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Abstract. Ground beetles collected in 2022 in the forest-meadow landscape of Udmurtia were studied
in terms of biotopic preferences via using the indicator value index (INDVAL). This method provides
the identification of indicator species for different hierarchal levels of habitats and the assessment of
statistical significance of the obtained results. In the republic, the method was applied in the ground
beetle investigations for the first time. It was found that for most studied species, the biotopic preferences
generally coincided with those reported in the literature. However, some species were distinguished by
a local specificity of biotopic preferences. In particular, 9 analyzed species out of 56 turned out to be the
indicators of forest edges.
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(Carabidae, Coleoptera)
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AHHoTauums. No pesynbratam cOOpPOB XyXenuu, NpoBeaeHHbIX B 2022 I. B NIECONyroBoM naHalagre
YomypTum, npoBedeHo uccriegoBaHve buoTonmyeckux npedepeHUmi XXYKOB C MOMOLLbI0 MHAEKCa
MHOuKaTtopHon ueHHocTM (INDVAL). MeTtog no3BonsieT BbISBMAATbL BUAbI-MHOAWKATOPLI AN PasHbIX
YPOBHEN Mepapxmm MecToobuTaHui N OUeHUBaTb CTAaTUCTMYECKYHD 3HAYUMMOCTb pesynbratoB. PaHee
3TOT MEeToA NPW UCCNegOBaHUN XYXeNuL, Ha TeppuTopumn pecnybnukn He npumeHsncs. OBHapykeHo,
41O Ans BonbLuero Yncna nccrnegoBaHHbIX BUAOB BuoTonmyeckas NpuypovYeHHOCTb B LIeNOM coBnagaeT
C VM3BECTHbIMM MO nuTepartype ocobeHHocTamu. [Npyu aToM Ona psga BMAOB BbisiBIieHA MeECTHas
crneumduka drnotonnyeckux npedepeHuun. B Tom uncne 9 Bugos M3 56 MCNONb30BaHHbLIX B aHanmse
nposiBMnmn cebst Kak MHOAMKATOPbI NIECHbIX OMYLUEK.

KnioueBble cnosa: Buabl nHaukaTopsbl, INDVAL, MecToobutaHus

PuHaHcupoBaHue. HacTosiee nccnenoBaHme BbINOMHEHO Npu oUHaHCOBOW nogaepkke MuHncTepcTea
Hayku 1 Bbiclwero obpasoBaHus Poccuiickon degepaumm B pamMkax rocygapcTBeHHoro 3agaHus FEWS-
2024-0011 «BuropasHoobpa3sne npuUpoaHbIX IKOCUCTEM 3aBOMKCKO-YPanbCKOro pervoHa: UcTopus ero
hopMmMpoBaHUS, COBPEMEHHAA AUHAMMKaA U NMYTU OXPaHbI».

BnarogapHocTu. ABTop npuaHateneH B.M. Kataey (3oonormyeckuii MHCTUTYT Poccuiickon akagemmnm
Hayk, CaHkT-lNeTepbypr) 3a nogTBepxaeHne naeHTMUKauMm BUOOB U B psige CryvyaeB ee KOPPEeKLUo.
ABTOp BblpaxaeTt bnarogapHocTtb C.B. [entoxviHy (YOMypPTCKUI roCyaapCTBEHHbIN YHUBEPCUTET, VHKeBCK)
3a MOMOLWb B OMpedeneHMn BMOOB U LEHHble 3amevaHust Mpu co3gaHum pykonucu ctatbu. ABTOP
onarogapeH T.B. Bopucosckon (YOMypTCKUI rOCYLApCTBEHHbIV YHMBEPCUTET, VbkeBCK) 3a MoMoLb
B OMMCaHWM MECTOOOUTaHWA M NPOBEAEHMM MONEBOro 3tana paboT. 3HauuTenbHbIV BKag B paboTy
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BHECNM pekomMeHaaumm no obpabotke matepuana, nonyyeHHole ot A.H. CosoHToBa (MIHCTUTYT aKonorun
pacteHu 1 xuBoTHbIX YpO PAH, EkatepuHbypr). ABTop GnarogapeH ABYyM aHOHMMHbBIM peLeH3eHTaM 3a
KOMMEHTapuUn 1 NPeaioKeHns, NO3BOMNMBLUNE 3HAYUTENBHO YITyYLIMTL PYKOMUCH.
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Introduction

Carabid beetles (Carabidae) have been extensively studied in European Russia, including the
Udmurt Republic (Dedyukhin, 2012). Biotopic preferences of ground beetles dwelling in the republic
have been discussed in two studies (Dedyukhin, 2008, 2023).

