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Worldwide human-induced habitat fragmentation intensifies the emergence of forest edg-
es. In addition to these edges, there are edges evolved by natural processes. Edge-main-
taining processes (natural vs. anthropogenic) fundamentally determine edge responses,
and thus edge functions. Species with various traits show fundamentally different edge
response, therefore the trait-based approach is essential in edge studies. We evaluated the
edge effect on the body size of ground beetles in forest edges with various maintaining
processes. Our results, based on 30 published papers and 221 species, showed that natural
forest edges were impenetrable for small species, preventing their dispersal into the forest
interiors, while both the medium and the large species penetrated across these edges and
dispersed into the forest interiors. Anthropogenic edges maintained by continued human
disturbance (agriculture, forestry, urbanisation) were permeable for ground beetles of all
size, allowing them to invade the forest interiors. Overwintering type (overwintering as
adults or as larvae) was associated with body size, since almost two-thirds of the small spe-
cies, while slightly more than a third of both the medium and the large species were adult
overwintering. Based on this, size-dependent permeability of natural edges may be related
to overwintering type, which basically determines species tolerance to human disturbance.

Keywords: spatial distribution, ground beetles, body size, carabids, edge effect, filter func-
tion, meta-analysis.

INTRODUCTION

Over the 20th century, the focus of ecological research gradually shifted
from the study of undisturbed ecosystems to disturbed or human-managed
ones. This trend reflects the continued increase in habitat conversion, in paral-
lel with the globally increasing resource use by the human population. ‘Natu-
ral” habitats, however, are not only shrinking but are also undergoing frag-
mentation, which inevitably creates more and more edges. Habitat edge is a
type of ecotone, a transitional zone between adjacent ecological systems, with
characteristics defined by space, time and the strength of interactions between
the adjacent ecological systems (TURNER & GARDNER 2015).
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Habitat edge is defined at the meso-spatial scale and community level. At
the border between two neighbouring habitats, environmental parameters are
gradually or abruptly altered, creating conditions that are considerably differ-
ent from either of the adjacent habitats (Murcia 1995, Ewers & Dipnam 2006).
These conditions have a direct impact on the spatio-temporal distribution and
dynamics of many species as well as their interactions. The totality of these is
termed the “edge effect” (Murcia 1995).

Accumulated research on a wide range of organisms and diverse edge
types has led to attempts to identify overarching mechanisms causing edge
effects. Ries et al. (2004) suggested four such mechanisms: ecological flows,
access to spatially separated resources, resource mapping, and species interac-
tions. Ries and Sisk (2004) presented a predictive model forecasting abundance
changes near edges for any species in any landscape, and this can predict sev-
eral but not all edge responses. Edge orientation (RiEs et al. 2004), temporal ef-
fects (Ries et al. 2004), habitat fragmentation (Riks et al. 2004, HArDT et al. 2013),
edge contrast (RiEs et al. 2004, PEyras et al. 2013), the difference between habitat
patch and matrix (Ewers & Dipnam 2006), species traits (PEyras et al. 2013,
Carvajar-Cocorro & Ursmna-Carpona 2015) and habitat suitability (PEyras
et al. 2013) were claimed to account for the unexplained variation.

Processes maintaining habitat edges also influence the edge effect (Stray-
ER et al. 2003). A meta-analysis, focusing on forest edges, and on an abundant
insect group, ground beetles (Coleoptera: Carabidae) shows that forest edges
maintained by natural processes have significantly higher species richness
than forest interiors, unlike edges under continued anthropogenic influence
(history-based edge effect hypothesis, MAGURA et al. 2017). Species richness,
however, is not the most sensitive indicator of the edge effect, because species
with different traits may respond differently to the same stimuli (Korvura et
al. 2004, Goss1 & FonTaneTo 2008, BRrIGIC et al. 2014, Macgura 2017). A trait-
based analysis could unearth otherwise hidden but important ecological pat-
terns (Nagy et al. 2018), and neglecting the biology of organisms may derail
attempts to understand their ecological responses (L6vEr & Macura 2006).

Body size is an essential and widely used proxy for various life-history
parameters (PETERs 1983). Body size not only influences morphology, physiol-
ogy and fitness of the organism (KincsoLviEr & Huey 2008), but is also linked
to multiple life-history traits, including life span, fecundity, and behaviour
(CHOowN & Gaston 2010), as well as to spatial distribution (Jerz et al. 2004, Dav-
EY et al. 2005) and biotic interactions, with consequences on community dynam-
ics, and ecological networks (Woopwarb et al. 2005). Consequently, changes in
body size distribution within assemblages have important consequences for
ecosystem functioning (PETcHEY & BELGRANO 2010, OHLBERGER 2013).

To further articulate the history-based edge effect hypothesis, we com-
pared the abundance of ground beetles of different body size (as a life history
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trait) classes captured at differently maintained forest edges and their respec-
tive interiors. We predicted that forest edges maintained by natural processes
have significantly more large but not medium-sized or small ground beetles
than their interiors, while edges with continued anthropogenic influence did
not show such a trend.

