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Abstract

We studied the seasonal change in the number of dominant species of predatory beetles on vegeta-
ble crops and determined their potential gluttony. A total of 1,472 beetles were collected, belong-
ing to 22 species of ground beetles (Carabidae) and 27 species of rove beetles (Staphylinidae). The
dominant species are: Harpalus rufipes (De Geer, 1774) (17.6% dominance), Amara fulva (De Geer)
(13.28%), Bembidion properans (Stephens, 1828) (10.39%), Trechus quadristriatus (Schrank, 1781)
(6.20%), Calathus melanocephalus (Linnaeus, 1758) (5.39%), Poecilus cupreus Linnaeus, 1758 (5.3%),
Bembidion femoratum Sturm, 1825 (5.10%), Aleochara bilineata, (Gyllenhaal, 1810) (17.6%), Aloconota
gregagia (Erichson, 1839) (10.21%), Amischa analis (Gravenhorst, 1802) (6.01%), Amischa bifoveotata
(Mannerheim, 1830) (5.41%). During the season, there is a change in dominant species. At the begin-
ning of the season, smaller species dominate, while larger species dominate in the second half of the
plant vegetation. The maximum number of predators are observed in June and August. The periods
of the maximum abundance of ground beetles and rove beetles do not coincide in time, which is the
evolutionary adaptation of two groups of predators that coexist. In laboratory experiments, when pest
eggs were offered as food, Aleochara bilineata and Bembidion femoratum were the most voracious.
Larger predator species showed high voracity when larvae of flies were offered as food.
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Introduction

One way to increase the effectiveness of biological regulation of pest numbers
in agrolandscapes is to preserve and enhance the functional activity of natural
entomophagous predators and parasites (Landis et al. 2000). Universal predators
with a wide food spectrum can act as an essential component of biological regula-
tion (Symondson et al. 2002; Stiling and Cornelissen 2005).

In agrolandscapes, the most numerous predators are beetles from the families
Carabidae and Staphylinidae, which play a very significant role in reducing the
number of pests (Edwards et al. 1979; Sunderland and Vickerman 1980; Kromp
1999; Brewer and Elliott 2003; Koval and Guseva 2008).

An essential feature of predatory insects is that, depending on the number of
prey, they can move from one species of prey to another and thereby play an im-
portant role in regulating the number of several pests (Riechert 1992; Losey and
Denno 1998; Cardinale et al. 2003; Snyder et al. 2006). The ability to accumulate
and increase the feeding activity of ground beetles in places and regions of mass re-
production of pests shows their importance as entomophagous predators (Winder
et al. 2005; Bell et al. 2010).

However, the existence of alternative food sources is also a factor in reducing
the effectiveness of predators in regulating specific types of pests. Thus, a high pop-
ulation of aphids in the fields, an alternative food source, reduces predators’ effec-
tiveness in killing eggs of harmful flies (Prasad and Snyder 2004).

Factors that negatively affect the effectiveness of predators can also include the
consumption of predators by other predators, the characteristics and timing of their
development (Rosenheim et al. 1995; Snyder and Ives 2003; Koss and Snyder 2005),
the body size of beetles, gluttony, seasonal eating patterns and colonization ability
(Lovei and Sunderland 1996; Honek et al. 2006). These circumstances make it dif-
ficult to predict the effectiveness of the natural predator population in reducing the
number of harmful insects (Symondson et al. 2002; Snyder and Ives 2003).

A study of the trophic links of ground beetles showed that 43% of them are
trophically related to pests from the Lepidoptera order, 20% to the pests of the
Diptera order, 12% to the Coleoptera order, and 12% to the Hymenoptera order
(Sunderland 2002).

Many studies indicate that the effectiveness of ground beetles as extermina-
tors of harmful insects in agrocenoses largely depends on the size of their bodies
(Rouabah et al. 2014; Rusch et al. 2015). The size of the body of the predator serves
as the determining factor affecting the number of killed victims (Russell et al. 2017).

