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Abstract One of the main aims of sustainable agriculture is
to reduce the risk of disease in cropping systems and
thereby contribute to preserving public health and conserv-
ing the environment. In particular, if we are to reduce our
recourse to agrochemicals, we need to acquire a deeper
understanding of ecological processes, for instance biolog-
ical pest control by predatory arthropods such as Carabids.
We analyzed the population dynamics of a carabid
(Pterostichus melanarius) in various cropping systems
(conventional, integrated, and organic) to improve our
limited knowledge of its potential impact on insect
populations. To do this, we built a model composed of
three coupled modules, each referring to different assump-
tions: a phenology module of the carabid species was based
on a periodic Leslie-matrix model and a 1:1 sex ratio, the
population was spatialized in Brittany (Western France)
using a spatially implicit landscape module that simulated
the capacity of grass margins to provide shelter for this
carabid beetle, and an agronomic module was used to
assess the effects of different crop management systems on
the beetle population. Our results showed that the spread of
P. melanarius larvae by farming practices was key to

species presence in crop fields. This was greatly dependent
upon the farming calendar, the intensity of farming
practices, and the presence of shelter zones. Maintaining
and managing uncultivated habitats such as grass margins is
thus as crucial for this beneficial predator as managing
cultivated fields (asymptotic growth of the population was
found to be 25% higher in integrated and organic
management systems when 20% grass margins were
present). At the field level, integrated management and
direct drilling (with minimum disruption of the soil surface)
are the best crop management systems for P. melanarius
survival. Organic management is less effective (asymptotic
growth of the population is only half that of integrated and
direct-drilling management systems), for it requires multi-
ple soil tilling to compensate for the absence of herbicides.
Winter oilseed rape is the most detrimental crop (asymp-
totic growth of the population is half that seen with other
crops), as it gives rise to summer molluscicides and soil
tillage. This is the first study developing a numerical model
of the long-term effects of landscape composition and
cropping system on this beneficial predator species. This
approach provides a powerful tool to test hypotheses and
quantify their possible effects in agroecology.

Keywords Sustainable agriculture . Spatial modeling . Crop
rotation . Population ecology . Organic farming . Direct
drilling

1 Introduction

Reducing our recourse to pesticides is one of the main goals of
sustainable agriculture and aims to preserve public health and
conserve the environment, particularly its natural resources
and biodiversity. If we are to control the risk of disease in
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cropping systems while at the same time reducing our
recourse to agrochemicals, we need to acquire a deeper
understanding of ecological processes such as biological pest
control by predatory arthropods. Carabids play a role in
preventing insect pest outbreaks through their predatory
polyphagous nutritional habits (Kromp 1999). Pterostichus
melanarius Illiger, 1788 (Coleoptera: Carabidae, also known
as Platysma vulgare Linné, 1758) is one of the most abundant
and widespread carabid species in Europe (Lys and Nentwig
1991; Thomas et al. 1998). This carabid is aggregated in
fields (Fadl et al. 1996; Noordhuis et al. 2001; Thomas et al.
2001) and is a nocturnal generalist, ground-dwelling predator
(Desender et al. 1985; Luff 1987). P. melanarius is
particularly well known as an active species of potential
economic importance as a biological control agent against
aphids (Sunderland 1975; Dixon and McKinlay 1992; Kielty
et al. 1999) and slugs in Northern European arable land
(Bohan et al. 2000), as confirmed by gut dissections and
ELISA tests (Chiverton 1984; Holland et al. 1996;
Symondson et al. 1996). P. melanarius is a beneficial species
that is sensitive to landscape structure (Jepson 1994) and to
predator fauna that control pests (Kromp 1999). And yet,
little is known of the effects of crop management systems
and landscape structures on this species, and much would be
gained if these were to be quantified and explored in depth.

The aim of our study was, therefore, to assess the effects
of different cropping systems (conventional, integrated, and
organic) on the demography and population movements of
P. melanarius. Our main hypotheses were that grass
margins and organic management should be more favorable
to these population dynamics than other systems and
landscapes. Because agricultural policies and market prices
are constantly changing, it is quite a challenge to find
landscapes and cropping systems that can be used to
analyze their long-term effects on carabid populations.
Models could, therefore, be used for this purpose, but to the
best of our knowledge, no reports have been made in the
literature of models used to determine the effects of
landscape composition and cropping system on this
beneficial species. Our intention was to quantify the impact
of various farming techniques such as plowing, weeding, or
insecticide spraying on various crops (winter oilseed rape,
winter wheat, and spring pea). The model consisted of three
successive coupled modules that will be described and
discussed in the following order: first, a phenology module
of P. melanarius was built with a periodic Leslie-matrix
model to quantify population viability/extinction; then, the
population was spatialized in Brittany (Western France)
using a simple landscape-compartment module that simu-
lated the capacity of grass margins to provide shelter for
this carabid beetle; and finally, an agronomic module was
used to assess the effects of different crop management
systems on the population.