Microclimatic factors play a decisive role in distribution of ground beetle species across habitats
(Thiele, 1977). Depending on zonality or landscape features, optimal microclimatic conditions for the
species may develop in the externally different habitats. Therefore, the range of habitats colonized
by many (especially widespread) ground beetle species may vary within their range. For example,
Pterostichus melanarius is an open-space species in the northern taiga, but in the southern steppe zone
it populates the forested areas of river floodplains (Sharova and Filippov, 2004). A number of widely
spread ground beetle species characteristic of open habitats in Western Europe, occupy dry forests in the
forest-steppe zone of Russia (Thiele, 1977). In Central Europe and Fennoscandia, certain ground beetle
species also exhibit a tendency to inhabit different biotopes (Lindroth, 1992b). In some cases, such a
spatial variation in habitat colonization falls under the ‘principle of zonal shifting of habitats (Bei-Bienko,
1966; Chernov, 1975). Landscapes within a single natural zone can also vary greatly in environmental
conditions (Isachenko, 1991) which should affect the biotopic preference of ground beetles.

The principles of species ranking by ecological groups based on biotopic preferences are described
in works of K.V. Arnoldi et al. (1972), A.G. Voronin (1999), V.G. Mordkovich and |.1. Lyubechansky (2010),
I.Kh. Sharova and B.Yu. Filippov (2004). Most often, such an ecological grouping is implemented using
the generalized data for large areas: Fennoscandia (Lindroth, 1992a), the forest zone of the Middle
Urals (Voronin, 1999), the Belarusian Lake District (Solodovnikov, 2008), and the Netherlands (Turin et
al., 1991). For meta-analysis, a number of studies combine the data from several regions (Magura and
Lovei, 2020). In some publications, the data on beetles affiliation to ecological groups are processed in
relation to the study area (Aleksanov and Alekseev, 2019; Bieringer et al., 2013; Niemela et al., 2007;
Sharova and Filippov, 2004;Solodovnikov, 2008), indicating that just authors decide how to treat the
information from the reference books.

Identification of biotopic preferences of the species can be viewed as an independent task.
Furthermore, when conducting ecological studies, a necessity often arises to consider a biotopic
preference as an initial parameter for analysis. In this case, the goal is usually to attribute a species
to one of three categories: forest, open-habitat, or generalist species. Such a species assigning to a
particular ecological group based on biotopic preferences directly affects the calculation results. Studies
of the influence of industrial pollution (Belskaya and Zinoviev, 2007), urbanization (Magura et al., 2004)
and conditions gradients in the forest-edge-meadow system (Magura and Lévei, 2019, 2020) on the
ground beetle assemblages are vivid examples.

When the generalized information for a given area is used without its adjusting to local conditions,
the flaw of "argumentation based on closed-loop logic" (Shitikov et al., 2012) may arise. For example,
if at the regional level a certain species is classified as "forest", but locally it exhibits the features of the
“field” or “forest-edge” ones, its affiliation to the "forest" category in local studies will lead to contradictory
results. Thus, the clarification of local specifics of biotopic preferences can be of fundamental importance.
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Biotope-based distribution may be complicated by seasonal and inter-annual changes in biotopic
preferences of species. Hence, depending on the study objective, assigning a species to a particular
ecological group is feasible at several spatial and temporal scales. The larger the scale is, the more
generalized data can be obtained.

The aim of this study is to identify biotopic preferences of ground beetle species at the local level
through calculating the indicator value index.

Materials and methods

Study area

The data collection was conducted in 2022 in the Zavyalovsky District (Udmurt Republic) located in
the subtaiga natural zone (Atlas Udmurtskoi Respubliki, 2020). The study area is located in the vicinity
of of Nepremennaya Ludzya village and represents a 1.7x1.7 km plot of the developed landscape (N
56.70398° E 53.06748°), including a forest area, adjacent meadows, and a field with perennial grasses.
The site is situated on the northeastern slope of a ridge. The gradient of its elevation is 47 m and of
the terrain — about 4°. Soils are light loamy throughout. Recreational pressure on meadows and forests
is negligible. A total of 15 trap lines (Fig. 1) were laid in habitats of five types: forests (4 lines), forest
edges (4 lines), meadows (3 lines), fields (2 lines), and river banks (2 lines). In this study, forest edges
were considered as separate habitats because of a probable occurrence of the ecotone effect there
(Odum, 1975). The distance between trap lines was at least 100 m. In forests and meadows, they were
set 100 m (or more) from the forest-meadow boundary to avoid the edge effects (Murcia, 1995). Note
that a distance exceeding 25 m between trap lines is recommended to obtain statistically independent
samples (Digweed et al., 1995). The distance between the trap lines on river banks and the nearest lines
in the forest or at the edges made up 10-20 m.

