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Abstract

:

There are few studies on the vertical distribution and seasonal activity of arthropods in open habitats (in glades) in temperate forests due to methodological problems associated with the arrangement of certain structures for trapping. However, glades in forests are places of significant biodiversity of native animals, which are attracted to such areas by the possibilities of nutrition, reproduction, and wintering. The research was carried out on the territory of the Republic of Mordovia (the center of the European part of Russia). Fermental traps (bait—fermenting beer with sugar) were used to collect Coleoptera. They were installed on a special structure at heights of 2, 4, 6, 8, and 10 m. The collections were carried out from May to October 2020 in a glade with an area of 0.93 hectares in a deciduous forest. At the end of the research, 745 specimens of 80 species were registered from 30 Coleoptera families. The greatest species diversity was recorded in Nitidulidae (11 species), Cerambycidae (10 species), Scarabaeidae (7 species), Elateridae, Coccinellidae, and Curculionidae (5 species each). The greatest species diversity (53 species) and numerical abundance were obtained at a height of 2 m, and the smallest one (16 species) at a height of 10 m. The largest differences in the Jaccard similarity index were obtained between samples from a height of 2 and 10 m. The maximum values of the Shannon index and the minimum values of the Simpson index were recorded at the height of 2 m. The most significant relative number of saproxylic species was obtained at a height of 4 m. The relative number of anthophilic species was minimal at a height of 10 m. The seasonal dynamics of Coleoptera abundance were the same at different heights and the highest abundance was observed in late May and early June. However, the seasonal dynamics were different for some Coleoptera species in the glade located and inside the forest. Our data confirm the relevance of sampling in open biotopes at different heights in the study of arthropod biodiversity.
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1. Introduction


Coleoptera is one of the most species-rich and widespread insect orders worldwide [1]. They significantly contribute to the biodiversity of forest ecosystems and play an important role in the functioning and dynamics of ecosystems. Among them, there are numerous predators, phytophages, as well as other groups [2,3,4,5]. The significant species diversity of beetles allowed them to occupy a variety of biotopes in all ecosystems of the globe [6,7,8,9]. Among beetles, some species prefer forests of various types and can be found in these closed biotopes [10,11,12]. However, there are also species that prefer open biotopes [13,14,15].



According to Allison et al. [16], who conducted studies using semiochemical-baited traps, some species of Monochamus (Cerambycidae) are more abundant in glades near the forest than in the forest itself. The overall abundance and diversity of some families of wood-dwelling beetles (Buprestidae, Cerambycidae, Brentidae, and others) were higher in the center of open biotopes located in the forest than inside the forest [17]. Different species of Cerambycidae were caught in open biotopes at different distances from the forest, and traps with attractants collected more individuals. However, some species were not attracted to open biotopes, even to traps with bait, despite their abundance in the forest [18]. In the glades that appeared after logging, the species diversity of Coleoptera increased from the first to the third year after logging [19]. On the other hand, the abundance and species richness of Scolytidae and Cerambycidae were lower in glades in pine plantations than in closed biotopes and on the edges. However, the largest number of unique species were caught at the edge and glade [20]. The combination of open and closed biotopes played a positive role in increasing the number and species diversity of dung beetles [21].



Many studies have shown that in the forests, different groups of insects are distributed along different horizontal and vertical environmental gradients [22,23,24,25,26,27,28,29]. In natural continuous woodlands, there are separate open biotopes (meadows, glades), which are habitats for species that do not belong to forest inhabitants. Such a mosaic structure of the landscape has a very different impact on the settlement, behavior, life cycles of insects, and influences the dynamics of populations and the conservation of species on a broader scale [30,31,32,33]. However, if vertical stratification in temperate forests is under study and is becoming clearer, then the vertical distribution of insects is little known in open areas due to methodological problems associated with the construction of certain structures. Our research aims to determine the vertical stratification and seasonal dynamics of Coleoptera in a glade in a forest area using a simple structure. We used fermental traps, which are easy to make and equipped with baits.