2 Methods

2.1 Phenology module

Leslie-Matrix projection models are well suited to represent
the stage-classified life cycles of insects (Leslie 1945;
Caswell 2001); here, the demography simulation took
account of interannual variations in population density to
assess sensitivity to agricultural interventions throughout
the year at different stages (eggs, larvae, pupae, and adults).
The time step chosen (10 days) was conditioned by the
shortest stage transition time in P. melanarius and corre-
sponds to the time necessary for eggs to become the first
larval instar in Europe’s oceanic climate (between 8 and
13 days according to Tréfás, personal communication). P.
melanarius has three campodeiform larval stages, followed
by a pupa, before emerging as an imago (Thiele 1977;
Lövei and Sunderland 1996). To simplify the model, the
first three larval stages were lumped together in a single
larva stage containing eight classes, with only one class
describing the total adult population. The population was
represented at each time step t by a 13×1 vector Xt of 13
classes: one class for the eggs, eight for the first larval
instar, three for the pupae, and one for the adults, thus
complying with the relative durations of each stage. Every
class therefore had a 10-day duration. No stochasticity was
included in the model, and population behavior was
determined from the literature, when available, or set in
accordance with current expert knowledge in the field.
According to Tomlin (1975), the P. melanarius sex ratio is
1:1. A 13×13 female Leslie-matrix model was, therefore,
developed which gave rise to the same demography as a
26×26 male–female Leslie-matrix model but runs faster.
Matlab® software was used for all the studies.

P. melanarius is a pure autumn breeder (Larsson 1939):
it overwinters mainly as a larva, the first year in the center
of fields (Lindroth 1968; Thiele 1977), then in the second
year as a adult in field margins without any pre-
reproductive summer aestivation (Paarman 1979) (Fig. 1).
The Leslie-matrix diagonal allows each stage to be identical
at each step t during overwintering (no development
occurred during winter quiescence), with different survival
rates for each stage. Because the first larval instar, pupae,
and adults are all immobile chitinized stages in the soil
when they overwinter, and because no life table was found
in the literature, we chose to allocate them the same
survival rate during the winter, i.e., 0.95 per time step. This
species is a typical end-of-spring/beginning-of-summer
breeder. Since eggs are laid on the soil surface in field
margins and in field cores, the egg is the most vulnerable
stage and sensitive to the winter climate (Lövei and
Sunderland 1996). It, therefore, has a low survival rate
which was set at 0.3 per time step. The result after each
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time step was a new 13×1 vector Xt+1=H·Xt. The result
after the overwintering period was a new vector Xt+18=
H18·Xt. P. melanarius is active for 6 months as observed in
Western Europe by Thiele (1977), whereas Firle et al.
(1998) found adult P. melanarius to be active for at most
14 weeks in Sweden (ten time steps), probably due to lower
temperatures and a shorter photoperiod during the winter
(Fig. 1). Adults are very mobile and have a high survival
rate of 98.5% after each time step, in spite of predation by
various vertebrate species (Larochelle 1975, 1980).

The periodic matrix model was used to simulate intra-
annual variations in reproduction intensity during the
activity season (Fig. 1): the (1,13) cell Rt of matrix At

received different egg production values per female
depending on the time step (Hance 1990). P. melanarius
oviposition takes place in the field from June to September
(Wallin 1985, 1988; Holland et al. 1999). Total fecundity,
with 98 eggs per female per year, was close to the 125
observed by Tomlin (1975). Reproductive intensity was
assumed to be independent of habitat and crop management
system, as observed by Lévesque et al. (1980) and Basedow
(1994). No density dependency was added to the model, it
being assumed that beetles do not interact one with another
and do not deplete resources (Firle et al. 1998). Population
size was given in relative values for a few hectares as no
initial absolute values were available. The population
multiplication rate 1, which is the dominant real eigenvalue
in reducible matrix B (Caswell 2001), was estimated after
applying (from the fifth year) the long-term agronomic
module over 20 years, after stabilization was reached. The

sensitivity of 1 to variations in stage was assessed by
simultaneously varying all the parameters x (±10%) related
to the classes of the stage in question. The elasticity, or
normalized proportional sensitivity E ¼ x:dl l:dx= of 1 to
variations in stage, was then calculated to compare the
relative impact of the different stages (using dedicated
elasticities Estage) of P. melanarius on its multiplication rate.