Trap lines in the forest were placed in the areas of maturing (approximately 70-year-old trees) wood.
Line 1.1 was set in the flat area covered with the spruce-linden forest, line 1.2 — on the slope in the
spruce-sorrel forest, line 1.3 — at the bottom of the slope in the spruce-sorrel forest, line 1.4 — in the
spruce-sorrel forest of the small river valley.

The forest edge was on the flat plateau (trap line 2.1), on the slope (lines 2.2 and 2.3), and on the river
terrace (line 2.4). Forest edges border meadows. Here, weed-ruderal-forb plant communities develop.

Fig. 1. Layout of trap lines.
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Meadows (lines 3.1-3.3) represent originally overgrown fallow lands. Their economic use was
ceased approximately 20 years ago. Here, making and grazing are not done anymore. Strawberry-
Pimpinella and strawberry-forb communities have formed. Currently, these meadows are occupied by
Pinus sylvestris L. trees, mostly of 2—4 m tall.

The perennial grass field (lines 4.1 and 4.2) sown with alfalfa more than 10 years ago has not been
plowed since. Grass stand of this mown annually field consists of the alfalfa-grass community.

Trap lines 5.1 (open space) and 5.2 (streamside spruce forest) were located on the banks of small
rivers, i.e. moistened soil strips along the water's edge.

Data collection and analysis

Each line contained 10 pitfall traps (Barber, 1931) representing disposable transparent plastic cups
with a capacity of 320 ml and an opening diameter of 75 mm. The distance between traps reached 10 m.
A 4% formalin solution was used as a fixer. We added a small amount of unscented liquid detergent to
relieve the surface tension; trap lids were not used. Trapped animals were removed once every 7 days.

Traps were in operation from May 1, 2022 to October 9, 2022. On the river banks, they were set
on May 7, 2022 since there was still some snow on May 1, 2022. Some of these traps were unused
because of occurring uncontrollable factors (wildlife activity, floods, haymaking). Therefore, the number
of trap-days per season on different lines varied from 1368 to 1610 (see Appendix). To test the influence
of differences in sampling efforts on the analysis results, a verification calculation of the indicator value
index (INDVAL) was performed applying the standardized (specimens per 100 trap-days) data. The
outcomes turned out to be similar to the calculations based on the non-standardized data used in this
study. Our investigation dealt with a total of 23,087 trap-days. Data from one trap line per season were
combined into one sample and assumed to be an experimental unit (Kozlov, 2015).

For identification of all ground beetle species, the author used special Keys (lsaev, 2002;
Kryzhanovsky, 1965; Lindroth, 1974; Lompe, 2002). The scientific names of the taxa are given in
accordance with the systematic lists of ground beetles of Udmurtia (Dedyukhin, 2012; Dedyukhin et
al., 2005) and Russia (Makarov et al., 2020). The correctness of identification of some species (Amara,
Harpalus) was confirmed by B.M. Kataev (Zoological Institute of the Russian Academy of Sciences,
St. Petersburg), while the rest were verified by S.V. Dedyukhin (Udmurt State University, Izhevsk). Since
the species Pterostichus nigrita (Paykull, 1790) and P. raeticus Heer, 1837 were difficult to distinguish
(Angus et al., 2000), all related data were combined under the name P. nigrita aggr. A complete list of
the identified ground beetle species is given in Appendix.

Indicator species were defined using the INDVAL (Indicator Value Index) method proposed by
M. Dufréne and P. Legendre (1997). It allows to identify the indicator species and species assemblages
that characterize habitat groups. INDVAL can be calculated for any given habitat typology or for any level
of their hierarchical classification. In INDVAL calculations, the average number of species individuals
present in each of the identified habitat groups is used; this eliminates the influence of sites number in
various groups and differences in abundance between sites within the same group.

INDVAL can be used to distinguish two types of indicator species. Asymmetric indicators (index
less than 55%) predict the presence of the species only for certain habitats within a group, whereas
symmetric ones (index greater than 55%) in all habitats.

The first step in applying the INDVAL method is to classify the study units (samples) by means of any
suitable method. In this study, the sample consists of the number of ground beetles of different species
captured from a single habitat (a single trap line) for the whole season. To classify these data, we use
the non-hierarchical k-medoids algorithm (Kaufman and Rousseeuw, 1990) that enables to specify the
number of clusters. It also allows to use the Bray-Curtis distance measure, which is recommended for
building a distance matrix when analyzing the ecological communities (Shitikov, 2019). The criterion for
selecting the "best" clustering level for a particular species is that corresponding to the highest INDVAL
value in the habitat hierarchy (Dufréne and Legendre, 1997). The ANOSIM algorithm is employed in
combination with a pairwise post-hoc test to assess intergroup differences in the sample classification
derived from the k-medoids application (Clarke, 1993). Statistical significance of INDVAL values and
ANOSIM results is assessed via using a randomization procedure.
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During our study, a total of 19693 ground beetle specimens from 117 species were captured in
15 trap lines (see Appendix). To reduce the impact of random individuals in the analysis, all quantities
equal to one individual were excluded, but only if this individual amounted less than 1% of the total
number of individuals in the experimental unit. All species represented by fewer than 20 specimens
in total samples were also excluded from the analysis (Dufréne and Legendre, 1997). As a result, the
analysed number of species and specimens was reduced to 56 and 19256, respectively.

