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Peat bog ecosystems play an important role in biodiversity conservation in the light of current climate chang-
es. They provide appropriate environmental conditions, such as a high water table and acidity, low mineral nu-
trient content, and specific microclimate characteristics, for cold-adapted plants and animals in the temperate 
zone of Europe. The very specific environment of peat bogs determines their highly specialised biota. Beetles 
of the family Carabidae (hereinafter – ground beetles) are among the most numerous inhabitants of terrestrial 
ecosystems. They are a suitable object for assessing of the diversity patterns. It was suggested that one of 
the largest protected peatlands in Belarus, which forms the core of the state hydrological sanctuary «Boloto 
Mokh», reflects the main features of insect biodiversity of peat bogs due to its low disturbance. Using the 
pitfall trapping method, in six of the most typical peat bog habitats 28 ground beetle species were recorded. 
The Shannon (H’ = 0.26–1.15) and Pielou (J’ = 0.33–0.66) index values showed low diversity and evenness 
in ground beetle assemblages. The significantly (p < 0.05) higher diversity was in lagg habitats, whereas the 
lowest diversity was in hummocks and dome. The Non-metric Multi Dimensional Scaling showed a clear 
separation of species composition among the ground beetle assemblages of lagg, hummocks, pine bogs, and 
dome. The diversity parameters of the ground beetle assemblages of the studied peatland are comparable with 
those in other insect taxa. A similar species composition and low diversity of ground beetle assemblages have 
also been identified in other European countries. The state hydrological sanctuary «Boloto Mokh» does not 
contain traces of previous fires, which is also confirmed by the species composition of ground beetles. There-
fore, the presented study confirms the high importance of the state hydrological sanctuary «Boloto Mokh» 
for diversity conservation of unique natural tundra ecosystems in Eastern Europe. The present research of 
ground beetle diversity of a large intact and protected peat bog, including all main habitat types, can be a 
starting point for comparative analysis of ground beetle assemblages in various regions of peatland distribu-
tion. Moreover, these results are important for assessing the variability of ground beetle assemblages under 
anthropogenic disturbance, since in many European countries pristine peat bogs that can be used as reference 
ones are extremely rare nowadays.
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Introduction
Beetles of the family Carabidae (hereinafter 

– ground beetles) are one of the most diverse and 
numerous taxa in terrestrial ecosystems. Ground 
beetles are an important functional component of 
ecosystems, since most species are epigeic preda-
tors in food chains and can regulate the number of 
other invertebrates, including plant pests. There-
fore, ground beetles are often used in large-scale 
ecological and faunistic studies. The study of 
ground beetles plays an important role in assessing 
biodiversity and monitoring the ecological state of 
Protected Areas (Aleksandrowicz, 2014; Ruchin 
et al., 2016, 2019; Brigić et al., 2017; Lehmitz et 
al., 2020; Atutova, 2023; Egorov et al., 2024). In 
this regard, the knowledge of the composition of 
ground beetle communities is of particular inter-
est in large protected peat bogs of Eastern Europe, 

which are tundra patches in climate conditions of 
the temperate zone.

The Sphagnum carpet and shrub layer form 
a specific environment for epigeic invertebrates. 
Sphagnum mosses and peat layers maintain strong 
acidity and high water tables. Shrubs prevent 
warming of the soil surface and provide various 
microclimate conditions depending on the degree 
of their coverage. The average temperature within 
a peat bog can be from 5°C to 8°C lower than the 
temperature outside the bog (Spitzer & Danks, 
2006). As it was shown in studies carried out in 
England, Germany, Poland, the Czech Republic, 
the Baltic countries, and Russia, such extreme 
environmental conditions have caused a low spe-
cies richness and abundance of ground beetles in 
peat bogs (Maavara, 1957; Мossakowski, 1977; 
Butterfield & Coulson, 1983; Spitzer et al., 1999; 
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Mossakowski et al., 2003; Browarski, 2005; 
Philippov et al., 2021). 

Previous studies were mainly faunistic and 
provided insight into the ground beetle species 
composition in a limited number of habitats. In 
particular, in the Czech Republic intact peat bogs 
occupy small areas (several hundred hectares). As 
a consequence, the results of studies demonstrated 
the ground beetle species composition only in two 
main habitat types (Spitzer et al., 1999; Bezděk et 
al., 2006). Peat bogs of England, Poland and Ger-
many have been heavily damaged by cultivation 
and peat extraction. Therefore, the study of ground 
beetles was conducted in remnants of peat bogs 
(Butterfield & Coulson, 1983; Mossakowski et al., 
2003; Browarski, 2005; Buchholz et al., 2009). In 
the Kaliningrad Region (Russia), studies of bee-
tles, including ground beetles, were also carried 
out in small natural sites of degraded peat bogs 
(e.g. Främbs et al., 2002; Alekseev et al., 2024). 
Other studies of ground beetles in peat bogs in 
Russia are presented mainly by faunistic reviews 
(Philippov & Pestov, 2014; Philippov et al., 2021; 
Sazhnev & Prokin, 2021). Hence, detailed studies 
of peat bog ground beetle assemblages, covering 
the entire range of habitats and characterising al-
pha and beta diversity patterns, are currently limit-
ed. While such studies are needed for comparative 
analysis of variability of ground beetle assemblag-
es in both pristine and degraded peat bogs. Ground 
beetles are closely associated with the Sphagnum 
cover, which is the main builder of peatland hab-
itats, and they can reflect the changes occurring 
here. Therefore, research is needed to characterise 
their diversity parameters in a reference, an intact 
peat bog that includes the main typical habitats. 
The most suitable territories for such studies may 
be Protected Areas.