2.2 Landscape module

Adults migrate from field core to field margin before the
overwintering period and a proportion migrates back into
the field core early in the activity season (Stachow 1987;
Hingst 1991). This spatial pendular movement was simu-
lated by applying a spatially implicit landscape compart-
ment module to the adult population such that population
densities could be assessed separately in field cores and
margins. This spatial module was multiplied by the
phenology module to simulate the dispersal between
landscape compartments. The model includes two types of
field margin: hedgerow with or without a permanent grassy
strip between the field and the hedgerow. This grassy strip,
sometimes called a “beetle bank” is assumed to maintain
Carabids in direct contact with crops (Wratten and Van
Emden 1995). In our model, when a “beetle bank” was
associated with the hedgerow, the Carabids migrated back
and forth through the grassy strip before reaching the
hedgerow. In this spatially implicit model, the Carabids
were assumed to be uniformly distributed inside each
compartment, thus in relative proportions to the land covers
considered. The impact of effective dispersal abilities will
be explored in a subsequent version of the model. In all,
75% of the Carabids were distributed in the field
compartment, 20% in the grass compartment, and 5% in
the hedgerow compartment (95% in the field compartment
and 5% in the hedgerow compartment when no grassy strip
was added), which are common proportions in a French
Brittany agricultural landscape. During the overwintering
season, almost 100% of the adult Carabids were assumed to
remain in the field margin compartment. The two migration
periods were asymmetric because it takes more time for all
the Carabids to emerge after overwintering and then
colonize the other compartments than to directly migrate
back to the overwintering habitat (Kromp 1999).

2.3 Agronomic module

The aim of this module was to simulate the long-term effects
of cropping systems, i.e., cropping plans, rotations, and crop
management, on the demography of P. melanarius. In order
to simplify the first prototype of the model, only three
classical arable crops of Western France were tested
(Table 1): winter oilseed rape (Brassica napus L.), winter

Fig. 1 Simulated demography of the four P. melanarius (carabid,
insert) stages. Eggs: dash-dotted, larvae: dotted, pupae: dashed, and
adults: solid lines. Population dynamics are shown for months
between April and December (letters) with a 10-day time step.
Numbers of individuals show relative proportions between stages (i.e.,
densities). Please note that the various population stages are fairly
synchronous
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wheat (Triticum aestivum L.), and spring pea (Pisum sativum
L.). Again, this module was added as a matrix multiplying
the two (phenology and landscape) other modules. A 10-day
time step was sufficiently long to allow for completion of
each intervention in the farming calendar. Pesticide spraying
levels were assumed to be those recommended by agro-
chemical firms (dimethoate 400 g/ha; methiocarb 120 g/ha).

The depth of soil tillage operations was the main
parameter used to model their impact on the different
stages of P. melanarius. Sowing and direct drilling only
affect the top few centimeters. Use of a cultivator and
mechanical weeding affect about 10 cm, whereas the

moldboard plow tills about 20–30 cm. The model showed
that deep tillage did not seriously affect the adults, as
previously observed by Baguette and Hance (1997),
probably because they walk across the soil surface or bury
themselves.

To simplify the model, mortality caused by insecticides,
molluscicides, sowing, or soil tillage was considered to be
independent of the time step and stable throughout the year.
Mortality caused by insecticides and tillage was partially
derived from estimations based on Bembidion lampros,
another intensively studied field carabid (Table 2). Mortality
caused by insecticide spraying was estimated from ecotox-
icological studies on P. melanarius involving dimethoate, a
broad-spectrum insecticide, and molluscicide spraying on P.
melanarius with methiocarb, often considered the most
effective ingredient of molluscicide pellets (Büchs et al.
1989). Because P. melanarius covers great distances in the
course of a time step, recovery after insecticide spraying and
migrations was considered to be independent of crop type
and crop density (Chapman et al. 1999).