PAST 4.11 (Hammer et al., 2001) was used for statistical processing of the data.

Results

The results of samples’ clusterization from 15 habitats using the k-medoids algorithm are presented
in Fig. 2. At the two-cluster stage (k = 2), habitats were divided into two groups: the first included
open habitats (meadows and fields) and the second all the rest. Coastal habitats were separated from
forests and forest edges at the three-cluster stage (k = 3). At the five-cluster stage (k = 5), we obtained
a classification matching the a priori one. Small river banks, forested and non-forested habitats were
separated only at the six-cluster stage (k = 6).

The ANOSIM test for the five-cluster stage (Fig. 3) yields significant differences (p = 0.0001) between
habitat groups. A pairwise post-hoc test reveals statistically significant differences between forests and
forest edges (p < 0.05), forests and meadows (p < 0.05), meadow and forest edges habitats (p < 0.05).
Differences for other combinations are not statistically significant.

Resulted calculations of indicator value indices are shown in Table 1. In addition to statistically
significant, the table includes non-significant (above 55%) results. Table 1 presents 51 out of 56 species
included in the analysis.

Tabulation starts from the group "all habitats" (Dufréne and Legendre, 1997). Since the INDVAL
calculation method assumes the presence of at least two site groups, we use an artificially created
typology to obtain the indicator value index for the group "all habitats". This typology, along with the
aforementioned group, also involves the "forests + forest edges + banks" and "meadows + fields"
groups. Besides, the table presents the calculations of indicator indices of the habitat group hierarchy in
accordance with the clusterization results (Fig. 2).

The superposition of the resulted clustered habitat groups (Fig. 2) and the corresponding indicator
value indices for ground beetle species (Table 1) is presented as the dendrogram in Fig. 3. In typology,
maximum INDVAL values are highlighted. The authors of the method propose to assess the clustering
level characterized by the highest indicator value as the most appropriate for a given species (Dufréne
and Legendre, 1997). Based on this criterion, the species marked in the figure in bold can be considered
as the indicator species for habitats at different levels of their hierarchy. Most of these species are
symmetrical indicators with statistically significant indicator value indices.

kvalues
2 3 5 6

forests: 1.1, 1.2,1.3,1.4

forest edges: 2.1,2.2,2.3,2.4

bank 1: 5.1

— L bank 2: 5.2

meadows: 3.1, 3.2, 3.3

fields: 4.1,4.2

Fig. 2. Dendrogram of habitats clustering by the k-medoids method based on the Bray-Curtis similarity matrix.
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All habitats
no indicator species

Forests + forest edges + banks —«——— 2 ——=  Meadows + fields

C. granulatus (100), P. aethiops (86),

T. secalis (83), P. niger (83),

P. melanarius (82), B. lacertosus (80),

C. hortensis (80), P. oblongopunctatus (78),
P. nigrita aggr. (76), A. fuliginosum (70),
H. laevipes (66), P. strenuus (65),

A. gebleri (65)

P. lepidus (100), A. montivaga (100)

A. aenea (100), H. luteicornis (99),

H. rufipes (98), M. maurus (98),

H. rubripes (98), P. versicolor (94),

A. communis (87), H. affinis (80),

O. stictus (80), C. fuscipes (80),

P. cupreus (79), C. melanocephalus (77),

A. familiaris (70), A. equestris (60),

3 - Banks H. griseus (60), A. lunicollis (57)
E. cupreus (100)
P. assimilis (95) 5

A. fuliginosum (84)
P. nigrita aggr. (80)
|

T

-~ 6\ Fields Meadows
Bank 1 Bank 2 H. distinguendus (100) C. fuscipes (99)
P. nigrita aggr. (72) B.bruxelense (100) B. lampros (99) O. stictus (96)

