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Habitat preferences and demographic parameters  
of Nebria brevicollis (Fabricius, 1792) population 
in an agricultural landscape

Abstract

Background and Purpose: Nebria brevicollis is considered a forest spe-
cies. The aim of this study was to analyze selected aspects of the demograph-
ic structure of N. brevicollis in a mosaic of agricultural habitats. We hy-
pothesized that collected demographic parameter vary depending on a 
habitat (pine forest, cereal crops, old fallow and fresh fallow), and used this 
differences to identify residential and/or migrant habitats for the species.

Materials and Methods: Between 2007 and 2009, the occurrence and 
habitat preferences of Nebria brevicollis from four types of agricultural 
landscape habitats (pine forest, old fallow, fresh fallow and cereal crops) in 
northern Poland were studied. The material was collected by trapping in 
pitfall traps.

Results: A total of 621 individuals were collected. Activity analysis 
showed that Nebria brevicollis was present in all four habitat types. How-
ever, it was significantly more prevalent in pine forest and old fallow. All 
developmental stages (teneral, immature, mature and spent) were found in 
pine forest and old fallow. In fresh fallow and cereal crops, the age structure 
was disrupted and incomplete. Approximately twice more males than fe-
males were recorded in all habitats. The highest average number of eggs per 
female was recorded in old fallow, and the highest number of eggs produced 
by a single female in pine forest.

Conclusion: Based on the analyzed features of the Nebria brevicollis 
sampled populations, this species seems to be a constant element of pine for-
est and old fallow surface assemblages (preferred habitats), and a migrant 
element in another two studied habitats (fresh fallow and cereal crops).

 
IntRoductIon

Nebria brevicollis (Fabricius, 1792) is one of the most common 
ground beetles in Europe (1, 2, 3). In recent years, the species has 

been increasingly expanding in North America (3), where its presence 
has been recorded since 1930. N. brevicollis is generally considered a 
forest species (2, 4). However, multiple studies showed that it can also 
be frequently encountered in transformed habitats being under a strong 
anthropogenic influence, such as parks, gardens, hedges, degraded post-
industrial areas and fields (1, 3, 5). Some authors (6, 7, 8) point to the 
eurytopic features of N. brevicollis and its strong tendencies to disperse 
and colonize new habitats. La Bonte (3), studied the newly discovered 
North American populations and showed that some characteristics of 
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of habitat, in the agricultural landscape of Wiklino village 
(54°33' N, 17°08' E) in northern Poland (Table 1, Figure 
1). Three areas (all except from the cereal crops) repre-

N. brevicollis biology are specific for an invasive species. 
According to this author (3), these characteristics include 
primarily the ability to rapidly and massively colonize new 
habitats, both anthropogenic and natural ones. Several 
features of this beetle allow it to thrive in different types 
of habitats. These include, inter alia: nutrition strategy (N. 
brevicollis are mainly predators and can even hunt on erect 
herbaceous plants, which differentiates them from other 
epigeic beetles, but can switch to polyphagism if neces-
sary), and its life-cycle. This species reproduces once in a 
lifetime (semelparity) and undergoes a characteristic dia-
pause in the most unfavorable time during the vegetative 
period (7, 9). But is a species’ occurrence or even occur-
rence in large numbers enough to conclude that it is resi-
dent in the particular habitat? Makarov and Matalin (10) 
showed that in order to consider a species resident in a 
given habitat, it has to be characterized by a full demo-
graphic structure. Otherwise, we are dealing with mi-
grants or sporadic species. The aim of this study was to 
analyze selected aspects of the demographic structure of 
N. brevicollis in a mosaic of agricultural habitats to infer 
which of them can be considered permanent or temporary 
for this species. We assumed that pine forest is a residen-
tial habitat for this beetle and the remaining habitats are 
migrant (also referred to as sporadic or temporary).

MAteRIAL And MetHods

The study material was collected between May and 
October, every year between 2007 and 2009. The study 
was conducted in four adjacent areas with different types 

Figure 1. Map showing location of four study habitats in Wiklino village.

Table 1. Description of studied areas in agricultural landscape of 
Wiklino village.