MATERIAL AND METHODS

Study and data selection

To collect relevant data, we followed the procedure described in Macura et al. (2017).
We used the resulting dataset with the same inclusion criteria: a paper had to report data
on the abundance of the same carabid species in both forest interior and its respective edge.
From papers that studied carabids along transects, only data from the two extremes: the
interiormost location and the edge were used.

Classification of forest edges

Forest edges were classified as either maintained by natural processes, or by human
interventions/disturbance. When neither of the neighbouring habitats have been managed
(e.g. intensive grazing) or disturbed (by e.g. fire) for >50 years, we considered the edge a
“natural” one. Edges created by human intervention (forestry, urbanisation or agricultural
cultivation), and where the above non-disturbance criteria did not hold, were considered
to be maintained by disturbance. The particular type of ongoing human intervention was
a secondary classification criterion.

Data analyses

The body size of beetles was characterised by body length (CaHown & GasTton 2010)
and we classified carabids as small (geometric mean <10.5 mm), medium (10.5-15 mm) or
large (>15 mm). We calculated geometric means (as suggested by CrHown & Gaston 2010)
from minimum and maximum body length values obtained from HomsuRrgc et al. (2014).
Subsequently, all analyses were based on this classification (ELex & Lover 2007, BeLL ef al.
2017, Kepzior et al. 2020).

For statistical analyses, we calculated the unbiased standardised mean difference
(Hedges” g) as a common effect size (BoRENSTEIN et al. 2009) as described in MaGura et
al. (2017). Subgroup meta-analysis considering the edge-maintaining forces as moderators
(type of edge maintaining process; type of anthropogenic influence) was applied using
a random-effects model with publication-level random factor. Heterogeneity in the data
was tested by calculating Q and I? values (BorensTEIN ef al. 2009). We partitioned total
variance (Q, ;) into within- (Q_.. .} and between group (Q,,...) variances and tested them
separately (BoreNsTEIN et al. 2009). Calculations were done using the MAd (DeLRE & Hoyt
2014) and metafor packages (ViecutBauer 2010) in the R programming environment (R
Core Team 2017). For further details, refer to MaGura et al. (2017).
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RESULTS

During the literature search, 204 published papers were found. Only 53
papers contained species abundance data from both the forest interior and
the forest edge. Of these papers, however, only 30 studies reported standard
deviations and sample sizes for the mean abundance values (Appendix, Ta-
ble S1). Eleven papers studied forest edges maintained by natural processes,
while 19 papers forest edges under continued human influences. One paper
studied simultaneously two types of anthropogenic edges. Of the 20 edges
with human influences, 8 were created and maintained by agriculture, 9 by
forestry, and 3 by urbanisation. The 30 papers reported abundance data from
221 ground beetle species, of which 74 were small, 52 medium, and 95 large
species. Overall, our meta-analyses were based on 466 separate edge-to-inte-
rior comparisons of abundance data of these 221 ground beetle species (Ap-
pendix, Table S2).

Analysing all edges together, the abundance of small species was signifi-
cantly higher in the edges than in the interior (Fig. 1a; Appendix, Table S3).
A similar pattern occurred in both the edges maintained by natural processes
and the edges with continued anthropogenic influence. However, analysing
separately the types of anthropogenic edges, no such pattern was observed.
The abundance of small species was similar in forest edges maintained by
agriculture or forestry and the respective forest interiors (Fig. 1a; Appendix,
Table S3). Except for the models on natural edges and edges disturbed by ag-
riculture, both the total and the unexplained heterogeneities were significant
(Appendix, Table S3). Egger tests indicated significant funnel plot asymmetry
(Appendix, Table S4). The trim and fill method estimated 24 missing abun-
dance data on the right side (Appendix, Fig. Sla), but adding these did not
change the significance of the overall effect in the model (Appendix, Table S5).

Considering all edges together, there was no significant difference in the
abundance of medium species between forest edges and their interiors (Fig.
1b; Appendix, Table S3). The same lack of significant difference was observed
for both natural and human-disturbed edges (Fig. 1b; Appendix, Table S3).
Except for the model on edges disturbed by agriculture, both the total and the
unexplained heterogeneities were significant (Appendix, Table S3) but with-
out significant funnel plot asymmetry (Appendix, Table S4). The trim and fill
method estimated 13 missing abundance data on the right side of the funnel
plot (Appendix, Fig. S1b). Adding these data, however, did not change the
non-significance of the overall effect (Appendix, Table S5).

