 
readily populated by a variety of soil organisms, includ-
ing the pest macrofauna (Kowalska and Wierzbowski, 
2002; Sądej et al., 2007), whose subsequent develop-
mental stages constitute a good food resource for preda-
tory beetles, the object of the present study. Carabidae 
are typically polyphagous, having diverse diets (table 3). 
Many carabid beetles, both adults and soil-borne larvae, 
specialize in feeding on soil fauna (Hengeveld, 1980; 
Lövei and Sunderland, 1996; Holland and Luff, 2000; 
Brandmayr et al., 2005). 

Among the representatives of Carabidae captured dur-
ing this research, the dominant group consisted of meso-
philic, open-area ground beetles. Czechowski (1982) 
reports that, as agronomic practice intensify, the species 
typical of open spaces are replaced by groups of 
Carabidae characteristic for other types of habitats. The 
analyzed sites were dominated by such species as Clivi-
na fossor (L.), Harpalus rufipes (De Geer), Harpalus 
affinis (Schrank) and Poecilus cupreus (L.). All of these 
species are able to adapt to unfavourable habitat condi-
tions created under human pressure (Czechowski, 1982; 
Brandmayr, 1983; Aleksandrowicz, 2004). Statistically 
significant differences were observed in the diversity 
index (H’) within the analyzed combinations (F = 7.20, 
p = 0.001). Cárcamo et al. (1995) noticed that carabid 
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Table 3. Species composition, number of specimens, biological features and biodiversity indices for the Carabidae 
communities on treatments. 

 

Treatments Species Abbrev. 1 2 3 4 5 6 7 
Amara apricaria (Paykull 1790) * S A_apr 0 1 0 0 0 1 0 
Amara bifrons (Gyllenhal 1810) * S A_bifr 0 0 1 0 2 1 0 
Amara communis (Panzer 1797) * S A_com 0 0 1 0 1 1 0 
Amara familiaris (Duftschmid 1812) * S A_fami 0 0 0 0 0 4 0 
Amara municipalis (Duftschmid 1812) * S A_muni 0 0 0 0 0 1 1 
Amara plebeja (Gyllenhal 1810) * S A_pleb 0 0 0 0 0 0 1 
Anchomenus dorsalis (Pontoppidan 1763) P S Anch_dor 0 0 0 1 0 0 0 
Anisodactylus binotatus (F. 1787) * S Ani_bino 0 0 0 0 0 1 2 
Asaphidion flavipes (L. 1761) P S Asa_flavi 0 0 0 0 0 0 1 
Badister bullatus (Schrank 1798) P S Bad_bull 0 0 0 0 1 4 2 
Badister lacertosus Sturm 1815 P S Bad_lace 0 0 0 0 1 3 2 
Bembidion lampros (Herbst 1784) P S Be_lamp 0 0 0 0 1 0 3 
Bembidion properans (Stephens 1828) P S Be_pro 0 0 0 1 1 0 2 
Bradycellus harpalinus (Audinet-Serville 1821) * W Bra_harp 0 0 0 0 0 1 0 
Calathus melanocephalus (L. 1758) P W Cal_mela 0 0 0 0 1 1 0 
Carabus granulatus L. 1758 P S Ca_granu 0 0 0 2 0 2 1 
Clivina fossor (L. 1758) P S Cliv_fos 1 5 1 2 6 5 2 
Dicheirotrichus rufithorax (Sahlberg 1827) * S Dich_ruf 0 0 0 0 0 0 2 
Dyschirius globosus Herbst 1784 P S Dis_glo 0 0 0 0 0 0 4 
Harpalus affinis (Schrank 1781) * S H_affi 1 2 0 1 0 1 2 
Harpalus rubripes (Duftschmid 1812) * S H_rub 2 0 0 0 1 0 2 
Harpalus rufipes (De Geer 1774) * W H_ruf 0 0 0 4 1 8 10 
Loricera pilicornis (F. 1775) P S Lo_pil 0 0 1 0 0 0 0 
Nebria brevicollis (F. 1792) P W Ne_brevi 0 0 0 0 0 1 2 
Ophonus rufibarbis (F. 1792) ** W Oph_ruf 0 0 0 1 0 0 2 
Panagaeus bipustulatus (F. 1775) P S Pan_bipu 0 1 1 0 0 1 4 
Poecilus cupreus (L. 1758) P S Po_cupr 0 1 2 2 0 1 0 
Poecilus versicolor (Sturm 1824) P S Po_ver 0 1 0 0 0 0 0 
Pterostichus melanarius (Illiger 1798) P W Pt_mela 0 0 2 1 2 0 4 
Pterostichus strenuus (Panzer 1797) P S Pt_stre 0 0 0 0 1 8 4 
Pterostichus vernalis (Panzer 1796) P S Pt_ver 0 0 0 0 0 1 0 
Syntomus truncatellus (L. 1761) P S Syn_tru 0 0 0 1 1 0 0 
Trechus quadristriatus (Schrank 1781) P W Tre_qua 0 0 0 0 0 2 0 
No of individuals 4a 11a 9a 16a 20a 48b 53b 
No of species 3a 6a 7a 10a 13a 20b 20b 
Standard deviation 0.58 1.16 1.73 0.58 5.03 8.66 5.51
Standard error 0.33 0.67 1.00 0.33 2.91 5.00 3.18
Shannon -Weaver H' Log Base 2,718 1.04 1.54 1.89 2.17 2.32 2.65 2.79
Pielou J' 0.95 0.86 0.97 0.94 0.90 0.89 0.93
 