Other researchers argued that trophic relationships and the functional response
of predators largely depend on the ratio of the size of the bodies of predator and
prey (Brose 2010; Vucic Pestic et al. 2010; Kalinkat et al. 2011). For ground beetles,
as the predator-prey size ratio increases, an increase in the intensity of attack and
a decrease in feeding time are observed (Ball et al. 2015). Moreover, even some
authors (Finch 1996; Woodward and Hildrew 2002; Honek et al. 2007; Russell et
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al. 2017) argue that the size of the bodies of ground beetles and other polyphagous
predators can predict their eating behavior and voracity. Besides, information about
the size of beetles can be effectively used as indicators of many of their features, in-
cluding the characteristics of seasonal use of their habitat (Russell 2013).

Some laboratory studies have been carried out to study the voracity of certain
species of predatory ground beetles, mainly large and medium-sized species, using
butterfly larvae or pupa of flies as food, and somewhat contradictory results have
been obtained (Voronin et al. 1988; Russell et al. 2017).

However, larger species of ground beetles are few in agrocenoses in comparison
with smaller species. Human regulatory activities, in particular, soil cultivation and
the use of pesticides have a greater effect on larger species compared to smaller
species. Larger ground beetle species are usually associated with natural or semi-
natural biocenoses (Blake et al. 1994; Ribera et al. 2001; Kotze and O’hara 2003;
Rusch et al. 2013; Wingqvist et al. 2014).

Although, in the literature, information about ground beetles is pervasive, spe-
cific data on their effectiveness in reducing a particular pest is not sufficient. And
the role of rove beetles , which are also a large group in agrolandscapes, is not well
understood (Guseva 2017).

The purpose of our research was to study the seasonal dynamics of the domi-
nant species of ground beetles and rove beetles in agrocenoses, as well as to deter-
mine their potential gluttony in laboratory studies.

Materials and methods

The studies were carried out on farms in the Samarkand and Taylak districts of
the Samarkand region of Uzbekistan in the period 2015-2017. These farms are
specialized in vegetable crops. Four agrocenoses of cabbage (varieties Slava 1305
and Toshkent 10), two agrocenoses of potatoes (varieties Sante, Pikasso) and 2
agrocenoses of tomato (varieties Volgograd 5/95 and Vostok-36) were selected. The
area of each agrocenosis is not less than 0.5 hectares. In each study area, 10 traps
were placed.

To study the relative abundance of dominant species of predatory beetles, soil
traps of the Barber-Heydemann type were used (Barber 1931; Heydemann 1955).
Glass jars (Karpova and Matalin 1992) with a capacity of 0.51 and a hole diameter
of 72 mm were used as traps (buried in the soil so that the rims were at the level
of the soil), they were placed in a line that consisted of 10 jars at a distance of 5 m
from each other. Some of the traps were without a retainer, and some contained a
fixing liquid. As a fixative, a 4% formalin solution was used, which filled soil traps
in 1/3—1/2 of the volume. Traps were sampled once every 7-10 days. The sampled
beetles were identified up to the species level, counted and placed in cotton mat-
tresses.
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Beetles necessary for laboratory experiments were caught manually or with the
help of an exhaustor.

A total of 1,472 beetles were collected.

A series of experiments was carried out to determine the potential gluttony of
carnivorous beetles in the laboratory. As a food, predators were offered eggs and
larvae of cabbage flies (Delia brassicae). In the first series of experiments, beetles
were kept in Petri dishes on moistened filter paper. In the experiments, three op-
tions were included: in the first version, the predator: prey ratio was 1:20, in the
second - 1:50, in the third - 1:100.