The abundance of large species was, however, significantly higher in the
edges than in the interior (Fig. 1c; Appendix, Table S3). This significant dif-
ference, however, disappeared when edges with different maintaining forces
were analysed separately (Fig. 1c; Appendix, Table S3). Both the total and the
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unexplained heterogeneities were significant (Appendix, Table S3), with sig-
nificant funnel plot asymmetry (Appendix, Table S4). The trim and fill meth-
od, however, predicted no missing abundance data (Appendix, Fig. Slc), so
the significant overall effect in the model did not change (Appendix, Table S5).
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Fig. 1. Mean effect sizes of random-effect models (+95% confidence interval) for the abun-

dance of small (a), medium (b) and large ground beetle species (c). Values in brackets show

the number of species abundances for which the mean effect size was calculated. A nega-

tive ¢ value indicates higher abundance in forest edges than interiors. The mean effect size
is statistically significant when the confidence interval does not include zero
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DISCUSSION

Our results, studying the spatial distribution of 221 ground beetle spe-
cies with different body size across variously maintained forest edges from 30
studies, shows that the abundance of small species was significantly higher
in the forest edges maintained by natural processes compared to their inte-
riors, but not in edges maintained by agriculture or forestry. Previous stud-
ies on the spatial distribution of ground beetles across edges examined the
abundance of species displaying different feeding habits (MacGura et al. 2019),
habitat affinity (MacGuRra et al. 2017), and combined life history and ecologi-
cal traits (dispersal power and habitat affinity, Macura & L&ver 2020b). The
abundance of herbivorous, omnivorous, and predatory ground beetles were
all significantly higher at edges with natural processes than their interiors,
but no such difference was found in edges under continued human influ-
ence (Magura ef al. 2019). Forest specialists were equally abundant at natural
edges and their interiors, but they avoided edges disturbed by agriculture
or urbanisation. The abundance of both the generalist and the open-habitat
species were significantly higher at natural edges compared to the forest inte-
riors, while these species reached similar abundance in the forestry-induced
edges and the forest interiors (MaGuRra et al. 2017). Open-habitat species with
high dispersal power were significantly more abundant in natural edges than
interiors, while became more similar in edges under anthropogenic interven-
tions compared to their interiors. Contrary to this, the forest specialist species
of limited dispersal power showed similar abundances in natural forest edges
and interiors, but avoided edges influenced by agriculture or urbanisation
(Macgura & Lover 2020b). In accordance with the history-based edge effect
hypothesis (MaGuRra et al. 2017), our results clearly demonstrate, that the per-
meability (the filter function) of edges is essentially different depending on
their history (maintaining processes) (STRAYER ef al. 2003, MAGURAa et al. 2017).

The history of edges may determine the structural and functional prop-
erties as well as ecological conditions at edges (STRAYER et al. 2003, HARPER et
al. 2015). Permeability is one of the most critical functional features of forest
edges, as it fundamentally determines the community composition and or-
ganisation in adjacent habitats (LacaseLLa et al. 2015, BoeTzL et al. 2016, Knarp
et al. 2019, Macura & Lover 2019). Natural processes (succession after natural
disturbances) maintain complex, stratified, heterogeneous, permanent, grad-
ual forest edges extending up to several meters toward both the adjacent habi-
tat and the forest interior (Macura 2002, Capenasso et al. 2003, HARPER et al.
2005, HarPER et al. 2014). Contrary to this, repeated human disturbance (agri-
culture, forestry, urbanisation) prevents the development of permanent, com-
plex, and gradual edges, thus allowing only to evolve a simplified, abrupt,
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and often narrow edges (STRAYER et al. 2003, HARPER et al. 2005, TURNER &
GarpNER 2015). This difference in the graduality (or abruptness) and per-
manence between natural and anthropogenic forest edges could be the main
cause of the different permeability and filter function of edges (Bowersox &
Brown 2001, STRAYER ef al. 2003).

