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Abstract. Body condition, in terms of body mass corrected for structural body size, represents an animal’s energetic reserves and is
an indicator of the health and fitness of an organism. This study investigates the variability in the body condition of the carabid beetle,
Anchomenus dorsalis, in time and space at a small scale. The beetles were collected in four fields with two types of boundary (grassy
and forest) near Prague-Suchdol in autumn 2009 and 2010 and in spring 2010 and 2011. Body condition was significantly affected by
overwintering (the body condition of post-overwintering individuals collected in spring was worse than that of pre-overwintering indi-
viduals collected in autumn), sex (females were in better condition than males) and to a lesser extent by sampling year, field identity and
several interactions, e.g., overwintering : sex (greater decrease in body condition during overwintering in males than in females), over-
wintering : year (difference in body condition between pre-overwintering and post-overwintering individuals was greater in 2009/2010
than 2010/2011). Type of boundary had no substantial effect on the body condition of A. dorsalis. This study shows the importance of

sampling body condition several times a year for more than one season, which has rarely been performed to date.

INTRODUCTION

Body condition indicates the energy (fat) reserves of
an animal (Peig & Green, 2009; Knapp & Knappova,
2013) and is presumed to substantially influence the fitness
of particular organisms. In general, females in good condi-
tion mate more frequently with high-quality males (Cotton
et al., 2006), have a higher fecundity (Bommarco, 1998b;
Moya-Larafo, 2002) and survive better in unfavourable
environments (Petersen, 1999) than females in poor condi-
tion.

Variation in body condition can be caused either by “stra-
tegic” factors (Elkin & Reid, 2005) or “environmental”
factors (van Dijk, 1994). Strategic factors are incorporated
in the life cycle of a species and individuals are able to
adaptively shape them. Variation in body condition due to
strategic factors represents an animal’s response to predict-
able conditions. An example of such a strategic factor is
maximisation of food intake before hibernation (van Dijk,
1994; Lovei & Sunderland, 1996) or sex-specific body
condition. Female carabids have higher food demands than
males, at least before reproduction (Bilde & Toft, 1998),
because egg production required more energy than sperm
production. On the other hand, environmental factors are
unpredictable and occur at random in time and space. The
course of the weather or disruptive changes in the environ-
ment, such as soil operations or pesticide treatments (Ost-
man et al., 2001; Ostman, 2005), are environmental factors
that can affect the body condition of insects.
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Environmental factors are assumed to be responsible for
a substantial proportion of the spatial and temporal varia-
tion in body condition, of which the uneven distribution of
prey in time and space may be the most important (Bom-
marco, 1998a; Ostman et al., 2001). At the farm scale, food
availability for carabid beetles can be affected by extreme
weather conditions or drastic agronomical practice (Huu-
sela-Veistola, 1996; Bilde & Toft, 1998). For example,
carabid beetles starve less in June than July, most likely a
result of the hot and dry weather in the latter month, which
may reduce the amount of available prey (Bilde & Toft,
1998). Increased prey abundance not only positively af-
fects the body condition of males and females of carabid
beetles but also increases oocyte numbers (Haschek et al.,
2012) or extends the oviposition period (Sota, 1985). Suf-
ficient fat reserves may also be important for prolonged
survival after hibernation in early spring, when prey is tem-
porarily scarce (Petersen, 1999).

As predatory carabid beetles often starve in arable fields
(Bilde & Toft, 1998; Bommarco, 1998b), their body condi-
tion provides information about the quality of this habitat
for particular species (Barone & Frank, 2003). In addition
to local environmental conditions, the body condition of
carabid beetles seems to be affected by the surrounding
landscape. Crop diversity and high perimeter-to-area ratio
(i.e., landscapes with more abundant field boundaries; Ost-
man et al., 2001) both affect the availability of prey for
carabid beetles (Haschek et al., 2012). Thus, a heterogene-
ous landscape may provide a better environment with more
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Fig. 1. Map of localities investigated in this study. The arable fields investigated were situated near Prague-Suchdol, in the Czech
Republic (GPS coordinates of field centres: field 1 — 50°7°46.942"N 14°21°37.574"E, field 2 — 50°8"28.480"N 14°21°54.754°", field
3 —50°7°16.933"N 14°21'44.419"E, field 4 — 50°7°38.451"N 14°19°30.361"E). Orange and green lines mark the sites where pitfall
traps were set. The map background was taken from an aerial photograph provided by the Czech Office for Surveying, Mapping and

Cadastre (CUZK, 2014).

food, resulting in increased fat reserves of carabids and
higher population densities (Holland, 2002). Field bounda-
ries are also important, especially for carabid reproduction
(Zangger et al., 1994) and overwintering (Andersen, 1997).