PL. assimilis (70) B. articulatum (100)
A. fuliginosum (69)  B. guttula (68)
E. cupreus (67)
L. pilicornis (64) H. rufipes (90)
L P.assimilis (58) M. maurus (89)
S A. familiaris (84)
A. montivaga (79)
Forests Eo:iifltﬁi%%s C. cancellatus (67) A. nitida (57)
C. caraboides (100) A. ebleri (73) P. lepidus (58) A. lunicollis (56)
P. oblongopunctatus (94) H & h 77) A equestris (53) A. aenea (46)
P. aethiops (80) - xanthopus (71) A. aenea (54) P. lepidus (42)
H. laevipes (76) L. depressus (66) : : -
C. gramulatus (68) B. lacertosus (61)
C. hortensis (60) Z ;Z:i:’; 5(2)7)
N. palustris (58) :
P. niger (49) P. strenuus.(44)
P. melanarius (43) P. m.e'lanarms (40)
B. lacertosus (39) 4. nitida ([_IO)
L. pilicornis (37) C. horte.nszs (40)
T. secalis (23)

H. affinis (95)
P. cupreus (95)
H. griseus (95)

C. melanocephalus (91)
A. communis (77)

H. rubripes (76)

P. versicolor (69)

C. angularis (67)

O. puncticollis (65)

H. luteicornis (60)

Fig. 3. Dendrogram of the distribution of indicator ground beetle species by habitat groups represented according to habitats
clustering (see Fig. 2). Maximum INDVAL values for each species are given in bold.
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Table 1. Resulted calculations of the indicator value index for habitats’ hierarchy. In columns for each species, the numerator
represents the number of captured ground beetle specimens, and the denominator - the number of habitats in the corresponding
group where the species was captured. The INDVAL column shows the indicator value for the corresponding clusterization level.
Statistical significance levels: * — p < 0.05; ** —p < 0.01; *** — p < 0.001.

forest bank 1 bank

Species INDVAL forests edges 2 meadows fields
Forests
C. caraboides 100*** 34/4
P. oblongopunctatus 94*** 907/4 36/3 6/1 8/1
P. aethiops 80*** 413/4 71/4 10/1 712 31
H. laevipes 76*** 84/4 20/3 3/1
C. granulatus 68*** 298/4 65/4 211 18/1
C. hortensis 60** 94/4 63/4
N. palustris 58** 39/3 712 31
P. niger 49*** 505/4 236/4 33/1 53/1 80/3 4/2
P. melanarius 43* 603/4 567/4 8/1 2/1 63/3 63/2
B. lacertosus 39* 29/4 45/4
L. pilicornis 37* 25/3 2/1 12/1
Forest edges
S. vivalis 77 31/4 712
A. gebleri 73* 22/4 140/4 13/2 6/1
H. xanthopus 71** 15/2 105/4 211
L. depressus 66** 28/3 2/1
B. lacertosus 61** 29/4 45/4
H. tardus 57* 33/3 5/2 2/1
H. latus 56** 33/3 205/4 2/1 81/3 7
P. strenuus 44> 49/3 86/3 211 5/2
P. melanarius 40* 603/4 567/4 8/1 2/1 63/3 63/2
A. nitida 40* 50/4 53/3 21
C. hortensis 40* 94/4 63/4
T. secalis 23* 65/4 197/4 3/1 712 4/1
Forests + forest
edges + banks
C. granulatus 100*** 298/4 65/4 211 18/1
P. aethiops 86* 413/4 71/4 10/1 7/2 31
T. secalis 83* 65/4 197/4 31 7/2 4/1
P. niger 83*** 505/4 236/4 33/1 53/1 80/3 4/2
P. melanarius 82* 603/4 567/4 8/1 21 63/3 63/2
B. lacertosus 80** 29/4 45/4