Habitat’s name
(area in m2)  Subsoil Characteristic plant 

species

Pine forest
(about 20 000 m2)

sandy, penurious, 
mosaic, acidic

Pinus sylvestris
Betula pendula
Sambucus nigra
Acer platanoides
Sorbus aucuparia
Agrostis alba 

Old fallow
(about 24 000 m2)

clay, concise,  
impermeable,  
mosaic, very acidic

Pinus sylvestris
Betula pendula
Crataegus monogyna
Achillea millefolium
Equisetum arvense
Plantago lanceolata

Fresh fallow
(about 9 000 m2)

clay, concise,  
uniform, acidic

Rumex acetosa
Lapsana communis
Dactylis glomerata
Taraxacum officinale
Trifolium pratense

Cereal crops
(about 22 000 m2)

sandy,  
homogeneous, 
acidic

Triticum aestivum
Aphanes arvensis
Myosotis stricta
Erodium cicutarium
Artemisia vulgaris
Vicia hirsuta
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sented different successive stages of abandoned set aside 
cereal crops. Pine forest was the oldest succession the age 
of which exceeded 30 years at the time of the study. This 
habitat included a fragment of pine forest adjacent to the 
old fallow (Figure 1). It was characterized by well-devel-
oped underbrush and poorly developed cover (Table 1). 
The old fallow being a subject of the study was an ap-
proximately 10-year-old successive stage after potato and 
cereal cultivation. This area was characterized by the 
densest vegetal cover (herbaceous and scrubland) during 
vegetation period. At the onset of the study, fresh fallow 
represented a 2-year-old habitat set aside after a cereal 
culture. It was covered by a low, dense grassland-type 
vegetal cover (Table 1). Cereal crops were a subject of 
continuous cultivation. Following cultivation of potatoes 
in 2004, it was used for cultivation of cereal mixture 
(spring barley, spring wheat, oats) alternately with spring 
wheat and winter wheat. The land was a subject to routine 
agrotechnical procedures, such as fertilizing, chemical 
defoliation and ploughing. Every year, in the 1st and 3rd 
decade of May, the soil was conditioned with urea, fol-
lowing treatment with phosphate-potassium fertilizers in 
autumn. Chemical defoliation with Roundup® was per-
formed once a year, in the 3rd decade of July, and plough-
ing in early October.

Material for analyses was collected to setting pitfall 
traps, i.e. plastic cups with 0.5-liter volume and 10-cm 
diameter, set up in approximately 10-m intervals in rows 
located in the central part of each land, i.e. apart from the 
ecotone (Figure 1). We installed 10 traps filled with 5 cm3 
of ethylene glycol-in-water solution in all areas. Location 
of the traps was the same during each year of the study. 
The traps were emptied every 12-14 days. Collected spec-
imens, after cleaning and drying, were stored in cotton 
wool in paper envelopes. We immersed the insects in hot 
water bath with acetic acid for about 20 min to soften and 
loosen their chitin cuticle. During preparation, we as-
sessed condition of the mandibles, reproductive organs, 
gonads, presence or lack of eggs and size of the fat body. 
Aside from establishing beetle’s sex, we used these char-
acteristics to classify each specimen into one out of four 
the age- and physiology-based categories (teneral, imma-
ture, mature or spent) proposed by Wallin (11). Individu-
als with sharp mandibles, brighter elytra, without gonads 
and fat bodies were classified at tenerals. According to 
Matalin’s typology (9), N. brevicollis tenerals are active in 
May and June. Individuals with sharp mandibles, hard, 
dark tegument and early developmental stages of gonads 
(small non-transparent ovaries and testicles) were classi-
fied as immature. Immature females lacked eggs and 
similar to males presented with well-developed fat body. 
Characteristic features of mature individuals included 
presence of blunt mandibles and fully developed gonads. 
Females had eggs, and fat body was considerably reduced 
in both sexes. Immature and mature individuals are active 
during the second half of reproductive cycle, between 

August and October (9). Specimens with apparently re-
duced mandibles, smaller gonads and atrophic fat bodies 
were classified as spent. No eggs were found in spent fe-
males. Specimens from this category are typically found 
in late October (9).