Nowadays, the large protected peat bogs of 
Belarus play an important role in the internation-
al conservation of species. They are habitats for 
many rare and threatened species of animals and 
plants and play a central role as migration and win-
tering sites of many bird species of global conser-
vation concern. Of them, there are Gavia arctica 
Linnaeus, 1758, Lagopus muta (Montin, 1781), 
Numenius arquata (Linnaeus, 1758), Clossiana 
frigga (Beclin in Thunberg, 1791), Oeneis jutta 
Hübner, 1806 (see Kozulin, 2005). The study of 
insect diversity of peat bogs in Belarus was started 
relatively recently. In particular, the first review 
of Coleoptera species, including ground beetles, 
was published in 2006 (Sushko, 2006). It should 

be noted that the main focus in many studies was 
on the peat bog «Yelnya», since it is the largest 
wetland in Belarus, occupying 253 km2 (Sushko, 
2012, 2014). A large part of the peat bog «Yelnya» 
burned down in 2005. However, there are other 
large peat bogs in Belarus, which are less dis-
turbed, including the state hydrological sanctuary 
«Boloto Mokh». The core of the state hydrological 
sanctuary «Boloto Mokh» is a large peat bog sur-
rounded by coniferous and deciduous forests. As 
in other peat bogs, tundra and taiga vegetation pre-
dominates here. In the state hydrological sanctu-
ary «Boloto Mokh», species listed in the Red Data 
Book of the Republic of Belarus (Kachanovsky et 
al., 2015), such as plants Vaccinium microcarpum 
(Turcz. ex Rupr.) Schmalh., Rubus chamaemorus 
L., Gladiolus imbricatus L., Huperzia selago (L.) 
Bernh. ex Schrank & Mart., Allium ursinum L., 
and birds Clanga clanga (Pallas, 1811), Ciconia 
nigra (Linnaeus, 1758), Pandion haliaetus (Lin-
naeus, 1758), and Asio flammeus (Pontoppidan, 
1763) were found (Kozulin, 2005). Therefore, the 
state hydrological sanctuary «Boloto Mokh» is an 
important object for the conservation of unique 
biodiversity of postglacial genesis, which has pre-
served populations of many cold-adapted boreal 
and subarctic species. This is especially important 
in the light of climate change. The aim of the pre-
sented study is to assess the diversity patterns and 
species composition of ground beetles inhabiting 
the main habitats of a large intact reference peat 
bog on the territory of the state hydrological sanc-
tuary «Boloto Mokh» in Belarus.

Material and Methods
The state hydrological sanctuary «Boloto 

Mokh» (55.622587° N, 22.478365° E) is located 
in the northwest of Belarus within the region Be-
larusian Lake District, where the Eurasian conifer-
ous forest zone closely approaches the European 
broad-leaved zone (Fig. 1). The study area is char-
acterised by a temperate continental climate. The 
mean annual temperature is 6°C. The mean tem-
perature of the coldest month (January) is -5.7°C 
and +18°C for the warmest month (July). The an-
nual mean precipitation is 650 mm (Yakushko, 
1971; Zeliankevich et al., 2016). The peat bog 
that occupies the main part of the state hydrologi-
cal sanctuary «Boloto Mokh» is one of the oldest 
in Belarus since it began to form in the Younger 
Dryas (about 11 000 years ago) after the last gla-
cial period (Zeliankevich et al., 2016). The area of 
the peat bog is 43 km2. The peat deposit can be as 
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deep as 4 m. Two rivers flow through the peat bog 
(Kozulin, 2005).

The studies were conducted in 2019–2023 in 
six of the most characteristic peat bog habitats: the 
lagg zone (Lag), pine bog (PB), open bog (OB), 
hummock (HM), hollow (HL), and dome (DM). 
The lagg zone is located at the bog margin. These 
are open sites with a constantly high water level. 
The dominant plants are Eriophorum vaginatum L., 
Carex spp., Vaccinium oxycoccos L., and Androme-
da polifolia L. (plant community: Eriophorum vagi-
natum – Sphagnum angustifolium) (Fig. 2A). 

