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Abstract. Forest edges are ecotones on the boundary of closed (forest) and open (meadow, field)
ecosystems. These are peculiar habitats for a variety of insects which can traverse these boundaries
and influence the functioning of adjacent ecosystems. They have become more prevalent in recent
years due to anthropogenic fragmentation. Using beer traps, we investigated the number of insects
in three locations. Each location represented an open natural ecosystem (a large glade in a forest,
a meadow) or an artificially created ecosystem (agroecosystem) and a nearby deciduous forest. The
traps were placed on trees at two levels (1.5 and 7.5 m above the soil) at the edges and in the forest
interior (300-350 m from the edge). A total of 46116 specimens were collected from ten orders. At the
edges in all locations, the total abundance of all orders of insects is higher than inside the forest areas.
Dermaptera, Mecoptera and Trichoptera dominated at the edge. The number of Hemiptera in the traps
was small, with predominance in the lower traps. Blattodea in all locations dominated at the bottom
(the total abundance in the lower traps was 12.5 times higher than in the upper traps). At the edges,
the abundance of Blattodea was 3.3 times higher than in the forest interior. The total abundance of
Coleoptera at the edges was lower (with the exception of one location). The number of Hymenoptera at
the edges and in the forest interior, as well as in the lower and upper traps, did not differ. The number of
Diptera in all locations was higher at the edges and always in the lower layer. At the level of 7.5 m, the
number of Neuroptera was higher both at the edges and in the forest interior.
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Hay4Has craTbsi
BnuaHue onyueK Ha YUC/NNI€HHOCTb HaCeKOMbIX
B Jiecax LileHTpa eBponemcKom 4yactu Poccum
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AHHoTaumsa. OnyLKn NecoB ABNATCA 9KOTOHAMU Ha rpaHuULE 3akpbITbIX (F1EC) U OTKPbITBIX (Nyr, None)
akocucTeM. JTO cBoeobpasHble MecTa 0OMTaHMS CaMbiX Pa3fIUYHbIX HACEKOMBbIX, KOTOpPblE CMOCOGHbI
NMPOHUKaTb 4Yepe3 3TU FpaHuubl U BrMATb Ha (YHKLUVMOHMPOBAHWE MOrPaHUYHbIX 3KocucTeMm. 3a
nocrnegHue rogbl KONMYECTBO OMYLLEK YBEMNUYNIOCH BCIEACTBME aHTPOMNOreHHoW hparmeHTaunm necos.
C nomoLLbio NMBHBIX JTOBYLLEK Mbl UCCIIE40BANN YNCNEHHOCTb HACEKOMbIX Ha 3 9KCMepUMEHTarbHbIX
yyacTKax, npeacTaBnsBLUMX CODOWM OTKPbITYIO 3KOCMCTEMY C PaCrONOXEHHbIM PSAOM JIMCTBEHHbBIM
necom. JIoByLLKM pacnonaranunce Ha onyLuKax v BHyTpW fieca Ha BeicoTe 1.5 1 7.5 M Hag ypoBHEM MOYBbI.
B obwer crnoxHocTur 6bino cobpaHo 46116 ak3emnnsapor 13 10 oTpsaoB HacekoMblX. Ha onyLukax Bcex
y4acTKOB CyMMapHasi YCNEHHOCTb OTpAA0B Obina BhilE, YEM BHYTPUY NMECHbIX y4acTkoB. Dermaptera,
Mecoptera u Trichoptera npeobnaganu Ha onylike. Ha onywkax umcneHHocThb Blattodea 6bina Bblilwe B
3.3 pasa, yeM BHyTpu neca. YmcneHHocTs Hemiptera B noByLukax Obina HebonbLLoN ¢ NpeobnagaHnem
Ha HwkHeMm ypoBHe. Blattodea Bo Bcex MeCTONONMOXEHWsIX MHOFOKpaTHO npeobnaganv BHM3Y.
O6wasn yncneHHocTb Coleoptera Ha onyLukax Gbinia HUXKe (3a UCKITOYEHMEM y4yacTka ¢ BepesHsIkom).
YucrneHHocTb Hymenoptera Ha onyLikax n BHYTPM Jleca, a Takke B HWKHUX U BEPXHMX JTIOBYLLKAxX HE
oTnnyanuce. YvcneHHocTb Diptera Ha Bcex yyacTkax Obinia Bbille Ha OMyLUKax U Bcerga B HWDKHEM
apyce. Neuroptera npeobnaganu Ha BepxHEM yPOBHE MOBYLLEK KaK Ha OMyLUKax, Tak U BHyTpM fieca.
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Introduction

Habitat structure is a key factor in community composition as species exploit available niches in
that biotope. The reduction of forest landscapes is a worldwide concern. Deforestation is mainly due
to anthropogenic activities, including logging, agricultural expansion and urbanization, which in general
has led to global forest loss (Haddad et al., 2015; Hansen et al., 2013; Sayadi et al., 2022; Shashkov et
al., 2022; Singh and Singh, 2023; Tiberio et al., 2022).

