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Abstract: Natural forests have unique, very stable structures and host a large number of endemic
species, making them of high conservation value. The Sinca Old-Growth Forest in Brasov County
(Romania) is no exception, being a flagship natural forest of mixed beech and silver fir among
European mountain forests. Knowledge of the diversity of beetles living in this ecosystem and of
the conservation degree of the species can be obtained by comparing it with the diversity existing
in a managed forest, similar in composition and structure. Thus, the present study allowed a first
analysis of the terrestrial coleopteran communities captured in pitfall traps both in a forest reserve
and in a managed forest. The abundance of captured beetles was about 17% higher in the forest
reserve (16,393 individuals) than in the managed forest (14,008 individuals), while species richness
was higher in the managed forest (44 species), where 19.1% more taxa were identified than in the
forest reserve (37 species). There were significant differences between the two beetle communities
indicated via a PERMANOVA test; these differences are most likely due to the presence of certain
beetle species only in a certain stand type, but also due to large differences between populations of
common insect species. Analyses of the Shannon, Simpson, Evenness, and Berger—Parker diversity
indices showed a similar diversity between the two terrestrial beetle communities. The presence
of rare species such as Carabus variolosus (Fabricius, 1787), Ceruchus chrysomelinus (Hochenwarth,
1785), and Rhysodes sulcatus (Fabricius, 1787) indicates the high value of this ecosystem and illustrates
the importance of its conservation. A more in-depth analysis of beetle diversity in the Sinca forest
may only be possible after further research based on additional beetle sampling methods capable of
capturing dead wood-dependent insects in particular.
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1. Introduction

Forests are some of the most diverse terrestrial ecosystems on Earth [1], hosting more
than 50% of the world’s known organisms [2]. Forest ecosystems contribute significantly
to climatic and hydrological cycles [3] and store about half of all terrestrial carbon [4].
Forests currently cover about a third of Europe’s land area. Of these, only 2.2% can still
be characterized as natural, with low or no interventions [5]. In central and south-eastern
Europe, Romania hosts relatively large areas of secular forests or forests of high naturalness,
estimated at around 0.2 to 0.3 million ha [6]. In 2017, 24,000 ha of natural beech forests in
Romania was included on the UNESCO World Heritage List [7], among which the Sinca
Old-Growth Forest, a forest of interest for this study, stands out.

Natural (primary) forests are ecologically important as they serve as refuges for rare or
endangered species, especially species sensitive to disturbance by human activities [8-10].
These forests have developed structural characteristics (large living trees, dead wood,
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unique structural diversity) over time [9,11-13] that are only partially found or missing in
managed forests [14]. On the other hand, forests adjacent to primary forests are managed
as buffer zones for forest reserves, with low-intensity intervention [15,16]. This type of
low-intensity managed forest (with sanitation and conservation cuttings only) partially
preserves structural components typical of natural forests, except for large dead wood
(which occurs only in isolation, represented by thin branches and stumps) and trees at the
limit of their biological growth capacity [17,18].

A large number of studies show that Insects in forest habitats are very sensitive to
changes in forest type and structure [19]. Among them, some coleopteran species are char-
acterized by a strong selective preference for different habitat types, having strict require-
ments for certain forest biocenoses, thus being present only in certain forest types [19,20].
The most common beetles living at the forest soil level are predatory and detritivorous
(saprophagous, coprophagous, and necrophagous) species. Among these, ground beetles
are the most sensitive to habitat changes induced by various natural [21-26] or anthro-
pogenic disturbances [27-29], the abundance of species and the size of its population being
correlated with parameters such as the amount of woody debris, the area of exposed
land, and the richness of herbaceous species [25,30]. Several studies have concluded that
carabids characterize the habitat, effectively reflecting biotic and abiotic conditions, and
thus these species have a high potential to be used as indicators [31-37]. Dung beetles,
which are frequently found at the level of the forest soil, are also considered as indicators
of environmental and habitat conditions. For example, the population size of Anoplotrupes
stercorosus (Hartmann, 1791) is closely related to habitat moisture as well as to the forest’s
structural characteristics, preferring areas with younger forest [38—40]. Necrophagous
species belonging to the Silphidae family, depending on ephemeral sources of food, are
very sensitive to changes in the forest habitat, their populations decreasing in areas with
human intervention [41].