2. Materials and Methods


2.1. Study Area and Sampling Procedures


All studies were conducted in the center of the European part of Russia (the Republic of Mordovia, Temnikov region, the territory of the Mordovia State Nature Reserve). The Mordovia State Nature Reserve is located on the right bank of the Moksha River and covers an area of 321.62 km2. This natural large forest area is located in the zone of coniferous-deciduous forests on the border with the forest steppe. Forest communities occupy 89.3% of the entire protected area, representing the largest refugium for threatened invertebrate species. However, there are some small areas of open biotopes in this forest. These are meadows and glades of different configurations, areas, and microclimatic characteristics. Usually, such areas are surrounded by forests [34,35,36].



The research installation is a hollow tube with a diameter of 72 mm, 10 m high from the soil surface (54°43′39″ N, 43°09′08″ E, Figure 1). There are transverse crossbars at every 2 m on this pipe. There are hanging traps on them. There were no obstacles to the movement of species between the hanging traps. Insects could freely change their height.



The installation was located in a glade with an area of 0.93 hectares bounded by a lake on the south side. On the north, west, and east there is a border of mixed forest with Pinus sylvestris Linn., Quercus robur L., Populus tremula L., Tilia cordata Mill., Picea abies (L.) Karst., Betula pendula Ehrh., Betula alba L., and Alnus glutinosa L. Euonymus verrucose L., Lonicera xylosteum L., and Frangula alnus P.Mill. grow in the undergrowth. Prunus domestica L. and Pyrus communis L. grow on the border of the glade and the forest near small wooden buildings. Carex praecox Schre., Calamagrostis epigeios (L.) Roth, Bromopsis inermis (Leyss.) Holub, Elytrigia repens L., and Dactylis glomerate L. dominate in the grassy layer in the glade. In addition, there are Acinos arvensis (Lam.), Veronica prostrata L., Galium verum L., Galium mollugo L., Achillea millefolium L., Fragaria viridis Duch., Erigeron annuus L., and Conysa canadensis L. Verbascum Thapsus L., Rumex confertus Willd., Poa bulbosa L., and Alchemilla sp., and other herbaceous plants are single specimens [37].



Coleoptera was collected from May to October 2020, when insect activity was very high. All collections were carried out using traps of our own design. A five-leather plastic container with a window cut out on one side at a distance of 10 cm from the bottom was used as a trap [38]. Beer was used as bait. Sugar was added for fermentation. The collected samples were delivered in plastic bags containing 70% alcohol from the forest to the laboratory, then sorted and stored in alcohol. A total of 745 species have been studied.




2.2. Identification and Taxonomic Position of Samples


The classification of the family-group taxa used in this checklist follows Bouchard et al. [38] predominantly, with subsequent additions [39]. The changes are taken into account from the Catalog of Coleoptera of the Palearctic [40,41,42,43,44,45,46], as well as data on Cucujoidea from the research of Robertson et al. [47] on Curculionoidea from the research of Alonso-Zarazaga et al. [48]. The cited works were used to clarify the nomenclature, as well as the Catalog of Coleoptera of the Palearctic [49,50]. The years of the description of some species are specified according to Bousquet [51]. The identification of the species was carried out by L.V. Egorov.




2.3. Data Analyses


When analyzing the results of the studies, data were used only on the quantitative parameter (number) of all Coleoptera individuals in traps for exposure time. Saproxious species were determined using the approaches adopted by authors [52,53,54]. The anthophilic species were classified according to their own long-term observations. Jaccard similarity index was used to compare species similarity between study plots. We did not take into account insects that were not identified as species. Based on the collected data on the total number of Coleoptera for the season, we calculated the Shannon index and the Simpson index [55,56].