Treatments: 1. control, unfertilized; 2. liquid manure rate I (BLM I); 3. liquid manure rate II (BLM II); 4. FYM;      
5. NPK; 6. eight-year fallow (Fallow I); 7. twelve-year fallow (Fallow II); a, b - homogenous groups (Duncan’s 
test), values in rows designated with the same letter do not differ statistically; * partly phytophagous, P zoophag-
ous, ** pure seed feeder, S = summer larvae, W = winter larvae. 

 
 
diversity was higher where agronomic inputs were re-
duced, especially among autumn species with winter 
larvae, which are highly sensitive to tillage and further 
agricultural practices. The highest values of the Shan-
non index H’ were recorded for the samples taken from 
the fallows, where they reached 2.65 (eight-year fallow) 
and 2.79 (twelve-year fallow) (table 3). These are quite 
high values of the H’ index, but close to the ones deter-
mined by other authors who investigated similar habi-
tats. Huruk (2002), who studied one-year crop planta-
tions, reported the values of H’ within the range of 2.39 
- 3.10. Kosewska et al. (2009), who investigated the 

factors which affected carabids dwelling on cereal crop 
fields, noted the values of H’ equal 1.77 on a wheat 
field and 2.27 on a triticale field. The Shannon index 
has higher values when a community is more speciose 
and when the abundance of individuals is more evenly 
distributed among species. The diversity index in our 
study was also related to the organic carbon content, re-
action and sorption properties of soil. The value of H’ 
was higher for the plots richer in organic matter and nu-
trients, with a higher pH value. Beside the fallow fields, 
the treatments fertilized with NPK and FYM were quite 
conspicuous as the value of the Shannon index calcu-
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lated for those plots was 2.32 and 2.17, respectively. 
Zhang et al. (1997) noticed no difference for H. rufipes 
between fields treated with organic and inorganic fertil-
izer. In the present study, the result of our calculations of 
this index for the eight-year fallow was somewhat 
blurred (table 3) by the frequent appearance of the forest, 
hygrophilous species Pterostichus strenuus (Panzer), 
which most probably migrated in search for food from 
some trees near the fallow field, undisturbed by man. 