Most studies concerning carabid body condition inves-
tigate spatial variation or temporal variation separately.
To our knowledge, the exception for carabids is the study
performed by Ostman (2005), who investigated variation
in structural body size and body condition on 10 farms
around Uppsala, Sweden in two subsequent years. He
found asynchronous temporal variation in body condition
among sites, suggesting that body condition is affected also
by other factors than those related to site characteristics.
Recently, Baranovskd & Knapp (2014) investigated the
variation in structural body size of two species of carabids
in arable fields. They found that structural body size, which
is determined during pre-imaginal development and re-
mains stable during adult life, is mainly affected by gender
and to a lesser extent also by field identity, year and over-
wintering. Both studies showed that it is important to study
spatial and temporal variation together because there may
be an interaction between spatial and temporal variation
that affects body condition (Ostman, 2005) or structural
body size (Ostman, 2005; Baranovska & Knapp, 2014).
Moreover, there is no information on the effect of spatial
differences in intra-seasonal temporal variation (pre- vs.
post-winter) in determining carabid body condition.

In this study, we examined the temporal and spatial vari-
ation in the body condition of the polyphagous predato-
ry carabid A. dorsalis at eight different sites (four arable

fields and two types of boundary within each field) over
two seasons (autumn 2009 and spring 2010, autumn 2010
and spring 2011). The same study design was used as in
our previous study (Baranovska & Knapp, 2014), in which
we only investigated structural body size. In this paper, we
study the variation in body condition of 4. dorsalis. Unlike
structural body size, body condition (here, the dry body
mass corrected for structural body size) is substantially af-
fected by the environmental conditions experienced by the
adults. First, we investigated how body condition varied
among fields, which differed in their properties (area, shape
etc.) and in surrounding landscape parameters, which can
affect the food supply for the beetles. We also expected that
the body condition of 4. dorsalis would be better in au-
tumn than in spring, as energy reserves will be spent during
winter, and females would have better body condition than
males because of sex-specific selection pressure on accu-
mulating energy reserves (females have to be prepared for
reproduction, which has a high energy cost). Finally, we
investigated whether there was any variation in the body
condition of A. dorsalis between years associated with the
variation in environmental conditions in particular seasons.

MATERIAL AND METHODS
Study species

Anchomenus dorsalis (Pontoppidan, 1763) is a medium-sized
ground beetle (Coleoptera: Carabidae), ca. 5.6-7.7 mm long
(Hurka, 1996). In the Czech Republic, this species occurs in
open habitats and is common even in intensively managed ag-
ricultural landscapes. Although A. dorsalis occurs within arable
fields, surrounding field boundaries are very important for its re-
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production and overwintering (Holland et al., 2009; Roume et al.,
2011). Beetles mate and lay eggs in spring and early summer,
larval growth takes place during summer, and the new adults that
emerge in late summer or early autumn need to feed intensively
before overwintering. A. dorsalis is an important generalist pred-
ator feeding on aphids and other arthropod crop pests (Wratten &
Vickerman, 1985; Bilde & Toft, 1997) and is thus considered a
beneficial organism with biocontrol potential (Zaller et al., 2009).