3. Results


During the research, 80 species from 30 Coleoptera families were registered (Table 1, Figure 2). Some specimens from several families could not be identified as species. The greatest species diversity was registered in Nitidulidae (11 species), Cerambycidae (10 species), Scarabaeidae (7 species), Elateridae, Coccinellidae, Curculionidae (5 species each). Representatives of these families in total accounted for 87.1% of all studied specimens.



Cryptarcha strigata (Fabricius, 1787) (total 228 specimens) and Protaetia marmorata (Fabricus, 1792) (113 specimens) had the largest numbers in beer traps. At all heights, only five species were observed in traps: P. marmorata, Malachius bipustulatus (Linnaeus, 1758), C. strigata, Cryptarcha undata (G.-A. Olivier, 1790), and Soronia grisea (Linnaeus, 1758).



The largest abundance of P. marmorata was registered at heights from 2 to 6 m, with a maximum abundance at a height of 4 m. The abundance of C. strigata was greatest at a height of 4 m and slightly smaller at a height of 2 m. The highest abundance of S. grisea was registered at a height of 2 m. The data has not been obtained on the abundance of M. bipustulatus and C. undata at different heights.



The calculation of the Jaccard similarity index demonstrated certain differences between the Coleoptera species caught at different heights (Figure 3). The greatest differences were obtained between samples from a height of 2 and 10 m. The differences were minimal between the heights of 4 and 8 m.



The greatest species diversity (53 species) was obtained at a height of 2 m and the smallest one (16 species)—at a height of 10 m (Table 1). According to the average number of specimens, the greatest one was observed at heights of 2 and 4 m (302 and 229 specimens, respectively). The minimum number of specimens was caught at a height of 10 m.



In total, we identified 48 saproxylic and 38 anthophilic beetle species. The most significant relative number of saproxylic beetle species was obtained at a height of 4 m. At other heights, the number of saproxylic species was almost the same. The relative number of anthophilic species was minimal at a height of 10 m. However, at other heights, it increased very much (Table 1).



The calculated Shannon and Simpson indices showed the following results. We obtained the maximum values of the Shannon index and the minimum values of the Simpson index at the heights of 2 m. Conversely, the minimum values of the Shannon index and the maximum values of the Simpson index are calculated for heights of 4 and 8 m. At other heights, the average values are obtained between these indicators (Table 1).



Seasonal dynamics of Coleoptera abundance were the same at different heights.



(Figure 4). The greatest peak in numbers was recorded in late May and early June. A smaller peak in numbers occurred from the end of July to the beginning of August.



Figure 5 and Figure 6 show the seasonal dynamics of the abundance of the two most widespread species (C. strigata and P. marmorata) at different heights. In the first species, the population dynamics did not show a clear pattern and there were several maxima and minima practically at all heights (Figure 5). The graph of the total seasonal abundance of C. strigata at all heights (Figure 7) shows the same. Nevertheless, the largest number of the species was observed mainly in early summer (June) and August–early September.



The seasonal dynamics of P. marmorata abundance were more regular (Figure 6 and Figure 7). The maximum number was recorded in mid-June, and then it decreased. In August, isolated individuals were observed in traps; since September, this species has not been observed.



Figure 7 shows the seasonal total dynamics of nine species, whose number exceeded 20 specimens in traps for the entire season. The first individuals of Cetonia aurata (Linnaeus, 1758) appeared in traps already in May. However, this species reached its greatest number in traps only in the second half of July. After 9 August, this species was no longer found in traps. The maximum abundance of Protaetia cuprea volhyniensis (Gory & Percheron, 1833) was recorded in May. Then there was a gradual decrease in the number of the species and from 23 August, it stopped falling into traps. Seasonal dynamics of the number of C. undata was three-vertex in beer traps. The maximum numbers were observed in early June, late July–August, and in the first half of October.