C. hortensis 80** 94/4 63/4
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Species INDVAL forests forest bank 1 bank meadows fields
edges 2
P. oblongopunctatus 78* 907/4 36/3 6/1 8/1
P. nigrita aggr. 76 138/3 10/3 150/1 16/1 31 6/2
A. fuliginosum 70 7/3 3/3 14/1 31 1M 1M
H. laevipes 66* 84/4 20/3 31
P. strenuus 65* 49/3 86/3 211 5/2
A. gebleri 65 22/4 140/4 13/2 6/1
Bank 1
P. nigrita aggr. 72 138/3 10/3 150/1 16/1 31 6/2
PI. assimilis 70 40/1 23/1
A. fuliginosum 69 7/3 3/3 14/1 3N 11 1M
E. cupreus 67 14/1 7
L. pilicornis 64 25/3 2/1 12/1
P. assimilis 58 10/1 2/1 33/1 211
Banks
E. cupreus 100** 14/1 7M1
P. assimilis 95** 10/1 2/1 33/1 211
A. fuliginosum 84* 7/3 3/3 14/1 3/1 1M 1M
P. nigrita aggr. 80* 138/3 10/3 150/1 16/1 3/1 6/2
Bank 2
B.bruxelense 100 127/1
B. articulatum 100 291
B. guttula 68* 9/2 16/1 5/2 7
All habitats
No indicator species
Meadows
C. fuscipes 99** 545/3 2/1
O. stictus 96™* 99/3 31
C. melanocephalus 91** 16/4 201/3 6/1
A. communis 77 3/1 124/3 404/3 16/2
H. rubripes 76** 8/3 159/3 29/2
P. versicolor 69** 2/1 659/4 51 4549/3 1039/2
C. angularis 67* 29/2
O. puncticollis 65* 2/1 64/2
H. luteicornis 60* 13/4 448/3 190/2
A. nitida 57 50/4 53/3 2/1
A. lunicollis 56* 3/1 29/2 21
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Species INDVAL forests ;%rgeesé bank 1 baznk meadows fields
A. aenea 46* 486/3 374/2
P. lepidus 42* 133/3 122/2
Meadows + fields
P. lepidus 100*** 133/3 122/2
A. montivaga 100*** 2/1 4/2 269/3 677/2
A. aenea 100*** 486/3 374/2
H. luteicornis 99*** 13/4 448/3 190/2
H. rufipes 98*** 9/2 11/1 18/3 248/2
M. maurus 98*** 27/3 113/3 748/2
H. rubripes 98* 8/3 159/3 29/2
P. versicolor 94 xx* 2/1 659/4 51 4549/3 1039/2
A. communis 87* 3/1 124/3 404/3 16/2
H. affinis 80** 16/2 203/2
O. stictus 80** 99/3 31
C. fuscipes 80** 545/3 21
P. cupreus 79** 4/2 9/2 168,2
C. melanocephalus 77 16/4 201/3 6/1
A. familiaris 70 2/1 21/3 6/2 79/2
A. equestris 60* 271 22/2
H. griseus 60* 2/1 26/2
A. lunicollis 57* 31 29/2 21
Fields
H. distinguendus 100** 29/2
B. lampros 99** 2/1 81/2
H. affinis 95** 16/2 203/2
P. cupreus 95* 4/2 9/2 168/2
H. griseus 95** 2/1 26/2
H. rufipes 90* 9/2 111 18/3 248/2
M. maurus 89** 27/3 113/3 748/2
A. familiaris 84** 2/1 21/3 6/2 79/2
A. montivaga 79* 2/1 4/2 269/3 677/2
C. cancellatus 67* 2/1 16/3 7M1 33/2
P. lepidus 58* 133/3 122/2
A. equestris 55* 271 22/2
A. aenea 54* 486/3 374/2
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Among the species that represent open habitats (fields and meadows) and have high INDVAL
values, two distinct groups can be specified. One includes the ground beetle species strictly confined
to meadows and fields, being only occasionally encountered on forest edges, in forests, and on banks
(Poecilus lepidus, Amara aenea, Harpalus affinis, Ophonus stictus, Calathus fuscipes, Amara equestris,
and Harpalus griseus). The second group involves the species generally common for open habitats
(meadows and fields), but also found in smaller numbers on forest edges and singly in forests and on
river banks (Poecilus versicolor, P. cupreus, Calathus melanocephalus, Amara montivaga, A. lunicollis,
A. communis, Harpalus luteicornis, H. rufipes, H. rubripes, and Microlestes maurus). A characteristic
feature of open habitat species is that they are virtually (with rare exceptions as isolated individuals)
never found along river banks (Table 1, Appendix). Only two species, H. rufipes and P. versicolor, have
been recorded in the coastal catches.

With a decrease in the hierarchy level and open biotopes separation into “fields and meadows”
(Table 1, Fig. 3), an increase in the indicator value index and/or its statistical significance is noted for
some species. Thus, meadow species include C. fuscipes, O. stictus, C. melanocephalus, Cymindis
angularis, Ophonus puncticollis, and Amara nitida. They are almost not detected in forests (with rare
exceptions as single individuals) and found just singly on forest edges. An exception is A. nitida, which
is equally referred both to the edge and meadow species. Encountered only in fields and not recorded
in other biotopes, Harpalus distinguendus can be unambiguously classified as a field species. Similar
species Bembidion lampros and H. griseus are caught singly in other habitats. Such species as H.
affinis, P. cupreus, Carabus cancellatus, and Amara familiaris are good indicators of field biotopes in
spite of their dwelling in other habitats as well.

The habitat group comprising forests, forest edges, and banks in the cluster hierarchy contrasts
with open habitats and is characterized primarily by higher humidity. For example, the ground beetle
species — Carabus granulatus, has been recorded in all biotopes of this group, but not collected in
meadows or fields. Similarly, Carabus hortensis, Trechus secalis, Pterostichus niger, P. melanarius, P.
aethiops, and Badister lacertosus demonstrate peak INDVAL values throughout.