The second series of experiments was carried out in special high glassware on
the soil layer (the thickness of the soil layer was 2 cm.). This made it possible to
more accurately determine the voracity of the studied species. In each dish, two
beetles, a female, and a male, were placed. The options were slightly changed: 1%
option - 2 beetles : 20 eggs; 2" option - 2 beetles : 50 eggs; 3™ option - 2 beetles : 100
eggs and an additional 4™ option - 2 beetles : 20 larvae. The eaten number of eggs
and larvae were counted every day. Uneaten eggs were thrown away and fresh eggs
were placed.

Results and Discussion

Seasonal dynamics of dominating kinds of predator beetles

22 species of ground beetles belonging to 14 genera were identified. The dominant
species of ground beetles in vegetable agrocenoses are Harpalus rufipes (17.6%
dominance), Amara fulva (13.28%), Bembidion properans (10.39%), Trechus
quadristriatus (6.20%), Calathus melanocephalus (5.39%), Poecilus cupreus (5.3%),
Bembidion femoratum (5.10%), Clivina fossor L. (4.63%).

From the family Staphylinidae, 27 species belonging to 14 genera were identified.
Among the rove beetles, the dominant species are: Aleochara bilineata (17.6% domi-
nance), Aloconota gregagia (10.21%), Amischa analis (6.01%), Amischa bifoveotata
(5.41%).

The study shows that the diversity of predatory beetles in agrocenoses is not very
high. Firstly, the reason for this is the dry and hot climate of the plains of Central
Asia and, secondly, the depletion of vegetation caused by the cultivation of a certain
culture in agrocenoses. The species of predatory beetles existing in agrocenoses are
trophically associated with pests of agricultural crops, which are usually numerous,
and therefore the number of predatory beetles of existing species here is relatively
high. The quantity of predators differs greatly depending on the season and has two
peak periods (Fig. 1).

The first peak of ground beetles is observed in mid-June. During this peri-
od, an increase in the number of ground beetles occurs due to the spring species
(Bembidion properans, B. quadrimaculatum, Clivina fossor, etc.). In the month of
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Figure 1. The dynamics of the number of carnivorous beetles (a complex of species) in vegetable fields.

July, a slight decrease in the number of beetles can be observed. The reason for this
trend can probably be the dry and hot weather, which, apparently, directly or indi-
rectly (through a decrease in the number of pests that serve as a food for predatory
beetles) affects the number of beetles. The second peak in the number of ground
beetles is observed in mid-August, due to the high number of summer-autumn spe-
cies. The same situation was observed for rove beetles. However, their abundance
in the surveyed areas was slightly lower in comparison with ground beetles, and
also the spring peak of abundance occurs a little earlier, in early June. It should be
noted that during the second peak of the number of ground beetles there is a slight
decrease in the number of rove beetles. In a nutshell, the peak number of ground
beetles and rove beetles does not coincide in time.

The most abundant species among ground beetles is Harpalus rufipes. In
Uzbekistan, the first individuals of this species appear at the end of March, but they
migrate to vegetable crops in early May. Although the H. rufipes was present in
agrocenoses throughout the growing season, their maximum numbers are observed
in late July and early August (Fig. 2). The results coincide with the data treated in the
cotton fields of the Tashkent region (Adashkevich and Rashidov 1990). According
to Kolesnikov (1984), H. rufipes dominates in all agrocenoses of the forest-steppe
zone of Ukraine and is especially numerous in July-August.

It should be noted that the structure of the carabidofauna of vegetable fields
undergoes significant changes not only in years, but also during one growing sea-
son. The terms of the appearance of ground beetles on the field can be divided into
spring and autumn species. Spring species from our collections include Bembidion
properans, B. quadrimaculatum, Clivina fossor, etc. In the first period of plant
vegetation, dominant species are species of the genus Bembidion (B. properans,
B. quadrimaculatum, B. femoratum) and Calathus melanocephalus. During this pe-
riod, B. properans is most abundant. The maximum abundance of this beetle species
is observed in mid-June and amounts to 9 specimens/trap. However, in July their
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Figure 2. The dynamics of the number of dominant species of carnivorous beetles in vegetable fields.

number decreases to a minimum, but beetles are present in the fields until the end
of the plant vegetation. The same trend is observed in the numbers of Bembidion
quadrimaculatum.