Statistical analysis was performed according to Stanisz 
(12), using STATISTICA Statistical Software Package 
v8.0 (StatSoft Inc.). We used one-way analysis of variance 
(ANOVA) to compare mean number of individuals col-
lected during consecutive years in various habitats, as well 
as a mean number of eggs per female. Mean number of 
eggs was calculated per a total number of females col-
lected from various habitats throughout three years of the 
study. Normal distribution and homogeneity of variance 
were checked using Shapiro-Wilk’s and Levene’s tests. In 
order to establish which mean values affected the ANO-
VA results, we used Tukey’s post-hoc test. We used c2 tests 
to compare the distribution of specimens based on age 
category and sex. These analyses did not include fresh 
fallow data, due to insufficient number of beetles in this 
habitat (<10 individuals), which made this land ineligible 
for c2 testing. Mean values are presented with their stan-
dard errors (SE).

ResuLts

During the course of the study we have collected a 
total of 621 Nebria brevicollis specimens. Mean number 
of collected individuals amounted to X=0.38±0.68 SE per 
trap per day, and was demonstrated to increase slightly 
between 2007 and 2009 (Figure 2a). However, the year-
to-year differences in mean number of collected individu-
als turned out to be insignificant on statistical analysis 
(ANOVA F=0.098; p>0.5). However, statistically signifi-
cant differences were found in the number of individuals 
collected from various habitats. The highest number of in-
di viduals were collected from old fallow (X =0.68±0.11 SE) 
and pine forest (X=0.60±0.21SE), and the lowest from 
fresh fallow (X=0.03±0.01SE) (Figure 2b). Mean numbers 
of individuals caught in old fallow and pine forest were 
significantly higher than in the case of fresh fallow and 
cereal crops (F=5.901; p<0.001, Tukey�s test: pine forest 
vs. old fallow p>0.05, pine forest vs. fresh fallow p<0.05, 
pine forest vs. cereal crops p>0.05, old fallow vs. fresh 
fallow p<0.05, old fallow vs. cereal crops p<0.05).

All areas aside from fresh fallow were dominated by 
physiologically older specimens from the second stage of 
the life cycle, i.e. immature, mature and spent individuals. 
Altogether, mature and spent individuals represented 
67% of all collected specimens. While mature (N=98 for 
pine forest and N=34 for cereal crops) and immature in-
dividuals (N=109 on old fallow) turned out to be the most 
frequently caught specimens (Table 2, Figure 3a-c), tener-
als were collected least often of all analyzed categories 
(N=12 for old fallow and N=2 for cereal crops) (Table 2, 
Figure 3a-c). Significant differences were found in the 
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distribution of immature, mature and spent specimens 
within various habitats (c2=19.843, df=4, p<0.05). Statis-
tical analysis did not include data for fresh fallow, since 
no tenerals and spent individuals were collected from this 
area.

An evident decrease in the number of specimens col-
lected in mid vegetative season was documented during 
the course of the study. No specimens were found in traps 
set in pine forest in July and August (Figure 3). In the case 
of cereal crops, the lowest activity of the analyzed species 
was observed in July, and in the case of old fallow in July 
and September (Figure 3).

Irrespective of the habitat, males outnumbered females 
approximately twice. The largest and the smallest propor-
tions of males were observed in cereal crops and old fal-
low, respectively (Table 2). However, proportions of male 
and female specimens in various habitats (except from 
fresh fallow) did not differ significantly (c2 = 2.669, 
p>0.05). Proportions of males and females within par-
ticular developmental stages (excluding tenerals, as the 
smallest group) from various habitats (excluding fresh fal-
low) turned out to be similar for pine forest (c2=2.057, 

p>0.05) and cereal crops (c2=0.050, p>0.05), but was sig-
nificantly different in the case of old fallow (c2=7.374, 
p<0.05) (Figure 4 a-d).