The following trends are noted when “forests” and “forest edges” are separated from the previous
habitat group (k = 5, see Fig. 2). For instance, the only ground beetle species found exclusively in
the forests is Cychrus caraboides. Notiophilus palustris, Pterostichus oblongopunctatus, and Harpalus
laevipes exhibit predominantly forest-dwelling characteristics, having the highest INDVAL values in this
classification.

Species solely of the “forests-edges” habitats have not been detected. However, a number of ground
beetle species exhibit the edges-specific behaviour; their INDVAL values in the "edges" habitat group are
the highest in typology and statistically significant (Fig. 3). Among them Synuchus vivalis and Harpalus
tardus are primarily observed on forest edges and are collected in fairly small quantities in adjacent
meadows and fields. Harpalus xanthopus ssp. winkleri and Harpalus latus are abundant in forests and
open biotopes.

In this paper, near-water biotopes are considered primarily to determine the diversity of habitats
for typical meadow species, fields, and forests. However, the specificity of coastal species is clearly
evident. According to our data, the species indicative of streams’ banks can be split into two groups.
The first includes the species inhabiting only moist soil strips along the banks and not found in other
habitats. These species are few in number in our collections. For example, Elaphrus cupreus was found
in both near-water habitats, while Bembidion bruxelense and Bembidion articulatum only on the open
river bank. The second group consists of species detected in other types of examined habitats. Some
are characteristic only of the relatively wet biotopes (Patrobus assimilis, Loricera pilicornis), others are
ubiquitous (Pterostichus nigrita aggr., Agonum fuliginosum) or inhabit only open habitats (Bembidion
guttula).

The study suggests that when grouping the samples into 2—-6 clusters, the highest INDVAL values are
achieved by 46 species out of 56 analyzed (Table 1, Fig. 3).

The method for indicator species identification envisages splitting the sample groups down to the
level where each group contains one sample. Note that in our case, 15 clusters can be obtained. When
splitting the habitats into 7 clusters (not shown in figures), the highest INDVAL value falls on the species
indicators of forest edges: Bembidion gilvipes (INDVAL — 100; p < 0.01); Amara convexsior (INDVAL — 77;
p <0.01); Harpalus tardus (INDVAL — 76; p < 0.05); Licinus depressus (INDVAL — 80; p < 0.05); Syntomus
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truncatellus (INDVAL — 69; p < 0.05). When grouping the habitats by 8 clusters, Notiophilus palustris
(INDVAL — 50; p <0.05; a forest indicator) is prominent, into 10 clusters — Amara aulica (INDVAL — 77; p <
0.01; forest edge indicator), 11 clusters — both Amara lunicollis (INDVAL — 85; p < 0.01) and Cymindis
angularis (INDVAL — 96; p < 0.05) as meadow indicators, 12 clusters — Amara equestris (INDVAL — 71;
p < 0.05; meadow indicator). At data clustering by 9, 13, and 14 clusters, the maximum index levels are
not reached.

Thus, when classifying the habitats by 7 clusters, 5 more species demonstrate the maximum INDVAL
value, and the remaining 5 achieve this level under splitting the samples into 8, 10, 11, and 12 clusters.
Moreover, INDVAL indicators mostly exceed the threshold (55), i.e. the species at these hierarchal
levels become symmetrical indicators. It should be noted that B. gilvipes, A. convexsior, H. tardus,
L. depressus, and S. truncatellus mainly serve as the indicators of edges after dividing the habitats into
7 clusters with subsequent splitting the edges into 2 groups ("2.1 and 2.2" and "2.3 and 2.4"). B. gilvipes
indicates the edges in the lower part of the ridge (lines 2.3 and 2.4), whereas the remaining species are
most characteristic of forest edges located upper (lines 2.1 and 2.2) along the relief (Fig. 1, Appendix).

Discussion

The study results of the indicator characteristics of ground beetles were compared with the data
already known for Udmurtia (Dedyukhin, 2008, 2023), the regions adjacent to the republic (Tselishcheva
and Alalykina, 2005; Voronin, 1999) and other territories (Aleksanov and Alekseev, 2019; Belova, 2014;
Lindroth, 1992a; Magura and Lévei, 2020; Ruchin et al., 2015; Sharova and Filippov, 2004; Solodovnikov,
2008). In most cases, the identified features of species distribution within biotopes and their groups
slightly differ from those already known. In general, ground beetle species do not demonstrate any
specific features in terms of biotopic preferences in the studied territory. Consequently, their habitat
distribution is quite predictable from the previously published data. This is particularly characteristic
of species with a relatively high stenotopic state. For instance, H. distinguendus, C. angularis, and O.
stictus are found throughout the forest zone, primarily in open habitats, while C. caraboides is a strictly
forest species.