Representatives of the genus Bembidion are active in daylight hours, especially
on warm sunny days. They are polyphagous predators and play a significant role in
reducing the number of eggs and larvae of insect pests.

The greatest abundance of Calatus melanocephalus was observed at the end of
June, but usually, it retains its relatively high abundance until the end of the season.

Since July, significant changes in the structure of the ground beetles fauna take
place in agrobiocenoses. During this growing season in the fields, summer-autumn
ground beetle species predominate in numbers: Harpalus rufipes, Amara fulva,
Trechus quadristriatus, etc.

H. rufipes and A. fulva are found in small quantities on vegetable fields in the
spring, but a sharp increase in their numbers is observed in early July. Despite the
fact that there is a slight decrease in the number of these species in mid-July, their
maximum number is noted in early August. The hairy ground beetle (H. rufipes)
and species of the genus Amara are active at night, and in the afternoon they are in
the soil.
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The decrease in the number of smaller and medium-sized species in late summer
and early autumn can be explained by the dominance of larger ground beetles dur-
ing this period, since large species can readily eat small species (Russell et al. 2017,
Prasad and Snyder 2006). This can also explain the mismatch in time of the period
of the maximum number of ground beetles and rove beetles. In addition, such rear-
rangements in the structure of the fauna of carnivorous beetles may be related to
their phenological features, since the phenological development of different species
differs significantly (Russell 2013). It is also noted that on grain crops and legumes,
spring-summer species with daytime activity (B. properans, P. cupreus) are the most
numerous, and on beets, corn, sunflower, summer-autumn species with nighttime
activity are more abundant - Harpalus rufipes, Pterostichus melanarius and others
(Kolesnikov 1984).

The most abundant species of Staphylinidae Aleohara bilineata in the initial pe-
riods of plant vegetation is scarce, but since July there has been an increase in the
number of these beetles and, at the end of July, their maximum number has been
observed. The low density of Aleohara at the beginning of the season is associated
with its developmental features. The larva of A. bilineata is a parasite of pupae of
flies and its appearance in the fields is confined to the appearance of the host pupal
stage.

Potential gluttony

The trophic connections of carnivorous beetles on vegetable fields are extensive.
Smaller species of ground beetles prefer to eat eggs and larvae of I-II phases of
harmful insects (cabbage flies, scoops), and larger ones - older larvae of pests. How-
ever, the latter, due to a hidden lifestyle (some are located on the apical part of
plants), are usually inaccessible to predatory ground beetles, while they more easily
detect egg clutches lying more openly.

Small species of ground beetles, primarily Bembidiini and rove beetles, are most
active in the search and extermination of egg-laying pests. Their role is especially
high in the extermination of eggs and larvae of younger ages of pests in the first
period of plant vegetation, when specialized entomophagous ones are absent on
the fields of vegetable crops. Bembidion species: B. properans, B. quadimaculatum,
B. femoratum and some rove beetles: Aleachara bilineata, Aloconota gregaria that
expresses feature of predation strongly and willingly feed on eggs and larvae of
pests. Although some authors (Ball et al. 2015; Michael et al. 2017) believe that
larger species of predators are most effective in exterminating larvae and pupae of
pests, it seems to us that small species, destroying pest eggs, make a more significant
contribution to biological control, since the destruction of pests in earlier periods of
their development is more important from an economic point of view.

Ground beetles, prevailing in numbers during the second period of plant veg-
etation (Harpalus rufipes and species of the genus Amara) have a mixed type of
nutrition. There are different opinions on the value of ground beetles with a mixed
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type of nutrition in the literature. While some authors attribute them as harmful
species (Kryzhanovsky 1974), others consider them useful (Razumov 1983). In the
field, we did not observe damage to plants by these beetles. And in the laboratory,
these beetles willingly ate the larvae of the cabbage flies.

