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Predation on the slug Deroceras reticulatum (Pulmonata:
Stylommatophora) by Scarites anthracinus (Coleoptera: Carabidae)
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ABSTRACT. The grey field slug Deroceras reticulatum has become a pest in no tillage sunflower
(Helianthus annuus L.) and soybean (Glycine max L.) crops in the southeast of Buenos Aires province,
Argentina. Ground beetles (Coleoptera: Carabidae) are an important component of the arthropod
community in agricultural systems and have the potential to reduce pest populations. We tested
the predation capacity of the carabid beetle Scarites anthracinus on Deroceras reticulatum individuals
of different body mass (10, 20 and 30 mg) and on their eggs, in a controlled laboratory no-choice
assay. We also tested its preference for juvenile slugs and the similarly-sized pillbugs (Armadillidium
vulgare), under choice conditions. This beetle preyed upon both eggs and juvenile slugs, with the
highest consumption rate on 20 mg body mass individuals. While preferring the pillbug during
the first 24 h of the choice test, our results suggest that in field conditions, S. anthracinus might be
a natural enemy of D. reticulatum, consuming slug eggs and juveniles of different body mass.
[Keywords: carabid beetles, grey field slug, Armadillidium vulgare, food preference]
RESUMEN. Predación de la babosa Deroceras reticulatum (Pulmonata: Stylommathophora) por
Scarites anthracinus (Coleoptera: Carabidae): La babosa gris grande Deroceras reticulatum se ha
convertido en una plaga importante de los cultivos de girasol (Helianthus annuus L.) y soja (Glycine
max L.) en siembra directa del sudeste de la provincia de Buenos Aires, Argentina. Por su parte, los
carábidos (Coleoptera: Carabidae), son importantes componentes de la comunidad de artrópodos
en los agroecosistemas y tienen el potencial para reducir las poblaciones de invertebrados.
Determinamos la predación de Scarites anthracinus sobre huevos y juveniles de diferente masa
corporal (10, 20 and 30 mg) de D. reticulatum, en experimentos de no elección en condiciones
controladas de laboratorio, y la preferencia alimentaria por juveniles de babosas y bichos bolita
Armadillidium vulgare de tamaño similar, en experimentos de elección. S. anthracinus consumió
huevos y juveniles de babosas con una tasa de consumo mayor de individuos de 20 mg. A pesar
de una mayor preferencia por bichos bolita durante las primeras 24 h del ensayo, los resultados
sugieren que S. anthracinus podría actuar como enemigo natural de D. reticulatum en condiciones
de campo, consumiendo huevos y juveniles de diferente masa corporal.
[Palabras clave: carabidos, babosa gris grande, Armadillidium vulgare, preferencia alimentaria]
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INTRODUCTION

emergence of winter and summer crops when
the greatest damage takes place.

No tillage is one of the most important improvements introduced in the argentinean
cropping systems in the last decades, as a
mean to reduce soil degradation (Aragón
1998; Studdert & Echeverría 2000). Nevertheless, crop residues remain on the soil surface
throughout the year retaining moisture and
maintaining low soil temperatures which
favour survival of slugs (Stylommatophora:
Pulmonata) and pillbugs (Crustacea: Isopoda).
These organisms have become agricultural
pests because of increasing numbers in no
tillage systems. These species can kill seeds
or seedlings, destroy stems and meristems,
and reduce leaf area resulting in plant death
or suppressed growth (South 1992; Byers &
Calvin 1994; Saluso 2001; Hommay 2002).

In sustainable agricultural systems, pest
control by predatory arthropods is crucial to
prevent outbreaks. Polyphagous predatory
carabid beetles (Coleoptera: Carabidae) are
an important component of the arthropod
community in agricultural systems, and have
the potential to reduce pest populations (Barney & Pass 1986). In most species, both adult
and larvae are natural enemies of a wide range
of pests including black cutworms, cabbage
maggot, true armyworm, corn rootworms,
crickets and slugs (Best & Beegle 1977). Most
carabid adults use their well developed mandibles to kill and fragment preys into pieces.
Specialist species attacking snails seem to paralyse their prey by biting, thus preventing
the mucus production that is the slugs defense
mechanism (Lovei & Sunderland 1996). Some
carabid beetles are known to be slug predators
and capable of causing a substantial reduction
in slug populations in the Northern Hemisphere. Pterostichus melanarius (Carabidae: Pterostichini) is an abundant generalist carabid
known to prey on slugs in laboratory conditions (Symondson 1997; McKemey et al. 2001;
Oberholzer & Frank 2003), microcosms and
miniplots (McKemey et al. 2003) and under
field conditions (Chapman et al. 1997).