Research on the analysis of the structure and diversity of natural versus managed
forests has a long tradition, at least in temperate forests in Europe [42—44]. There are also
numerous studies that have analyzed the impact of anthropogenic interventions on the
coleopteran diversity in forest ecosystems [45-48]. Moreover, several studies regarding
the diversity of saproxylic and ground beetles in various primary forests [20,34,49,50],
represented by natural ecosystems of spruce or mixtures of spruce, fir, and beech, located at
the north end of the eastern Carpathians have been carried out in Romania in recent years.
However, there are numerous other primary forests located along the Carpathian Moun-
tains where the data related to beetle diversity, as well as the impact of forest management
on it, are insufficient.

In this context, the present study aims to analyze the diversity of terrestrial beetles
in the Sinca Old-Growth Forest (a UNESCO World Heritage site) in comparison with the
diversity of terrestrial beetles in a neighboring stand affected by low-intensity management
(consists only of conservation and sanitary cuts).

2. Materials and Methods
2.1. Study Area

Fieldwork was carried out in the Sinca Old-Growth Forest (45°40’ N, 25°10’ E) (Brasov
County, Romania) in two neighboring mixed stands of Fagus sylvatica L. and Abies alba Mill.,
a stand located in the forest reserve and a managed one located in the buffer zone of the
forest reserve in which conservation and sanitation cuttings were performed (Figure 1).

The Sinca Old-Growth Forest is located in the Fagaras Mountains on the northern
ridge of the southern Carpathians, at an altitude between 790 and 1400 m a.s.l., with a
general northern exposure and with a slope varying between 25 and 40 g, on bedrocks
characterized by sedimentary deposits and mesometamorphic crystalline schists with
eutricambisol and districambisol. Vegetation is exclusively beech and mixed beech-silver
fir forests [51]. The Sinca Old-Growth Forest completely overlaps the Natura 2000 site
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ROSCI 0122 “Muntii Fagaras” and partially overlaps the special avifaunistic protection
area ROSPA 0098 “Piemontul Fagaras” [52].
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Figure 1. The map of beetle sampling locations in the Sinca Old-Growth Forest.

The characteristic climate is temperate continental, with an average annual rainfall of
about 1000 mm and an average annual temperature of 4.5 °C [53].

The forest reserve area selected for our study includes management units 37A, 38,
39, and 40A, totaling 98.2 ha, and the managed forest area consists of units 35A and 364,
totaling 45.4 ha. The stand in the forest reserve (Figures 1 and 2; Table 1) is predominantly
of F. sylvatica (70%) mixed with A. alba, a natural, unevenly aged forest in which the age
of the trees varies between 100 and 180 years, with an average consistency of 0.7 and
an average volume of 574 m3 x ha=! [51] of living trees and of 134.9 m> x ha=1 [53]
of dead wood. The stand in the managed forest (Figures 1 and 2; Table 1) is similar in
composition and structure to those in the forest reserve, the predominant species being also
F. sylvatica (60%) mixed with A. alba. Its structure is relatively unevenly aged, with trees
between 130 and 180 years old, with an average consistency of 0.5 and an average volume of
382 m?® x ha—! [51] of living trees. The dead wood is present only in isolation, consisting
mainly of thin branches (less than 5 cm in diameter) and stumps resulting from tree
harvesting. In this stand, conservation and sanitation cuttings are carried out, removing
poorly shaped, diseased, or dying trees. Conservation cutting can be applied with an
intensity of up to 10% over 10 years [54].

Table 1. Forest stand characteristics (taken from the forest management plan [51]).

Mean of Mean of
Management  Area  Altitude s Composition Age Canopy Volume of Volume of
Stand Units (ha) (m) Expo-sition Slope (g) (%) (Years) Cover Living Trees Dead Wood
(m® x ha—1) (m® x ha—1)
70 Fagus
Forest 374, 38, 982  850-1350 N 35-40 sylvatica 100-180 0.7 574 134.9 [53]
reserve 39, 40A .
30 Abies alba
Managed 60 Fagus
8 35A, 36A 454 950-1250 N 25-35 sylvatica 130-180 0.5 382 No data

forest

40 Abies alba
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Figure 2. Aerial and ground views of forest reserve stand and managed forest stand (aerial images
were taken from Google Earth).