2.4 Agronomic factors: sensitivity analysis

Simulations were performed on the one hand with mono-
cultures of winter wheat, spring pea, and oilseed rape to
understand their respective effects on the population of P.
melanarius and on the other with a common Western
France rotation of winter oilseed rape/winter wheat/spring
pea/winter wheat. P. melanarius is widespread in all these
crops. A green fertilizer crop (phacelia) was assumed to be
sown after the first wheat and buried before the sowing of
spring pea. Various crop management systems were
compared for this rotation, differing in soil tillage and
insecticide and molluscicide treatments, and chemical or
mechanical weeding (Table 1).

3 Results and discussion

Our objective was to use a matrix model to assess the
effects of various cropping systems on the demography and
population movements of P. melanarius. Phenology, land-
scape, and agronomical results are presented below and
discussed.

3.1 Phenology module

The total number of insect individuals, including the four
stages of the population, stabilized after 4 years in the
simulation. The annual multiplication rate λ was 1.149,
corresponding to the expected interannual exponential
growth of density-independent matrix models. The demog-
raphy of each stage of P. melanarius after stabilization

Table 1 Farming calendar for the simulated cropping system

Date Organic Integrated Direct drilling Conventional

Winter oilseed rape

Ju3 Cultivator Plowing Cultivator

Sowing

Au2 Plowing Sowing Plowing

Sowing Sowing

Au3 Molluscicide Insecticide Insecticide

Molluscicide Molluscicide

F3 Insecticide Insecticide Insecticide

Ap1 Insecticide Insecticide

Winter Wheat

Ju3 Cultivator Cultivator Cultivator

Au3 Plowing

S2 Cultivator Cultivator

O1

O2 Cultivator Cultivator Sowing Plowing

Sowing

O3 Sowing

N1 Sowing

N3 Mechanical
weeding

F2 Mechanical
weeding

Mr3 Mechanical
weeding

Mechanical
weeding

Phacelia/Spring Pea

Au1 Cultivator Plowing Cultivator

Au2 Sowing Sowing Sowing Sowing

D3 Plowing Cultivator Plowing

Ja2 Cultivator

F1 Sowing Sowing Sowing Sowing

F3 Mechanical
weeding

Insecticide Insecticide Insecticide

Mr2 Mechanical
weeding

Insecticide Insecticide

Model iterations use a 10-day time step. Only farming practices
inducing direct mortality are mentioned

M3 the last third (i.e., days 20–30) of month M
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(observed in year seven, time steps 207–242, i.e., from
March to December, Fig. 1) showed a sharp increase during
spring (in May and June). It then steadily decreased
throughout the overwintering period and until reproduction
started again.

Elasticity of multiplication rate 1 at all stages was mostly
imposed by the life cycle and stages such as the first larval
instar and adults that had the greatest number of classes (eight
classes and a self-loop, respectively) resulted in high elasticity
(Eeggs, larvae, pupae, adults|

activity=0.038, 0.326, 0.122, 0.514).
Adult survival rate during both the activity and overwintering
seasons had the most impact on multiplication rate 1; with
other stages having relatively little impact on 1 during the
activity season and no impact during the overwintering
season (Eeggs, larvae, pupae, adults|

overwinter=0, 0, 0, 1).

3.2 Landscape module

The simulations conducted with fields, hedges, and grass
compartments (Fig. 2) showed that most adults were
located in the field compartment from June to September.
It was, therefore, in the summer that the adults were most
exposed to agricultural practices. The model was validated
qualitatively based on the data reported by Fadl and Purvis
(1998), who trapped adult P. melanarius in the center of
seven fields in Ireland, five of which were uncultivated and
unsprayed grassleys: population emergence, maximum
density, and decrease occurred at the same period in both
the simulation and the experiment (not shown).

Population sizes in the three compartments weremaintained
in proportion to the relative surface areas of the three
compartments during the activity season. Thomas et al.
(1998) found that the activity-density of adult P. melanarius
gradually increased between June and August and in mid-
July almost all the Carabids caught had left the margin.
Trapping data reported by Holland and Reynolds (2003) were
compared with simulation results for the field compartment in
the three-compartment model (Fig. 3). The two plots are
presented such that maximum levels are superimposed.
Emergence appeared to occur with the same intensity and
activity peaked in July in both cases, but the experiment was
not sufficiently long to provide data after July.