Forest fragmentation has greatly increased the number of edge habitats. Forest edges are often
characterized by increased species richness and abundance (edge effect) and influence the spatial
behavior of species and the dynamics of species interactions (Caminha-Paiva et al., 2022; Helsen et al.,
2007; Masoudi et al., 2022; Wagle et al., 2022). Structurally complex edges provide shelter for insects,
and due to the additional resources available at the edges they are suitable for insects from boundary
ecosystems (forest and meadow) (Castro et al., 2010; Schlegel, 2022; Téthmérész et al., 2014;=).

Through numerous studies, the positive impact of well-structured edges on the biodiversity of a
wide variety of invertebrate groups, such as Araneae (Downie et al., 1996), Coleoptera (Magura, 2002)
and Lepidoptera (Ries and Sisk, 2008), has been widely recognized. The diversity of butterfly species
was higher at the edges than in the interior habitats, especially in pine stands. Of the 23 most common
Lepidoptera species, seven species were significantly more common in one or all of the boundary habitat
types (van Halder et al., 2011). The depth of edge impact on Coleoptera ranged from 10 m to 25 m deep
into the mature forest. The species composition of Coleoptera gradually changed with distance from
the edge (Baker et al., 2007). The species composition of host plants and gall-forming insect pests
differed between the edge and the interior of forest areas, but the richness of insect pests did not differ
(Julido et al., 2004). The type of adjacent open area (clear cutting or treeless bog) did not affect the
number of arthropods in the plots. The distance from the forest edge affected the overall abundance of
arthropods, flying arthropods and Coleoptera, as their abundance decreased from the forest edge to
the interior of the stand (Jokim&ki et al., 1998). On the other hand, less complex edges or less diverse
insect communities in adjacent ecosystems determine the decline in the abundance and diversity of
insects in these places. For example, the forest edge affected the distribution of insect species only at
the edges between mature, unmanaged spruce stands and clear cuttings or young seedlings, but not in
pine stands (Peltonen et al., 1997).

The aim of this study was to determine the effect of the edges and the height of traps on insect
abundance.

Materials and methods

The research was conducted from April to September 2021-2022 in the Republic of Mordovia,
located at the junction of the Volga Upland and the Oka-Don Lowland (East European Plain). The study
areas were situated within the boundaries of the Oka-Don Lowland. The boundary between the Oka-Don
Plain and the Volga Upland is indistinct and is not expressed in the modern relief. The vegetation cover of
the plain is primarily represented by forest communities and open spaces (meadows, agroecosystems,
etc.). They are characterized by a fairly clear association with different elements of the relief and soil
cover. The modern vegetation cover of the studied area has been significantly altered by economic
activities (Artemova and Leonova, 2011).

Three sites were investigated. Each site represented an open natural ecosystem (a large glade
in a forest — location no. 3, a meadow — location no. 1) or an artificial agroecosystem (location no. 2)
adjacent to a nearby deciduous forest (Table 1).

At all sites, the forest was adjacent to the open ecosystem. At the boundary of the open space
and the forest area, a forest edge was formed (on the western side of the forest area). Two traps (i.e.,
two replicates) were installed simultaneously at 1.5 m below and two traps at 7.5 m above the ground
at each edge. The distance between the installed pairs of traps was 40-50 m. Simultaneously, in the
forest interior, 300—350 m from the edge of the forest, a control inner forest area with a closed canopy
was selected. Therefore, eight traps were installed at each site (edge-bottom, edge-top, forest interior-
bottom, forest interior-top, two traps in each case).

For trapping, we used simple traps of our own design with baits. A five-liter plastic container with
a window cut out on one side at a distance of 10 cm from the bottom was used as a trap. Beer (beer
traps) was used as bait. Sugar and honey were added for digestion (Ruchin et al., 2020). Exposure time
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(from 7 to 15 days) — the period between hanging a trap and taking samples for analysis (expressed
in days). A total of 32 experiments were conducted (from May to August or September). Determination
to the species in most cases was not carried out. We followed taxonomic categories by publication Z.-
Q. Zhang (2013). In total, more than 46000 individuals were caught in the experiments.