2.2. Sampling Method and Field Design

In the 2 types of stands, 15 locations were established to collect data on the diversity
of beetles that are active on the soil. The locations were chosen to have relatively similar
habitat conditions for the beetles, especially in terms of the distribution of forest vegetation
and dead wood. The distance between 2 locations was at least 30 m.

Three pitfall traps, consisting of 500 cm? polypropylene containers, were installed at
each location on 4 June 2021. The pitfall traps were placed near fragments of dead wood
in the case of the forest reserve and near stumps in the case of the managed forest. The
insect collection vessels contained ethylene glycol (approximately 100-150 mL) to preserve
catches until collection.

The entomological material was collected every two weeks, depending on the weather,
between 17 June 2021 and 9 October 2021. All the traps were cleaned, and the preservative
fluid was refreshed. Traps which were found destroyed or decommissioned were replaced.
At the time of collection, strainers were used to pre-sort the material. The material col-
lected from the three pitfall traps at each location was placed together in a single labeled
container. The containers were subsequently stored in a freezer until laboratory analyses
was performed.

2.3. Sorting and Identification of Beetles

The main activities in the laboratory were cleaning, sorting, and identifying the
collected beetle species. The individuals were cleaned by placing them in a crystallizing
dish filled with water and washed to eliminate any impurities left over from the collecting
process. Following this, the individuals were dried using paper towels and separated by
splitting the beetles from other species, such as flies, spiders, diplopods, and others. The
beetles were then placed in labeled zip-lock plastic bags. Due to the typically large sample
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sizes, the identification procedure did not always immediately follow the sorting process;
thus, the samples were re-introduced into a freezer until identification.

In the identification of species of polyspecific but also monospecific genera, external
morphological characters such as the roughness of the elytra, the setulosity of the edges
of the pronotum, the size and coloration of the individuals, the setulosity of the labial
palps, and other characters were taken into account in the diagnosis process. The species
were identified using literature both in physical and electronic form [55-58]. A Kern stereo
zoom microscope type OZL-46 was used to observe the characteristics needed to identify
the species. Furthermore, whenever performing procedures that required the dissection
of individuals, such as with the analysis of the genital apparatus in males, a dissection
kit including teasing needles, scalpels, and tweezers was used. Voucher specimens are
deposited in the Forest Protection Laboratory of the Faculty of Silviculture and Forest
Engineering, Brasov.

2.4. Data Analysis

All data analyses performed used the cumulative catches for each species of beetle
and trap obtained as a result of successive collections from 17 June 2021 to 9 October 2021
for each of the two types of stands (forest reserve and managed forest). Therefore, the
abundance and richness of beetle species captured in a stand represented the total number
of individuals and species sampled in that stand.

For the analysis of species richness in the two stands, rarefaction curves were generated
based on the number of individuals [59]. Estimation of species richness for trappable beetle
populations was performed with the richness estimator Chao 1 [60]. All singleton species
(a single individual captured per species) were included in all of the analyses performed,
because the sampling method with pitfall traps minimizes the chances of capturing beetle
species that do not use the sampled source (in our case, the forest ecosystem) [61]. Thus, all
species of beetles captured were considered to be resident components of the assemblage
of Coleoptera present at the level of the soil surface of the forest ecosystem.

The characterization of the communities of beetles captured in the pitfall traps in the
two types of stands was performed using both traditional descriptors (dominance—D,
constancy—C, and ecological significance—W) [62] and the PERMANOVA test [63], which
allows for the evaluation of differences regarding the composition of the beetle commu-
nities in the two analyzed stands. Dominance (D) was calculated as the percentage ratio
between the number of individuals of a species and the number of all beetles captured
regardless of species. Depending on the D value, each species was included in one of the
following categories: subrecedent species (D < 1%), recedent species (1% < D < 2%), sub-
dominant species (2% < D < 5%), dominant species (5% < D < 10%), or eudominant species
(D > 10%). Constancy (C) provides information related to the continuity of the presence of
a species in the analyzed site. C was calculated for each individual species as a percentage
ratio between the number of traps in which that species is present and the total number of
traps installed in the stands. Concerning the C value, each species was placed in one of the
following classes: accidental species (1% < C < 25%), accessory species (25% < C < 50%),
constant species (50% < C < 75%), or euconstant species (C > 75%). The ecological sig-
nificance index W (Dzuba index) expresses the position of a species within the analyzed
community according to dominance and constancy. Depending on the index’s values, the
species were considered accidental species (W < 0.1%), accessory species (0.1% < D < 5%),
or characteristic species (W > 5%).