Pine bog is widespread on the slopes of peat 
bogs. Such sites are covered with short sparse 
pine (Pinus sylvestris L.) trees. The water level 
is lower compared to the lagg. The herb-shrub 
layer is well developed, in which plants such as 
Eriophorum vaginatum, Rhododendron tomen-
tosum Harmaja, Chamaedaphne calyculata (L.) 
Moench, Empetrum nigrum L. and Calluna vul-
garis L. Hull are most common (plant commu-
nity: Pinus sylvestris – Eriophorum vaginatum 
– Rhododendron tomentosum – Sphagnum mag-
ellanicum + S. angustifolium) (Fig. 2B). 

Open treeless sites are also common on the 
peat slope. In the herb-shrub layer, Eriophorum 
vaginatum, Andromeda polifolia, Rhododendron 
tomentosum, Chamaedaphne calyculata and Vac-
cinium oxycoccos occur most often (plant com-
munity: Eriophorum vaginatum – Rhododendron 
tomentosum – Chamaedaphne calyculata – Sphag-
num magellanicum) (Fig. 2C). 

The hollow-hummock complexes are repre-
sented by a mosaic of elevated and relatively 
dry hummocks of various size (diameter: 20–
100 cm; height: 15–50 cm) and permanently 
wet depressions. The hummocks are covered 
mainly with Eriophorum vaginatum, Androm-
eda polifolia, Rhododendron tomentosum, 
Chamaedaphne calyculata and Vaccinium oxy-
coccos (plant community: Eriophorum vagina-
tum – Vaccinium oxycoccos + Andromeda poli-
folia + Rhododendron tomentosum – Sphagnum 
magellanicum + S. angustifolium + S. fuscum) 
(Fig. 2D). In hollows, Rhynchospora alba (L.) 
Vahl and Scheuchzeria palustris L. were most 
often found (plant community: Rhynchospora 
alba – Sphagnum cuspidatum) (Fig. 2E).

Fig. 1. Location of state hydrological sanctuary «Boloto Mokh», Belarus. Habitat abbreviations: DM – dome, HL – hollow, 
HM – hummock, Lag – lagg zone, OB – open bog, PB – pine bog.
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Fig. 2. Study habitats in the state hydrological sanctuary «Boloto Mokh», Belarus. Designations: A – lagg zone, B – pine bog, 
C – open bog, D – hummock, E – hollow, F – dome.

The peat bog dome is the driest ombrotro-
phic area, where water comes mainly from pre-
cipitation. The most common plants of the dome 
were Calluna vulgaris, Rhododendron tomento-
sum, Chamaedaphne calyculata and Eriopho-
rum vaginatum (plant community: Eriophorum 
vaginatum – Calluna vulgaris – Sphagnum fus-
cum) (Fig. 2F).

Ground beetles were collected using pitfall 
traps. The traps were plastic cups (250 cm3) filled 
with a 4% formalin solution. At each of the six 
habitat types, we selected five sampling sites an-
nually in various parts of the state hydrological 
sanctuary «Boloto Mokh». Ten pitfall traps were 
placed on each site. Accordingly, a total of five 
replications in each of the habitat type were used. 
To reduce the spatial autocorrelation probability, 

the sampling sites were selected randomly at a 
distance of at least 50 m from each other. Ground 
beetles were caught from late April to early No-
vember. The traps were checked at 10–14 day 
intervals. Ground beetles were identified to the 
species level according to Freude et al. (2004). 
The list of species is based on the catalogue of 
Aleksandrowicz et al. (2023). The collected ma-
terial is stored at the Department of Ecology and 
Geography of the Vitebsk State University named 
after P.M. Masherov.

The differences among the alpha-diversity 
metrics such as species richness, abundances 
(number of individuals in samples), Shannon and 
Pielou indexes were tested using Kruskal-Wallis 
test with Dunn’s post hoc test (Magurran, 2004). 
Prior to analyses, the data were tested using Sha-
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piro-Wilk’s test and normality distribution not de-
tected. Calculations using PAST 4.16c (Hammer et 
al., 2001) were carried out. 

To estimate the true ground beetle species 
richness and diversity in studied peat bog sample-
size-based rarefaction and extrapolation curves 
based on Hill numbers were constructed using 
iNEXT.4steps package (Chao, 2024). The first Hill 
number (q0) describes the species richness. Other 
Hill numbers according modified diversity index-
es: q1 is the exponential term of the Shannon in-
dex, q2 is the inverse of the Simpson index (1-D). 
Curves based on abundance data matrix were con-
structed with 95% confidence intervals (shaded re-
gions), which were obtained by a bootstrap meth-
od based on 100 replications (Chao et al., 2014). 
Abundance models were constructed using PAST 
4.16c (Hammer et al., 2001). These models dem-
onstrated species abundances in descending rank 
order on a linear scale.

Permutational Analysis of Variance (PER-
MANOVA) was applied to estimating of differ-
ences in ground beetle species composition in all 
studied habitats (beta-diversity). An analysis was 
conducted using the Bray-Curtis dissimilarity 
measure with 999 permutations in the «vegan» R 
package (Oksanen et al., 2019). For visualisation 
of differences in species composition, non-metric 
multidimensional scaling (NMDS) was applied 
based on Bray-Curtis distance. The abundance 
of species (number of individuals in samples) 
were log(x + 1) transformed prior to multivari-
ate ordination analysis (Legendre & Gallagher, 
2001). The most characteristic species for studied 
habitat types were identified using the indicator 
value procedure (IndVal) with «indicspecies» R 
package (De Cáceres & Legendre, 2009). Indica-
tor values range from 0 (no indication) to 1 (per-
fect indicator value) with statistical significance 
p < 0.05. Тhe calculations were performed using 
the R ver. 4.1.0 programming environment (R 
Core Team, 2020).