Our results show that anthropogenic forest edges allow small, medium,
as well as large ground beetles to penetrate the forest interior. Natural forest
edges also allow the dispersal of medium- and large species into the forest in-
terior, but they prevent the influx of small species. Body size per se is a useful
proxy, but cannot explain this size-dependent permeability of natural edges.
Other life history and/or ecological traits associated with body size may un-
derlie this pattern. For example, small carabids are usually macropterous or
dimorphic, so they have high dispersal power (Kotze & O’'Hara 2003, JELAsKA
& Dursesi¢ 2009). Natural forest edges, being more dense, gradual and wider,
can be impenetrable for species with high dispersal power. Indeed, most of
the studied small species (54 out of 74 species; 73%) were macropterous or
dimorphic. Similarly, 65% of the medium-sized species (34 out of 52 species)
had also high dispersal power. However, only a small proportion of large spe-
cies (24 out of 95 species; 25%) were macropterous or dimorphic. Thus, it is
unlikely that this size-dependent permeability of natural edges was related to
dispersal power, because roughly the same proportion of small and medium
species had high dispersal power, yet their spatial pattern was fundamentally
different across natural edges. An ecological characteristic that may also be as-
sociated with small body size is habitat affinity. Open-habitat and generalist
species tend to have smaller bodies (Kotze & O’Hara 2003, SpakE et al. 2016).
Previously it was shown that natural forest edges were impermeable for both
the open-habitat and generalist species (MaGURA et al. 2017). In the present
situation, the proportion of open-habitat and generalist species was 77% for
the small, 64% for the medium-sized, and 43% for the large species. The ratio
of open-habitat and generalist species in the small and the medium-sized spe-
cies groups was mostly similar, but their spatial pattern along natural edges
was significantly different. Therefore, in the present study, different habitat
affinity could not explain the size-dependent permeability of natural edges.
Interactions between the above life history (wing form) and ecological trait
(habitat affinity) can be a meaningful indicator (MAGURA & L6vEr 20200) to test
the size-dependent permeability of natural edges. The proportion of macrop-
terous or dimorphic matrix (open-habitat and generalist) species was 64% for
the small, 48% for the medium-sized, and 20% for the large species. Thus, the
combination of these traits again does not support the different spatial pattern
of variously sized species across natural edges. Another key trait to explain
our result of the size-dependent spatial pattern of ground beetles along forest
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edges maintained by natural processes may be the species tolerance to human
disturbance. Persistence in a habitat generally depends on the most vulnerable
life stage. The larval stage of ground beetle ontogeny is the most vulnerable
life stage, as larvae have limited mobility, weak chitinisation, and therefore
narrower tolerance limits than adults (LOVEI & SUNDERLAND 1996). Generally,
two reproduction types of ground beetles can be distinguished, species with
summer larvae (also called spring breeders; species overwintering as adults)
versus species with winter larvae (autumn breeders; species overwintering
as larvae). Species overwintering as adults (species with summer larvae) are
usually abundant in disturbed habitats, suggesting their tolerance to distur-
bance regimes (Risera et al. 2001, MaGura et al. 2002). In our dataset, there
was a remarkable difference in the proportion of disturbance tolerant species
with summer larvae among the body size categories, since 65% of the small
species, 39% of the medium, and 36% of the large species were adult overwin-
tering. This pattern correlates well with the differences in the spatial pattern
of differently sized species along natural forest edges. Based on this, it seems
that natural forest edges do not allow disturbance tolerant small species with
summer larvae, to penetrate the forest interiors. This could be explained by
the fact that the environmental conditions (e.g. temperature, humidity, solar
radiation, habitat structure) at the edge cannot extend deep into the forest in-
terior (STRAYER et al. 2003, RiEs et al. 2004), thereby maintaining the strong en-
vironmental filter function of the stable, undisturbed forest interior (MAGURA
& LovEr 2019). Strong environmental filter (e.g. high humidity, low tempera-
ture, thick leaf litter layer, closed canopy) in forest interior bordered by edges
with natural processes prevent the survival and persistence of disturbance
tolerant small species with summer larvae. Of course, in addition to the above
mentioned, other traits (e.g. time of activity, hunting strategy, preference for
environmental parameters) or their interactions may influence the spatial pat-
terns of ground beetles across forest edges, as it was also indicated by the sig-
nificant total and unexplained heterogeneity in the models. Moreover, other
features of edges (type, size, age, and isolation of the neighbouring habitats,
temporal effects and edge orientation), as well as the management type of the
habitats adjacent to edges may also be important in determining the species
pool and the spatial distribution of ground beetle species across edges (BLAKE
et al. 1994, Horranp 2002, RiEs et al. 2004, De SmEeDT et al. 2019).

Our results show that ground beetle species in each size category were
abundant in all edges. From the edges, beetles can easily disperse out of the
forest, delivering insect pest and weed control in the adjacent habitats, espe-
cially in neighbouring agricultural fields (RouME et al. 2011, LesLiE et al. 2014).
However, other studies indicated limited spillover from forests into neigh-
bouring arable fields (FERRANTE et al. 2017, KNaPP et al. 2019). These inconsist-
ent results suggest that insect pest and weed control potential may be related
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to habitat productivity, agricultural practices, farming methods, landscape
heterogeneity, and species traits and identity (GAYEr et al. 2019, JoweTT et al.
2019, Knavrp ef al. 2019, Boetzy et al. 2020).

Based on our results, forest edges under continued anthropogenic influ-
ence were equally permeable for ground beetle species of all sizes, and they
could easily invade the forest interiors. Their invasion may adversely affect
the forest interior specialists (Kromp 1999, MaGURA et al. 2010, MAGURA et al.
2020), the composition and organisation of forest interior communities (PArr-
LET ef al. 2010, TscHARNTKE ef al. 2012, MaGura et al. 2018, FEnogLio et al. 2020),
and even ecosystem functions and services (TscHARNTKE et al. 2012, E&GTvOs et
al. 2018, Eotvos et al. 2020, MAGURrA & L6vEr 2020a). Therefore, human-created
and maintained edges should be restored (by softening these edges, SAmways
2007) to develop a filter function similar to natural edges, ensuring continued
ecosystem functions and services in forest fragments.
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APPENDIX

Table S1. Publications used in the meta-analyses, which reported mean values of abun-
dances, standard deviation, and sample size for both the forest interior and the forest edge.