Information about pillbug as a pest in field
crops is scarce and only mentioned as a cause
of damage in horticultural crops (García 1999).
However research carried out in Argentina in
Manfredi (Trumper & Linares 1999), Paraná
(Saluso 2001) and Balcarce (Mastronardi 2006),
showed that A. vulgare reduces the rate of
emergence of seedlings and causes damage
during October-December, when sunflower
and soybean crops are being established.
In addition, preliminary tests carried out
by Trumper & Linares (1999) indicated that
soybean crops exhibit a period of great susceptibility to A. vulgare during 12 days after
sowing.
Slugs have regularly caused severe damage in
a wide range of crops over large geographical
areas where they were previously unknown as
pests (South 1992; Hommay 2002). Although
a large number of different slug species are
found in crops in Buenos Aires province (Argentina), the major damage is done by Deroceras reticulatum (Clemente 2007). Environmental
conditions in this region favour a generation
of new individuals of semelparous D. reticulatum during October-December (Costamagna
et al. 1999; Clemente 2007), coinciding with the
sowing and emergence of winter and summer
crops, this coincides with the sowing and the
Short communication

In Argentina, more than 679 carabid beetle
species have been identified (Roig Juñent
1998), and 32 species have been reported in
no-till wheat crops (Marasas 2001). However,
there is no information about the potential
of common species to consume slugs. The
underlying management principle is to reduce
if possible, the risk of slug and pigbull damage
by cultural practices and to apply molluscicides
if necessary. Encouraging biological control
may help to reduce molluscicide use, but the
efficiency of carabids as natural enemies needs
to be evaluated. Scarites anthracinus Dej. (Carabidae: Scaritini) is a dominant carabid beetle in
Balcarce county representing 44% and 71% of
total catch in no-till maize and pasture crops,
respectively (Turienzo et al. 2001). Moreover,
Carmona et al. (2004) observed that during
October-December, when summer crops are
establishing, the dominant species present in
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no-tillage systems were S. anthracinus, Calosoma retusum and Pachymorphus striatulus. S.
anthracinus is a big shiny black carabid beetle
(18 and 25 mm) with large mandibles and an
elytra grooved separated from a smooth pronotum by a narrow “waist”. This beetle is a
spring breeder and shows its highest activity
in october-november, decreases towards summer (Marasas 2001). Given that in the field,
the population dynamics of S. anthracinus
is coincident with different developmental
stages of D. reticulatum, the predation on
eggs and juveniles of different body mass
were investigated under laboratory conditions
with and without the presence of pillbug (A.
vulgare) as an alternative prey.

MATERIALS AND METHODS
Adult grey field slugs were collected from
pastures at the Integrated Unit Balcarce (Universidad Nacional de Mar del Plata e Instituto
Nacional de Teconología Agropecuaria). Slugs
were kept in individual round glass 94 mm
diameter by 64 mm deep containers as they
showed a surprisingly large mortality rate
when kept in groups. The containers with
pelleted rabbit food, were kept in a growth
chamber (light/dark: 16/8 h) at 20±2 °C. Food
was replaced weekly and slug eggs were removed and placed into new containers. When
the eggs hatched, juvenile slugs were individually reared to the required body mass of 10,
15, 20 or 30 mg, respectively.
Beetles and pillbug A. vulgare were also collected in the field using pitfall traps, which
were emptied daily. Beetles were trapped a
day prior to the start of the experiment and
kept individually in 6-cm diameter petri dishes without food or water. Pillbugs were held
for several days in trays with leaf litter, so as to
acclimatize them before their use in the experiments. Both, beetles and pillbugs, were held
under the same temperature and light conditions as the slugs. Predation was evaluated
in shallow plastic trays (175 x 222 x 70 mm)
filled with damp potting soil. To prevent slugs
from climbing out, the inner rim of each tray
was painted with a mixture of vaseline and
salt. Trays were placed randomly in a growth
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chamber (light/dark: 16/8 h) at 20±2 °C, and
watered when necessary to maintain adequate
moisture conditions for slug activity.
We designed three experiments in order to
evaluate the predation levels: on eggs (experiment 1), on different sized preys (experiment 2), and on preference in the presence of
an alternative prey (experiment 3), respectively. Experiment 1 had two treatments: 10 slug
eggs with and without the presence of a Scarites anthracinus adult (n=10). Experiment 2 had
the following treatments: 10 slugs of each: 10,
20 and 30 mg body mass (n=10), and a control of 15 mg-slugs without the presence of a
predator (n=10). Finally, for Experiment 3 we
established two treatments of five 15 mg-slugs
+ five 15 mg-pillbugs with and without the
predator (n=8). In all treatments the group of
preys was placed in the centre of a shallow
plastic tray. Treatments with eggs were evaluated after 24 and 72 h and the number of
eggs consumed (eggs missing or only small
pieces remaining) were recorded. The rest of
the treatments were examined every 24 h for
3 days, and the number of slugs and/or pillbugs consumed (missing, or only small pieces
of bodies remaining) were recorded.
No replacement of individuals were performed during the experiments. Data were
analysed by repeated measures analysis of
variance (ANOVA, PROC GLM) using SAS
v.8 software (SAS 2001). When significant
effects were detected (P<0.05), differences
between means were further compared by
Duncan’s test.