Results

In total, representatives of ten orders of insects were identified in traps (Table 2). The main groups
that prevailed in traps in terms of numbers were Lepidoptera, Coleoptera, and Hymenoptera. Blattodea
and Neuroptera were represented by an insignificant number of specimens, while the remaining orders
in traps did not exceed 100 specimens in number.

In our studies, it turned out that the total abundance of insects at the edges was higher. For example,
the abundance of insects was 18.3% higher at the edge of location no. 1 than in the forest interior, in
location no. 2 and in location no. 3, respectively, 41.3% and 36.0% higher than in the forest interior.
During the experiments, the greatest number of specimens of all insects was caught in location no. 3,
and the smallest — in location no. 2.

Dermaptera were noted only in location no. 3 with predominance at the edge. Mecoptera and
Trichoptera were also noted mainly at the edges in location no. 3 and in location no. 2. Mecoptera were
predominant in numbers at the below and at the edges of the forest (location no. 3). The abundance
of Hemiptera in the traps was low, with most individuals found in the lower traps, while only a few were
detected in the upper traps.

Along with Hemiptera, representatives of the order Blattodea dominated below in all locations (the
total abundance in the lower traps was 12.5 times higher than in the upper traps). And this dependence
was maintained at the edges and in the forest interior. The abundance of Blattodea was 3.3 times
higher at the edges than in the forest interior. The opposite dependence was obtained when analyzing
the abundance of Neuroptera. It turned out that at the level of 7.5 m, the abundance of this group was

Table 2. List of order and abundance of insect catches in different locations.

Location no. 1 Location no. 2 Location no. 3
Order Total
Edge Interior Edge Interior Edge Interior
Dermaptera 0 0 0 0 4 1 5
Blattodea 3 6 85 27 36 5 162
Hemiptera 1 0 7 2 4 5 19
Hymenoptera 148 171 78 54 792 597 1840
Coleoptera 2811 2478 932 1568 1276 2069 11134
Neuroptera 4 3 10 3 47 49 116
Trichoptera 0 0 1 0 4 3 8
Lepidoptera 2468 1787 2781 1808 3599 2478 14921
Diptera 1383 1319 2892 1341 6858 4078 17871
Mecoptera 0 0 0 1 26 13 40

Bcero 6818 5764 6786 4804 12646 9298 46116
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Fig. 1. Ratio (%) of insects at the edges and in the forest interior at a height of 1.5 m in the forests of central European Russia.
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Fig. 2. Ratio (%) of insects at the edges and in the forest interior at a height of 7.5 m in the forests of central European Russia.
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higher both at the edges and in the forest interior. The abundance of Hymenoptera at the edges and in
the forest interior, as well as in the lower and upper traps, did not differ (Figs. 1, 2).

The total abundance of Coleoptera was lower at the edges (except for location no. 1, where there
was a slight increase in the number of beetles at the edge). At the same time, both at the edges and in
the forest interior, in the lower traps, in most cases, the ratio was higher than in the upper traps (Figs. 1,
2). The highest total values of Lepidoptera abundance were obtained in forest edge biotopes. At the
same time, in traps located below and above of forest edges, the abundance of butterflies was higher
than in traps of similar height located in the forest interior. The abundance of Diptera in all locations was
higher at the edges and always in the lower layer. The abundance of Diptera was always lower in the
upper traps.

Discussion

Boundary habitats (ecotones) typically exhibit abiotic and biotic similarities to adjacent open and
closed ecosystems. Alhough they can also have specific features. That is, forest edges represent a
more or less abrupt transition zone that may support communities of species well adapted to this type
of environment, serve as a secondary shelter for species from neighboring habitats after source-sink
dynamics, or even represent a habitat that limits the occurrence of some sensitive forest-adapted
species (Magura and Lévei, 2020; Murcia, 1995; Schlegel, 2022; Téthmérész et al., 2014). In addition,
a study of the vertical distribution of arthropods in temperate deciduous forests has shown that different
insect communities exist in different forest layers (Ulyshen, 2011).

From Dermaptera, Forficula auricularia Linneus, 1758 was represented in the samples. This species
on trees may be incidental, as their primary habitat is the soil surface and grass layer (Helsen et al.,
2007). However, it often falls into beer traps with bait, even at a height of up to 10 m (Dvofak and
Tétal, 2013; Ruchin, 2021). From Hemiptera, representatives of the families Miridae, Pentatomidae, and
Cicadidae were recorded in traps. All of them are inhabitants mainly of the herbaceous and shrub layer
of the forest. Therefore, it is not surprising that they are present mainly in the lower traps.