Edge type Human disturbance Country Reference

natural none Hungary ErEk & ToTHMERESZ 2010
natural none Italy Lacasgrra et al. 2015
natural none Hungary Macura 2002

natural none Hungary MAGURA & TOTHMERESZ 1997
natural none Hungary MacGura & ToTHMERESZ 1998
natural none Hungary MaGuURra et al. 2000
natural none Hungary Magura et al. 2001
natural none Hungary MaGura et al. 2002
natural none Romania MATnE 2006

natural none Hungary MOLNAR et al. 2001
natural none Hungary TOTHMERESZ et al. 2014
disturbed agriculture UK Beprorp & UsHER 1994
disturbed agriculture New Zealand Ewers 2008

disturbed agriculture Japan Kacawa & MakTo 2009
disturbed agriculture Japan Kacawa & Makero 2014
disturbed agriculture South Africa KotzE & Samways 1999
disturbed agriculture Poland SkrLopowskr 1999
disturbed agriculture Spain TaBoADA et al. 2004
disturbed agriculture China Yu et al. 2007

disturbed forestry Australia Davies & MaRGULES 1998
disturbed forestry Belgium GausLoMME et al. 2013
disturbed forestry USA Hauvaj et al. 2008
disturbed forestry Finland HEeLIOLA et al. 2001
disturbed forestry Canada LemIeux & LINDGREN 2004
disturbed forestry Canada PuiLLIPS et al. 2006
disturbed forestry Canada SPENCE et al. 1996
disturbed forestry USA ULysHEN et al. 2006
disturbed forestry China Yu et al. 2009

disturbed urbanisation Belgium GAUBLOMME ef al. 2008
disturbed urbanisation Belgium GausLoMME et al. 2013
disturbed urbanisation USA SILVERMAN et al. 2008
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Table S2. Lists of species from the 30 published papers used in the meta-analyses, and
their body sizes (L = large, M = medium, S = small), habitat affinity (F = forest, G = gen-
eralist, O = open-habitat), wing form (B = brachypterous, D = dimorphic, M = macropter-
ous) and breeding type (AB = autumn breeder, SB = spring breeder, SB & AB = spring and

autumn breeder). NA = not available

Species

Body size Habitat affinity =~ Wing form  Breeding

Abax carinatus

Abax ovalis

Abax parallelepipedus
Abax parallelus

Abax schueppeli
Acupalpus sp.
Acupalpus testaceus
Agonum aeruginosum
Agonum afrum
Agonum decorum
Agonum duftschmidi
Amara aenea

Amara anthobia
Amara convexior
Amara curta

Amara equestris
Amara eurynota
Amara familiaris
Amara macronata
Amara montivaga
Amara nitida

Amara obesa

Amara ovata

Amara saphyrea
Amara sicula
Anisodactylus binotatus
Anisodactylus punctatipennis
Aptinus bombarda
Aristochroa gratiosa

Asaphidion flavipes
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Table S2 (continued)
Species Body size Habitat affinity =~ Wing form  Breeding
Badister bullatus S G M SB
Badister lacertosus S G SB
Badister meridionalis S O M SB
Bembidion grapii S (@) D SB
Bembidion guttula S G D SB
Bembidion lampros S G D SB
Bembidion oblongulum S F B NA
Bembidion tetracolum S G D SB
Brachinus alternans L G M SB
Calathus advena M F M AB
Calathus cinctus S O D AB
Calathus fuscipes M (@) B AB
Calathus ingratus M F D SB
Calathus melanocephalus S (@) D AB
Calosoma chinense L G M AB
Calosoma davidis L O NA NA
Calosoma tepidum L (@) M SB
Carabus arvensis L G B SB
Carabus auronitens L F B SB
Carabus cancellatus L G B SB
Carabus convexus L G B SB
Carabus coriaceus L F B AB
Carabus glabratus L F M AB
Carabus granulatus L G D SB
Carabus hampei L G B NA
Carabus hortensis L F B AB
Carabus intricatus L F B SB
Carabus limbatus L F B SB
Carabus lineatus L F B NA
Carabus linnei L F B NA
Carabus marginalis L F B NA
Carabus montivagus L G B AB
Carabus nemoralis L G B SB
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Species

Body size Habitat affinity =~ Wing form  Breeding

Carabus obsoletus
Carabus problematicus
Carabus shamaevi
Carabus sylvosus
Carabus taedatus
Carabus ullrichii
Carabus variolosus
Carabus violaceus
Carabus yaconinus
Carabus zawadszkii
Chlaenius abstersus
Chlaenius aestivus
Chlaenius erythropus
Chlaenius naeviger
Chlaenius sericimicans
Cicindela germanica
Cicindela longilabris
Clivina bipustulata
Clivina fossor