The application of the PERMANOVA test to analyze the significance of the differences
between the beetle communities in the two sites was based on Bray—Curtis dissimilarity
matrices and 999 random permutations. To avoid the effect of the most abundant species
(e.g., Anoplotrupes stercorosus), the data were transformed using log10(x + 1) [64]. The
visualization of the differences between the compositions of the two beetle communities
involved the use of non-metric, multidimensional scaling (NMMS) representation [65].
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Diversity analysis in the two captured beetle communities was performed using the
Shannon, Simpson, Evenness, and Berger—Parker diversity indices [61]. Analysis of the
significance of the differences in the indices calculated for the two types of stands was
performed using the t-test, after previously checking the normality (Kruskal-Wallis test)
and homogeneity (Levene’s test) [64].

Primary data processing, ecological index calculations, and bar graph representations
were carried out in Excel (version 2021) (Microsoft Corp., Redmond, Washington, WA, USA).
Testing of the significance of differences, homogeneity, and normality of distributions was
performed using XLSTAT-PRO (version 2012) (Addinsoft, New York, NY, USA) plugged
into Excel. The calculations related to the PERMANOVA test, the diversity indices, NMMS
graphs, and boxplot were performed using PAST 4.11 (Natural History Museum, University
of Oslo, Norway).

3. Results
3.1. Beetle Abundance

A total of 30,401 beetles belonging to 52 species from 12 families, order Coleoptera,
were caught in the 30 pitfall traps installed in the Sinca Forest (Table S1). The most
numerous family collected was Geotrupidae, which represented 75.8% of the total catches,
followed by Carabidae with 20.7% and Silphidae with 3.4%. The other families were
represented by only 0.1% individuals (Cerambycidae, Curculionidae, Elateridae, Leiodidae,
Lucanidae, Nitidulidae, Rhysodidae, Scarabaeidae and Staphylinidae). A single species,
Anoplotrupes stercorosus (Geotrupidae), accumulated 75.6% of the total individuals, and
6 other species, Carabus cancellatus Illiger, 1798, Carabus coriaceus Linnaeus, 1758, Carabus
linnaei Panzer, 1810, Carabus violaceus Linnaeus, 1758, Pterostichus niger (Schaller, 1783)
(Carabidae), and Nicrophorus vespilloides Herbst, 1784 (Silphidae), accumulated 21.8%. Also,
one individual belonging to the species Rhysodes sulcatus (Fabricius, 1787) (Rhysodidae)
and Carabus variolosus Fabricius, 1787 (Carabidae), which are on the EU Habitat Directive
red list, were captured [66]. The species richness estimated for the insects that could be
captured in pitfall traps in the case of the entire studied forest area was 86.2 £ 5.7 (Chao 1),
indicating a much higher richness of beetle species compared to that found (52 species).

In the 15 pitfall traps installed in the forest reserve, 16,393 beetles belonging to
37 species from 11 families were captured (1092.9 &+ 200.5 individuals per location). The
family Geotrupidae was the best represented (76.7% of captured individuals), followed by
Carabidae (20.4%) and Silphidae (2.8%). The other families (Cerambycidae, Curculionidae,
Elateridae, Leiodidae, Lucanidae, Nitidulidae, Rhysodidae and Staphylinidae) represented
0.1% of the catch. No individuals from the family Scarabaeidae were caught. Also, a single
individual of the protected species Rhysodes sulcatus was captured only in the forest reserve.

The 15 pitfall traps installed in the managed forest captured fewer insects than those
in the forest reserve (14,008 individuals, 933.9 £ 308.0 individuals per location), but no
significant differences between the means of the catches (t-test: t = 1.6171, p = 0.1171)
were found. In this case the captured insects belonged to 44 species from 10 families
(Geotrupidae, Carabidae, Cerambycidae, Curculionidae, Elateridae, Leiodidae, Lucanidae,
Scarabaeidae and Staphylinidae), and no specimen from the Nitidulidae and Rhysodidae
families was identified. Also, the best represented family was Geotrupidae (74.7% of
captured individuals), followed by Carabidae (21.1%) and Silphidae (4.1%). Among the
carabids captured only in the managed forest, the protected species Carabus variolosus
stands out.

