'™ forests

Article

The Structure of Saproxylic Beetle Assemblages in View of
Coarse Woody Debris Resources in Pine Stands of

Western Poland

Andrzej Mazur '*10, Radostaw Witkowski !, Robert Kuzmirnski 1, Roman Jaszczak 2, Mieczystaw Turski 20,
Hanna Kwasna !, Piotr Lakomy !, Janusz Szmyt 30, Krzysztof Adamowicz # and Andrzej LEabedzki !

check for

updates
Citation: Mazur, A.; Witkowski, R.;
Kuzminski, R.; Jaszczak, R.; Turski,
M.; Kwasna, H.; Lakomy, P; Szmyt, J.;
Adamowicz, K.; Labedzki, A. The
Structure of Saproxylic Beetle
Assemblages in View of Coarse
Woody Debris Resources in Pine
Stands of Western Poland. Forests
2021, 12, 1558. https://doi.org/
10.3390/£12111558

Academic Editor: Luis Gonzalez

Received: 13 October 2021
Accepted: 8 November 2021
Published: 11 November 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Forest Entomology and Pathology, Poznan University of Life Sciences, 60-625 Poznar, Poland;
radoslaw.witkowski@up.poznan.pl (R.W.); robert.kuzminski@up.poznan.pl (R.K.);

hanna kwasna@up.poznan.pl (HK.); piotrlakomy@up.poznan.pl (P.L.); andrzej_lab@poczta.onet.pl (A.L.)
Department of Forest Management Planning, Poznan University of Life Sciences, 60-625 Poznar, Poland;
roman.jaszczak@up.poznan.pl (R.J.); mieczyslaw.turski@up.poznan.pl (M.T.)

Department of Silviculture, Poznan University of Life Sciences, 60-625 Poznar, Poland;
janusz.szmyt@up.poznan.pl

Department of Forest Economics and Technology, Poznan University of Life Sciences, 60-625 Poznari, Poland;
krzysztof.adamowicz@up.poznan.pl

Correspondence: andrzej.mazur@up.poznan.pl; Tel.: +48-61-8487677

Abstract: Background: Resources of dying and dead trees, decaying fragments of stems, stumps and
branches, i.e., coarse woody debris (CWD), are an important structural element of biocenoses and are
drivers of biodiversity. The aim of this study was to describe assemblages of saproxylic beetles in
pine stands of western Poland in view of dead wood resources. We present faunistic (species identity)
and quantitative (species and individual counts) data from two types of stands: 1. unmanaged pine
stands, in which no trees have been extracted for over 30 years, with processes connected with tree
dying and self-thinning of stands being undisturbed, 2. managed pine stands, in which routine
tending operations extracting trees are performed in accordance with forest management plans and
naturally dying trees are removed in the course of tending and sanitary logging; Methods: Beetles
were captured in the years 2013-2014 using window flight traps. Assemblages of saproxylic beetles
were assessed based on the indices of dominance, diversity (the Shannon-Weiner index), and species
richness (Margalef’s index) as well as the estimated habitat fidelity index, feeding habits, and zoogeo-
graphical distribution. Similarity between the assemblages was evaluated applying cluster analysis.
Dependence between dead wood resources and the diversity and species richness indices were anal-
ysed; Results: A total of 2006 individuals classified to 216 species were captured. Assemblages show
considerable similarity on the local scale. Higher values of species diversity indicators were observed
in unmanaged stands, in which no sanitation cuttings are performed; Conclusions: The decision
to refrain from sanitation logging in pine monocultures results in increased CWD resources, which
nevertheless does not lead to a marked increase in the values of biodiversity indicators. Unmanaged
stands were characterised by a high share of zoophagous, mycetophagous, and saproxylic species. In
contrast, managed stands were characterised by a high share of xylophagous beetles.

Keywords: deadwood; biodiversity; Pinus sylvestris; Coleoptera

1. Introduction

The present-day European forest management system is considered to be multifunc-
tional (serving social, economic, and ecological functions) and sustainable [1]. A major
objective of such a management is to preserve biodiversity. Forest habitats in Central
Europe are characterised by high species diversity (with approx. 65% plant and animal
species being forest species) [2,3]. Factors threatening species diversity include increased
timber harvesting combined with reduced rotation, promotion of fast-growing species
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regardless of habitat conditions, devastating management methods (e.g., large-area clear-
cuts, deep ploughing, restrictive snag removal, cuttings performed regardless of local
conditions, increased fertilisation), application of pesticides, selective breeding of forest
trees, introduction of alien tree species, and afforestation excluding any open spaces [4].