Results
A total of 3975 ground beetle specimens be-

longing to 19 genera and 28 species were recorded 
(Table 1). The observed number of species varied 
from five to 17 in the studied habitats. The mean 
species richness differed significantly (χ2 = 20.74, 
p < 0.001) among the study sites. The significantly 
(p < 0.05) highest species richness of ground bee-
tle assemblages was in lagg, pine bog and dome. 
While in the hummock-hollow complex and on 
other open sites in the bog slope, as showed the 
post-hoc test, the number of species was the lowest 
and did not differ significantly (p > 0.05) among 
ground beetle assemblages of these habitats (Fig. 
3). Asymptotic estimates using Hill number q0 
were applied for identifying potentially undetected 
species. The rarefaction and extrapolation accumu-
lation curves for hummocks and hollows reached 
the asymptote. Therefore, finding other species 
here is unlikely. For other habitats, accumulation 
curves do not stay at a fixed level suggesting the 
possibility of revealing other species (Fig. 4). The 
observed number of ground beetle species varied 
between 70.83% and 85.71% of the estimated spe-
cies richness (Table 1). This indicates a sufficient 
sample effort.

The mean abundance of ground beetles dif-
fered significantly (χ2 = 14.67, p = 0.005) among 
the assemblages of the six studied habitat types 
(Table 1). The significantly (p < 0.05) highest 
abundance was in dome and pine bogs. However, 
among ground beetle assemblages of hummock, 
hollow and other open sites, where abundance was 
lower, the mean number of individuals did not dif-
fer significantly (p > 0.05) (Fig. 5). The abundance 
distribution curves (Fig. 6) reflect a rapid decrease 
in species abundances by rank, which corresponds 
to highly uneven communities with low diversity 
and the dominance of a few of the most adapted 
species such as Agonum ericeti (Panzer, 1809), 
Pterostichus diligens (Sturm, 1824), and P. rhae-
ticus Heer, 1837.

Table 1. The diversity metrics of ground beetle (Carabidae) assemblages in peat bog habitats in the state hydrological sanctu-
ary «Boloto Mokh», Belarus

Diversity metrics
Habitats

Lagg Pine bogs Open bogs Hummocks Hollows Dome
Total number of observed species 17 12 6 6 5 10
Mean number of species in samples 9 ± 0.68 6 ± 0.37 4 ± 0.20 4 ± 0.68 4 ± 0.40 5 ± 0.68
Estimates number of species (proportion of 
the observed number of species, %) 24 (70.83%) 21 (80.95%) 8 (75.00%) 7 (85.71%) 6 (83.33%) 14 (71.42%)

Mean number of individuals in samples 113 ± 7.97 161 ± 24.65 90 ± 9.65 101 ± 10.71 133 ± 14.43 195 ± 10.16
Mean Shannon diversity index values (H’) 1.15 ± 0.06 0.73 ± 0.07 0.90 ± 0.04 0.26 ± 0.05 0.54 ± 0.04 0.49 ± 0.02
Mean Pielou evenness index values (J’) 0.35 ± 0.03 0.34 ± 0.02 0.66 ± 0.05 0.42 ± 0.07 0.49 ± 0.03 0.33 ± 0.06
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Fig. 3. Mean values (± standard error) of ground beetle (Cara-
bidae) species richness in the peat bog habitats in the state hy-
drological sanctuary «Boloto Mokh», Belarus. Designations: 
Lag (a) – lagg zone, PB (b) – pine bogs, OB (c) – open bogs, 
HM (d) – hummocks, HL – hollows (e), DM – dome (f). Pair-
wise comparisons based on Kruskal-Wallis test with Dunn’s 
post hoc test; different letters corresponding to sites denote sig-
nificant pairwise differences among studied sites of p < 0.05.

Fig. 4. Estimated diversity based on Hill numbers in ground 
beetle assemblages in the peat bog habitats in the state hy-
drological sanctuary «Boloto Mokh», Belarus. Designations: 
Lag – lagg zone, PB – pine bogs, OB – open bogs, HM – 
hummocks, HL – hollows, DM – dome.

Fig. 5. Mean values (± standard error) of ground beetle (Ca-
rabidae) abundance in the peat bog habitats in the state hydro-
logical sanctuary «Boloto Mokh», Belarus. Designations: Lag 
(a) – lagg zone, PB (b) – pine bogs, OB (c) – open bogs, HM 
(d) – hummocks, HL – hollows (e), DM – dome (f). Pairwise 
comparisons based on Kruskal-Wallis test with Dunn’s post 
hoc test; different letters corresponding to sites denote signifi-
cant pairwise differences among studied sites of p < 0.05.