Experimental design

Beetles were collected repeatedly in four arable fields situated
a few kilometres northwest of Prague, the Czech Republic (Fig.
1). The fields were conventionally managed during the sampling
period (autumn 2009 — spring 2011). The fields investigated were
located 1-3 km from each other and were surrounded mainly by
fragments of forest and other arable fields (separated by grassy
boundaries or roads with a grassy ditch). Within each field, six
gutter pitfall traps were set (for details see Baranovska & Knapp,
2014), three at the edge adjacent to a fragment of forest and three
at the edge adjacent to a grassy boundary. The traps lacked pre-
servative because it can alter body mass (Knapp, 2012), which
would have biased our data. Samples were collected every other
day to minimise predation within the pitfall traps. Beetles were
collected in autumn (October) 2009 and 2010 and in spring (April)
2010 and 2011. In each field and sampling period, we tried to col-
lect 80 specimens of 4. dorsalis (40 from the grassy boundary
and 40 from the forest boundary). Live beetles were transported
to the laboratory, frozen and stored at —20°C until processed. The
specimens were sexed and 30 males and 30 females (15 per each
type of boundary) were selected at random for each field and sam-
pling period. If there were fewer than 15 males or 15 females
per particular sampling site (type of boundary within a particular
field), then all specimens collected were used. The beetles were
dried for 48 h at 50°C and were then weighed using a Sartorius
analytical laboratory balance with a precision to 10~ g. Elytron
length, hind femur length and pronotum width were measured
using a digital calliper with a precision to 0.01 mm. Although it is
common practice to take only one measurement (e.g., Bommarco,
1998a; Ostman, 2005), it has recently been shown that measur-
ing of more than one dimension is meaningful for carabids due
to violated structural isomorphy among the specimens (Knapp &
Knappova, 2013). In total, 936 individuals of Anchomenus dorsa-
lis were weighed, measured and analyzed.

To compare the course of the temperature experienced during
the two subsequent winters (2009/2010 and 2010/2011), tem-
perature data were obtained from the weather station of the Crop
Research Institute (Prague-Ruzyné; http://www.vurv.cz/meteo/).
Temperature measurements were made at the surface of the soil
and recorded at hourly intervals.

Statistical analyses

Several methods of estimating body condition are used in eco-
logical studies, e.g., Fulton’s index, Quételet’s index, Relative
condition, Relative mass, Residual index, Scaled mass index and
ANCOVA (Peig & Green, 2010). In this study, body condition
was computed as body mass (dry mass) corrected for structural
body size as suggested by Garcia-Berthou (2001). Principal com-
ponent analysis (PCA) was used to integrate the three measures
of structural size (elytron length, pronotum width, hind femur
length) into one variable. All specimens were pooled across all
sampling sites and all sampling periods and analyzed using a sin-
gle analysis. Sample scores on the first axis (corresponding to the
structural body size of a particular specimen) were then used as
co-variables in subsequent univariate analyses of body condition.
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The PCA was performed in Canoco for Windows 4.5 software
(ter Braak & Smilauer, 2002).

To analyse the effects of sex, field, year, overwintering, and
boundary type and their interactions on the body condition of
A. dorsalis, a generalised linear model with gamma distribution
of errors (GLM-g) was employed. Gamma distribution of errors
was used because our data were not normally distributed and this
distribution is generally appropriate for data based on size meas-
urements (e.g., length, weight). Structural body size (scores on
the first axis resulting from PCA) was used as the covariable in
the model. Dry body mass of particular specimen was used as
the response variable in the model. To identify significant terms,
a manual backward selection procedure based on deletion tests
(F-tests) was employed. At first, a full model containing all main
effects and all their possible interactions was constructed. Subse-
quently, the full model was simplified by omitting non-significant
terms (deletion test; P > 0.05). Terms were tested (and omitted)
in the following order: four-way interactions, three-way interac-
tions, two-way interactions and main terms. The analysis was
performed using R 3.0.1 software (R Core Team, 2013).

RESULTS

Strategic factors had substantial effects on the body con-
dition of Anchomenus dorsalis in this study. Overwintering
was the most important factor determining body condition
in A. dorsalis (Table 1). Pre-overwintering individuals col-
lected in autumn were in significantly better body condi-

TaBtE 1. Effects of site, year, overwintering, boundary and sex
on body condition in Anchomenus dorsalis. Final generalised lin-
ear model with gamma distribution of errors is presented. The fi-
nal model was selected based on a backward selection procedure
applied to the full model consisting of the following explanatory
variables (terms): sex, field, overwintering, year, boundary and
all possible interactions. The score on the first axis of the PCA
based on elytron length, pronotum width and hind femur length
measurements of particular specimens was used as a covariable
(size) in the model to correct dry body mass for structural body
size.