Beetles (Coleoptera), particularly saproxylic species, i.e., those biologically associated
with dying trees, are a diverse group both in terms of their ecology and taxonomy [5,6].
Some of them, including several species legally protected in Europe, constitute excellent
indicators of biodiversity and the impact of forest management on forest ecosystems [7-15].

Protection of natural processes of tree dieback and reduced harvesting of snag as a
biotope of many specific saproxylic species [16,17] seem necessary to preserve high species
diversity. This need poses questions concerning the volume and quality of coarse woody
debris left to decompose naturally, particularly in commercial forests [18]. The saproxylic
fauna is modified not only by the obvious, significant role of CWD resources [19], but it is
also influenced by the tree or wood species [20-23], humidity, insolation and type of the mi-
crohabitat [13,24,25], the geographical region and the size of the forest complex [26], as well
as natural disturbances in bark beetle gradations [27], windthrows [28], and fires [29,30].

The problem of threshold dead wood resources in European forests has been discussed
in detail [18,19]. Some sources of data indicate that a significant increase in species richness
of saproxylic beetles is observed only at a very high accumulation of coarse woody debris
on a regional scale [31-34].

In 2020 in Polish forests the mean CWD resources amounted to approx. 8.2 m?/ha [35],
whereas as recently as in the years 2005-2009 it was on average 5.7 m> /ha [36,37]. Dead
wood resources vary depending on the region. Thus, CWD resources are below the mean
level in central Poland, where pine stands are dominant, while they are much greater in
mixed broadleaf forests of southern Poland (where they range from 14.8 to 20.1 m?/ha) [36].

A compromise needed to combine the sanitary regime in pine stands (as the most
common type of commercial stands in the central, lowland part of Europe) with prescribed
allocation of a portion of wood to be left in the forest to decompose naturally [34] may be
attained only when considering a variety of aspects. A considerable role is played by the
geographical location and the related climate, as well as the size of populations of harmful
insects and the intensity of forest management in those forests [38]. The date of logging is
also of importance, since it stimulates the population size in the case of bark beetles [39].

A considerable body of data on subcortical and saproxylic beetles of pine coniferous
forests comes from Scandinavia. Among other things it was found that forest manage-
ment significantly determines the composition and quantitative ratios of subcorticular
beetles [40]. The volume of dead wood resources does not always affect the species di-
versity or numbers of subcorticular beetles [41], while the absence of dead trees of large
diameters may result in the disappearance of species obligatorily associated with old trees
and stands [42]. Seminatural pine forests are distinguished first of all by much greater
CWD resources, which are also maintained in the first stages of succession of the young
tree generation and such forest habitats are biotopes for threatened saproxylic species [43].
In order to protect saproxylic fauna it is important not always to increase the total volume
of dead wood, but also its continuity and diversity in commercial forests, because each
type of coarse woody debris (stumps, snag, branches, twigs) produces unique microhabi-
tats [44-48].

Species diversity of saproxylic beetles in pine coniferous forests of Poland have been
investigated depending on the method of forest management and the degree of ecosystem
transformation [10].

Boggy pine forests as a refuge for saproxylic beetles were investigated in eastern
Poland [49]. Obtained results indicate a local character of their assemblages and a signifi-
cant role of commercial pine stands for the preservation of the natural habitat value and its
high biodiversity.

Processes modifying the saproxylic fauna in hurricane-damaged pine coniferous
forests were observed in the Puszcza Piska Forest [50]. Analyses showed no statistically



Forests 2021, 12, 1558

30f17

significant differences in saproxylic beetle assemblages between hurricane-damaged stands
cleared after the hurricane and unaffected managed stands. The rapid accumulation of dead
wood resources resulted in an increase in the number of individuals and the concentration
of some species on the local scale, although it did not affect the number of species.

