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Abstract 

Natural forests (closed habitats) and meadows (open habitats) are essential for the conservation of 

terrestrial biodiversity. Pubescent biotopes are of considerable importance as well. It is crucial to 

obtain data on the spatial distribution of Coleoptera in such biotopes because it helps protect natu-

ral biotopes. The research was conducted in 2020 on the territory of the Republic of Mordovia (the 

center of the European part of Russia). Beer traps (with beer bait) were used to collect Coleoptera. 

The collections were carried out from April to October in various forests and open biotopes. To 

clarify the spatial distribution of Coleoptera, various forest interiors (meadow, edges, in the depths 

of the forest) were studied at two experimental sites. A total of 7771 Coleoptera specimens were 

recorded. In the open biotopes, the smallest numerical abundance of Coleoptera was obtained with 

relatively high species richness. The lowest species richness was obtained in the depths of the for-

est at a height of 7.5 m. The edges of forests at a height of 1.5 m differed in the maximum species 

richness and number. At a height of 7.5 m, the number of Coleoptera was the greatest, but the spe-

cies diversity was very low. The number of saproxious species was higher in forest biotopes. The 

number of anthophilic species was higher in the traps installed at the bottom. Differences in the 

number of species and individuals on different edges (northern, eastern, and western) were also 

determined. Thus, on the eastern and northern edges, in contrast to the western edge, the numerical 

abundance at the top was higher than at the bottom. 
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The spatial structure of the landscape, which has a very different impact on the settlement, behav-

ior, and life cycles of insects, is defined as the composition and spatial configuration of habitats. 

The mosaic structure of landscapes influences population dynamics and species conservation on a 

broader scale (Fischer and Lindenmayer 2007; Hanski 2015; Kabak, Liang 2021). That is why the 

mosaic of landscapes is especially interesting for the conservation of the biodiversity of forest 

ecosystems (Bondarenko et al., 2020; Polevoi, 2021). Forests are three-dimensional ecosystems 

where organisms are distributed not only along various horizontal ecological gradients but also 

along the vertical gradient between the forest floor and tree crowns (Weiss et al., 2019; Puker et 

al., 2020; Romano et al., 2020; Kunakh et al., 2020; Sergeev, 2020; Avtaeva et al., 2021; Popkova 

et al., 2021; Ruchin and Egorov 2021b). Many studies indicate certain patterns in the distribution 

of Coleoptera in forests. The vertical stratification of Chrysomelidae was more seen in wet habi-

tats than in dry ones (Charles and Basset 2005). The distribution of cerambycid beetles also de-

pended to a certain extent on height (Graham et al., 2012). The presence of clearings, meadows 

and other open forest interiors usually increases the species diversity of insects in such ecosystems 

(Janssen et al., 2009; Verdú et al., 2011; Komonen et al., 2015; Yekwayo et al., 2017; Palyi et al., 

2020; Cárdenas et al., 2020). The spatial distribution of insect species and orders by biotopes was 

studied on different continents. For example, the diversity of Lepidoptera in the naturally occur-

ring lake edge is very different from the pasture-forest edge. The comparison showed that the dis-

tribution of the number of species has significant differences in untouched and disturbed forest 

areas (Devries et al., 1999). The conditions of forest sites, including biotic and abiotic heteroge-

neity, as well as the age of the sites, increased the α-diversity of forest species of Carabidae. The 

beta diversity of non-wood species of Carabidae increased with the heterogeneity of the sites 

(Marrec et al., 2021).  

Border habitats, for example, edges, and edges of the forest play a certain role in mosaic land-

scapes. The location of the edges relative to the sun, their size, length, and contrast of the edge of 

the forest have a certain effect on species diversity, and diurnal and seasonal rhythms of insect life 

(Peyras et al., 2013; Barnes et al., 2014; Martínez-Falcón et al., 2018; Latha and Thomas 2020; 

Ruchin and Egorov 2021a). The number, total and average biomass of dung beetles varied signifi-

cantly in different habitats in the forest, on the edge, and in the savanna (Spector and Ayzama 