RESULTS
Overall the treatments had a significant
effect on egg numbers throughout the incubation period (F1,37=38.5, P<0.001) and among
treatments (F1,37=34.2, P<0.001). After 24 h, the
number of eggs did not differ from the control
without predator (P=0.87), but after 72 h the
number of consumed eggs was significantly
higher in the treatment including the predator
(F1,37=65.8, P<0001, Table 1).
Short communication
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Table 1. Mean number (±Standard Deviation) of Deroceras reticulatum consumed by Scarites anthracinus
in a controlled laboratory no-choice assay. Different letter within the same column mean significant
differences (Duncan test, P<0.05).
Tabla 1. Número promedio (±Destvío Estándar) de huevos de Deroceras reticulatum consumidos por
Scarites anthracinus en experimentos de no elección bajo condiciones controladas de laboratorio. Distinta
letra dentro de la misma columna: diferencias significativas (prueba de Duncan, P<0.05).
Number of consumed eggs (mean ± SD)
24 h

72 h

Total eggs consumed
(mean ± SD)

Eggs + predator

0.200 ± 0.42 a

4.80 ± 2.04 a

2.50 ± 2.76

Eggs without predator

0.125 ± 0.35 a

0.25 ± 0.44 b

0.16 ± 0.38

Treatment

There were significant differences in the
number of slugs consumed at different moments (F2,47=6.8, P=0.002) and among size
classes (F2,47=21, P<0.001), but there were no
significant differences in the number of slugs
consumed per size class after 24, 48 and 72 h
(P>0.05). Overall, beetles consumed a greater
proportion of 20-mg juvenile slugs than those
of 30 or 10 mg (Table 2).
There were not significant differences in
the number of slug or pillbugs consumed
throughout the incubation period (P=0.42) but
during the first 24 h, S. anthracinus consumed
significantly more pillbugs than D. reticulatum

(P<0.05), although there were no significant
differences between the number consumed after 48 and 72 h (P>0.05). Overall, S. anthracinus
consumed significantly more pillbugs than D.
reticulatum (P<0.05) (Table 3).

DISCUSSION
This study demonstrates that S. anthracinus
consumes D. reticulatum eggs and juveniles
in laboratory experiments and that the individuals of intermediate size were preferred.
Moreover, even though S. anthracinus exhibited a preference for other prey (Armadilli-

Table 2. Mean number (±Standard Deviation) of different sized Deroceras reticulatum juveniles consumed
by Scarites anthracinus in a controlled laboratory no-choice assay. Different letter within the same column
mean significant differences (Duncan test, P<0.05).
Tabla 2. Número promedio (±Desvío Estándar) de juveniles de Deroceras reticulatum de distinta talla
consumidos por Scarites anthracinus en experimentos de no elección bajo condiciones controladas de
laboratorio. Distinta letra dentro de la misma columna: diferencias significativas (prueba de Duncan,
P<0.05).
Number of consumed individuals
(mean ± SD)
24 h

48 h

72 h

Total individuals
consumed
(mean ± SD)

10 mg + predator

2.6 ± 1.2 a

2.1 ± 1.7 a

1.9 ± 1.9 a

2.20 ± 1.58 ba

20 mg + predator

3.6 ± 1.9 a

3.2 ± 1.1 a

1.5 ± 0.7 a

2.76 ± 1.59 a

30 mg + predator

2.4 ± 0.5 a

1.6 ± 1.1 a

1.0 ± 0.4 a

1.60 ± 0.98 b

15 mg without predator

0.2 ± 0.42 a

0.2 ± 0.42 a

0.4 ± 0.52 a

0.26 ± 0.44 c

Treatments
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Table 3. Mean number (±Standard Deviation) of Deroceras reticulatum (slug) juveniles and Armadillidium
vulgare (pillbug) consumed by Scarites anthracinus in controlled laboratory choice assay. Different letter
within the same column mean significant differences (Duncan test, P<0.05).
Tabla 3. Número promedio (±Desvío Estándar) de juveniles de Deroceras reticulatum (slug) y Armadillidium
vulgare (pillbug) consumidos por Scarites anthracinus en experimentos de elección bajo condiciones
controladas de laboratorio. Distinta letra dentro de la misma columna: diferencias significativas (prueba
de Duncan, P<0.05).
Number of consumed individuals
(mean ± SD)
Treatment
Slug + Pillbug +
predator
Slug + Pillbug
without predator