For more eurytopic species, habitat preferences may obviously vary due to diverse combinations of
ambient conditions (temperature, humidity, etc.) in different landscapes and habitats. A striking example
is Carabus cancellatus. This species is described as a forest-meadow representative of the forest zone
of the middle Urals (Voronin, 1999); for the Kirov Region it is listed as the meadow and field species
(Tselishcheva and Alalykina, 2005), for Fennoscandia — as an inhabitant of open habitats (Lindroth,
1992a), for the northern taiga — as an eurybiont (Sharova and Filippov, 2004). In the northeast of the
European part of Russia, the species is not found in the taiga, but noted solely in the tundra (Kolesnikova
et al., 2017). In the mixed forest subzone of the western part of the Russian Plain, this species is
an eurytope (Aleksanov and Alekseev, 2019; Solodovnikov, 2008). S.Yu. Grunthal (2008) reports that
C. cancellatus inhabits primarily fields in the taiga and coniferous-broadleaf forest subzones, and forests
in the broadleaf forest subzone. S.V. Dedyukhin (2008, 2023) states that the species occupies sparse
forests in Udmurtia. According to our unpublished data, C. cancellatus was abundant in a complex
pine forest, 80 km south of the present study site, but not recorded in the adjacent barren meadows.
According to 30 published papers for different regions (Magura and Lévei, 2020), the species is listed as
a generalist, i.e. an eurybiont. According to our results, almost not found in forests Carabus cancellatus
is predominantly common for open biotopes, primarily fields (Table 1, Appendix). Thus, biotopic
preferences of this species exhibit local specificity, being generally consistent with the known trends.

Changes in habitat preferences of some other studied species are also noted. For example,
C. fuscipes and H. griseus, according to our data, prefer open habitats, not forests. In other regions,
they are encountered in forests (Aleksanov and Alekseev, 2019; Kolesnikova et al., 2017).

Among our findings is the identification of the edge species. In most previous studies, edges were
generally not distinguished as separate habitats; accordingly, the edge species were not specifically
identified. Even in cases where ground beetle taxocenes were studied in the forest-meadow gradient,
the edge species identification was not always the goal, and in the analysis the categories "open habitat
species," "forest species," and "eurytopic or generalists" were used (Brigi¢ et al., 2014; Koivula et al.,
2004; Lyubechansky and Bespalov, 2011;Voronin and Chumakov, 2015). Our data obtained due to
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INDVAL approach prove that the edge-indicating species objectively exist. Hence, if we remove the
"edge" habitat group from our original data table, the identified edge-specific species no longer function
as indicators — their indicator value index becomes statistically insignificant.

Several studies report the identification of edge-indicating ground beetle species (Magura and
Tothmérész, 1997; Magura et al., 2000, 2001; Yu et al., 2007). The edge preference of the latter is
clearly traced from spatial differentiation of abundance in soil trap catches. Moreover, the ecotone does
not just represent a summation of the number of species from the adjacent habitats (forests and open
biotopes), but rather forms a specific complex (Lacasella et al., 2015) that has been confirmed by our
data. In addition, some of the edge-indicating species from the above-cited studies were also found
in our catches. However, in our research they did not manifest themselves as characteristic of edge
habitats. It can be concluded that a biotopic confinement of the species depends on numerous factors,
and its precise identification at the local level is feasible only through doing special research.

In some cases, habitat preferences may be an unstable parameter, probably depending on ecological
preferences of species, on the one hand, and gradients of conditions associated with zonality, longitude
zonation and local landscape features, on the other. In local studies, using the data on the species-
habitat relationships from other regions or landscapes may lead to inaccurate results. Therefore, it is
advisable to keep a record of local habitat preferences of species when conducting ecological studies.
The obtained data can be used to compile a regional summary of ground beetles.

Conclusion

The study of habitat preferences of ground beetles in the forest-meadow landscape of Udmurtia
was based on calculating the indicator value index (INDVAL). The research involved 23087 trap-days,
15 surveyed habitats of five types and 117 identified ground beetle species. The biotopic distribution
of family representatives in the study area generally coincided with biotopic preferences of species
known from the literature. This means that under similar conditions, the ground beetle habitats are
generally quite predictable. In some cases, local variations (mostly characteristic of eurytopic species)
in biotope colonization were noted. Strictly edge-dwelling ground beetles were not detected, however 9
out of 56 behaved predominantly as typical edge representatives. Thus, the revealed local specificity in
biotopic preferences of ground beetles can be taken into account in further research.
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