2003). The species richness of Carabidae at the forest edge was intermediate between the inner 

part of the forest and adjacent agroecosystems (Jung and Lee 2016). At the edge of the forests, 

there was a significantly higher density, abundance, and species richness of Carabidae than in the 

depths of the forest (Kriegel et al., 2021). The number of Lepidoptera on the forest edges signifi-

cantly exceeded open stations (river sand banks, thickets of willows, forest glade, and floodplain 

meadow) and completely closed stations (inside the forests) (Ruchin 2021). The species richness 
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of Lepidoptera was highest in semi-natural grasslands and forest edges (Kuussaari et al., 2007). In 

the eucalyptus forest and at its edge, the diversity of butterflies was higher than in the adjacent bi-

otopes (Bragança et al., 1998). Similar patterns have been revealed in Brazil’s natural parks, ex-

pressed in an increase in the species richness of butterflies on the edges (Melo et al., 2019). In this 

regard, the unique qualities of the edges make it possible to talk about the edge effect (Ewers and 

Didham 2006; Magura and Lövei 2020). 

As it has already been described, the main part of the publications focuses on soil insects and their 

distribution in a mosaic landscape. This is clear because it is the easiest way to study such insects 

using soil traps. However, there is very little research on flying beetles, which are also of great 

importance in forest and open biotopes. One of the interesting ways to study flying Coleoptera is 

baits made of fermenting liquids and attractants (Ruchin et al. 2021b). Such traps with lures made 

of fermenting liquids (wine, beer, molasses, sugar cane juice) and with the addition of bananas, 

apples, sugar, and other natural fillers have shown their effectiveness for detecting many species 

of Coleoptera, including new ones (MacRae 2000; MacRae and Rice 2007; Guarnieri, 2009; 

Bardiani et al., 2017; Redolfi De Zan et al., 2017; Egorov et al., 2020; Barros et al., 2020; Evange-

lista et al., 2021). However, the use of these traps may be relevant in other studies. For example, 

Touroult and Dalens (2012) studied longhorn and scarab beetles using baited air traps suspended 

at three different heights. When using traps with baits located at different heights, Miller et al. 

(2020) found certain preferences for Coleoptera. Beer traps were also used to study the post-

pyrogenic fauna of insects (Ruchin et al. 2021c), to determine the seasonal activity of beetles 

(Ruchin et al. 2021a). In this study, we focused on studying the distribution of Coleoptera in for-

ests and adjacent open biotopes using beer traps. 

 

Materials and methods 

Study area and research design 

All studies were conducted in the Republic of Mordovia (Russia) in 2020. (Temnikov district, the 

territory of Mordovia State Nature Reserve and the immediate surroundings) (Fig. 1). The Mordo-

via State Nature Reserve is located on the right bank of the Moksha River and occupies an area of 

321.62 km2. The Mordovia State Nature Reserve forests are located in the zone of coniferous-

deciduous forests on the border with the forest steppe. They occupy 89.3% of the entire protected 

area. Pine (Pinus sylvestris L.) is the main forest-forming species in the Mordovia State Nature 

Reserve. It forms pure or mixed plant communities in the southern, central, and western parts. 

Birch forests occupy second place in the area of forests in the Mordovia State Nature Reserve. 

These are mainly secondary communities on the sites of cuttings and burnt pine forests. Oak for-

ests are common in the floodplain of the Moksha River in the western part. Spruce forests (Picea 
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abies L.) and alders (Alnus glutinosa (L.) Gaertn) are located mainly in floodplains of rivers and 

streams and occupy small areas. The main areas of floodplain meadows are located along the 

Moksha River in the southwest of the Mordovia State Nature Reserve. The Mordovia State Nature 

Reserve borders the Nizhny Novgorod Region in the north (Ruchin and Egorov 2017; Ruchin and 

Khapugin 2019; Ruchin et al., 2019). 

 

Figure 1. Research locations in the Mordovia State Nature Reserve, Russian Federation and its surround-

ings. Note: A) Surroundings of the cordon Taratinsky; B) Surroundings of the Sosnovka village. 

 

All collections were carried out using traps of our own design. 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 (Ruchin et 

al., 2020). Beer was used as bait. Sugar and honey were added to them for fermentation. 
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1) Experiment No. 1. 