Seasonal dynamics of S. grisea abundance in the glade was two-vertex. The first smaller peak in numbers was detected in the first half of June; the second and more significant one occurred in the first half of October. M. bipustulatus was caught in beer traps from 20 May to 17 June, with a peak in the first decade of June. In the subsequent time, this species was not observed in traps. The first individuals of Leptura quadrifasciata Linnaeus, 1758 appeared in traps in mid-June and in the first half of July, the peak of the number of this species was already noted. Single specimens were also trapped in August and September. The peak number of Anisandrus dispar (Fabricius, 1792) occurred in the first half of June.




4. Discussion


Our study shows the idea of the diversity, height preferences, and seasonal dynamics of Coleoptera in open biotopes (in glades) in the forest ecosystems of European Russia. Different species of Coleoptera fall into beer traps set at different heights, but most of them are species that fly to the wandering bait of beer and sugar. Some authors [57,58,59] indicate that for traps similar to ours, alcoholic fermentation is a key process for attracting beetles, which in the wild are attracted by fermented tree sap. In recent years, a lot of information has accumulated about the height preference of Coleoptera in various forest layers in the temperate zone, from the undergrowth to tree crowns [60,61,62,63,64,65,66].



In our research, vertical stratification was studied in an open biotope in a glade in the forest. It was found that the number and species diversity of Coleoptera is higher when the trap is installed at a height of 2 m. This is consistent with our previous studies conducted in nearby deciduous forests [67]. The Shannon index was higher near the ground than at high heights. Similar results were obtained in the studies of Ulyshen and Hanula [68]. Thus, at high heights in the open biotope, there is a small species diversity of Coleoptera and one or several species dominate.



In deciduous forests, C. strigata imagos were mainly found at medium heights (3.5–7.5 m) with relatively high numbers [67]. In our studies, the abundance of C. strigata was greatest in the glade at a height of 4 m and lower at a height of 2 m. Imagos are usually found on the trunks of oaks and aspens near the flowing brooding sap. In biotopes with the predominance of these tree species, the abundance of C. strigata is greatest [69,70]. Thus, both inside forest biotopes and in open biotopes, C. strigata prefers to stick to small heights and does not move too high or low.



In our studies in a glade in the forest, the highest number of S. grisea was obtained at a height of 2 m and, partly, at a height of 4 m. Earlier S. grisea was reported to be more common inside deciduous forests at a height of 3.5 m [70]. Thus, this species prefers the lower layers (undergrowth level) in closed and open biotopes.



Imago P. marmorata had clear preferences in relation to the highest layer of the deciduous forest (tree crowns) [70]. However, in the glade, the largest number of P. marmorata was obtained at heights from 2 to 6 m, with a maximum number at a height of 4 m. The larvae of this species develop in the hollows of dead deciduous trees [71,72]. Imagos are anthophiles and are often found on flowering plants and shrubs [73,74]. Apparently, the anthophilicity of this species is due to the high-height preference in open habitats. Most of the flowers that beetles visit are located at a height of no more than 1.5–2 m and partially up to 3 m on some shrubs (mountain ash, bird cherry).



The largest sum of saproxylic and anthophilic species was obtained at a height of 2 m, and the smallest number of these species was obtained at a height of 10 m. However, the calculation with respect to the sum of species at a certain height showed that the number of saproxylic species was almost the same at heights of 2, 6, 8, and 10 m. Thus, saproxylic species prefer a height of 4 m to a greater extent and are equally found at other heights in open biotopes.



Seasonal cycles of Coleoptera activity have been studied for a long time and in various ways. There are many publications in which the authors describe in detail the seasonal activity of many species and families [10,75,76,77,78]. One publication estimates the seasonal dynamics of Cerambycidae abundance in the Cerrado of Distrito Federal (Brazil) when caught on fermented sugar cane juice with the addition of various fruits [79]. In fact, this fermenting liquid is similar to our bait. It turned out that the largest number of individuals and species is observed shortly after the first rains, especially in November. The authors also noted that this type of bait proved to be effective for collecting insects, comparable in effectiveness to synthetic baits that are commonly used in such cases [79]. Similar studies can also be successfully carried out in temperate forests [70].