The similarities and differences between the analyzed 
treatments and communities of Carabidae are presented 
in the form of a dendrogram (figure 3). The first divi-
sion is where two branches are distinctly separated, such 
as the fallow and the cultivated fields, and the differen-
tiating species is Amara municipalis (Duftschmid). The 
second division distinguishes between the control treat-
ment and the one fertilized with liquid manure in a dose 
providing the same amount of total nitrogen as FYM. 
The species Pterostichus melanarius (Illiger) was iden-
tified as the characteristic element of the fauna dwelling 
on these two plots. The dendrogram shows very clearly 
how all the other assemblages of Carabidae are shaped 
depending on what fields they populate. The observa-
tions could indicate that habitats with similar concentra-
tions of organic carbon, total nitrogen and values of the 
sorptive complex (table 2) form distinct groups, thereby 
implying the important role of these soil properties on 
the presence of carabid beetles. However, the authors 

did not study the effect of other important factors which 
influence the formation of Carabidae communities. The 
species composition of carabid beetles communities de-
pends on many factors, including the way the soil is 
managed for agricultural production and types of crops, 
pesticide application, microclimatic changes etc. 
(Thiele, 1977; Holland and Luff, 2000; Scheu, 2001; 
Shah et al., 2003; Holland and Reynolds, 2003; Aviron 
et al., 2005; Birkhofer et al., 2008b; Flohre et al., 2011). 

In order to illustrate changes which occurred in the 
Carabidae assemblages on the analyzed fields, as af-
fected by various factors, the canonical correspondence 
analysis (CCA) method was applied. The Monte Carlo 
test that followed demonstrated the statistical signifi-
cance for all canonical axes (p = 0.018) (table 4). The 
diagram of the CCA analysis shows that agronomic 
treatments, which were correlated with ordination axis I, 
proved to be statistically significant in terms of the 
changes induced on the carabid communities (figure 4). 

The fertilized treatments also appeared on the right-
hand side of the ordination diagram. The presence of the 
following species was correlated with these variables: 
Anchomenus dorsalis (Pontoppidan), Syntomus trun-
catellus (L.), Poecilus versicolor (Sturm), Loricera pili-
cornis (F.), H. affinis, P. cupreus, C. fossor. The content 
of organic carbon and total nitrogen in soil as well as 
soil pH were negatively correlated with the above vari-
ables. In turn, the organic C content and total N in soil 

 
 

Figure 3. The dendrogram acc. to TWINSPAN classification for the treatments and the assemblages of ground bee-
tles on the analyzed treatments. For each division, own values (λ) and characteristic species (Pt_mel – Pterostichus 
melanarius; Am_muni – Amara municipalis) are given. 

 
 
Table 4. Results of the Monte Carlo test for the CCA diagram canonical axes. 
 

Test of the significance of 1st canonical axis: own values = 0.348 
F-ratio    =    0.300 

P-value    =    0.3500 
Test of the significance of all axes = 1.297 

F-ratio    =    1.245 
P-value    =    0.0180 

λ = 0.41 
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No fertilization  
Liquid manure 
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+ 

_ 
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λ = 0.53 

+ 
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Figure 4. The ordination diagram of the canonical correlation analysis (CCA) for assemblages of Carabidae on the 
analyzed treatments (Species abbreviations are given in table 3, environmental variables (arrows) and names of 
treatments see in methods). 

 
 
were positively correlated with the presence of Aniso-
dactylus binotatus (F.) and Nebria brevicollis (F.), 
whereas the occurrence of Badister lacertosus Sturm, 
Badister bullatus (Schrank) and P. strenuus was posi-
tively correlated with the soil reaction. Kuperman (1996) 
reports that high soil pH is closely connected with the 
abundance and richness of carabid populations. Nietup-
ski et al. (2010) found out that a decreasing pH gradient 
of mucky, peat-muck and peat soil was correlated with a 
decrease in the number of Carabidae specimens only 
slightly sensitive to changing moisture conditions 
(mesophilic ones), which were being replaced by hy-
grophilic species. In contrast, an increasingly acid reac-
tion of soil stimulated a rise in the number of zoo-
phytophagous beetles at the expense of predatory indi-
viduals. The effect of soil pH on the biodiversity of 
ground beetles assemblages has been confirmed by the 
results of our tests concerning the fallow fields. The sec-
ond canonical axis was found to correspond with the 
analyzed fallows. However, it is quite evident that the 
two fallows were populated by two distinctly different 
communities, with different characteristic species. Thus, 
it is possible to indicate that long-term land fallowing 
creates a chance for the development of different ground 
beetles. On the eight-year fallow field, they included: 
Bradycellus harpalinus (Audinet-Serville), Trechus 
quadristriatus (Schrank), Pterostichus vernalis (Panzer) 
and Amara familiaris (Duftschmid). The species which 
were positively correlated with the twelve-year fallow 
fields were Dischirius globosus (Herbst), Dicheiro-
trichus rufithorax (Sahlberg), Amara plebeja (Gyllenhal) 
and Asaphidion flavipes (L.). 