Pine coniferous forests were also investigated in areas of high nature value with the
aim of finding model patterns. Examples in this respect include the Kampinos Forest [51]
and the Biatowieza Forest, in which the structure of subcorticular beetle assemblages
was analysed [11,52] as a tool in the assessment of anthropogenic transformations of
primeval forest habitats. In pine coniferous forests of the Biatowieza Forest, observations
were also made on the impact of fire on alfa and gamma diversity of beetles [53]. In the
initial period of habitat regeneration, the diversity indices were higher for the fire-affected
stand; however, in the successive years of observations the differences between the stand
destroyed by the fire and the control stand were disappearing.

The aim of this study was to identify dependencies between CWD resources and
characteristics of assemblages of saproxylic and subcorticular beetles in lowland pine
stands differing in the management system (unmanaged vs. managed), determining dead
wood resources.

2. Materials and Methods

Investigations were conducted in the years 2013-2014 in central-western Poland in
terms of its landscape representing the North European Plain (Figure 1).

The objects of the study included stands of similar valuation parameters, such as age
and species composition, but differing in intensity of snag removal, based on which it was
divided into two categories:

A. unmanaged stands, originally commercial forests, with established protection
functions, such as, e.g., landscape, water, or soil protection), in which no logging operations
have been conducted for over 30 years and in which tree dieback and self-thinning processes
have been undisturbed. They are permanent experimental sites of the Department of
Silviculture, PULS, in the Torzym and Gubin Forest Districts [54,55] as well as a stand in
the Drawieniski National Park subjected to the same principles.

B. managed stands, in which routine tending operations (logging) are performed in
accordance with the forest management plan, and naturally dying trees are removed in the
course of tending operations and sanitation cuttings.

In these experimental sites, CWD resources were measured, stand dynamics trends
were assessed, beetles and saproxylic fungi were inventoried [57,58], and losses of benefits
due to the allocation of wood to decompose naturally were estimated [59] (Table 1).

Mean volume in unmanaged stands was 356.7 m?3/ha, at the mean volume of dead
wood (CWD) of 12.99 m?/ha, the percentage share of dead wood in relation to growing
stock was 3.63%. In managed stands the mean volume was higher and amounted to
389 m3/ha, while values of the other parameters were approx. 3-fold lower; the mean
volume of dead wood was 4.04 m®/ha and the share of dead wood in relation to growing
stock was 1.05%.

Identification of species diversity in Coleoptera. Insects were captured with window
flight traps commonly used in inventorying saproxylic beetles in Poland and considered
to be highly effective [10,50,60-62]. Two traps of 3800 cm? were hung in each of the
experimental sites using for this purpose dying trees, windsnaps as well as broken branches
and parts of the crown lying on the ground. Beetle capture operations were conducted
from 23 April 2013 to 15 November 2014. Window flight traps were operating for a total of
1692 trap-days (the number of days of trap operation x the number of traps).

The beetles for determination were prepared using techniques recommended for
individual families (e.g., with separation of mating apparats). The available keys and
guides for family and species identification as well as taxonomic revisions of selected
groups of beetles were used for the determinations. It was used for this, among others:
series of keys for determination of beetles in Poland for example [63-65] and Central
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Europe [66,67], taxonomic monographs of beetle families [68-70]. The markings were
verified using illustrated keys and beetle iconography [71,72]. The specimens are deposited
in the authors’ collections at the Department of Forest Entomology and Pathology, Poznan
University of Life Sciences, Poland.

Lithuania
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Figure 1. Locations of experimental sites. Source: Google Earth Pro 7.3.4.8248 (64-bit) Data SIO,
NOAA, U.S. Navy, NGA, GEBCO. Image Landasat / Copernicus (2021) [56].

Results of capture operations from individual stands were totalled, distinguishing
beetle assemblages, which were assessed based on such parameters as the number of
species (S), the number of individuals (1), Margalef’s index (d—species richness) [73],
Shannon'’s index (H'—species diversity) [74,75] and the percentage share of trophic forms
(zoophagous, mycetophagous, xylophagous, saproxylophagous). Identified species in
terms of their trophic levels were divided into five groups: xylophagous, mycetophagous,
zoophagous, saproxylic species, and the other trophic groups. Next species richness and
the number of individuals in each of the groups were determined. Among the captured
insects, also the percentage shares of species were calculated. The species, the share of
which exceeded 5%, were considered dominant, while codominant species were those
whose share ranged from 2% to 5%.