The peak number of P. marmorata was observed in mid-June, and later the number decreased. Only at some heights were there isolated individuals. However, since September, this species has not been noted in traps. It was previously shown that in forest biotopes, the maximum number is observed in the second half of May and June, and after it decreases. At the same time, P. marmorata individuals have not been observed in all forest biotopes since the end of July [70]. Apparently, the first imagos appear inside forest biotopes and subsequently migrate to open biotopes for feeding. They are anthophiles, which is why they prefer open glades with a variety of herbaceous plants. This fact explains greater activity in open stations (until the end of August) than in closed forest biotopes, where they have not been found since the end of July.



Interesting results were obtained on the dynamics of the abundance of C. aurata. The species lives in different biotopes, more often in open ones (meadows, glades, roadsides, etc.). It is quite common on the flowers of plants from the families Umbelliferae, Rosacea, and Asteraceae, where it feeds on pollen and nectar [80,81]. According to our observations, it appears on flowering plants in mid-May and occurs until September [82]; unpublished information]. It often falls into beer traps [83]. Thus, the first appearance of individuals of this species (20 May) in traps is quite logical. However, then its number in traps dropped sharply to zero, and it began to be caught again only from 7 July, peaking in the second half of July. After 9 August, this species was no longer found in traps. At the same time, the number of flowering plants in the glade near the traps was quite high until August. Probably, C. aurata, in general, attracts worse in crown traps because it is mainly anthophilic.



In forest biotopes, the peak abundance of C. strigata was observed in early June, and solitary imagos were found throughout the season in different biotopes [70]. However, in the open biotope, the number of these species varied very significantly, with sharp rises and falls in the number of individuals in traps. The largest number of the species is observed mainly in early summer (June) and August–early September. It is possible that this species gives more than one generation per season, which is reflected in the graph of its abundance.



The main peak of S. grisea abundance within forest biotopes was observed in late May–early June. At the same time, a small number of beetles were active in late August and September [70]. However, the seasonal dynamics were different in the glade. If the spring and early summer population peaks were obvious, then in the first half of October, we observed a more significant increase in the number. It can be explained by the fact that the species migrates to wintering grounds. We assume that at this time, at relatively high air temperatures, it is the open biotopes that are warming up better and this species is activated in such places. To a certain extent, a similar regularity in seasonal dynamics was also found in C. undata. The greatest number of these species also occurred in the first half of October.



Adults of M. bipustulatus are predators and feed on small insects living on flowers; their larvae feed on the nymphs of some xylophagous insects [84]. Apparently, its entry into beer traps is accidental and is associated with predation on small insects lured by fermented liquid.



The number of anthophilic longicorns L. quadrifasciata was not very high in traps. It had a single peak with a maximum in mid-June. This species lives in a wide range of biotopes. Larvae develop in dead or rotting wood, especially in the lower parts of standing trees, stumps, fallen trunks, and branches of various trees. Usually, the imago of this species prefers flowering plants growing in meadows, glades, and forest edges [83,85]. The activity of the bark beetle A. dispar was recorded in spring-early summer. Since mid-June, this species has not been observed in traps. Similar activity was recorded in forest biotopes [70].



This study showed that glades in the natural undisturbed forests of the temperate zone are a place of clusters of many species of Coleoptera. At the same time, the maximum species diversity and abundance fall on the surface layer (at a height of 2 m). It is believed that isolated glades in forests do not have significant species diversity and numerical abundance of Coleoptera, unlike glades that are connected to the edges of forests by certain corridors. This is due to the lack of corridors for migrations of flying Coleoptera species [19]. We point out that our study took place simultaneously with the study of the vertical stratification of Coleoptera in the forests of the temperate zone of the European part of Russia and the sites for this were located in the same forest ecosystem [67]. However, the data indicate that the species diversity of Coleoptera is also very significant in isolated glades in undisturbed forests and the range of species is different from that in the inner parts of the forest (closed biotopes). In addition, this study showed that some Coleoptera species could change their height preference and seasonal population dynamics can change.