Clivina rubicunda
Cophosomorpha angulicollis
Cychrus attenuatus
Cychrus caraboides
Cychrus italicus
Cychrus okamotoi
Cychrus spinicollis
Cychrus tuberculatus
Cyclotrachelus brevoorti
Cymindis axillaris
Cymindis cingulata
Cymindis etrusca
Dicaelus dilatatus

Dicaelus elongatus

Table S2 (continued)
L F
L F
L G
L G
L (@)
L G
L F
L F
L G
L F
L G
L F
L F
L G
L G
M (@)
L (@)
S (@)
S (@)
S NA
L NA
L F
L F
L F
L F
L F
L F
L F
M (@)
S G
M (@)
L G
L G
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NA
AB
NA
AB
NA
SB
SB
SB
SB
NA
NA
SB
SB
SB
SB
AB
SB & AB
SB
SB
NA
NA
AB
AB
AB
NA
NA
NA
NA
NA
NA
NA
SB
SB
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Table S2 (continued)
Species Body size Habitat affinity =~ Wing form  Breeding
Dicheirotrichus cognatus S (©) M SB
Diplocheila assimilis L F M SB
Dyschirius globosus S G B SB
Elaphrus clairvillei S G M SB
Galerita bicolor L G M SB
Galerita sp. L G M SB
Harpalus affinis M (@) M SB & AB
Harpalus attenuatus S (@) M NA
Harpalus chalcentus L (@) M SB
Harpalus griseus M G M AB
Harpalus latus M G M SB & AB
Harpalus pensylvanicus L (@) M AB
Harpalus rubripes M (@) M SB & AB
Harpalus serripes M O M SB
Harpalus sinicus L G M AB
Harpalus sulphuripes S (©) NA NA
Harpalus tardus M (@) M SB
Harpalus tridens M G M AB
Hystrichopus praedator L NA NA NA
Hystrichopus vigilans L NA NA NA
Laemostenus latialis L F NA NA
Laemostenus terricola L G B SB
Lebia chlorocephala S (@) M SB
Lebia cyanocephala S (@) M SB
Leistus ferrugineus S G M AB
Leistus fulvibarbis S F M AB
Leistus piceus S G B AB
Leistus rufomarginatus S F B AB
Leistus spinibarbis M (@) M AB
Lesticus magnus L G M SB
Licinus depressus M (@) B SB
Licinus italicus L F B NA
Lophoglossus gravis L F NA NA
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Table S2 (continued)
Species Body size Habitat affinity =~ Wing form  Breeding
Mecodema fulgidum L G NA NA
Mecodema rugiceps L F NA NA
Micratopus aenescens S NA NA NA
Molops piceus M F B SB
Nebria asturiensis M F B NA
Nebria brevicollis M G AB
Nebria tibialis M F NA NA
Notiobia terminata M (@) M SB
Notiophilus aestuans S (@) M SB
Notiophilus biguttatus S F D SB
Notiophilus palustris S G D SB
Notiophilus rufipes S G D SB
Notiophilus sylvaticus S (@) D SB
Notonomus variicollis L NA NA NA
Omus dejeanii L F B SB
Oodes amaroides M G M SB
Oxypselaphus obscurus S G D SB
Panagaeus bipustulatus S (@) M SB
Paratachys sp. S NA M SB
Paraxinidium andreaei S NA NA NA
Piesmus submarginatus M F NA NA
Platyderus neapolitanus S F NA NA
Platyderus rufus S G B AB
Platynus assimilis M F M SB
Platynus decentis M F M SB
Platynus krynickii M F M SB
Platynus magnus L G M AB
Poecilus chalcites M (@) M SB
Poecilus cupreus M (@) M SB
Poecilus koyi M (@) NA NA
Poecilus lepidus L (@) D AB
Poecilus versicolor M (@) M SB
Promecognathus crassus M G NA NA
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Table S2 (continued)
Species Body size Habitat affinity =~ Wing form  Breeding
Pseudoophonus rufipes L (©) M AB
Pterostichus adstrictus M G M SB
Pterostichus amethystinus L F NA NA
Pterostichus anthracinus M G D SB
Pterostichus brevicornis S F B AB
Pterostichus burmeisteri L F B SB
Pterostichus cantaber L F B NA
Pterostichus cantabricus S F B NA
Pterostichus castaneus M NA B NA
Pterostichus cristatus L F B SB
Pterostichus ebenus L G B AB
Pterostichus haesitatus M F NA NA
Pterostichus haptoderoides S G M SB
Pterostichus herculaneus L F B AB
Pterostichus hungaricus L G B NA
Pterostichus inanis M F NA NA
Pterostichus lama L F B NA
Pterostichus lattini L F B SB
Pterostichus madidus L F B AB
Pterostichus melanarius L G D AB
Pterostichus melas L G B NA
Pterostichus micans L F NA NA
Pterostichus microcephalus M G M AB
Pterostichus niger L G M AB
Pterostichus oblongopunctatus M F M SB
Pterostichus ovoideus S G D SB
Pterostichus pohnerti M NA NA NA
Pterostichus protractus L F NA SB
Pterostichus riparius S F B NA
Pterostichus strenuus S G D SB
Pterostichus sulcitarsis S G M SB
Pterostichus trinarius L F B SB
Pterostichus tuberculofemoratus M F NA NA
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Table S2 (continued)
Species Body size Habitat affinity =~ Wing form  Breeding
Scaphinotus angulatus L F B NA
Scaphinotus angusticollis L F B NA
Scaphinotus marginatus L F B AB
Scaphinotus rugiceps L F B NA
Scarites sp. L (@) M NA
Semiardistomis viridis S NA M NA
Sericoda bembidioides S G M NA
Sericoda quadripunctata S F M SB
Stenolophus ochropezus S G M SB
Stomis pumicatus S G B SB
Syntomus americanus S (@) D SB
Syntomus foveatus S (@) B SB
Syntomus pallipes S G B SB
Syntomus truncatellus S G B SB
Synuchus arcuaticollis M G B AB
Synuchus cycloderus M F M AB
Synuchus dulcigradus M F M AB
Synuchus impunctatus M G D AB
Synuchus nitidus L F D AB
Synuchus vivalis S (@) D AB
Trachypachus holmbergi S (@) NA SB
Trechus chalybeus S G B SB & AB
Trechus obtusus S (@) SB
Trechus quadristriatus S (@) AB
Trichotichnus nitens S F NA NA
Zacotus matthewsii L F B NA