We captured the largest proportion of females (over 
50%) in old fallow (Figure 5). The largest proportion of 
mature females with eggs was recorded on pine forest. 
Mean number of eggs per female (calculated for all col-
lected females) turned out to be the highest in pine forest, 
6.73±0.95 SE (Figure 5). This value differed significantly 
as compared to other habitats (ANOVA F=4.248, p<0.05, 
Tukey�s test: pine forest vs. old fallow p<0.05, pine forest 

Figure 2. Number of Nebria brevicollis specimens collected during 
subsequent years of the study (a) and mean number of specimens 
collected from each analyzed habitat during the course of the study 
(b). ( stands for statistically significant differences).

Figure 3. Number of individuals representing various physiological 
stages of  Nebria brevicollis caught in vegetative season during sub-
sequent years of the study (data for fresh fallow were excluded from 
the analysis due to a small number of collected specimens).
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Figure 4. Proportions of male and female Nebria brevicollis within particular developmental stages from analyzed habitats. All data for 2007-
2009. SR – sex-ratio (males:females).

vs. cereal crops p>0.05, old fallow vs. cereal crops p>0.05). 
In pine forest, we captured three females with 40 eggs, 
which constituted the largest recorded amount of eggs.

dIscussIon

We found N. brevicollis in all four types of habitats. 
This is not surprising since we included pine forest in the 
analyzed landscape mosaic. La Bonte (3), Garcia et al. (1) 
and Fahy and Gormally (13) stressed the significance of 
forest habitats for the occurrence of this species in various 
types of habitats adjacent to the forest. They pointed that 
forests constitute the estivation spot for N. brevicollis, 
from which they may disperse to adjacent habitats in 
landscape without barriers (e.g. canals, rivers).

Year-to-year variation in mean number of caught indi-
viduals was small (Figure 2a). Small differences in the 
activity of the analyzed species in different vegetable crops 
were also documented by Eyre et al. (14) and Gűnther and 
Assmann (8) who conducted a 10-year study in oak and 
beech forests in northern Germany. According to Gűnther 
and Assmann (8), interannual changes in the number of 
N. brevicollis never surpassed one order of magnitude, in 

Figure 5. Number of females with and without eggs in each habitat 
and mean number of eggs per female ±SE. All data for 2007-2009.

Table 2. Selected features of  N. brevicollis populations from the analyzed areas, pooled data for 2007-2009.

Habitat Specimen/trap/day Completeness of age structure Estivation period Sex ratio
(males:females)

Mean number of 
eggs per female

Pine forest 0.60±0.21SE complete July and/or August 2.3:1 6.73±0.95

Old fallow 0.68±0.11SE complete July and/or September 1.9:1 3.26±0.60

Fresh fallow 0.03±0.01SE incomplete (lack of specimen 
in teneral and spent stages)

impossible to determine (too 
small numbers of specimen) 2.5:1 1.50±0.96

Cereal crops 0.21±0.08SE complete (low number of 
specimen in teneral stage) July and/or August 2.9:1 3.36±0.89
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contrast to other beetle species, e.g. Pterostichus niger. 
Many previous studies documented variability in the ac-
tivity of the species from different habitats (1, 14, 15, 16). 
Aside from the type of soil and flora, also the height of 
the vegetation is with no doubt one of the significant dif-
ferentiating factors. Eyre et al. (14) showed a positive cor-
relation between the activity of N. brevicollis and vegeta-
tion height. Our observations are consistent with this 
finding. Fresh fallow with a very low, grassy vegetation, 
was characterized by the lowest number of caught indi-
viduals, one order of magnitude lower than in other 
habitats (Figure 2b.). Similarly, low activity of the species 
in cereal crops has been also previously reported by Hur-
uk (15) and Huruk (16) for various types of cereal cul-
tures. Extremely dense population of N. brevicollis in ce-
real cultures from northern Poland was documented in a 
one-year study conducted by Aleksandrowicz et al. (17), 
who classified this species as a dominant category. How-
ever, authors of this latter study did not analyze the pop-
ulation’s structure, and consequently, despite its high 
activity, N. brevicollis might have been a migrant in the 
analyzed habitat.