Fig. 6. Abundance distribution models in ground beetle (Ca-
rabidae) assemblages in the peat bog habitats in the state hy-
drological sanctuary «Boloto Mokh», Belarus. Designations: 
Lag – lagg zone, PB – pine bogs, OB – open bogs, HM – 
hummocks, HL – hollows, DM – dome.

The Shannon diversity index differed signifi-
cantly (χ2 = 25.68, p < 0.0001) and was the highest 
(p < 0.05) in lagg compared to other habitats (Table 1). 
The lowest mean Shannon index value was in ground 
beetle assemblages in hummocks and dome (Fig. 7). 
The studied ground beetle assemblages were char-
acterised by a low level of evenness by abundance 
based on Pielou index values (Fig. 8). The highest 
evenness of ground beetle assemblages was detect-
ed in open bogs. The low evenness of ground beetle 
assemblages is caused by the dominance of only a 
few species in each habitat. Three species, namely 
Agonum ericeti (64.97–95.07% of all collected indi-
viduals), Pterostichus diligens (3.35–24.17%), and P. 
rhaeticus (0.59–9.76%), were the most abundant in 
all habitats (Table 2).

Calculated diversity metrics were estimated us-
ing Hill numbers such as exponential Shannon’s in-
dex (Hill number q1) and inverse Simpson index (Hill 
number q2). Constructed rarefaction and extrapola-
tion accumulation curves based on q1 and q2 for all 
habitats reached the asymptote. Therefore, the main 
patterns of diversity in ground beetle assemblages 
have been identified and presented results satisfacto-
rily to infer true ground beetle diversity (Fig. 4). 

Based on PERMANOVA tests, the species 
composition of ground beetles differed significantly 
(F = 8.86, p = 0.0001) among habitat types of the 
studied peat bog. The NMDS ordination (Fig. 9), 
showed the clearest separation of species composi-
tion among the ground beetle assemblages in lagg, 
hummocks, pine bogs, and dome. On the other hand, 
a high similarity was found among species compo-
sition in open bogs hollows and dome. Five species 
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that provide the highest differentiation in ground 
beetle assemblages of studied habitats were identi-
fied (IndVal = 0.26–0.80, p < 0.05) (Table 3). Cara-
bus hortensis Linnaeus, 1758, Poecilus cupreus Lin-
naeus, 1758 and Pterostichus niger (Schaller, 1783) 
were more associated with lagg habitats at the border 

of the peat bog. Cychris caraboides Linnaeus, 1758 
was associated with pine bog habitats. Pterostichus 
diligens preferred open bogs, which are less wet. The 
stenotopic peat bog species Agonum ericeti was most 
associated with dome. Other species were character-
ised by a low indicator importance. 

Species Lagg Pine bogs Open bogs Hummocks Hollows Dome
Leistus ferrugineus Linnaeus, 1758 – – – – – 0.10
Notiophilus palustris (Duftschmid, 1812) – – 0.22 0.39 0.15 –
Carabus arvensis Herbst, 1784 0.18 – – – – –
Carabus granulatus Linnaeus, 1758 0.53 0.25 – – – –
Carabus menetriesi Hummel, 1827 0.18 0.12 – – – –
Carabus hortensis Linnaeus, 1758 1.06 – – – – –
Carabus cancellatus Illiger, 1798 0.35 – – – – –
Cychris caraboides Linnaeus, 1758 0.53 0.87 – – – –
Cicindela campestris Linnaeus, 1758 – – – – – 0.20
Loricera pilicornis (Fabricius, 1775) – – – – – 0.10
Blethisa multipunctata (Linnaeus, 1758) – 0.12 – – – –
Asaphidion flavipes Linnaeus, 1761 0.35 – – – – –
Bembidion quadrimaculatum (Linnaeus, 1761) – – 0.22 – – –
Bembidion gutulla (Fabricius, 1792) 0.35 – – – – –
Anisodactylus binotatus (Fabricius, 1787) 0.18 – – – – –
Harpalus rufipes (Degeer, 1774) 0.53 – – – – –
Ophonus rufibarbis (Fabricius, 1792) – 0.12 – – – –
Bradycellus ruficollis (Stephens, 1828) – – – – – 0.20
Lebia cruxminor (Linnaeus, 1758) – 0.12 – – – 0.10
Agonum ericeti (Panzer, 1809) 67.55 81.04 64.75 95.07 85.16 88.25
Platynus assimilis (Paykull, 1790) 0.18 0.12 – – – –
Poecilus cupreus Linnaeus, 1758 5.32 0.25 0.89 – – 0.20
Pterostichus niger (Schaller, 1783) 0.71 0.25 – 0.20 – –
Pterostichus rhaeticus Heer, 1837 6.74 6.07 9.76 0.59 7.95 5.41
Pterostichus diligens (Sturm, 1824) 15.07 10.54 24.17 3.35 6.45 5.01
Amara communis (Panzer, 1797) 0.18 – – – 0.30 –
Amara ovata (Fabricius, 1792) – – – 0.39 – –
Amara brunnea (Gyllenhal, 1810) – – – – – 0.41

Table 2. Relative abundance (%) of ground beetle (Carabidae) species collected in habitats in the peat bog in the state hydro-
logical sanctuary «Boloto Mokh», Belarus

Fig. 7. Mean values (± standard error) of Shannon diversity in-
dex in ground beetle (Carabidae) assemblages in the peat bog 
habitats in the state hydrological sanctuary «Boloto Mokh», 
Belarus. Designations: Lag – lagg zone, PB – pine bogs, OB 
– open bogs, HM – hummocks, HL – hollows, DM – dome.