Acta Zool. Acad. Sci. Hung. 66, 2020



93

EDGE RESPONSES OF DIFFERENT-SIZED CARABIDS

100°0> 0¥ 190°48 [eioL 100°0> 0ct 084°LL1 oL
S04°0 1 €710 Uusamiag 8140 I 0€1°0 U29am3ag
100°0> 6€ 260798 UM 100°0> 6L1 €eCLLL UM
Ansaroy
100°0> ¥e 80C'78 £q paqimsip sa8pg 670 9L 696'€8 sessaooxd emyeu yim sa8pg
aryorde
$98°0 q 688°T £q pagrmstp sa8pg 100°0> F $9¢°€6 SedULNFUT UeWNY Y)Im Sa8pyH
d fp O aouerIeA jo yusuodwo)) d fp O aouerIeA jo yusuodwo))
%¥S 100°0> 190°28 8¢0°0 I11°0 9¢0°0- 097°0- €veo- [[e12A0
%09 100°0>  80T¥8 9€C0 €920 $02°0 6280~ TIe0- Ansaioy £q paqimsip sa3py
%0 7980 6881 ¥81°0 €9¢°0 0€T0 S61°1- 870~ armymonge Aq pagmistp sa8py
%EE 100°0>  08474L1 100°0> 00 L1To- GLE0- €620~ e19a0
%6 6v¢0 696'€8 ¥00°0 £60°0 680°0- 12y°0- 08¢°0- sessadoxd [ermyeu yim sa3pg
%¥a 1000>  ¥9€°¢6 €100 LETO ¢L00- 609°0- 0v¢0- SoduURN[JUI UBWINY YILM S93pY
(KU
-08-01  (£Hyrouad ([opour) (opour)
-919y)  -01939Y) (]opou) punoq punoq (]opow) az1s
A anyea d le} (Ppow) anyea d qS Diddny  [DI19mMoT 309530 UL dnoi8qng

saads [Tews jo aduepunqy

*S[9POW dY} UT Sa1I9UR3019)3Y pue sajewnsy ‘€S d[qeL

Acta Zool. Acad. Sci. Hung. 66, 2020



MAGURA, T. & LOVE], G. L.

94

100°0> €€ €EV'C8 [e10L 100°0> L6 ceLY0E [e10L
€£8¢€°0 1 8¥L°0 Usamiag] 641°0 ! 908'1T Usamiag
100°0> 43 ¥.£T8 UMM 100°0> 96 €LIV6C UM
Ansaioy
100°0> € S6ETL £q paqunysip saSpy 100°0> 19 00£T1T sass9001d [eanyeu im sa8py
armymoride
cae’0 6 6L6'6 £q paqimsip sa8pg 100°0> € €LV'C8 seoULN[UI URWINY Y3iM s93pY
d fp O douerrea jo yusuodwo)) d fp O douerrea jo yusuodwo))
%09 1000>  €€¥'e8 0€T0 Saer'’o0 6900 0%S°0- geCo- [[eLA0
%89 100°0> 96€°CL v o 6¢c0 £6€°0 268°0- LYT0- Ansa1oy £q paqinysip sadpy
%01 5e0 6L6'6 9450 £99°0 Y0¥’ 1 084°0- cIeo ammynoude Aq paqumisip so3py
%89 100°0>  CELF0E S0%°0 8900 LL0°0 161°0- £80°0- [[eLA0
%lL 100°0>  004°T1C 010 8¢T0 G8¢0 ¥Sr°0- SIT°0 sassa001d [ermyeu ym sa8py
%89 100°0> €LV'C8 ¥6C0 141°0 agl’o y190- 641°0- seouLN[UI URWINY Y3IiM S93pH
(Kyrou
-98o1  (Kouad ([opour) (Ppour)
-19Y) -01939Y) (epou) punoq punoq (epow) az1s
I anyea d fe} (Ppow) anyea d 1S Diddn D I1amoT 30930 U dnoi3qng
sapads wmipaw Jo aduepunqy
(panunuod) €5 aqer,