In this study, we studied both the horizontal distribution of Coleoptera across individual stations 

and the vertical distribution within one station were studied (Appendix A, Fig. 1). 1 - open station, 

river sand banks, 5 m from the edge of the Moksha River, herbaceous vegetation is poorly ex-

pressed (trap installation height h=1.5 m); 2 - thickets of willows Salix sp. near floodplain decidu-

ous forest, transitional station (h=1.5 m); 3 and 4 – a glade in the floodplain deciduous forest, 

overgrown with nettles, one trap h=1.5 m (below), the second trap h=7.5 m (above); 5 and 6 – the 

edge of the floodplain deciduous forest (edge of the floodplain deciduous forest), west side (west 

side), maximum sun illumination, one trap h=1.5 m (below), the second trap h=7.5 m (above); 7 – 

the center of the floodplain meadow, the grassy cover is good, the height of grasses is up to 1.2 m, 

the species diversity of grassy vegetation is significant (h=1.5 m); 8 and 9 – the edge of the flood-

plain deciduous forest, east side, sun illumination is observed after 12-00 h, one trap h=1.5 m (be-

low), the second trap h=7.5 m (above); 10 and 11 – in the depth of the floodplain deciduous forest 

interiors, one trap h=1.5 m (below), the second trap h=7.5 m (above), high closeness of the 

crowns, the undergrowth is well expressed, there are almost no herbaceous plants, there are single 

fallen trunks of deciduous trees (mainly oak and linden); 12 and 13 - the edge of the floodplain 

deciduous forest, north side, there is no direct hit of solar rays, one trap h = 1.5 m (below), the 

second trap h=7.5 m (above).  

Pairs of traps at two heights (below-above) were located within the same station (4-5 m from each 

other). The studies were conducted from April to August. In total, 10 collections (expositions) 

were completed. During the experiment, 6211 Coleoptera individuals were studied. 

2) Experiment No. 2. 

In this experiment, the horizontal distribution of Coleoptera was studied at low heights over closed 

and open stations (Appendix A, Fig. 2). The traps were located at a height of 1.5 m from the 

ground level. 1 - open station, dry meadow, the grassy cover is represented by various cereals; 2 - 

the edge of the mixed forest, the young forest appeared as a result of natural seed settlement in the 

meadow; 3 - open station, dry meadow, grassy cover is represented by various cereals and peren-

nial grasses; 4 – an open station, a moist meadow, in a hollow where there is water in the spring, 

the herbaceous cover is represented by various perennial grasses; 5 - the edge of a young pine for-

est formed as a result of natural seed reproduction in the meadow; 6 – in the depth of medium-

aged birch, the herbaceous cover is poorly expressed, high shading due to significant closeness of 

the crowns, there is a significant number of fallen hardwood trees (mainly birch and aspen), 

stumps and decomposing brushwood. The studies were carried out from May to August. In total, 

12 collections (expositions) were carried out. During the experiment, 1,560 Coleoptera individuals 

were studied. 
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Identification and taxonomic position of samples 

The classification of the family-group taxa used in this checklist follows predominantly Bouchard 

et al. (2011) with subsequent additions (Bouchard and Bousquet 2020). Changes for Coleoptera 

have been taken into account from the Catalogue of Palearctic Coleoptera (2011, 2013, 2015, 

2016, 2017, 2020a, 2020b), as well as for Cucujoidea from the publication of Robertson et al. 

(2015) and for Curculionoidea from the publication of Alonso-Zarazaga et al. (2017). To clarify 

the nomenclature, the cited works were used, as well as the Catalogue of Palaearctic Coleoptera 

(2007, 2010). The years of the description of some species are specified according to Bousquet 

(2016). The species identification was carried out by L.V. Egorov. 

Data analyses 

When analyzing the results, we used only data on the quantitative parameter (number) of all Cole-

optera individuals in traps for exposure time. Saproxylic species were determined by taking into 

account the approaches adopted by a number of authors (Lachat et al. 2012; Carpaneto et al. 2015; 

Gutowski et al. 2020). The anthophilic species were classified according to our own long-term ob-

servations. 