Term Df F-value P-value R?

size 1 1201.53 <0.001 0.382
overwintering 1 765.50 <0.001 0.244
sex 45.90 <0.001 0.015
field 3.46 0.016 0.003
year 431 0.038 0.001
boundary* 0.74 0.390 0.000
overwintering : sex 16.38 <0.001 0.005
overwintering : field 8.64 <0.001 0.008
overwintering : year 18.11 <0.001 0.006

6.55 0.000 0.006
4.14 0.003 0.005
3.66 0.026 0.002
6.12  0.000 0.006

field : boundary
overwintering : sex : year

1
3
1
1
1
3
1
field : year 3
4
2
overwintering : field : year 3

4

overwintering : field : boundary 11.44 <0.001 0.015
field : year : boundary 4 5.60 0.000 0.007
overwintering : field : year : boundary 4 2.81 0.025 0.004

#There was no significant main effect of boundary type (P >
0.05); however, the term had to be included in the final model
because of significant field : boundary, overwintering : field :
boundary, field : year : boundary and overwintering : field : year
: boundary interactions.
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Fig. 2. The effect of overwintering on the body condition of 4.
dorsalis recorded over two winters. To visualise differences in
body condition within a season (pre- and post-overwintering) and
between seasons (2009/2010 and 2010/2011), residuals from the
dry mass-structural body size relationship based on generalised
linear model with gamma distribution of errors were used. Mean
residuals + SE are shown.

tion than the post-overwintering individuals collected in
spring (Fig. 2). In addition, body condition was signifi-
cantly affected by sex, as females were in better body con-
dition than males (Fig. 3). The overwintering: sex inter-
action was also significant (in males the decrease in body
condition during overwintering was more substantial than
in females; Fig. 3).

The second group of factors affecting body condition are
those linked to environmental variability. There was signif-
icant variation in the body condition of 4. dorsalis among
particular fields. Body condition also differed slightly
between the years (beetles were in better condition in
2010/2011 than in 2009/2010; for differences in the course
of temperature between seasons see Appendix Al. In
2009/2010 temperatures below freezing occurred 6 weeks
ecarlier than in 2010/2011 and there were also more frost
days in 2009/2010 than in 2010/2011). There were also
some significant interactions: overwintering : year (the dif-
ference in body condition between pre-overwintering and
post-overwintering individuals was greater in 2009/2010
than 2010/2011; Fig. 2), overwintering : field, field: year,
field : boundary and some significant higher interactions
(see Table 1). It is important to note that the variation ex-
plained by the factors linked to environmental variability
was rather low (see R2-values reported in Table 1).

DISCUSSION

Our results indicate that body condition in Anchomenus
dorsalis differs significantly between autumn and the sub-
sequent spring, i.e., there is a substantial effect of over-
wintering. Pre-overwintering specimens were in better
body condition than post-overwintering individuals. It is
believed that adult carabids preparing for overwintering
increase their fat reserves in order to enhance winter sur-
vival. However, there is little evidence in the literature in
support of this. Individuals of Calathus melanocephalus
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Fig. 3. The effect of sex on the pre- and post-winter body condi-
tion of Anchomenus dorsalis. To visualise differences in the pre-
and post-winter body condition between sexes, residuals from
dry mass-structural body size relationship based on a generalised
linear model with gamma distribution of errors was used. Mean
residuals + SE are shown. M Autumn = males collected before
overwintering; M Spring = males collected after overwintering;
F Autumn = females collected before overwintering; F Spring =
females collected after overwintering.

that fed before overwintering, survived better than those
that did not, but this was recorded in only one out of two
experimental seasons (Van Dijk, 1994). Unfortunately,
studies investigating variation in carabid body condition
within a season are limited mainly to spring and summer
months (den Nijs et al., 1996; Bilde & Toft, 1998). How-
ever, a decrease in body condition during hibernation simi-
lar to that recorded in this study is reported by Chaabane et
al. (1996) for Abax ater. That A. dorsalis feeds intensively
for a few days following emergence from winter diapause,
which results in an increase in body mass and lipid con-
tent, is recorded (Raubenheimer et al., 2007); however,
pre-overwintering body mass and lipid content have not
been reported. Small changes in body mass during win-
ter are reported by Petersen at al. (1996) for Bembidion
lampros. Interestingly, the decrease in body condition of
A. dorsalis during overwintering was more pronounced for
beetles collected in 2009/2010 than in 2010/2011. Such
inter-annual changes in the decrease in body condition dur-
ing overwintering could be caused by weather, mainly dif-
ferences in temperature. Long-term daily temperature fluc-
tuations around freezing (0°C) causes body mass reduction
in Bembidion lampros, whereas constant low temperature
does not (Petersen et al., 1996). Thus, the greater reduc-
tion in the body condition of overwintering individuals in
2009/2010 may be due to differences in temperature in the
two winters (for details see Appendix Al).