Acta Zool. Acad. Sci. Hung. 66, 2020



95

EDGE RESPONSES OF DIFFERENT-SIZED CARABIDS

100°0> 18 9L6°C61 [e10L
L6€0 4 878l UsoMiag 100°0> 9vC £90°4801 [ejoL
100°0> 6L GT6'9LT UMM 79900 1 66€°C usamiag

uonesiueqin
100°0 9 89¢°€C £q paqimsip sadpyg 100°0> Sve €T6C501T UM
Ansaioy
G100 44 ¥¥8°99 £q paqumsip sadpg 100°0> 091 298°G¥8 sassanoxd [einjeu yim sa3pg
armymoride
100°0> 6C €198 £q paqumsip sa8pg 100°0> a8 190°£20C seoULN[UI UeWINY Y3IM s93py
d fp fe) aouerreA jo yusuodwo)) d fp fe} aouerreA jo yusuodwo))
%89 100°0> 926761 8080 8300 S61°0 ¢sT0- <00 e12A0
%P 1000 89€°€T €220 6850 8281 v 0- 2120 uonesiueqin £q paqimysip sadpg
%¥e S10°0 #7899 9Tc’0 91€0 8260 60€°0- 01€0 Ansaioy £q paqimsip sa3py
%L9 1000>  €14'98 9690 c0€0 ¥.v°0 0140~ 811°0- amynoude Aq paqamsip sa3py
VoLl 100°0>  £90°980T 100°0> 8700 160°0- 8LT0- ¥81°0- [[e12A0
%I8  1000> T98'SHS 001°0 ovI°0 Y00 €05°0- 0€T°0- sassano1d [ernyeu yym sadpy
%69 100°0>  T90°20T 6€€°0 8€T°0 070 8€1°0- €10 SodURN[JUI UBWINY YILM S93pY
(KU
-o8010  (A3ouad (fopouu) ([opou)
-19Y) -01313Y) (opour) punoq punoq (opow) az1s

A anfea d le} (Ppow) anyea d aS Dddy  [D19moT 309550 UL dnoi8qng

sapads a8xef Jo duEpUNqY

(panunuod) gg A[qeL

Acta Zool. Acad. Sci. Hung. 66, 2020



MAGURA, T. & LOVE], G. L.

96

e - . BTET
o . . 8873 °
- < o m Wo @ m
el o e =
- o =1
g 2 E S
3 S - m 2EAL ]
o5 = ° I o = O
S g 5 6 a®E 8F
2 l o 8 2 ©
8 8 FoS g2 EE
= . . E5eiE
. £T38
) L < . m E5o
° - © (O R
o =g
T T T T T T T T T T T T T T T - 3 @ >,
0 8£9'0 9.z} vigl z558c 0 150 610} 625} 860Z 0 1150 peo'L 1551 8907 N =9 .m..
. c =
@ 10413 pJepuels @ 10413 plepuels @ lou3 plepuels ..mo m M MmL\
€000°0 €0<0°0 <a€80°0- <S08¢0- 0¢8T°0- (42898 =14S) 0 sopads a81e]
81920 0S20°0 11€20 8290°0- 1%80°0 (e8p¥'9=49) €1 sopads wnrpajy
1000°0> [4570)0) 0€LT0- SvLT0- 8¢61°0- (01TT£=149) ¥T soads [rewg
anyea d as punoq D raddn  punoq D) 1mo (8 ,s98pal) ejewinisy  SIIpN)s SUISSIW Pajewlnsy
‘saads ap3oaq punoid o981e] pue WNIPaW ‘[[EWS JO SEdUBRPUNJE dU} 10 [[[J PUE WLI} 19)j€ S}NSAI [9POJA ‘SS d[qEL
¥S10°0=4 SeThT=2 69200 =4 85ccT="" sopads adre]
01L70=d ‘60¢L0- =2 v6170 =4 29671-=""  sepads wnipay
61000 =d 8201°¢-=2 16000 =d 9169z-="" sopads [rewg
UOISSa1301-BJOW S)09JJa-PIXIA uorssa13a1 pajy3oMm

'sapads a[109q punoid ad1e] pue wnrpaw
‘[Tews jo saduepunge jo AnaurwAse joid (puuny 10y s3s9) UOISSIIZI JO SYMNSNY “FS A[qEL

Acta Zool. Acad. Sci. Hung. 66, 2020