A very difficult task is to consider the effectiveness of predators in the field.
To clarify the role of predators in the extermination of eggs and larvae of pests in
laboratory conditions, a series of experiments were conducted. In the first series of
experiments, beetles were kept in Petri dishes on moistened filter paper. Aleochara
bilineata was the most voracious . With the number of 20 eggs of the pest, the bee-
tles completely destroyed them per day. And with the number of 50 and 100 eggs of
the pest, the beetles consumed, on average, 45.66 and 82 eggs per day, respectively
(Fig. 3).

Among ground beetles, larger species, Harpalus rufipes, Bembidion femoratum,
Cilivina fossor, turned out to be the most voracious. The least amount of gluttony
was noted in Bembidion quadrimaculatum. Four-pointed bembidion beetles killed
an average of 7.33 eggs per day with 20 eggs, and with a density of 50 and 100 eggs,
14 and 27.66 eggs, respectively. However, it should be noted that under natural con-
ditions, large species are less willing to eat eggs, in comparison with small species,
preferring larger victims.

As the results of the experiment showed, out of the six species of tested preda-
tors, only one - Bembidion properans - showed a decrease in predator gluttony as the
prey population density increased.

In the second series of experiments, in order to bring the conditions closer to
the field, the beetles were contained in special glassware with a soil layer. During
the experiments, we monitored room temperature and soil moisture. The results
obtained were much different from the first series of experiments and the voracity of
predators was much lower (Table 1). However, Aleochara bilineata was also the most
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Figure 3. Voracity of predators depending on the density of the prey.
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Table 1. Voracity of predators depending on the density of prey in the laboratory.

The number of eggs destroyed by one beetle, pcs.

Predator species Ratio predator : prey

2:50 2:100 2:200
Aleochara bilineata 25.0 49.5 55.7
Bembidion femoratum 24.9 43.0 48.4
Aloconota gregaria 22.2 23.4 30.1
Bembidion properans 21.0 245 25.2
Bembidion quadrimaculatum 14.8 18.1 20.66

voracious here. Observations of the behavior of Aleochara during feeding showed
that with a small number of eggs, beetles bite an egg in the middle, suck out its con-
tents, and then break the egg into pieces. If there are large number of eggs, beetles
bite an egg and attack other eggs, without completely eating the first ones. Quite a
high gluttony was also observed at Aloconota gregaria. Among the bembidion bee-
tles the most voracious was the Bembidion femoratum.

When larvae of flies were offered as food to predators, higher voracity was ob-
served in the large species. Each day Amara fulva destroyed up to 5.7 larvae of older
ages on average per individual, showing the highest gluttony. The number of larvae
destroyed by Harpalus rufipes averaged 5.4 larvae per beetle. The number of larvae
eaten by Bembidion femoratum and B. quadrimaculatum were 3.5 and 2.7 larvae
per beetle, respectively. Least gluttony was observed in B. properans, eating only 2.3
larvae per day.

In our experiments, Trechus quadristriatus did not feed on eggs of cabbage flies,
and Aloconota gregaria, having shown rather high voracity in experiments with
eggs, refused to feed on the larvae of flies. Apparently, these species under natural
conditions have other preferred victims. As it is known, different types of preda-
tors are adapted to feeding on different types of prey (Digweed 1993; Penney 1969;
Warner et al. 2008).

As the study showed, predators dominating in agrocenoses significantly differ
in voracity. Small species are more likely to feed on pest eggs, while larger species
prefer insect larvae as food. Although the results of laboratory studies cannot ac-
curately reflect the activities of predators in the field, research shows their impor-
tance in reducing the number of pests. Therefore, in the development of a biological
control strategy, it is necessary to take into account both functional features and
seasonal changes in the structure of the predator fauna.
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