Conclusions 
 
The type of land management has a considerable impact 
on Carabidae. In the agricultural biocenosis, these bee-
tles prefer fallow farmland, which was evidenced by the 
highest number of carabid individuals and species found 
on the two fallow fields we examined. In this study, it 
has also been demonstrated that the treatments with a 
higher organic carbon and total nitrogen content are 
characterized by a higher species diversity of Carabidae. 
The dendrogram of similarities indicates that separate 
communities of ground beetles tend to be shaped de-
pending on the land management types. Another signifi-
cant factor that affected communities of ground beetles 
consisted in fertilization management. 
 
 
Acknowledgements 
 
We thank Robert Rozmysłowicz for help in collecting 
materials. 
 
 
References 
 
ALEKSANDROWICZ O. R., 2004.- Biegaczowate (Carabidae), 

pp. 28-42. In: Fauna Polski – charakterystyka i wykaz ga-
tunków (BOGDANOWICZ W., CHUDZIAKA E., PILIPIUK I. I 
SKIBIŃSKA E.) vol. 1.- Muzeum i Instytut Zoologii PAN. 
Warszawa, Poland. 

ANDRESEN A., 1999.- Plant protection in spring cereal produc-
tion with reduced tillage. Pest and beneficial insects.- Crop 
protection, 18: 651-657. 



 

245

AVIRON S., BUREL F., BAUDRY J., SCHERMANN N., 2005.- 
Carabid assemblages in agricultural landscapes: impacts of 
habitat features, landscape context at different spatial scales 
and farming intensity.- Agriculture, Ecosystems and Envi-
ronment, 108: 205-217. 

BEDNAREK R., DZIADOWIEC H., POKOJSKA U., PRUSINKIEWICZ 
Z., 2005.- Badania ekologiczno- gleboznawcze.- PWN, War-
szawa, Poland. 

BIRKHOFER K., BEZEMER T. M., BLOEM J., BONKOWSKI M., 
CHRISTENSEN S., DUBOIS D., EKELUND F., FLIEΒBACH A., 
GUNST L., HEDLUND K., MÄDER P., MIKOLA J., ROBIN C., 
SETÄLÄ H., TATIN-FROUX F., VAN DER PUTTEN W. H., SCHEU 
S., 2008a.- Long-term organic farming fosters below and 
aboveground biota: Implications for soil quality, biological 
control and productivity.- Soil Biology & Biochemistry, 40: 
2297-2308. 

BIRKHOFER K., FLIEßBACH A., WISE D. H., SCHEU S., 2008b.- 
Generalist predators in organically and conventionally man-
aged grass-clover fields: implications for conservation bio-
logical control.- Annals of Applied Biology, 153: 271-280. 

BRANDMAYR P., 1983.- Entomocenosi come indicatori delle 
modificazioni antropiche del paesaggio e pianificazione del 
territorio: esempi basati sullo studio di popolamenti a Coleot-
teri Carabidi, pp. 263-283. In: Atti 12 Congresso Nazionale 
Italiano di Entomologia, 5-9 November 1980, Roma, Italy. 

BRANDMAYR P., ZETTO T., PIZZOLOTTO R., 2005.- I coleotteri 
carabidi per la valutazione ambientale e la conservazione 
della biodiversità. Manuale operativo.- Manuali e linee gui-
da 34, APAT, Roma, Italy. 