Based on the collected data, we calculated widely used biodiversity indices, namely Shannon’s 

diversity index and the Simpson diversity index (Shannon 1948; Magurran 1996). We did not take 

into account insects, which were not identified to species level.   

 

Results 

1) Experiment No. 1. 

As a result of processing the material, 135 species from 36 families of Coleoptera were identified 

(Appendix B, Table B1). Some specimens from the families Staphylinidae, Nitidulidae, Phalacri-

dae, Latridiidae, Mordellidae, Chrysomelidae, and Buprestidae could not be identified as species. 

The greatest species diversity was found in Nitidulidae (15 species), Elateridae and Curculionidae 

(13 species each), Cerambycidae and Coccinellidae (11 species each), Carabidae and Scarabaeidae 

(7 species each). Only five species were similar for all biotopes: Cryptarcha strigata (Fabricius, 

1787), Glischrochilus grandis (Tournier, 1872), Glischrochilus hortensis (Geoffroy, 1785), Soro-

nia grisea (Linnaeus, 1758), and Anisandrus dispar (Fabricius, 1792). 

The open biotopes had the lowest numerical abundance of Coleoptera. However, the species rich-

ness and the number of families were very high (Fig. 2). The lowest species richness with an aver-

age number was observed in closed biotopes (deep in the forest) at a height of 7.5 m. At the edges 

below, with an average number of beetles, a maximum of species diversity and the number of 

families was obtained, while at the edge at an height of 7.5 m, the number of captured individuals 

was the greatest, but the species diversity was very low (Fig. 2). 
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Figure 2. Numerical abundance, number of families and number of Coleoptera species in 

individual biotopes. 

 

It should be noted that there were differences in the abundance and species diversity of Coleoptera 

on the edges, which are differently illuminated by the sun (Fig. 3 and 4). On the western edge, 

which receives maximum solar insolation during the day, the greatest numerical abundance was 

obtained (844 individuals at the bottom, 541 individuals at the top), but the least species diversity 

(36 and 15, respectively). However, on the eastern edge of the species diversity was greatest (41 

species at the bottom, 25 species at the top). It should be noted that on the northern edge of the 

forest, which is not illuminated by the sun at all during the day, the species diversity of Coleoptera 

was high, but the total numerical abundance differed little from the eastern edge. 
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Figure 3. Numerical abundance of Coleoptera on the edges of different levels illuminated by the 

sun. 

 

 

Figure 4. Species richness of Coleoptera on the edges of different levels of illumination by the 

sun. 

 

Number of individuals  
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It is interesting that on the eastern and northern edges, in contrast to the western edge, the numeri-

cal abundance at the top was higher than at the bottom. 

The maximum values of the Shannon index and the minimum values of the Simpson index were 

found in plots 8 and 12 (Table 1). In both cases, this is due to the equal distribution of Coleoptera 

species in terms of their abundance in catches with a simultaneous significant species richness of 

species in these places. On the other hand, the minimum values of the Shannon and Simpson indi-

ces are obtained in plots 2 and 6. 

The number of saproxylic species was higher in forest biotopes, and a decrease in saproxylic spe-

cies was observed in open biotopes. At the same time, the largest proportion of such species is 

found in traps installed at a height of 7.5 m – both on the edges and inside the forest. The number 

of anthophilic species was higher in the traps set at the bottom. 

 

Table 1. The main indicators of Coleoptera individuals collected using beer traps in experiment 

No. 1 

Indicators 

 

Plots 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Total of individuals 178 573 592 446 844 541 105 311 717 421 458 218 807 

Number of species (ex-

cluding unidentified ones) 30 23 21 20 36 15 24 41 25 24 18 38 26 

Number of species 

saproxylic beetles (% of 

the total number of spe-

cies) 

46.7 82.6 80.9 85.0 80.6 80.0 58.3 56.1 88.0 79.2 77.8 55.3 80.8 

Number of species an-

thophilic beetles (% of 

the total number of spe-

cies)  

50.0 30.4 38.1 35.0 27.8 20.0 45.8 43.9 52.0 29.2 27.8 44.7 53.8 

Shannon index 2.40 1.51 1.89 1.93 2.20 1.57 2.41 2.52 1.91 2.22 1.79 2.67 1.69 

Simpson index 0.15 0.31 0.19 0.20 0.16 0.29 0.17 0.13 0.19 0.16 0.23 0.12 0.28 

 

The number of individuals of Staphylinidae was greater at the bottom in closed stations and on the 

edges. The number of Scarabaeidae was greater at the edges in the crowns. The number of Elateri-

dae was greater in open stations. The number of Cantharidae and Cerambycidae was greater in 

open stations and on the edges below. The number of Nitidulidae was greater at the edges above 

and below. 
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2) Experiment No. 2. 