Twenty-five species of beetles were captured both in the forest reserve and managed
forest (16 species of Carabidae, 1 species of Cerambycidae, 3 species of Curculionidae,
2 species of Geotrupidae, 1 species of Leiodidae, 4 species of Silphidae, and 2 species of
Staphylinidae). The species captured only in the forest reserve were Pterostichus jurinei
(Panzer, 1803), Pterostichus macer (Marsham, 1802), Dima elateroides Charpentier, 1825, Dorcus
parallelipipedus (Linnaeus, 1758), Cyllodes ater (Herbst, 1792), Rhysodes sulcatus, Lordithon
lunulatus (Linnaeus, 1761), Platydracus chalcocephalus (Fabricius, 1801), and Quedius lateralis
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(Gravenhorst, 1802), and the species captured only in the managed forest were Amara
famelica C. Zimmermann, 1832, Carabus variolosus, Notiophilus biguttatus (Fabricius, 1779),
Pterostichus foveolatus (Duftschmid, 1812), Pterostichus minor (Gyllenhal, 1827), Pterostichus
pilosus (Host, 1789), Pterostichus transversalis (Duftschmid, 1812), Rhagium mordax (De
Geer, 1775), Pissodes piceae (Illiger, 1807), Agriotes acuminatus (Stephens, 1830), Ceruchus
chrysomelinus (Hochenwarth, 1785), Aphodius luridus (Fabricius, 1775), Ocypus picipennis
(Fabricius, 1793), and Platydracus fulvipes (Scopoli, 1763) (Table S1).

Regarding the abundance (Figure 3, Table S1) of the 37 species of beetles captured in
the forest reserve, 8 species were abundant (over 100 individuals captured per species),
4 species were relatively common (catches between 11 and 100 individuals per species),
and 25 species were rare (captures between 1 and 10 individuals per species), and of
these, 12 species were singletons. The most abundant species in descending order were:
Anoplotrupes stercorosus, Carabus violaceus, Carabus coriaceus, Nicrophorus vespilloides, Carabus
linnaei, Cychrus caraboides (Linnaeus, 1758), and Cychrus semigranosus Palliardi, 1825. In the
managed forest, of the 44 species of beetles captured, 7 species were abundant, 13 species
relatively common, and 24 species rare, of which 15 species were singletons. In descending
order, the most abundant species captured were Anoplotrupes stercorosus, Carabus violaceus,
Carabus coriaceus, Nicrophorus vespilloides, Carabus cancellatus, Carabus linnaei, and Carabus
auronitens Fabricius, 1792.

[ | forest reserve

= managed forest
abundant
[Fa]
Q
L
[Fa)
o,
o relatively
€  common
1]
T
-
S
0
<L
singleton
rare
singleton
0 5 10 15 20 25

Number of species

Figure 3. Distribution of the number of beetle species caught in pitfall traps by abundance classes.
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The catches recorded in the two types of stands (Table S1) were similar in number of
beetles for 25 species (for 14 species, the differences between means were statistically tested
with the t-student test). However, for Anoplotrupes stercorosus, Molops ovipennis Chaudoir,
1847, and Catops picipes (Fabricius, 1787), significantly more individuals were captured in
the forest reserve compared to the managed forest, and significantly fewer individuals
were captured in the case of the species Carabus cancellatus, Pterostichus oblongopunctatus
(Fabricius, 1787), and Trypocopris vernalis (Linnaeus, 1758).

Individual-based rarefaction curves suggest that managed forests are likely to have
greater species richness than forest reserves, although the curves are not asymptote (they
do not tend to merge towards the end with a horizontal line) for either of the two stands
(Figure 4). This hypothesis is also supported by the values calculated for the Chao 1 esti-
mator for species richness, 56.5 + 4.4 for the forest reserve and 70.3 £ 6.5 for the managed
forest, thus indicating the need to continue sampling efforts for beetles that can be captured
in pitfall traps.