Fig. 8. Mean values (± standard error) of Pielou evenness in-
dex in ground beetle (Carabidae) assemblages in the peat bog 
habitats in the state hydrological sanctuary «Boloto Mokh», 
Belarus. Designations: Lag – lagg zone, PB – pine bogs, OB 
– open bogs, HM – hummocks, HL – hollows, DM – dome.
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Species Habitats IndVal p-value
Carabus hortensis Lagg 0.80 0.003
Poecilus cupreus Lagg 0.78 0.032
Cychris caraboides Open bog 0.70 0.002
Pterostichus niger Lagg 0.45 0.006
Pterostichus diligens Pine bog 0.28 0.004
Agonum ericeti Dome 0.26 0.032

Table 3. Indicator values (IndVal) of ground beetle (Carabi-
dae) species in assemblages of habitats in the peat bog (state 
hydrological sanctuary «Boloto Mokh», Belarus)

Fig. 9. Non-metric multidimensional scaling (NMDS) of 
ground beetle (Carabidae) assemblages in the peat bog habi-
tats in the state hydrological sanctuary «Boloto Mokh», Be-
larus. Designations: Lag – lagg zone, PB – pine bogs, OB 
– open bogs, HM – hummocks, HL – hollows, DM – dome.

Discussion
The obtained results showed a poor diver-

sity of ground beetles and a high abundance of 
several specialised hygrophilic species in various 
habitats of large intact peat bog in the state hydro-
logical sanctuary «Boloto Mokh» (Belarus). Such 
insect diversity patterns including low diversity 
and assemblage evenness are typical for peat 
bogs in general. Similar diversity features were 
also found in other insect taxa. In particular, 2–3 
species specialised on peat bogs were the most 
abundant among Lepidoptera, Hemiptera and Hy-
menoptera and other Coleoptera taxa (Maavara, 
1957; Мossakowski, 1977; Spitzer & Danks, 
2006; Sushko, 2016, 2017, 2022), including Ca-
toptria margaritella (Denis & Schiffermuller, 
1775), Macaria carbonaria (Clerck, 1759), Vac-
ciniina optilete (Knoch, 1781) (Lepidoptera), 
Cixius similis Kirschbaum, 1868, Cacopsylla ledi 
(Flor, 1861), Stephanitis oberti (Kolenati, 1857) 
(Hemiptera), Formica forsslundi Lohmander, 

1949, F. uralensis Ruzsky, 1895 (Hymenoptera). 
Several eurytopic and oligotopic species were 
also noted with high abundance, for instance, 
Callophris rubi (Linnaeus, 1758), Plebeius argus 
(Linnaeus, 1758), Ematurga atomaria (Linnaeus, 
1758) (Lepidoptera), Neophilaenus lineatus (Lin-
naeus, 1758), Lepyronia coleoptrata (Linnaeus, 
1758), Lygus pratensis (Linnaeus, 1758), Cymus 
grandicolor Hahn, 1833 (Hemiptera) (Mikkola & 
Spitzer, 1983; Spitzer & Danks, 2006; Sushko, 
2017, 2022). Nevertheless, the insect assemblag-
es of these taxa, as well as the ground beetle as-
semblages, were characterised by a low species 
diversity and evenness (Sushko, 2017, 2022). In 
contrast, in the pine forests in the vicinity of bogs, 
a higher diversity and evenness of species were 
revealed (Sushko et al., 2024).

On the other hand, in the Sphagnum carpet, 
among beetles of other families only one species, 
Drusilla canaliculata (Fabricius, 1787) (Staphy-
linidae), was found in high abundance (Sushko, 
2014). Therefore, it can be assumed that for most 
insects (at least Ectognatha) the habitat condi-
tions of the moss layer are less favourable com-
pared to the herb-shrub and tree layers. It should 
also be noted that ground beetles were able to 
adapt to the extreme environmental conditions of 
the Sphagnum mat, such as high acidity, humid-
ity and sudden temperature fluctuations (Främbs 
et al., 2002; Spitzer & Danks, 2006; Dapkus & 
Tamutis, 2008). Nevertheless, with the exception 
of a few species, most ground beetles were low in 
abundance in all studied habitats. Previous stud-
ies showed that among the environment variables 
driving peat bog ground beetle diversity were 
herb and scrub cover, pH, and the conductiv-
ity (salinity) of the Sphagnum mat water, while 
the water level was an important factor only for 
the hollow dwellers (Sushko, 2019). Therefore, 
abundant species such as Agonum ericeti, Pteros-
tichus diligens, and P. rhaeticus were the most 
adapted to extreme habitat conditions. The rela-
tive abundance of these three species in all stud-
ied habitats varied from 89.36% to 99.56%. 