3.3 Agronomy module

We simulated the multiplication rate 1 of the P. melanarius
population and compared winter oilseed rape, winter wheat,
and spring pea monocultures under different crop manage-
ment systems and with a grass margin present or absent
(Table 3). Conventional management was the most detri-
mental system in our model for all monocultures and
landscape compositions, drastically reducing 1 and system-
atically leading to population extinction. Organic manage-
ment combined with monoculture also led to rapid
extinction. Integrated management sustainably maintained
1 on oilseed rape, winter wheat, and spring pea. Direct
drilling increased 1 with winter wheat and spring pea but
systematically led to extinction with oilseed rape. Regard-
less of which management system was used, winter oilseed
rape was the crop that had the most detrimental effects on P.
melanarius populations (Table 3). Winter wheat and spring

Table 2 Mortality rates for Pterostichus melanarius (carabid) stages caused by different farming practices

Stage Depth of presence Plowing Cultivator/Mechanical weeding Sowing Molluscicide Insecticide

Eggs 0–5 cm 90% 90% 5% 0% 10%

Larvae 20–30 cm 90% 10% 0% 0% 10%

Pupae 20–30 cm 90% 10% 0% 0% 0%

Adults 0–15 cm 20% 10% 0% 25% 80%

Estimations based on Purvis et al. 1988; Vickerman and Sunderland 1977; Hance and Grégoire-Wibo 1987; Purvis and Fadl 1996; Symondson et
al. 1996; Büchs et al. 1989; Basedow 1994

Fig. 2 Simulated adult population of P. melanarius: total population
(dotted line) in the field (solid line), the margin (dashed), and in 20%
grass (dash-dotted). Simulated results, shown in relative proportions,
are compared with total female adult Carabids estimated by Thomas et
al. (1998) (bold solid line and right hand-side axis). Y-axis units have
been scaled to superimpose the simulated and observed plots. They
are in good agreement, with synchronous maxima during the year.
Months are indicated by letters, with a 10-day time step. Note that
migration between the landscape compartments occurs during the
May–June and September–October periods
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pea increased 1 with direct drilling and held it steady with
integrated management, but conventional and organic
management systems substantially reduced population
density; 1 increased at most by 1.66 with integrated
management on winter oilseed rape and by 1.46 and 1.58
with direct drilling management on winter wheat and spring
pea, respectively (Table 3).

All model assessments at the field level (Figs. 2 and 3) were
satisfactory, suggesting that the main hypotheses underpin-
ning the model are correct. For each crop, field insecticide
spraying, frequently in early spring (Table 1) when most
adults are in the margins for overwintering, seemed to have
relatively less impact than tillage on P. melanarius popula-
tions. We simulated the entire P. melanarius adult population
and compared organic, integrated, direct drilling, and

conventional management systems with the rotation of winter
oilseed rape/winter wheat/(phacelia) spring pea/winter wheat,
and with grass margin, for 20 years (Fig. 4). Direct drilling
was the least detrimental treatment, decreasing initial popu-
lation X144 by only 1=0.551 after each rotation. It was also
the only management regime that increased the adult
population within a rotation by 1=1.015. Integrated manage-
ment steadily decreased the population by 1=0.464 after each
rotation throughout the simulation, but without extinction.
Organic and conventional managements maintained respec-
tively 1=0.069 and 1=0.037 of the initial population at each
rotation, and led to population extinction during the 2nd
rotation. The “inter-rotational” population multiplication rate
(1) for organic, integrated, direct drilling, and conventional
crop management regimes (with 20% grass margin) corre-
sponded to 0.191, 0.649, 0.684, and 0.132, respectively. Only
the first and last led to population extinction after 20 years of
simulation.

Our simulations showed winter oilseed rape manage-
ment systems to be the most detrimental for P. melanarius
(Table 3). Winter wheat and spring pea maintained the
population under integrated and direct drilling management.
Under organic and conventional management, intensive
deep tillage during the reproduction period rapidly resulted
in population extinction despite the presence of a grass
margin (Fig. 4).