50

Number of species (95% confidence)

- forest reserve

= managed forest

5000 10,000 15,000
Number of individuals

Figure 4. Individual-based rarefaction curves for species sampled in pitfall traps in each stand type.

3.2. Beetle Dominance and Constancy

Anoplotrupes stercorosus was the eudominant species in the captures from the pitfall
traps in the two types of stands. Two Carabus species (C. violaceus and C. coriaceus) stood
out as dominant species in both forests. Two beetle species were identified as subdominant
species for each forest: Nicrophorus vespilloides was subdominant in both stands, Carabus
cancellatus was subdominant in the managed forest, and Carabus linnaei was subdominant
in the forest reserve. Regarding the recedent species, Pterostichus niger was identified in
the forest reserve and Carabus linnaei in the managed forest. Subrecedent species repre-
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sented the majority of species captured in the two types of stands, with 31 species in the
forest reserve and 38 species in the managed forest, of which 22 species were common
(Figure 5, Table S2).

Regarding the constancy of the beetles captured (Figure 6, Table S2), it was found
that there were 9 euconstant species (7 species of Carabidae, 1 species of Geotrupidae, and
1 species of Silphidae), 3 constant species (Carabidae), 1 accessory species (Carabidae), and
24 accidental species in the forest reserve. In the catches from the managed forest, 8 eucon-
stant species (6 species of Carabidae, 1 species of Geotrupidae, and 1 species of Silfidae),
2 constant species (one species each of Carabidae and Geotrupidae), 9 accessory species
(5 Carabidae, 1 Cerambycidae, 3 Silphidae), and 25 accidental species were identified.

[ ] forest reserve
1 managed forest

|:| both forest stands

eudominant

|'||_||_|

dominant

subdominant

Dominance classes

recedent

subrecedent

0 10 20 30 40
Number of species

Figure 5. Distribution of the number of beetle species caught in pitfall traps by dominance classes.

Among the 29 common species identified in the two stands, 17 species fell into similar
constancy classes (7 euconstant species, 1 accessory species, and 9 accidental species).
However, there were common species that were assigned to different constancy classes.
Carabus auronites and Cychrus semigranosus were euconstant species in the forest reserve,
and in the managed forest they were accessory, respectively constant species. Carabus
cancellatus, Licinus hoffmannseggii, and Molops ovipennis were constant species in the forest
reserve, while in the managed forest they were euconstant, accessory, and accidental species,
respectively (Table S2).

The ecological significance of beetles captured in pitfall traps was assessed using the
Dzuba index (W) (ecological significance index) (Table S2). Thus, in the forest reserve
Anoplotrupes stercorosus was the only species classified as a characteristic species, 9 were
accessory species (8 species of Carabidae and one species of Silphidae), and 28 were
accidental species. On the other hand, 3 characteristic species (Anoplotrupes stercorosus,
Carabus coriaceus, and Carabus violaceus) and 8 accessory species (6 species of Carabidae, one
species of Geotrupidae, and one species of Silphidae) were found in the managed forest.
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Figure 6. Distribution of the number of beetle species caught in pitfall traps by constancy classes.

3.3. PERMANOVA Analysis of the Differences between the Two Beetle Communities

Permutational multivariate analysis of variance indicated the existence of significant
differences regarding the composition of the captured insects between the beetle commu-
nities collected in pitfall traps from the forest reserve and the managed forest (F = 8.063,
p < 0.01) (Figure 7a). Regarding the populations of beetles from the Geotrupidae family
(F =4.193, p = 0.04) (Figure 7b) and from the Carabidae family (F = 5.025, p < 0.01)
(Figure 7c), significant differences were registered between the forest reserve and managed
forest. However, no significant influence of stand type was found on the populations of
Silphidae beetles (F = 0.838, p = 0.44) (Figure 7d).

A significant influence of the type of stand was found on beetle communities grouped
according to food preferences, at least in the case of predatory beetles (PERMANOVA:
F = 5.01, p < 0.01, Figure 7e) and detritivorous species (PERMANOVA: F = 3.51,
p < 0.01, Figure 7f). There were no differences in herbivorous insect and xylophagous
beetle communities between the forest reserve and the managed forest. Mycetophagous
insects (Cyllodes ater and Rhysodes sulcatus) were caught only in the forest reserve.