Similarity between the Coleoptera assemblages was assessed using cluster analysis.
The analysis used the species dominance index (where the number of individuals n = 2006,
the number of taxa S = 244) in the studied stands. The Euclidean distance was taken as
the measure of clustering distances. The analyses were performed using the Statistical3.3
software by StatSoft®. The volume of dead wood, the number of species in an assemblage
as well as percentage shares of individual trophic groups were vectors of observations. The
Euclidean distance was applied as the metric.
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Table 1. Characteristics of experimental sites—unmanaged and managed pine stands in western Poland.

Location and Geographical St;l;zlh\llgil::me Volume of Share of Dead
Description/Symbol of the Coordinates Area (ha) Dead Wo ogd Dead Wood Age  Wood/Growing
Site WGS 3 (CWD) (m3/ha) Stock (%)
(m°/ha)
Unmanaged pine stands
Gubin Forest District N: 51.9817 248 195
compartment F: 148611 4.03 170 8.03 62 1.92
73j—uneven-aged stand /UG1 T
Gubin Forest District N: 51.9737
compartment 57a/UG2 E: 14.8195 20.18 317 1651 92 545
Torzym Forest District N: 52.2603
compartment 264a/UT3 E: 15.1254 11.42 481 2343 8 585
Drawieniski National Park, N: 53.0839 6.08 270 40 145 131
compartment 288h/UD4 E: 15.9347 ' 35 ' 105 '
Managed pine stands
Drawieniski National Park, N: 53.1889
compartment 15b/MD5 E: 16.0235 733 310 351 125 113
Gubin Forest District N: 51.9758
compartment 56a/MG6 E: 14.8229 20.14 303 3.7 113 117
Torzym Forest District N: 52.2625
compartment 263a, c/MT7 E: 15.1288 8.04 401 7.52 o1 1.56
Jarocin Forest District N:52.1109
compartment 200a/MC8 E: 17.4994 8.23 449 143 63 0.32

Assessment of specificity of Coleoptera assemblages. Characteristics of species and
their relationships with the habitat were based on the estimated fidelity classes proposed
by A. Szujecki [76,77] and their later modifications taking into consideration the character
of the study and the specific nature of beetle groups [78-80] as well as the Catalogue of
Polish Fauna and the National Biodiversity Information System website [81].

The following modified estimated fidelity classes were adopted:

F4: obligate characteristic species—strictly (obligately) related, i.e., in terms of their
trophic levels and biology, with processes of dieback in coniferous trees, cambio-, xylo-, and
endophytophagous (the first stages in the succession chains in the subcorticular habitat).

F3: selective characteristic species—found numerously in a given habitat, although
also present in other habitats; included predatory, parasitic, and ambrosia beetles as
well as mycetophagous species, the occurrence of which is dependent on the presence of
host organisms.

F2: auxiliary (accompanying) species—found in the subcortical habitat less numer-
ously than in other habitats or showing no preference to any habitat type; included
species facultatively (periodically) appearing in the subcortical habitat, searching for shelter
or food.

F1: species alien to a given habitat.

FO: ubiquitous, cosmopolitan species.

R: relic species, of special faunistic value, reported in single localities, related with
primeval forests.

Data on the occurrence of clown beetles (Histeridae) was published in a study by
Mazur et al. [61].

Saproxylic beetles (understood as species in terms of their ecology associated with
dying, dead, and decaying trees, in which the utilisation of wood has led to morphological,
anatomical, and metabolic adaptations to the habitat) [82,83] were classified in further
analyses to species from fidelity classes R, F4, F3, and F2.
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3. Results

A total of 2006 beetles belonging to 244 taxa were captured in the period of the study.
Of that number, 1820 individuals were identified to species, which accounts for 90.7%
all captured insects. They were classified to 216 species, whereas the other beetles (9.3%)
were identified to the level of genus or family (Supplementary Materials). Among them
194 (89.8%) are species permanently or periodically associated with wood, they were
represented by 1702 (93.7%) individuals. Characteristics of assemblages in the investigated
stands are given in Table 2.