As a result of processing the material, 77 species from 23 Coleoptera families were identified 

(Appendix B, Table B2). Some specimens from the families Staphylinidae, Nitidulidae, Throsci-

dae, and Scraptiidae could not be identified to species. The greatest species diversity was found in 

Curculionidae (11 species), Nitidulidae and Cerambycidae (nine species each), Elateridae (seven 

species) and (13 species each), Coccinellidae and Scarabaeidae (six species each). Only six spe-

cies were similar for all biotopes: Cetonia aurata (Linnaeus, 1758), Cryptarcha strigata, 

Glischrochilus grandis, Glischrochilus hortensis, Soronia grisea, and Anisandrus dispar. 

As in experiment No. 1, the pubescent biotopes were distinguished by a greater species diversity 

than the open biotopes. However, unlike the previous experiment, the species abundance and 

number of Coleoptera individuals were higher in the forest (41 species) than at the edges (26 spe-

cies) (Table 2). 

Table 2. The main indicators of Coleoptera individuals collected using beer traps in experiment No. 2 

Indicators 

 

Plots 

1 2 3 4 5 6 

Total of individuals 169 192 129 180 141 749 

Number of species (excluding unidentified ones) 22 26 21 23 26 41 

Number of species saproxylic beetles (% of the total num-

ber of species) 
59.1 73.1 57.1 69.6 73.1 70.7 

Number of species anthophilic beetles (% of the total 

number of species)  
45.5 57.7 42.9 56.5 46.1 36.6 

Shannon index 2.30 2.43 2.68 2.44 2.35 2.34 

Simpson index 0.15 0.13 0.18 0.13 0.16 0.15 

 

The highest value of the Shannon index is obtained in plot No. 3 (Table 2). However, there was a 

maximum dominance and, accordingly, an increase in the Simpson index. The minimum value of 

the Shannon index was obtained in plot No. 1. Communities in plots No. 2 and No. 4 had maxi-

mum alignment and minimal dominance. The number of saproxylic species was highest at the 

edge of young forests and in birch forests. At the same time, the number of anthophilic species 

increased at the edge of the pine forest and in the moist meadow and significantly decreased in the 

birch forest. 

Discussion  

Naturally fragmented landscapes are extremely important for assessing the patterns and mecha-

nisms that determine the distribution of species in the environment. In such conditions, the effects 

of landscape fragmentation caused by human activity do not mix, and habitat loss does not affect 

(Fahrig 2017; Kuchenbecker et al., 2021). Lacasella et al. (2015) found that meadow (open) and 
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fringe habitats had high species richness compared to forest habitats. At the same time, the indica-

tor species associated with the forest were not affected by proximity to the edge of the biotope. 

Individuals of such species, which are typical of forest habitats, tended to move to grassland habi-

tats (Lacasella et al. 2015). In South Africa, natural forests surrounded by meadows had a higher 

species richness than forests surrounded by young pine forests. There were more arthropods on the 

margins of meadows than in other biotopes (Yekwayo et al. 2016). 

From the results obtained at both experimental sites, it follows that in open habitats (meadows) the 

species and numerical abundance is lower than at the edges. However, at the same time, the num-

ber of species in these biotopes was usually higher than the number of species in forest interiors. 

Thus, the edges of temperate forests are ecotones where the species diversity and numerical abun-

dance of actively flying Coleoptera species are higher than in adjacent biotopes. In addition, other 

scientists (Cadenasso et al., 1997; Ewers and Didham 2006) confirm that it can be seen that the 

edge effects were asymmetric along the edges of the habitat. The number of anthophilic Coleop-

tera species was greater in open biotopes than in forest ecosystems, which is quite logical. There 

are much more flowering plants in the meadows, which attract flying beetles (Janssen et al., 

2009). 