5. Conclusions


As a result of studies in a glade in a mixed forest of the temperate zone of the European part of Russia, 80 species from 30 Coleoptera families were identified at different heights. The greatest species diversity was recorded in Nitidulidae (11 species), Cerambycidae (10 species), Scarabaeidae (7 species), Elateridae, Coccinellidae, Curculionidae (5 species each). The greatest species diversity (53 species) and numerical abundance were obtained at a height of 2 m, the smallest one (16 species)—at a height of 10 m. The values of the Shannon index and the Simpson index confirm that. The most significant relative number of species of saproxylic species was obtained at a height of 4 m. The relative number of anthophilic species was significantly lower at a height of 10 m. The seasonal dynamics of Coleoptera abundance were the same at different heights, and the greatest abundance was observed in late May and early June. However, the seasonal dynamics in the glade in the forest and inside the forest were different for some Coleoptera species.
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Figure 1. A special installation for conducting research on the territory of the Mordovia State Nature Reserve. 
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Figure 2. Numerical abundance of some Coleoptera families at different heights. 
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Figure 3. The insect species composition similarity for four studied heights is based on the Jaccard similarity index by using Ward’s method and Euclidean distances as a measurement of Linkage Distance (cophenetic correlation coefficient = 0.690). 
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Figure 4. Seasonal dynamics of Coleoptera abundance at different heights. 
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Figure 5. Seasonal dynamics of Cryptarcha strigata abundance at different heights. 
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Figure 6. Seasonal dynamics of Protaetia marmorata abundance at different heights. 
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Figure 7. The total seasonal dynamics of the number of nine Coleoptera taxon in a glade in the forest. 
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Table 1. Species diversity and abundance of Coleoptera were collected using fermental traps at different heights on the territory of the Mordovia State Nature Reserve.
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	Family, Taxon
	2 m
	4 m
	6 m
	8 m
	10 m





	Carabidae
	
	
	
	
	



	Harpalus signaticornis (Duftschmid, 1812)
	
	
	
	1
	



	Stenolophus mixtus (Herbst, 1784)
	1
	
	
	
	



	Hydrophilidae
	
	
	
	
	



	Hydrobius fuscipes (Linnaeus, 1758)
	
	
	
	
	1



	Histeridae
	
	
	
	
	



	Carcinops pumilio (Erichson, 1834)
	
	1
	
	
	



	Silphidae
	
	
	
	
	



	Necrodes littoralis (Linnaeus, 1758)
	1
	1
	
	1
	



	Oiceoptoma thoracicum (Linnaeus, 1758)
	1
	
	
	
	



	Staphylinidae
	
	
	
	
	



	Staphylinidae sp.
	4
	6
	
	2
	



	Quedius dilatatus (Fabricius, 1787)
	1
	
	
	
	



	Scarabaeidae
	
	
	
	
	



	Cetonia aurata (Linnaeus, 1758)
	11
	8
	3
	1
	



	Gnorimus variabilis (Linnaeus, 1758)
	
	2
	
	1
	



	Phyllopertha horticola (Linnaeus, 1758)
	1
	
	1
	1
	



	Protaetia fieberi (Kraatz, 1880)
	6
	6
	2
	
	



	Protaetia marmorata (Fabricus, 1792)
	33
	41
	20
	12
	7



	Protaetia speciosissima (Scopoli, 1786)
	
	
	1
	1
	



	Protaetia cuprea volhyniensis (Gory & Percheron, 1833)
	18
	5
	1
	3
	



	Scirtidae
	
	
	
	
	



	Contacyphon variabilis (Thunberg, 1787)
	1
	
	
	
	



	Elateridae
	
	
	