CÁRCAMO H. A., NIEMELÄ J., SPENCE J. R., 1995.- Farming and 
ground beetles: effects of agronomic practice on populations 
and community structure.- Canadian Entomologist, 127: 
123-140. 

COTES B., CASTRO J., CÁRDENAS M., CAMPOS M., 2009.- Re-
sponses of epigeal beetles to the removal of weed cover 
crops in organic olive orchards.- Bulletin of Insectology, 62 
(1): 47-52. 

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. 

DROZD J., LICZNAR M., LICZNAR S., WEBER J., 2002.- Gle-
boznawstwo z elementami mineralogii i petrografii.- UP, 
Wrocław, Poland. 

FLOHRE A., FISCHER C., AAVIK T., BENGTSSON J., BERENDSE 
F., BOMMARCO R., CERYNGIER P., CLEMENT L. W., DENNIS 
C., EGGERS S., EMMERSON M., GEIGER F., GUERRERO I., 
HAWRO V., INCHAUSTI P., LIIRA J., MORALES M. B., ONATE J. 
J., PÄRT T., WEISSER W. W., WINQVIST C., THIES C., 
TSCHARNTKE T., 2011.- Agricultural intensification and bio-
diversity partitioning in European landscapes comparing 
plants, carabids and birds.- Ecological Applications, 21 (5): 
1772-1781. 

FOLGARAIT P. J., THOMAS F., DESJARDINS T., GRIMALDI M., 
TAYASU I., CURMI P., LAVELLE P. M., 2003.- Soil properties 
and macrofauna community in abandoned irrigated rice 
fields of northeastern Argentina.- Biology and Fertility of 
Soils, 38: 349-357. 

GÓRNY M., 1968.- Synecological studies of the soil macroen-
tomofauna in two different agricultural biotopes.- Ekologia 
Polska, 16 (20): 411-442. 

GÓRNY M., GRÜM L., 1981.- Metody stosowane w zoologii 
gleby.- PWN, Warszawa, Poland. 

GU Y., ZHANG L., DING S., QIN S., 2011.- The soil macrofau-
nal community structure under a long-term fertilization in 
wheat field.- Acta Ecologica Sinica, 31 (17): 4900-4906. 

HENGEVELD R., 1980.- Polyphagy, oligophagy and food spe-
cialization in ground beetles (Coleoptera, Carabidae).- Neth-
erlands Journal of Zoology, 30 (4): 564-584. 

HILL M. O., MILAUER P. S., 2005.- TWINSPAN for Windows 
version 2.3.- Centre for Ecology and Hydrology & Univer-
sity of South Bohemia, Huntingdon & Ceske Budejovice. 

HOLLAND J. M., LUFF M. L., 2000.- The effects of agricultural 
practices on Carabidae in temperate agroecosystems.- Inte-
grated Pest Management Review, 5: 109-129. 

HOLLAND J. M., REYNOLDS C. J. M., 2003.- The impact of soil 
cultivation on arthropod (Coleoptera and Araneae) emer-
gence on arable land.- Pedobiologia, 47: 181-191. 

HŮRKA K., 1996.- Carabidae of the Czech and Slovak Repub-
lics.- Kabournek, Zlin, Czech Republic. 

HURUK S., 2002.- Biegaczowate (Coleoptera: Carabidae) w 
jednorocznych uprawach rolnych na glebach bielicowych.- 
Roczniki Świętokrzyskie B, 28: 39-52. 

JAWORSKA M., GOSPODAREK J., 2009.- Effect of magnesium 
on beneficial organisms.- Journal of Elementology, 14 (2): 
257-263. 

KEITH A. M., BOOTS B., HAZARD C., NIECHOJ R., ARROYO J., 
BENDING G. D., BOLGER T., BREEN J., CLIPSON N., DOOHAN 
F. M., GRIFFIN C. T., SCHMIDT O., 2012.- Crox-taxa congru-
ence, indicators and environmental gradients in soil under 
agricultural and extensive land management.- European 
Journal of Soil Biology, 49: 55-62. 