3.4. Beetle Community Diversity

The diversity of coleopteran communities captured using pitfall traps in the two stand
types was measured using the Shannon, Simpson, Evenness, and Berger—Parker indices.
In the case of the first three indices, the average values are higher for the managed forest
as compared to the forest reserve (Figure 8), but without significant differences between
them. In the case of the Berger—Parker index, the average values are similar for the two
stand types.
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Figure 7. Non-metric, multidimensional scaling (NMDS) of Bray—Curtis distances of sampled beetle
communities according to stand type (forest reserve and managed forest) and all beetles captured
(a), Geotrupidae beetles (b), Carabidae beetles (c), Silphidae beetles (d), and two trophic guilds, the
predatory (e) and the detritivorous group (f). Pairwise PERMANOVA with 999 permutations (using
pseudo-F ratios) was used for all comparisons.
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Figure 8. Comparison of captured Coleoptera community diversities between forest reserve and
managed forest. Diversity was measured using the Shannon index, Simpson index, Evenness index,
and Berger—Parker index. The top and bottom boundaries of each box indicate the 75th and 25th
quartile values, respectively. The lines within each box represent the median values. The differences
between alpha diversity indices were tested with a f-test.

4. Discussion

Numerous studies show that forest management is an important factor influencing
forest diversity [67], including beetle diversity [45,48]. The present study confirms this, at
least regarding the beetles living on the ground in the Sinca Forest. The abundance of the
average catches in the forest reserve was about 17% higher than in the managed forest,
while species richness was higher in the managed forest, where 19.1% more species were
caught. Significant differences between the beetle communities in the two stands were
also noticeable (Figure 6a). Human intervention in forests through tree removal most often
leads to a decrease in the abundance and richness of arthropod species, especially xylobiont
species [68,69], but it seems that changes in landscape characteristics affect the abundance
and richness of the beetles living on the ground less than xylobiont ones [70] (in our case,
low-intensity interventions led to lower stand consistency and a lack of dead wood in the
managed forest).

Regarding abundance, most of the beetles belonged to the family Geotrupidae. Of
these, Anoplotrupes stercorosus was by far the eudominant species, accounting for about
three quarters of the total number of beetles, with significantly more individuals caught
in the forest reserve (+15.1%) than in the managed forest. Similar studies have reported
significant catches of this species in pitfall traps installed in a pine forest in southern Poland
(about 47-49% of the total individuals caught) [24], or in the forests of the Maramures
Mountains [34]. The large number of individuals captured was not accidental; this dung
beetle species is the most common among the Geotrupidae living in forest ecosystems in
Central Europe. Its abundance is related to the richness of specific food sources (animal
excrement, fruiting bodies of some fungi, decaying litter, etc.) but also to the humidity of
the substrate, with beetles avoiding wet areas [39]. The Sinca Forest is characterized by
high diversity and richness of mammals [53], which provide continuous food sources for
this insect. The greater number of A. stercorosus caught in the forest reserve is likely due to
higher food supplies.

The Carabidae family was the second representative in abundance; it was also distin-
guished by a significant variation of insect communities in the two stands (Figure 6c). This
most likely happened due to the local diversity of microhabitats in the sampling locations,
an aspect also discussed in similar studies [37,71]. Among the carabids, Carabus cancellatus
stood out, for which about 20 times more individuals were captured in the managed forest
than in the forest reserve. This species is characteristic of open habitats [33], a condition that
is more frequent in the managed forest, which has a lower consistency and more significant
layer of grassy vegetation on the ground than the forest reserve (Figure 2). On the other



Forests 2023, 14, 60

13 of 17

hand, Pterostichus niger was more common in the forest reserve, this species preferring
forest habitats with more hygrophilic soils [72]. However, there were species of carabids for
which only one specimen was caught. Most of them are not characteristic of forest habitats
(e.g., Pterostichus macer prefers swampy areas, and Amara famelica prefers habitats with
warm soil [73]). In the managed forest, the capture of an individual of Carabus variolosus,
a rare, protected, wetland-loving species, is worth noting; it is considered an indicator of
naturalness [74].

The Silphidae communities captured in the two stands were similar, being represented
by Nicrophorus species, of which N. vespilloides was the most abundant. They are specific to
forest habitats, have a necrophagous diet, and are dependent on animal carcasses [75].