Analysis of the ground beetle spatial distribu-
tion showed that the diversity, based on Shannon 
index values, was higher in lagg habitats at the 
peat bog border, where the proportion of forest 
and eurytopic species was higher, in particular, 
Carabus hortensis, Poecilus cupreus and Pteros-
tichus niger (see Aleksandrowicz, 2014). With 
increasing distance from the peat bog boundary, 
the number of such species and abundance de-
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creased. The lowest ground beetle diversity in 
hollow-hummock complexes can be explained by 
the constant stagnant moisture of the Sphagnum 
carpet (Sushko, 2019). The highest abundance 
was found in the dome ground beetle assemblag-
es, which is apparently also related to moisture 
conditions. At the same time, the vast majority 
of individuals collected in the dome belonged to 
peat bog specialists. Species found only in the 
dome, such as Leistus ferrugineus Linnaeus, 
1758, Cicindela campestris Linnaeus, 1758, Lo-
ricera pilicornis (Fabricius, 1775), Bradycellus 
ruficollis (Stephens, 1828), and Amara brunnea 
(Gyllenhal, 1810), associated with other habitats, 
are represented sporadically. These species were 
probably able to appear in the dome due to their 
high dispersal ability. Since, with the exception 
of Leistus ferrugineus, they are dimorphic or 
macropterous species. A similar trend was found 
in other large peatbogs in Belarus (Sushko, 2006, 
2014). This indicates that the least humid domes 
are a suitable environment for not only special-
ised species. However, due to large distances, it 
is difficult for the imagoes of ground beetles to 
reach these habitats located in the peat bog cen-
tre. On the other hand, domes of the peat bog that 
are smaller in size were characterised by a higher 
diversity of ground beetles (Spitzer et al., 1999).

Despite the dominance of three specialised 
peat bog dwellers (Agonum ericeti, Pterostichus 
diligens, and P. rhaeticus) in all habitats, the spe-
cies composition varied considerably. NMDS 
ordination showed the most distinct differences 
among the lagg, hollow and dome habitats, which 
indicates the highest differences in their environ-
mental conditions.

Comparing the species composition of ground 
beetles of the studied peat bog with another, the 
largest in Belarus, «Yelnya» peat bog, some dif-
ferences should be noted. Tyrphophilous species 
Carabus clatratus Linnaeus, 1760, C. nitens Lin-
naeus, 1758, and Dicheirotrichus cognatus (Gyl-
lenhal, 1827) were not recorded. According to our 
observations, over the last decade C. clatratus has 
been rare in the peatlands of Belarus. Dicheirot-
richus cognatus and C. nitens were found in «Yel-
nya» peat bog mainly in post-fire sites with high 
heather cover (Sushko, 2012, 2014). Such habi-
tats are not typical in the state hydrological sanc-
tuary «Boloto Mokh». The higher ground beetle 
species richness in the «Yelnya» sanctuary can be 
explained by the presence of large post-pyrogen-
ic sites covered with Betula pubescens Ehrh., as 

well as various sized mineral forest islands within 
the peat bog. Like in other countries (e.g. Främbs 
et al., 2002; Spitzer & Danks, 2006; Dapkus & 
Tamutis, 2008; Sazhnev & Prokin, 2021), the pri-
mary ecological indicators of studied peat bog 
were the tyrphobiontic species Agonum ericeti 
and the tyrphophilous species Pterostichus dili-
gens and P. rhaeticus.

Many studies of European peat bogs, con-
ducted in Germany, the Czech Republic, the Bal-
tic States, and Russia, showed low species rich-
ness of ground beetles (15–20 species), diver-
sity and evenness of their assemblages, which 
is in accordance with our results. These also 
revealed that only a few ground beetle species 
dominated in peat bog habitats, such as Ago-
num ericeti, Pterostichus diligens, and P. rhae-
ticus (Мossakowski, 1977; Spitzer et al., 1999; 
Främbs et al., 2002; Mossakowski et al., 2003; 
Dapkus & Tamutis, 2008; Philippov & Pestov, 
2014; Philippov et al., 2021). There are some 
differences in proportions of these species in 
assemblages. In particular, in Central Europe, 
a decrease in the abundance of Agonum ericeti 
was noted due to high degradation of habitats as 
a result of anthropogenic impact (Aleksandrow-
icz, 2002; Lehmitz et al., 2020).

Among recorded ground beetles protected in Be-
larus species was Carabus menetriesi (VU) (Kacha-
novsky et al., 2015). In Belarus, Carabus menetriesi 
is confined to waterlogged habitats such as mires, 
swamps, wet floodplain meadows, swampy forests 
and reservoir shores (Aleksandrowicz, 2014).