La Bonte (3) and Makarov and Matalin (10) empha-
sized the fact that several species of carabidae, including 
N. brevicollis can occur in large numbers although they 
do not constitute a stable element of the assemblage. Ac-
cording to Makarov and Matalin (10), the key to qualify 
the species as a stable element of an assemblage in a given 
habitat is determination of its complete demographic 
structure. In present study, populations from four ana-
lyzed habitats differed in terms of their age and sex struc-
tures. Matalin (9) classified N. brevicollis as a semelparous 
beetle with autumnal, annual type of development. Ten-
erals of semelparous species can be found in spring, in the 
second half of May and first half of June. This is a period 
of great activity for the new generation of adults, during 
which they prey extensively, to gather as much fat reserves 
as possible (18, 9). In our present study, irrespective of the 
habitat, tenerals were collected least frequently from all 
the analyzed developmental stages (Figure 3 and 4). This 
fact can be linked to the ability of the species to climb 
plants and prey on them, as described by La Bonte (3) and 
Burgess et al. (7). Lower activity of tenerals on the ground 
was reflected by lower number of caught individuals. Ac-
cording to Matalin (9), the period between the second 
half of June through July and August, is a time of estiva-
tion, i.e. a significant decrease in the activity of adults. In 
our geographical latitude, the diapause of the species takes 
place during the warmer period of the year, when water 
and food are scarce. The period following estivation, i.e. 
the second part of August through October, is a time of 
high activity for immature and mature adults (9). These 
two developmental stages tied with the reproduction of 
the species. Activity during this period is more connected 
with the ground, and as a result, the number of caught 
adults is greater than the number of tenerals.

The number of caught post-estivation specimens (im-
mature, mature, spent) turned out to be the highest in 
old fallow and pine forest (Figure 3). In these two habi-
tats we observed complete demographic structure of the 
species, which corresponds to its stable occurrence in 
these habitats. Demographic structure of the analyzed 
species was in turn most disrupted in fresh fallow, where-
by neither tenerals nor spent individuals were caught. 
According to Makarov and Matalin (10), this points to 
evident migratory character of the species within a given 
habitat.

Proportion of males and females within a population 
is determined by a number of factors, including environ-
ment, life strategy, age structure and availability of food 
(19). The male to female ratio directly affects the growth 
of the population. From the viewpoint of potential off-
spring, the most favorable male to female ratio for mo-
nogamous species is 1:1. In polygamous species, in turn, 
reproductive potential is greater if males are outnum-
bered by females (19). Our hereby presented findings 
imply that preferable reproductive strategy of N. brevicol-
lis is not based only on the number of females, but also 
on their fertility, expressed as the number of produced 
eggs. Based on their laboratory study, Burgess et al. (7) 
concluded that females of N. brevicollis are significantly 
heavier than males for up to 13 days after estivation. 
Probably, this results from accumulation of energy re-
serves, which are then utilized to produce large amount 
of eggs and thus to promote development of the species. 
Although mean number of eggs per female documented 
in this study (6.73±0.95 SE for pine forest, Figure 5) does 
not seem large, the fact that 30 or 40 eggs were found in 
some females from this area points to likely large repro-
ductive potential of N. brevicollis. In other epigeic 
ground beetles, mean number of eggs per female is sig-
nificantly lower. According to Wallin (11), this param-
eter does not exceed 26 for Pterostichus cupreus and 16 
for Harpalus rufipes.

The hereby documented differences in the male to fe-
male ratio in various habitats point to area-specific sex 
structure of the populations. Evidently, the most favorable 
structure was documented in old fallow, and the most 
disrupted in cereal crops (Figure 4).

The fact that males outnumbered females is difficult 
to explain and requires further research. Based on the 
hereby documented structure of N. brevicollis population 
from four habitats (Table 2) and previous observations 
by Makarov and Matalin (10), it can be concluded that 
the species represents a stable element of pine forest and 
old fallow assemblages, and should be considered a par-
tially migratory component in the case of the two re-
maining areas.

In our opinion, the presence of resident populations of 
N. brevicollis on old fallow is a sign of succession of this 
habitat.
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