In both stand types, the beetle communities captured in pitfall traps were composed of
either low numbers or singleton individuals belonging to species common to mixed conifer—
beech forests, which are trophically dependent on decaying wood in these ecosystems.
Of these, Prionus coriarius (Linnaeus, 1758) and Rhagium mordax (Cerambycidae), Hylobius
abietis (Linnaeus, 1758) and Pissodes piceae (Curculionidae), and Dorcus parallelipipedus
(Lucanidae) are xylophagous species which develop between bark and wood or in the wood
of weakened or dead trees as well as in tree stumps [55,76-78]. We noticed the xylophagous
species Ceruchus chrysomelinus (Lucanidae), caught only in the managed forest, is now
considered a relict species, endangered in the mountain forests of Central Europe [79].
Also noteworthy was the presence of two mycetophagous beetle species, Cyllodes ater
(Nitidulidae) and Rhysodes sulcatus (Rhysodidae), in the forest reserve catches, which are
closely related to fungi that develop on dead wood [80,81], Rhysodes sulcatus being a relict,
endangered species. Other common beetle species were also caught: Agriotes acuminatus,
Dima elateroides (Elateridae), Catops picipes (Leiodidae), Aphodius luridus (Scarabaeidae), or
predatory species of Staphylinidae.

The characterization of the two beetle communities using indices of abundance, domi-
nance, constancy, and ecological significance allowed classification of species by different
positions of importance within the samples captured from pitfall traps. Few species were
described as abundant, dominant, euconstant, or characteristic, whereas most species were
classified as rare, subrecedent, or accidental. However, this species characterization has
certain limitations, as it is expected that the sampling method used (pitfall traps) does
not comprise the true richness and population size of terrestrial beetle species [82], and
classifications based on the used indices are only indicative [83].

The assessment of the diversity of the beetle communities under study using the Shan-
non, Simpson, Evenness, and Berger—Parker indices showed that the two communities have
similar diversity, most likely affected by the eudominant species Anoplotrupes stercorosus.
The calculated Shannon values (Figures 3 and 4) was lower than the theoretical maximum
value indicating high diversity (Shannon index = 5) [84]. Also, the values of the Simpson
and Evenness indices were much lower than the maximum value of 1 (typical of high
diversity). These indices take into account the abundance, dominance, or evenness of the
present species and are therefore particularly sensitive to highly abundant species [85].

This study has a number of limitations. The sampling level used may not accurately
point out the differences in terrestrial insect diversity between the two stand types. Thus,
the presented results can be viewed as an initial assessment of the differences between the
two beetle communities captured in pitfall traps in the forest reserve and the managed
forest. Probably a dataset including information collected using other sampling methods
(flight traps, etc.) would provide a wealth of information, especially on xylobiont species,
as has been found in other studies [26,69,86,87].

5. Conclusions

The present study provides a first insight into the diversity of terrestrial beetles
in the Sinca Forest by comparing beetle communities captured in pitfall traps in two
stands: the forest reserve and the managed forest. Among the captured insects, relict
species (endangered in European forests) that indicate a high degree of naturalness of the
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ecosystems were identified: Carabus variolosus, Ceruchus chrysomelinus, and Rhysodes sulcatus.
The PERMANOVA test indicated significant differences between the beetle communities
captured in the two types of stands, most likely due to the capture of a large number of
singleton species found in only one of the two communities, but also due to the large
differences in abundances for some beetle species. The Shannon, Simpson, Evenness,
and Berger—Parker tests failed to show significant differences in the diversity of the two
beetle communities.

Further research using other sampling methods capable of capturing other insect
groups, especially xylobionts, is needed to better emphasize the differences in beetle
diversity in the forest reserve compared to the managed forest.
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/ /www.mdpi.com/article/10.3390/£14010060/s1, Table S1: Coleoptera species collected in pitfall
traps from Sinca Forest: abundance, mean of catches per location and species, and significance of
differences between means of catches in forest reserve and managed forest stands; Table S2: Coleoptera
species collected in pitfall traps from Sinca Forest: constancy (C); dominance (D); and ecological
significance index (W), and feeding preference: H—herbivory; X—xylophagous; P—predatory;
D—detritivorous; M—mycetophagous.
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