Conclusions
The state hydrological sanctuary «Boloto 

Mokh» is characterised by a ground beetle spe-
cies composition, typical for the pristine peat 
bog temperate zone of Europe. Ground beetle 
assemblages showed low diversity and even-
ness. Three specialised species, Agonum ericeti, 
Pterostichus diligens, and P. rhaeticus, were the 
most abundant in all habitats in the study area. 
Species composition of ground beetles differed 
significantly among the six main habitat types. 
However, these differences provide only five 
species, which are most adapted to varying en-
vironmental conditions in the range of habitats. 
The parameters of the ground beetle diversity of 
the studied peatland are comparable with those 
of other insect taxa. A similar species composi-
tion and low diversity of ground beetles assem-
blages have also been identified in other Europe-
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an countries. It is important to note that the state 
hydrological sanctuary «Boloto Mokh» does not 
contain traces of previous fires, which is also 
confirmed by the species composition of ground 
beetles. Therefore, the presented studies con-
firm the high importance of the state hydrologi-
cal sanctuary «Boloto Mokh» for conservation 
of unique natural tundra ecosystems in Eastern 
Europe. The presented research of ground beetle 
diversity in a large intact and protected peat bog, 
including all main habitat types, can be a starting 
point for comparative analysis of ground beetle 
assemblages in various regions of peatland distri-
bution. Moreover, these results are important for 
assessing the variability of ground beetle assem-
blages under anthropogenic disturbance, since 
in many European countries pristine peat bogs, 
which can be used as reference sites, are extremely 
rare nowadays.
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ОЦЕНКА РАЗНООБРАЗИЯ ЖУЖЕЛИЦ (COLEOPTERA, CARABIDAE) 
ВЕРХОВОГО БОЛОТА ГОСУДАРСТВЕННОГО ГИДРОЛОГИЧЕСКОГО 

ЗАПОВЕДНИКА «БОЛОТО МОХ» (БЕЛАРУСЬ)

Г. Г. Сушко

Витебский государственный университет имени П.М. Машерова, Беларусь
e-mail: gennadisu@tut.by

Экосистемы верховых болот играют важную роль в сохранении биоразнообразия в свете современных 
изменений климата. Они обеспечивают подходящие экологические условия, такие как высокий уровень 
болотных вод и кислотность, низкое содержание минеральных питательных веществ и специфические 
показатели микроклимата, для адаптированных к холоду растений и животных в условиях умеренной 
зоны Европы. Специфические экологические условия верховых болот определяют их специализирован-
ную биоту. Виды семейства Carabidae (далее – жужелицы), которые являются одними из самых много-Carabidae (далее – жужелицы), которые являются одними из самых много- (далее – жужелицы), которые являются одними из самых много-
численных обитателей наземных экосистем, могут быть подходящим объектом для оценки закономер-
ностей разнообразия. Мы предположили, что один из крупнейших в Беларуси охраняемых торфяников, 
составляющий ядро гидрологического заказника «Болото Мох», отражает основные черты биоразноо-
бразия насекомых верховых болот в связи с его малой нарушенностью. С помощью почвенных лову-
шек в шести наиболее типичных местообитаниях верховых болот зарегистрировано 28 видов жужелиц. 
Значения индексов Шеннона (H’ = 0.26–1.15) и Пиелу (J’ = 0.33–0.66) показали низкое разнообразие и 
выравненность в сообществах жужелиц. Достоверно (p < 0.05) наибольшее разнообразие было в место-p < 0.05) наибольшее разнообразие было в место- < 0.05) наибольшее разнообразие было в место-
обитаниях окрайки, наименьшее – на грядах грядово-мочажинного комплекса и вершине болота. Неме-
трическое многомерное шкалирование показало четкие различия видового состава между сообществами 
жужелиц окрайки, кочек, сосняков и вершины болота. Параметры разнообразия жужелиц изученного 
торфяника сопоставимы с таковыми других таксонов насекомых. Сходный видовой состав и низкое раз-
нообразие сообществ жужелиц выявлены также в других странах Европы. Важно отметить, что гидро-
логический заказник «Болото Мох» не содержит следов прошлых пожаров, что также подтверждается и 
видовым составом жужелиц. Таким образом, представленные исследования указывают на высокую зна-
чимость государственного гидрологического заказника «Болото Мох» для сохранения биоразнообразия 
уникальных природных тундровых экосистем Восточной Европы. Представленные исследования раз-
нообразия жужелиц крупного нетронутого и охраняемого торфяника, включающего все основные типы 
местообитаний, могут стать отправной точкой для сравнительного анализа их сообществ в различных 
регионах распространения верховых болот. Кроме того, эти результаты важны для оценки изменчивости 
сообществ жужелиц в условиях антропогенного нарушения, поскольку во многих европейских странах 
естественные торфяники, которые можно использовать в качестве эталонных, встречаются крайне редко.

Ключевые слова: видовое богатство, видовой состав, жужелицы, обилие, особо охраняемая природная 
территория, торфяник
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