Type of prey

24 h

48 h

72 h

Total
individuals
consumed
(mean ± SD)

Slug

0.50 ± 0.76 b

0.50 ± 1.07 a

0.75 ± 0.46 a

0.58 ± 0.77 b

Pillbug

2.13 ± 1.70 a

0.75 ± 0.90 a

1.25 ± 0.90 a

1.37 ± 1.31 a

Slug

0±0b

0.25 ± 0.46 a

0.13 ± 0.35 a

0.13 ± 0.33 b

Pillbug

0.13 ± 0.35 b

0.13 ± 0.35 a

0.13 ± 0.35 a

0.13 ± 0.33 b

dium vulgare) it also consumed a moderate
proportion of D. reticulatum. This is one of
the few studies showing Scaritini species as
a slug predator.
Oberholzer & Frank (2003) found that Pterostichus melanarius predation on D. reticulatum
eggs was greatest after 24 h. The lower number of eggs consumed by S. anthracinus during
this period was probably a consequence of the
beetle reduced search activity during an initial
acclimatization stage, limiting the probability
of finding eggs. Our results support the idea
that S. anthracinus has the ability to find slug
eggs on the soil surface. However, under conditions of less than 75% soil moisture, eggs
may be placed into soil cavities or cracks and
covered with earth (Kingston 1996), and so
may be less prone to predation.
There were differences in the total consumed after 72 h, with a higher consumption
rate of 20 mg-juvenile. It is likely that larger
prey satiate carabids with a lower number of
slugs. It is also possible that the lower mobility of the 10 mg-juveniles result in a lower
encounter rate, and thus, in lower predation.
In a miniplot trial, under similar conditions,
McKemey et al. (2003) found no significant
differences in P. melanarius predation rates on
different sizes of D. reticulatum. This beetle has
the ability to kill and eat D. reticulatum with
body masses smaller than 40 mg (Mckemey et
al. 2001), although other species, like Pterosti-

chus madidus and Nebria brevicollis, consume
only D. reticulatum with body masses less
than 11 mg (Mair & Port 2001a). Moreover, P.
melanarius consumed less number of slugs of
34 mg than of 3.3 mg body mass (Oberholzer
& Frank 2003). It is possible that Pterostichini,
with a higher mobility, may have a higher
encounter rate than Scaritini.
In this experiment, we only recorded dead
slugs after 24 h. However, we observed S.
anthracinus attack slugs from the onset of the
experiment. Early in the period, attacked slugs
responded with mucus production, allowing
them to slip out of the predator mandibles.
Nevertheless, by the end of the day, the slugs
produced less mucus and were more susceptible to future attacks. Similar observations were
made by Mair & Port (2002), who studied the
influence of mucus production on the predation of two carabids, P. melanarius and N.
brevicollis, demonstrating that consumption
of stressed slugs was greater than healthy
slugs.
Adult S. anthracinus consumed both slugs
and pillbugs, but preferred pillbugs. It is likely
that the greater mobility of pillbugs resulted
in a higher encounter rate, and thus increased
predation rates. In previous studies Mair &
Port (2001b) showed the greater preference of
two carabids, P. madidus and N. brevicollis for
earthworms and Calliphora fly larvae than for
Short communication
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slugs. They concluded that slugs might not be
preferred because of their mucus.
Our experiment demonstrated that S. anthracinus might be a natural enemy of D. reticulatum in field condition consuming slug eggs
and juveniles of different body mass. Even in
the presence of an alternative prey, they did
not stop consuming slugs. Alternative preys
may help to sustain and retain generalist predators within crops when the target pests are
absent or in low density. This dietary flexibility of generalists can, in theory, give them a
significant advantage over specialist natural
enemies, allowing them to be present within
a crop early in the year before other pests arrive in any significant numbers (Murdoch et al.
1985; Symondson et al. 2006). Nevertheless,
this simple experiment must be interpreted carefully. It does not necessarily show how many
slugs or pillbugs will be consumed under field
conditions, or how temporal changes in prey
availability affect predator-prey interactions.
Moreover, while shallow plastic trays limit
predator and prey movement patterns, the
choice of available preys may also influence
consumption.
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