Forest edges formed by natural ecosystems have a stratified horizontal structure, with a zone of 

shrubs towards the interior of the forest and a layer of perennial grasses towards the open habitat. 

Because of this structure, supported by natural processes, the edges have a special microclimate, 

high heterogeneity of the habitat, and environmental conditions that change with a small ampli-

tude (Cadenasso et al., 2003; Harper et al., 2005; Swart et al., 2018). Forest edges supported by 

natural processes usually contain species both from neighboring habitats and species characteristic 

of the edge and are  often limited to it (Lacasella et al., 2015; Magura, 2002; Stone et al. 2018; 

Habel et al., 2021; Franklin et al. 2021). In addition, a rich food supply for Coleoptera is main-

tained at the edges due to natural processes, which attract many species to visit the edges for feed-

ing, as well as for breeding, resting and wintering during their life cycle (Cadenasso et al., 2003; 

Máthé 2006). In addition, the diversity and abundance of insects change during the season (Ge-

rónimo-Torres et al. 2021). 

Normann et al. (2016) studied the Coleoptera fauna for 7 months using 92 flight interception traps 

in tree crowns and near the ground in the Heinich National Park (Germany). They showed that the 

abundance of saproxylic beetles peaked in the canopy, while representatives of a wide range of 

habitats and not only saproxylic beetles prevailed in the understory. The edge effects in the canopy 

were weaker than in the understory due to the higher, edge-like variability of the microclimate and 

the harshness of the canopy. Habitat generalists caused the marginal reaction to the richness of 

beetle species, while forest and saproxylic species reacted less strongly. In studies by Cauwer et 
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al. (2006), the total number of beetle species in traps at ground level decreased significantly with 

the distance from the edge deep into the forest, and the species richness at the canopy level did not 

depend on the distance to the edge. Within the canopy, the distance from the forest edge had no 

effect, and the analysis of indicators did not reveal an increase in species diversity (Stone et al. 

2018). Major et al. (2003) similarly revealed the absence of distinct “internal” species between 

arboreal Coleoptera and Heteroptera in the remnants of forests surrounded by anthropogenic pas-

tures in southeastern Australia. In our studies, the minimum species diversity was obtained in 

closed biotopes (in the depths of the forest), while the maximum species abundance was detected 

at the edges, which is similar to the results of these authors. 

 In addition, we have identified differences not only in horizontal spatial distribution, but also in 

vertical stratification. There were differences in species abundance and number of individuals in 

the canopy of the forest and in the canopy at the edge of the forest. However, these differences 

were not so significant compared to the differences between the edge and the depth of the forest at 

low height (undergrowth level). The difference in the reaction of Coleoptera to the edges between 

the undergrowth and the canopy is quite understandable. Firstly, insects living in the forest canopy 

may react differently to the edge of the forest than insects living in the undergrowth, due to differ-

ences in insect communities in each of these layers. Some previous studies in different types of 

forests have revealed strong differences in the number and species abundance of beetles (Stork 

and Grimbacher 2006; Stork et al., 2016; Ruchin and Egorov 2021b). Therefore, different ecologi-

cal features of the soil and canopy can mediate different types of reactions to forest edges, for ex-

ample, there is a large proportion of bad flyers at ground level (Basset et al., 2003). Secondly, the 

microclimate varies significantly between the vertical layers of the forest. The patterns of differ-

ences between the internal boundaries of abiotic factors are also likely to differ vertically, and this 

may lead to contrasting reactions of the community to the edges. For example, abiotic conditions 

may be similar vertically on an open forest edge, while conditions may differ on the ground in 

closed forest biotopes (Didham and Ewers 2014).  

The station placement of individual representatives of different Coleoptera families may differ, but 

at the same time, the number of individuals of the entire family shows quite definite patterns. 

Thus, the number of individual Coleoptera families differed significantly in the forests and on the 

edges of southeastern Kenya (Habel et al., 2021). We also noted a different number of families on 

the edges, in woodlands, and in open biotopes.  