KOSEWSKA A., NIETUPSKI M., CIEPIELEWSKA D., SŁOMKA W., 
2009.- Czynniki wpływające na struktury zgrupowań naziem-
nych biegaczowatych (Col., Carabidae) w wybranych uprawach 
zbóż.- Progress in Plant Protection, 49 (3): 1035-1046. 

KOTZE J. D., BRANDMAYR P., CASALE A., DAUFFY-RICHARD E., 
DEKONINCK W., KOIVULA M. J., LÖVEI G. L., MOSSAKOWSKI 
D., NOORDIJK J., PAARMANN W., PIZZOLOTTO R., SASKA P., 
SCHWERK A., SERRANO J., SZYSZKO J., TABOADA A., TURIN 
H., VENN S., VERMEULEN R., ZETTO T., 2011.- Forty years of 
carabid beetle research in Europe - from taxonomy, biology, 
ecology and population studies to bioindication, habitat as-
sessment and conservation.- Zookeys, 100: 55-148. 

KOWALSKA J., WIERZBOWSKI Z., 2002.- Pędraki groźnymi 
szkodnikami roślin uprawnych.- Ochrona Roślin, 9: 18-20. 

KROMP B., 1999.- Carabid beetles in sustainable agriculture: a 
review of pest control efficacy, cultivation impact and en-
hancement.- Agriculture, Ecosystems and Environment, 74: 
187-228. 

KUPERMAN R. G., 1996.- Relationships between soil proper-
ties and community structure of soil macroinvertebrates in 
oak-hickory forests along an acidic deposition gradient.- 
Applied Soil Ecology, 4: 125-137. 

LÖVEI G. L., SUNDERLAND K. D., 1996.- Ecology and behavior 
of ground beetles (Coleoptera: Carabidae).- Annual Reviews 
of Entomology, 41: 231-256. 

MROCZKOWSKI W., STUCZYŃSKI T., 2011.- Oznaczanie azotu 
ogólnego w glebach.- LAB Laboratoria, Aparatura, 
Badania, 16 (2): 23-24. 

NIEMELÄ J., KOTZE J., ASHWORTH A., BRANDMAYR P., DE-
SENDER K., NEW T., PENEV L., SAMWAYS M., SPENCE J., 2000.- 
The search for common anthropogenic impacts on biodiver-
sity: a global network.- Journal of Insect Conservation, 4: 3-9. 

NIETUPSKI M., SOWIŃSKI P., SĄDEJ W., KOSEWSKA A., 2010.- 
Content of organic C and pH of bog and post-bog soils ver-
sus the presence of ground beetles Carabidae in Stary Dwór 
near Olsztyn.- Journal of Elementology, 15 (3): 581-591. 

OPRYCHAŁOWA J., 1994.- Gleba jako środowisko życia 
owadów.- Ochrona Roślin, 9: 17-20. 

PAŁOSZ T., 1999.- Poletkowa ocena wpływu uwalniania bie-
gaczowatych (Carabidae) na kondycję i uszkodzenia wy-
branych roślin warzywnych przez szkodniki.- Progress in 
Plant Protection, 39 (2): 410-412. 

PAWŁOWSKI J., 1974.- Chrząszcze - Coleoptera, cz. XIX, zesz. 
3b, Biegaczowate - Carabidae. Podrodziny Bembidinae, 
Trechinae.- In: Klucze do oznaczania owadów Polski. Pol-
skie Towarzystwo Entomologiczne. 



 

 246

PFIFFNER L., LUKA H., 2000.- Overwintering of arthropods in 
soil of arable fields and adjacent semi-natural habitats.- Ag-
riculture, Ecosystems and Environment, 78: 215-222. 

RAINIO J., NIEMELA J., 2003.- Ground beetles (Coleoptera: 
Carabidae) as bioindicators.- Biodiversity and Conservation, 
12: 487-506. 

SĄDEJ W., ROZMYSŁOWICZ R., SĄDEJ W., 2007.- Soil noxious 
macrofauna shaped by long term proper crop rotation.- Pol-
ish Journal of Natural Sciences, 22: 367-372. 