Two species of Blattodea (Ectobius lapponicus (Linnaeus, 1758) and Ectobius sylvestris (Poda,
1761)) are common representatives of the temperate forest fauna. Adult males and nymphs are usually
found in low vegetation (grasses, shrubs), while females are more often found in fallen leaves and
decaying wood (Holu$a and Ko¢&arek, 2000). Both species feed on plant debris, liquid food, and decaying
plants (Schal et al., 1984). According to many data (Clements et al., 2013; Holuda and Kocarek, 2000)
and our observations, these species prefer edges of forests, glades, cuttings, i.e., sufficiently illuminated
biotopes, although not rare in the depths of forests.

The abundance of representatives of the order Hymenoptera (mainly wasps of the family Vespidae)
at the edges and in the forest interior at different heights did not differ. The results of other studies
differ, which may be due to differences in the methods of enumeration. For example, J.P. Torretta and
H.J. Marrero (2019) found no reliable difference in the vertical distribution of some Hymenoptera groups
in the forests of Argentina. A study by F. Giovanni et al. (2017) shows that the bulk of the Sphecidae
community in the undergrowth consists of species that prey on Diptera and spiders. At that time, the
species most commonly found in the forest canopy are mainly predators of phytophages such as aphids,
thrips, and barkflies. M.D. Ulyshen et al. (2011) collected 522 vespids representing eight species in two
traps located in the canopy and close to the ground. Only 1% of individuals were caught close to the
ground. Coleoptera, Diptera, and Hymenoptera were more diverse and abundant at the forest edge
(Gonzalez et al., 2017).

Based on the publications, there is a certain dependence of the number of Coleoptera species
and families on the place of sampling at the edges and in the forest interior, and there is also a vertical
stratification. For example, according to some data, the higher abundance of Buprestidae is characteristic
of forest glades than of forest edges (Wermelinger et al., 2007). It was reported that the abundance of
Curculionidae in the depths of the forest is higher (Peltonen and Heliévaara, 1998). Forest Carabidae
species are capable of penetrating deep into grasslands up to 30 m from the forest edge. Beyond
this distance, grasslands become a barrier to them (Rocca et al., 2021). Allison et al. (2019) reported
three different models for the horizontal gradient effects of interior edges for Cerambycidae species.
Two species were more common in the open fields than in the depths of the forest, one species was
more common in the forest edge than in the interior, and five species were more common in the depths
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of the forest than in the adjacent open field. The abundance and species richness of Scolytidae and
Cerambycidae were higher in the forest canopy and forest edges compared to traps in open areas
(Dodds, 2011).

In two locations (no. 2 and no. 3), Coleoptera abundance was higher inside the forest plots. And only
in location no. 1, the opposite trend was observed. Location no. 1 is a birch forest, which differs from
other locations in the transparency of tree crowns of the first layer (birch). This transparency of crowns
allows good penetration of sunlight and, accordingly, the development of shrubs and grasses. The edge
of this forest is transparent and allows Coleoptera to penetrate deep into the forest area. Opportunities
for active Coleoptera to penetrate deep into forests have been described for many families (Huber and
Baumgarten, 2005; Maguire et al., 2016).

In location no. 2, the agroecosystem is closely adjacent to the forest. The abundance of Coleoptera
at the edge and in the forest interior in the lower traps is almost the same, but in the upper traps in the
forest interior, the abundance of Coleoptera is actually twice higher than in similar traps located at the
edge. Closure of tree crowns in the first layer at this location is quite high and little light penetrates into
the lower layers. Accordingly, the abundance of Coleoptera in the forest interior increases in places that
are illuminated by the sun, i.e., in crowns. This confirms the fact that the vertical stratification of insects in
forests depends on the availability of the sun/openness of the habitat (Ruchin and Egorov, 2021; Ruchin
et al., 2022; Vodka and Cizek, 2013).

The number of Lepidoptera was higher at the edges than in the forest interior. Open sunny edges
are known to be the most preferred for many butterfly species (Mathew, 1994; Melo et al., 2019), which
was the result of our research. Forest edges functioned as strong filters on the landscape, creating
unique aggregations of Lepidoptera species that are distinct from neighboring forest habitats. These
ecotones had a higher abundance than cuttings, but not forests (Pinksen et al., 2021).