The geographical orientation of the edges also affects the magnitude of edge effects (Ries et al., 

2004; Cauwer et al., 2006; De Smedt et al., 2019; Bernaschini et al. 2020). Didham and Ewers 

(2014) observed the relationship between height and distance from the edge on the edges. At the 

same time, the differences in microclimate increased in magnitude from the edge to the interior at 
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ground level but decreased in magnitude from the edge to the interior at the canopy level. The at-

tenuation of edge effects was lower above ground level (Didham and Ewers 2014). The number of 

insect families preferring the shaded side was five times greater than the number of families pre-

ferring the non-shaded side. In particular, insect families associated with wet conditions preferred 

or exclusively occurred on the shaded side, had a higher moisture content in the soil (Cauwer et 

al., 2006). Microclimatic marginal gradients are extreme at the southern edges compared to the 

northern edges (Chen et al., 1995; Matlack, 1993). It is believed that the shaded, north-oriented 

edges more resemble the interior of the forest, which leads to a smaller discrepancy in the compo-

sition of the community between the forest edge and the interior (De Smedt et al., 2019). 

In our studies, the western edge, which is maximally illuminated by the sun during the warm sea-

son, differed from other edges by the largest number of beetles. However, at the same time, its 

species richness was lower than on other edges. At the same time, the eastern and northern edges 

had similar total numbers of Coleoptera, but their species diversity was noticeably higher. The in-

crease in insect diversity was due to an increase in anthophilic species. We assume that in this 

case, these were microclimatic conditions, such as insolation, humidity, wind, etc., which influ-

enced this ratio. Especially the first two factors could have an impact on this ratio. In the flood-

plain meadows in summer, there is a frequent loss of dew. It usually disappears after sunrise and 

the warming of the surface layer of air. However, at the northern edge, unlike the western and 

eastern edges, the warming of the surface layer of air is slower. In such conditions, the tempera-

ture in this station near the grassy cover is lower than in similar conditions on other edges. At the 

same time, temperature differences are less seen in the crown of trees. It is possible that such mi-

croclimatic conditions attract different species of Coleoptera, which prefer high humidity and a 

certain shade. This creates prerequisites for increasing the species diversity of beetles at low 

height on the western and northern edges. 

Another observation was made during two experiments. The proportion of anthophilic species in 

experiment No. 2 was significantly higher than in experiment No. 1. On the contrary, the propor-

tion of saproxylic species was lower. The site in experiment No. 1 included old-age forest bio-

topes that possessed all the attributes of mature forests (fallen trees, stumps, dead trees, wood de-

bris). The presence of all this is an excellent food base for saproxylic species, most of which fly 

well over long distances. We used beer traps for the first time at low height in open biotopes. In 

temperate forests, such traps are used to detect species that feed on the fermenting sap flowing 

from trees. Therefore, they are most often used in forest biotopes (Allemand and Aberlenc 1991; 

Barros et al. 2020; Wong and Hanks 2016; Ruchin et al. 2021b, Ruchin et al. 2021d). It turned out 

that traps with this type of bait attract species that are looking for food on flowers. They actively 

feed on nectar, sweet secretions of plants. 
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Conclusion 

In the open biotopes, the smallest numerical abundance of Coleoptera was obtained with relatively 

high species richness. The lowest species richness with an average abundance was obtained in the 

depths of the forest at a height of 7.5 m. The maximum species richness and abundance differed 

from the edges of forests at a height of 1.5 m. At the same time, at a height of 7.5 m, the number 

of Coleoptera was the greatest, but the species diversity was very low. The number of saproxylic 

species was higher in forest biotopes and decreased in open biotopes. The number of anthophilic 

species was higher in the traps set at the bottom. In addition, differences were determined in the 

number of individuals of different families by biotopes. We also determined the differences in the 

number of species and individuals on different edges (northern, eastern, and western). Thus, on the 

eastern and northern edges, in contrast to the western edge, the numerical abundance at the top 

was higher than at the bottom. Our results highlight the value of the natural forest and meadow 

edges (ecotones) for the conservation of Coleoptera diversity, as they replenish the local species 

stock.  
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