	
	



	Agrypnus murinus (Linnaeus, 1758)
	3
	
	
	
	



	Ampedus pomonae (Stephens, 1830)
	6
	
	
	
	



	Dalopius marginatus (Linnaeus, 1758)
	
	
	1
	
	



	Denticollis borealis (Paykull, 1800)
	
	
	1
	
	



	Limonius minutus (Linnaeus, 1758)
	9
	5
	
	
	



	Buprestidae
	
	
	
	
	



	Agrilus sp.
	1
	2
	
	
	1



	Anthaxia quadripunctata (Linnaeus, 1758)
	1
	
	
	
	



	Coraebus elatus (Fabricius, 1787)
	1
	
	
	
	



	Byrrhidae
	
	
	
	
	



	Lamprobyrrhulus nitidus (Schaller, 1783)
	
	
	
	
	1



	Lycidae
	
	
	
	
	



	Lygistopterus sanguineus (Linnaeus, 1758)
	1
	
	
	
	



	Cantharidae
	
	
	
	
	



	Cantharis fusca Linnaeus, 1758
	1
	
	
	1
	



	Cantharis rustica Fallén, 1807
	1
	
	
	2
	2



	Rhagonycha fugax Mannerheim, 1843
	
	
	
	1
	



	Rhagonycha fulva (Scopoli, 1763)
	1
	
	1
	
	



	Dermestidae
	
	
	
	
	



	Attagenus schaefferi (Herbst, 1792)
	
	1
	
	
	



	Trogoderma glabrum (Herbst, 1783)
	
	3
	
	
	



	Ptinidae
	
	
	
	
	



	Hadrobregmus pertinax (Linnaeus, 1758)
	1
	
	
	
	



	Melyridae
	
	
	
	
	



	Dasytes niger (Linnaeus, 1761)
	1
	
	
	
	



	Malachius bipustulatus (Linnaeus, 1758)
	7
	4
	2
	5
	4



	Erotylidae
	
	
	
	
	



	Dacne bipustulata (Thunberg, 1781)
	
	
	
	
	1



	Nitidulidae
	
	
	
	
	



	Carpophilus dimidiatus (Fabricius, 1792)
	2
	
	
	
	



	Carpophilus hemipterus (Linnaeus, 1758)
	2
	1
	
	
	



	Cryptarcha strigata (Fabricius, 1787)
	76
	83
	26
	34
	9



	Cryptarcha undata (G.-A. Olivier, 1790)
	2
	6
	6
	5
	2



	Cychramus luteus (Fabricius, 1787)
	5
	
	
	
	



	Cyllodes ater (Herbst, 1792)
	1
	
	
	
	



	Epuraea sp.
	19
	11
	2
	4
	4



	Glischrochilus grandis (Tournier, 1872)
	5
	1
	
	1
	



	Glischrochilus hortensis (Geoffroy, 1785)
	2
	
	
	
	



	Glischrochilus quadriguttatus (Fabricius, 1777)
	1
	1
	
	
	



	Glischrochilus quadripunctatus (Linnaeus, 1758)
	1
	1
	
	
	



	Meligethes sp.
	
	1
	1
	
	



	Soronia grisea (Linnaeus, 1758)
	18
	10
	5
	4
	1



	Coccinellidae
	
	
	
	
	



	Calvia quatuordecimguttata (Linnaeus, 1758)
	
	
	
	
	2



	Coccinella magnifica L. Redtenbacher, 1843
	1
	1
	
	
	



	Coccinella septempunctata Linnaeus, 1758
	1
	
	
	
	



	Hyperaspis campestris (Herbst, 1783)
	
	
	
	1
	



	Propylea quatuordecimpunctata (Linnaeus, 1758)
	
	
	1
	
	



	Melandryidae
	
	
	
	
	



	Osphya bipunctata (Fabricius, 1775)
	
	
	
	1
	



	Wanachia triguttata (Gyllenhal, 1810)
	1
	
	
	
	



	Zopheridae
	
	
	
	
	



	Bitoma crenata (Fabricius, 1775)
	
	
	1
	
	



	Mordellidae
	
	
	
	
	



	Mordella sp.
	