Our results also indicate that body condition in A. dor-
salis differed between sexes. The better body condition of
females reported in this study is not surprising as females
generally invest much more energy in reproduction than
males, and thus selection pressure on female body condi-
tion is expected to be higher. Enhanced body condition in
post-overwintering females compared to males is also re-
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ported in Bembidion lampros by Knapp & Saska (2012). In-
terestingly, post-overwintering females were in a relatively
better body condition than males (there was significant
interaction between sex and overwintering). A possible ex-
planation of the better ability of females to maintain their
body condition over winter lies in their larger body size,
as large individuals have proportionally lower metabolism
rates than small ones (Glazier, 2005). An alternative expla-
nation is the existence of sex-specific selection pressures on
physiological processes or behavioural mechanisms linked
to managing energy reserves during winter. Unfortunately,
studies investigating sexual dimorphism in the body condi-
tion of carabid beetles are lacking, and the link between
post-overwintering body condition and subsequent egg
production in females needs to be investigated. Currently,
high food quality and quantity, resulting in good body con-
dition, are considered to be the main factors affecting egg
production in carabid beetles (Sota, 1985; Bilde & Toft,
1994; van Dijk, 1994; Bommarco, 1998b). The importance
of food quality, especially lipid and protein content, for
egg production is also recorded specifically for A. dorsalis
(Jensen et al., 2012). Although A. dorsalis females have
better body condition in early spring than males, they still
have larger requirements for food before reproduction than
males (May to June; Bilde & Toft, 1998).

In previous studies, the spatially based variation in body
condition of carabid beetles within arable fields is reported
to be affected by the structure of the surrounding land-
scape, perimeter-to-area ratio (i.c., shape), farming opera-
tions, farming practice (organic vs. conventional) or crop
diversity at the landscape level (e.g., Bommarco, 1998b;
Ostman, 2001; Barone & Frank, 2003; Frank et al., 2007).
Interestingly, in this study, features of the fields and bound-
ary type explained only a very small portion of total varia-
bility recorded in the body condition of 4. dorsalis. This is
surprising, as different boundary types are thought to con-
tain different sources of food. For example, body condition
in A. dorsalis (species inhabiting open habitats) should be
positively affected by a neighbouring grassy boundary in
comparison to a forest boundary. There are three possible
explanations: (1) our experimental sites are too close to
each other, and, thus, the surrounding landscape is similar
(shared); (2) our experimental fields did not differ enough
in terms of area and shape; (3) all our experimental fields
were conventionally managed, with 3 out of 4 fields being
managed by the same agricultural company.

Although spatial variation in carabid body condition has
been investigated quite intensively, only the study by Ost-
man (2005) investigated spatial variation in carabid body
condition over several (two) years. Ostman (2005) found
that in addition to spatial variation in body condition, there
is also substantial temporal variation. Thus, individuals
need not have a better body condition in particular fields as
the suitability of particular fields for carabids may change
from year to year. Such a finding was also confirmed by
this study. Asynchronous temporal variation in carabid
body condition is most likely caused by variation in en-
vironmental conditions e.g., crop rotation or a local pest
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outbreak as argued by Ostman (2005). Unfortunately, the
limited scope of our study (just four fields investigated in
two subsequent years) does not allow to us to investigate
rigorously the effect of the crop and we have no direct in-
formation on prey availability at the sites sampled.

In conclusion, the body condition of A. dorsalis seems
to be affected mainly by strategic factors, which are inte-
grated into the life cycle of this species and thus under the
animal’s control (e.g., variation in body condition within a
season, sex-specific body condition). Environmental fac-
tors investigated in this study (year to year variation, field
identity and boundary type) were of limited importance in
determining its body condition.
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AppenDIX 1. Fluctuations in the average daily temperature from October to March recorded in two consecutive seasons (2009/2010
and 2010/2011). Temperature data were obtained from the weather station of the Crop Research Institute (Prague-Ruzyn¢). Visualised
temperatures represent the temperature measured at the surface of the soil. The black line indicates the course of the average daily
temperature recorded in winter 2009/2010 and the grey line that recorded in winter 2010/2011. In winter 2009/2010, there were 59
fluctuations around freezing (0°C), and in winter 2010/2011, there were 142 fluctuations around freezing. The number of fluctuations
around freezing was counted based on hourly measurements of temperature at the surface of the soil.
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