3.4 Phenology module

The model correctly simulated the expected population
dynamics of P. melanarius. Elasticity tests highlighted how
total reproduction intensity (Eeggs) had little impact on 1,
suggesting that P. melanarius has a “reproductive strategy”
that is based more on its survival than on egg production
(Thiele 1977). Our model is nevertheless fairly simple.
Many other external factors may play a role in this complex
insect-farmland system, and the model may be coupled
with modules simulating predation on slugs and aphids,
which can account for 84% and 64.4%, respectively, of the
gut contents of P. melanarius (Symondson et al. 1996;

Fig. 3 Simulated (SimX) and observed (ObsX) adult P. melanarius
populations on plowed (solid line and dashed lines, respectively) and
unplowed (dash-dotted and double-dot-dashed lines, respectively)
plots. Observations are adult catches per 5 m2 observed by Holland
and Reynolds (2003). Y-axis units showing relative proportions of
individual numbers have been scaled to superimpose simulated and
observed plots. Note that they are in fairly good agreement, with
synchronous increases during the year. Months are indicated by
letters, with a 10-day time step

Landscape Control Organic Integrated Direct drilling Conventional

Oilseed rape monoculture

0% grass 1.149 0.556 0.631 0.551 0.237

20% grass 1.149 0.725 0.778 0.660 0.420

Winter wheat monoculture

0% grass 1.149 0.478 0.954 1.081 0.439

20% grass 1.149 0.623 0.988 1.091 0.604

Phacelia/Spring pea

0% grass 1.149 0.352 0.854 1.017 0.394

20% grass 1.149 0.544 0.929 1.043 0.572

Table 3 Interannual population
multiplication rate 1 comparing
landscape compositions and
crop management systems for
oilseed rape, winter wheat, and
spring pea monocultures

Italicized values indicate expo-
nential growth (1 greater than
one) and bold values indicate
extinction after 20 years of
simulation
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Hance 1990). Diversity of soil structure, hydromorphology
(Kromp 1999), and climate (temperature, air and soil
humidity, etc.) may affect the ability of carabid beetles to
bury themselves, reproduce, or lay eggs in the soil (Holliday
and Hagley 1978; Thomas et al. 1998, 2001; Lövei and
Sunderland 1996). Also, our model could easily be applied
to other species if sufficient data about phenology, spatial
behavior, and farming-induced mortality are available.

3.5 Landscape module

How do landscape structures affect overall dynamics? The
general trend seen here was for cropping systems to cause a
more or less drastic collapse of the P. melanarius
population, with some simulations even leading to extinc-
tion. This reduction was sometimes quantitatively limited
by grass margins that provided shelter zones, but the
qualitative result was unchanged. However, P. melanarius
is one of the most common species in European arable
lands, and its capacity to adapt in anthropized habitats may
allow it to withstand the pressure exerted by intensive
agriculture. Although the spatially implicit landscape
compartment module was able to represent global migra-
tions throughout the year, it may be necessary to introduce
a spatially explicit module (Topping et al. 2003; Gaucherel
et al. 2006) to capture the fact that P. melanarius covers
great distances every day and is, therefore, very likely to
pass through several compartments in a short period. This
would also help simulate migrations induced by chemical

spreading or tillage, which is not yet taken into account in
the model. A spatially explicit version of the model that
includes effects due to the spatial diversity of crops, which
is particularly marked in organic management, could be
more favorable to the organic system (in terms of
population dynamics) than is this current version.

Our model’s spatial module did not consider landscape
fragmentation or hedge network connectivity (Burel 1989;
Burel and Baudry 2003). The stochasticity or variability of
P. melanarius movements could also be added to the model
and thereby include the diversity of spatial distributions and
P. melanarius movements in relation to land use (Frampton
et al. 1995; Wallin and Ekbom 1988; Mauremooto et al.
1995) or satiation state (Wallin and Ekbom 1994; Frampton
et al. 1995; Mauremooto et al. 1995; Fournier and Loreau
2001; Thomas et al. 2001).

3.6 Agronomy module

Our model simulated P. melanarius dynamics in various
monocultures and different crop management systems.
Conventional management and winter oilseed rape were
found to have the most detrimental effects on P. melanarius
populations, drastically reducing 1 and systematically
leading to population extinction (Table 3). Integrated
management sustainably maintained 1 on oilseed rape,
winter wheat, and spring pea but led to population
extinction when no grass margin was present with winter
oilseed rape. This might be due to top soil drilling when
many larvae and pupae are in the field in summer. Direct
drilling increased λ with winter wheat and spring pea but
systematically led to extinction with oilseed rape. But direct
drilling led to higher P. melanarius densities than conven-
tional management as observed by Symondson et al.
(1996). In all cases, crop management systems other than
conventional increased 1, except organic management with
winter wheat and spring pea.