	1
	
	1
	



	Tenebrionidae
	
	
	
	
	



	Bolitophagus reticulatus (Linnaeus, 1767)
	
	
	
	
	1



	Neomida haemorrhoidalis (Fabricius, 1787)
	
	1
	
	
	



	Lagria hirta (Linnaeus, 1758)
	1
	
	
	
	



	Oedemeridae
	
	
	
	
	



	Oedemera femorata (Scopoli, 1763)
	4
	
	
	
	



	Anthicidae
	
	
	
	
	



	Omonadus floralis (Linnaeus, 1758)
	1
	
	
	
	



	Scraptiidae
	
	
	
	
	



	Anaspis frontalis (Linnaeus, 1758)
	
	1
	
	
	



	Cerambycidae
	
	
	
	
	



	Anastrangalia reyi (Heyden, 1889)
	1
	
	
	
	



	Leptura quadrifasciata Linnaeus, 1758
	20
	8
	
	
	



	Leptura thoracica Creutzer, 1799
	
	2
	2
	
	



	Lepturalia nigripes (DeGeer, 1775)
	3
	1
	
	
	



	Pachyta quadrimaculata (Linnaeus, 1758)
	1
	
	
	
	



	Plagionotus arcuatus (Linnaeus, 1758)
	1
	
	
	
	



	Purpuricenus kaehleri (Linnaeus, 1758)
	
	
	1
	
	



	Stenocorus meridianus (Linnaeus, 1758)
	
	
	1
	
	



	Strangalia attenuata (Linnaeus, 1758)
	2
	
	
	
	



	Tetrops praeustus (Linnaeus, 1758)
	
	
	1
	
	



	Orsodacnidae
	
	
	
	
	



	Orsodacne cerasi (Linnaeus, 1758)
	
	1
	1
	1
	



	Chrysomelidae
	
	
	
	
	



	Altica sp.
	
	1
	
	
	



	Cassida vittata Villers, 1789
	
	
	
	
	1



	Chaetocnema hortensis (Geoffroy, 1785)
	1
	
	
	
	



	Galerucella lineola (Fabricius, 1781)
	1
	1
	
	
	1



	Hypocassida subferruginea (Schrank, 1776)
	1
	
	1
	
	1



	Anthribidae
	
	
	
	
	



	Rhaphitropis marchica (Herbst, 1797)
	1
	
	
	
	



	Curculionidae
	
	
	
	
	



	Anisandrus dispar (Fabricius, 1792)
	12
	7
	
	4
	1



	Larinus sturnus (Schaller, 1783)
	1
	
	
	
	



	Phyllobius argentatus (Linnaeus, 1758)
	
	
	1
	1
	



	Phyllobius pyri (Linnaeus, 1758)
	1
	3
	
	1
	1



	Xyleborinus saxesenii (Ratzeburg, 1837)
	1
	1
	
	
	



	Total of individuals
	302
	229
	83
	90
	41



	Number of taxon (excluding unidentified ones)
	53
	29
	22
	22
	16



	Number of saproxylic taxon (excluding unidentified ones)
	30
	20
	13
	12
	9



	Number of species of saproxylic beetles (% of the total number of taxon)
	56.6
	69.0
	59.1
	54.5
	56.3



	Number of anthophilic taxon (excluding unidentified ones)
	25
	13
	13
	12
	4



	Number of taxon anthophilic beetles (% of the total number of taxon)
	47.2
	44.8
	59.1
	54.5
	25.0



	Shannon index
	2.91
	2.23
	2.25
	2.23
	2.39



	Simpson index
	0.11
	0.21
	0.18
	0.20
	0.13
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