SĄDEJ W., SĄDEJ W., ROZMYSŁOWICZ R., 2008.- Soil concen-
tration of C and N shaped by long-term unidirectional fer-
tilization versus noxious soil macrofauna.- Journal of Ele-
mentology, 13 (3): 381-389. 

SANTORUFO L., VAN GESTEL C. A. M., ROCCO A., MAISTO G., 
2012.- Soil invertebrates as bioindicators of urban soil qual-
ity.- Environmental Pollution, 161: 57-63. 

SASKA P., 2007.- Diversity of carabids (Coleoptera: 
Carabidae) within two Dutch cereal fields and their bounda-
ries.- Baltic Journal of Coleopterology, 7 (1): 37-50. 

SCHEU S., 2001.- Plants and generalist predators as links be-
tween the below-ground and above-ground system.- Basic 
and Applied Ecology, 2: 3-13. 

SHAH P. A., BROOKS D. R., ASHBY J. E., PERRY J. N., WOIWOD 
I. P., 2003.- Diversity and abundance of the coleopteran 
fauna from organic and conventional management systems 
in southern England.- Agriculture and Forest Entomology, 
5: 51-60. 

SKALSKI T., KĘDZIOR R., MACIEJOWSKI W., KASPRZAK A., 
2011.- Soil and habitat preferences of ground beetles (Col-
eoptera, Carabidae) in natural mountain landscape.- Baltic 
Journal of Coleopterology, 11 (2): 105-115. 

SKŁODOWSKI J., 2010.- Interpreting the condition of the forest 
environment with use of the SCP/MIB model of carabid 
communities (Coleoptera: Carabidae).- Baltic Journal of 
Coleopterology, 9 (25): 89-100. 

SUNDERLAND K. D., 2002.- Invertebrate pest control by 
carabids, pp. 165-214. In: The agroecology of carabid bee-
tles (HOLLAND J. M., Ed.).- Intercept, Andover, UK. 

SZYSZKO J., 1974.- Relationship between occurrence of 
epigeic carabids (Coleoptera, Carabidae) certain soil proper-
ties and species composition of forest stand.- Ekologia Pol-
ska, 22: 237-274. 

TER BRAAK C. J. F., MILAUER P. S., 1998.- CANOCO reference 
manual and user's guide to Canoco for Windows.- Micro-
computer Power, Ithaca, USA. 

THIELE H. U., 1977.- Carabid beetles in their environments.- 
Springer Verlag, Berlin, Germany. 

TISCHLER W., 1955.- Influence of soil types on the epigeic 
fauna of agricultural land, pp. 125-137. In: Soil zoology 
(KEVAN D. K., Ed.).- Butterworths Scientific Publications, 
London, UK. 

WATAŁA C., 1995.- Przegląd Carabidae Polski. Cz. I. Wstęp 
oraz plemię Carabini.- Acta Universitatis Lodziensis. Folia 
zoologica, 3: 1-75. 

WEIBULL A. C., ÖSTMAN O., GRANQVIST A., 2003.- Species 
richness in agroecosystems: the effect of landscape, habitat 
and farm management.- Biodiversity and Conservation, 12: 
1335-1355. 

ZHANG J. X., DRUMMOND F. A., LEIBMAN M., 1997.- Effect of 
crop habitat and potato management practices on the popula-
tion abundance of adult Harpalus rufipes (Coleoptera: 
Carabidae) in Maine.- Journal of Agricultural Entomology, 
15: 63-74. 

 
 
 
 
 
Authors’ addresses: Wojciech SĄDEJ (corresponding au-
thor, wojciech.sadej@uwm.edu.pl), Agnieszka KOSEWSKA, 
Mariusz NIETUPSKI, Department of Phytopathology and En-
tomology, Prawocheńskiego 17, 10-722 Olsztyn, Poland; 
Wiera SĄDEJ, Department of Environmental Chemistry, Plac 
Łódzki 4, 10-727 Olsztyn, Poland. 
 
Received January 5, 2012. Accepted August 2, 2012. 

 