Assessments of the model at the field level (Figs. 2 and 3)
were fairly satisfactory, in particular the method used to
simulate the detrimental effects of plowing on P. melanarius
populations. This method was based on logical assumptions
that were themselves based on published rather than
experimental data, and was qualitatively validated by the
agreement between its results and the observations made by
Holland and Reynolds (2003). Field insecticide spraying
appeared to have relatively less impact than tillage on P.
melanarius populations and this, regardless of the crop. This
explains why organic management that received no insecti-
cides but more intensive tillage than conventional manage-
ment produced very similar results. Also, the cropping
system effect presented here must be considered with caution
and cannot be systematically generalized to other beneficial
species or pests.

Fig. 4 Total P. melanarius adult population over 20 years comparing
organic (dashed line), integrated (solid), direct drilling (dotted), and
conventional (dash-dotted) treatments with the rotation oilseed rape/
wheat/pea/wheat but no grass margin. Crop management systems were
all applied in the fifth year. All management regimes led more or less
rapidly to population extinction in these simulations. The y-axis shows
relative proportions of individual numbers, while the x-axis has a 10-day
time step
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Our 20-year simulation of the total P. melanarius adult
population compared organic, integrated, direct drilling,
and conventional management systems using various crops
without a grass margin (Fig. 4). The idea, on the one hand,
was to compare management regimes without (direct
drilling) and with plowing and, on the other hand, to
compare conventional with other (organic and integrated)
management systems. Direct drilling was the least detri-
mental treatment. Adding grass margins spared by farming
practices increased the total adult population in all the crop
management systems used, as suggested by Thomas et al.
(1994), but no positive 1 was observed after any rotation.
Our simulations showed that the population in organic and
conventional management systems was too small to benefit
from grass margins. And only organic and conventional
crop management systems (with 20% grass margins) led to
population extinction.

Winter oilseed rape management systems are characterized
in July and August by intensive tillage (organic, conventional,
and integrated) and molluscicide or insecticide spreading
(conventional, integrated, and direct drilling; Table 1). As
larval emergence peaks during these summer months
(Fig. 1), this explains why the model indicated that this crop
was the most detrimental for P. melanarius (Table 3). Winter
wheat and spring pea maintained the population under
integrated and direct drilling management systems because
very few aggressive interventions were made during the
larval emergence period (reproduction period). The intensive
deep tillage employed in organic and conventional manage-
ment systems during the reproduction period was, therefore,
the main factor impacting on the dynamics of P. melanarius
(Fig. 4). It is, therefore, crucial to assess the interactions
between the larval emergence period, the presence of a
weakly chitinized first larval instar in the field compartment,
and the farming calendar for the crop management system
employed when assessing the capacity of a cropping system
and a landscape structure to foster the development of P.
melanarius, as previously suggested by Hance (1990) or
Lövei and Sunderland (1996).

4 Conclusion

This study aimed to model the dynamics of a P. melanarius
population under various cropping systems. To the best of
our knowledge, very few current models are able to couple
ecological and agronomic processes to simulate the effects
of different cropping systems and landscape compositions
on a species (Gouyon et al. 2001; Colbach et al. 2001;
Bilde and Topping 2004). Our model explained the possible
phenology of poorly known stages of P. melanarius with
and without farming activity. If model assumptions are
valid, the results presented here illustrate that if farms and

beneficial carabid beetles are to coexist, cropping practices
must spare the first larval instar. This is greatly dependent
upon the farming calendar, the intensity of cropping
practices, and the presence of shelter zones. Maintaining
and managing uncultivated habitats such as margins or
grassy strips is thus as crucial for carabid beetles as
managing cultivated fields.

Since the present version of the model is not spatially
explicit and does not take account of landscape diversity, no
reliable comparison can as yet be made of cropping systems at
the landscape level. For this reason, only sensitivity analyses
(to different cropmanagement systems or to crop species) were
performed. At the field level, integrated management and
direct drilling are probably the best crop management systems
for P. melanarius survival. Organic management appeared to
be less effective at the field level because it needs many soil
tillages to compensate for the absence of chemical weeding.
Winter oilseed rape was the most detrimental crop, due to
summer molluscicide treatment and soil tillage. But, the long-
term effects of crop management and rotations are still poorly
understood, and other changes in rotation or landscape
composition could enhance their capacity to control pests.
We could then recommend new experiments to test these
hypotheses and investigate the response of other carabid
species on the basis of such simulations. Once improved, the
model should be able to compare cropping systems and
landscape compositions and thereby help establish methods
to maintain carabid populations in the long term.
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