Table 2. Characteristics of Coleoptera assemblages in managed and unmanaged pine stands in western Poland.

Ch < stics of Unmanaged Managed
aracteristics o
A bl Mean Mean
ssemblages UGl UG2 UT3 UD4 (+SD) MD5 MG6 MT7 MCS8 (+SD)
o 213.25 241.75
Number of individuals (1) 267 137 126 323 (+84.2) 531 108 46 282 (+188.08)
Number of species (S) 64 45 39 84 o8 75 25 18 62 45
P (£17.62) (£24.07)
PN 16.3 20.8
Xylophagous species (%) 14.1 13.3 15.4 22.6 (£37) 28.0 16.0 16.7 22.6 (+4.9)
. 18.8 17.7
Mecytophagous species (%)  15.6 222 23.1 14.3 (£3.9) 16.0 10.7 167 274 (£6.1)
Zoophagous species (%) 453 511 333 417 (j:%i) 40.0 467 444 290 (i%%)
Saproxylophagous species 8.0 7.5
(%) 9.4 8.9 7.7 6.0 (+13) 8.0 6.7 5.6 9.7 (+15)
Species from other trophic 14.0 14.0
groups (%) 15.6 4.4 20.5 15.5 (£59) 8.0 200 167 113 (+4.6)
, 10.61 8.09
Margalef’s index (d) 1128 894 786  14.37 (+£2.5) 11.79 513 444 1099 (£3.32)
yos , 3.38 2.8
Shannon’s index (H’) 349 332 280 392 (+0.4) 256 277 250 335 (+033)

In unmanaged stands, a total of 167 beetle species were reported, which were repre-
sented by 936 individuals, whereas in managed stands 153 species were captured, repre-
sented by 1067 individuals. On average, in each of the unmanaged stands 55.5 species
(SD = 14.8) were identified, while in managed stands it was 46.6 species (SD = 22.6).

Species captured in unmanaged stands, in the number of minimum 10 specimens,
which were not shown in managed stands, included Phloeonomus pusillus (Staphylinidae),
Dryophthorus corticalis, Orthotomicus longicollis, Hylurgops palliatus, Hylastes brunneus (Cur-
culionidae), Platydema violacea (Tenebrionidae), and Latridius hirtus (Latridiidae). In contrast,
Cardiophorus ruficollis (Elateridae) and Xylosandrus germanus (Curculionidae) were species
recorded in managed stands.

Analyses of individual stand showed the highest number of beetle species in the oldest
stands (UG1, MD5, UD4), aged over 140 years, which was reflected in the high values of
species richness (d) and species diversity (H’). An exception in this respect was found for
the commercial (managed) pine stand established on former farmland (MC8), in which
biodiversity indices were relatively high (Table 2). The lowest qualitative and quantitative
richness of beetles was recorded in commercial stands in the Gubin and Torzym Forest
Districts (MG6, MT7) (Table 2), as it was by 21.2% and 63.5% fewer species compared to
unmanaged stands located in their vicinity (UG2, UT3).

Among all the captured beetles Ampedus balteatus (Elateridae) was the dominant
species (D = 13.9%), while co-dominant species (2% < D < 5%) included Enicmus rugo-
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sus (Latridiidae), Tomicus piniperda (Curculionidae), Phloeostiba lapponica (Staphylinidae),
Spondylis buprestoides (Cerambycidae), Melanotus villosus (Elateridae), and Nicrophorus
vespilloides (Silphidae) (Supplementary Materials). Groups of dominant species in individ-
ual stands differed (Table 3). Only Enicmus rugosus reached the dominance index above 5%
in five stands. Species, which were dominant (D > 5%) in at least three stands included
Phloeostiba lapponica reported with a very high dominance index in the protected stand
in the Torzym Forest District (UT3) and in two managed stands (MT7, MG6); Spondylis
buprestoides dominant in managed stands as well as Nicrophorus vespilloides recorded as
dominant only in managed stands. Although Ampedus balteatus was the most numerously
represented among the captured insects, it was dominant only in one of the analysed
stands (MD5).

Table 3. Dominant beetle species (D > 5%) captured in individual stands.