Edge effects have also been identified for many Diptera. For example, in winter, the total abundance
of Drosophilidae is much higher in the forest interior than at the edge. However, such effects were not
recorded in summer. Some species of Drosophilidae are generally found either only at the edge, or only
in the forest interior (Mendes et al., 2021). Similar effects were obtained when studying the distribution
and abundance of Culicidae, the number of which significantly increased at the edges, but in certain
seasons of the year (Costa et al., 2023). The highest abundance and the lowest species diversity of
Calliphoridae were characteristic of forest edge habitats, while the opposite trend was observed in the
forest interior (Gadelha et al., 2015).

The results of our studies on Neuroptera (representatives of the Chrysopidae family) are consistent
with some other results. Thus, 22-28 species have been identified in the canopy of pine and mixed
forests in Poland (Czechowska, 1994). The largest number of Neuroptera species in five different forest
areas was caught in tree crowns (Gruppe and Schubert, 2001). C. Saure and K.H. Klelhorn (1993)
caught 22 and 24 species in pine and oak crowns, respectively. According to P. Duelli et al. (2002)
Neuroptera showed their highest species abundance in the shrub belt and crowns. In the depths of
the forest, the number of species also reached its maximum values precisely in the forest canopy.
The obtained clear preference for tree crowns indicates the thermophilicity of many Chrysopidae in
temperate climates (Aspdck et al., 2001).

The habitat of Mecoptera in temperate forests is undergrowth, plant communities on the banks of
forest streams, swampy meadows, sometimes gardens and parks; moderately humid deciduous mixed
forests. Habitats are often well-lit forest edges and glades (Dvofak et al., 2023; Lange, 2008; Ruchin et
al., 2021). Our information confirms these data from the publications of other authors.

Consistent with our expectations, the number of flying insects was higher at the forest edge than in
the forest interior, and these results suggest that arthropod aggregations were sensitive to the edges.
Similar results are described in other publications. The highest diversity and abundance of some insect
groups were found at the forest edge, and the lowest — at a distance of 100-150 m from the forest
edge (Darsono et al., 2020). An increase in the abundance of terrestrial arthropods at the edges was
repeatedly recorded in studies (Downie et al., 1996; Lacasella et al., 2015; Magura, 2002). On the other
hand, there are also opposite results. For example, a decrease in the abundance of dung beetles was
observed just near the edges (Villada-Bedoya et al., 2017). The abundance of native arthropod species
was higher in the forest interior than at the edges or intermediate habitats (Tsafack et al., 2023).

M.J. Stone et al. (2018) conducted a detailed analysis of edge effects on flying insects using flight
intercept traps. They noted that within the forest canopy, the distance from the edge to the interior of
the forest has no effect. The analysis revealed no species-specific increase in abundance associated
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with either the edge or the interior of the forest. The authors put forward two reasons for the results.
First, insects living in the forest canopy may respond differently to forest edges due to differences
in insect communities in each of these layers. A number of studies in many forest ecosystems have
revealed significant vertical differences in biodiversity and insect abundance (Birtele and Hardersen,
2012; Dvorak et al., 2020; Graham et al., 2012; Kirstova et al., 2017; Prochazka et al., 2018; Ruchin
and Egorov, 2021; Ruchin et al., 2022). Secondly, the abiotic properties of habitats differ among vertical
forest layers, such as humidity, solar radiation, temperature, etc. (Kirstova et al., 2017; Prochazka et
al., 2018; Ruchin, 2021; Stone et al., 2018). These factors in the forest canopy between the edges and
the interior of the forest are more similar than in the surface layer, where there are much more factors
and they act interrelatedly. In other words, the abiotic factors in the canopies are more similar to each
other than in the surface layer. The crowns create such microclimatic conditions, which contribute to
the diversity of entomofauna. High solar radiation leads to high temperatures at certain altitudes. Due
to the roughness of the crown, the wind slows down, resulting in higher humidity and weaker moisture
gradients in shaded areas.

Conclusions

This study demonstrates strong edge effects for many invertebrate groups. The total abundance of
insects was higher at the edges in all locations than inside the forest plots. The influence of the forest
edge is mediated by the history and structure of the edge, the forest area itself, and the adjacent open
habitat. The different types of responses to the edges may also be mediated by different ecological
features of the soil and canopy. Boundaries created by natural ecological processes (ecotones) are
permeable to active insect species, provided the first forest layer is transparent. Vertical stratification
plays a certain role in the distribution of insects. Each group of insects dominated in one or another
horizontal-vertical plane in the forest plots. Some of the orders were predominant at the edges, while
others were predominant in the forest interior. The results of this study clearly indicate that efforts to
survey and detect species must consider trap placement along horizontal and vertical gradients.
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