Dominance Index in the Stand

Species

UG1

UG2

UT3

UD4

MD5

MG6

MT7

MC8

Enicmus rugosus

16.5

16.1

7.1

5.6

6.5

Dryophthorus corticalis

9.0

Placusa tachyporoides

7.5

5.6

Orthotomicus longicollis

52

Cerylon ferrugineum

10.2

Platydema violacea

7.3

Plegaderus caesus

51

Spondylis buprestoides

5.1

10.2

Phloeostiba lapponica

349

12.1

10.9

Paromalus parallelepipedus

Placus atrata

Phloeonomus pusillus

Rhizophagus depressus

Tomicus piniperda

8.5

Ampedus balteatus

Nicrophorus vespilloides

13.9

28.2

9.6

Crypturgus hispidulus

12.9

Epuraea thoracica

74

8.7

Abraeus perpusillus

6.5

Salpingus ruficollis

6.5

Melanotus villosus

17.7

Cerylon impressum

53

Results of the analyses of Coleoptera assemblages indicate considerable similarity
between the stands located the closest geographically (Figure 2). The assemblages form
three basic agglomerations: 1. beetles found in unmanaged stands in the Gubin Forest
District (UG1, UG2), 2. beetle assemblages in managed stands in the Gubin and Torzym
Forest Districts together with the protected stand in the Torzym Forest District (MT7, UT3,
MGS6), and 3. beetle assemblages in the managed stand in the Jarocin Forest District and
assemblages found in the Drawieniski National Park (MC8, MD5, UD4). The assemblage of
beetles found in stand MD?5 is the most distant from all analysed.
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The Euclidean distance

110
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Figure 2. Dendrogram of similarity of species dominance in Coleoptera assemblages in managed
(MD5, MG6, MT7, MC8) and unmanaged (UG1, UG2, UT3, UD4) pine stands in western Poland.

The percentage shares of individual trophic groups in the beetle assemblages differ in
the analysed stands (Table 4).

Table 4. Mean percentage shares of beetle species and individuals captured in managed and unmanaged pine stands in

western Poland in terms of trophic groups.

Unmanaged Stands Managed Stands
Trophic Group Mean Share of Species Mean Frequency of Mean Share of Species Mean Frequency of
in the Trophic Group Individuals in the in the Trophic Group Individuals in the
(%) Trophic Group (%) (%) Trophic Group (%)
Saproxylophagous 8.0 (£1.3) 5.7 (+4.1) 7.5 (£1.5) 15.5 (£20.0)
Xylophagous 16.3 (£3.7) 13.0 (£5.0) 20.8 (+4.9) 21.6 (+8.6)
Mycetophagous 18.8 (£3.9) 22.2 (£7.9) 17.7 (£6.1) 11.4 (£3.5)
Zoophagous 429 (+6.4) 52.5 (+6.2) 40.0 (+6.8) 31.6 (+9.8)
other 14.0 (£6.6) 6.6 (£3.2) 14.0 (£4.6) 20.0 (£11.5)

When comparing mean shares of species in the trophic groups in both stand manage-
ment types, most identified species were zoophages. Species richness of xylophagous and
mycetophagous beetles is similar. The lowest share was recorded for saproxylophagous
species. In managed stands, a greater share of xylophagous species was reported, while
unmanaged stands are generally characterised by a greater share of all trophic groups
except for xylophages. The shares of species belonging to the other trophic groups are
practically identical.

In unmanaged stands, the highest frequency was recorded for specimens of zoophagous
species. The shares of xylophagous and mycetophagous beetles exceeded 10%, while the
lowest values were found for saproxylophages and the other trophic groups. In managed
stands, the highest number of individuals was also reported in the group of zoophagous
specimens; however, their share was much lower than in unmanaged stands. The other
trophic groups account for approx. 1/5 of all the individuals, while the frequency of
xylophagous and mycetophagous beetles was high, considerably exceeding that in unman-
aged stands.
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The shares of individuals classified to the adopted fidelity classes varied in the investi-
gated stands (Figure 3). This pertains particularly to the shares of individuals representing
alien species in managed stands, which may even exceed 30% (the managed stand in the
Torzym Forest District, MT7). Shares of individuals representing obligate characteristic
species ranged from 15% to 39%. The highest share of these species was observed in
unmanaged stands in the Gubin Forest District (UG1) and the Drawieriski National Park
(UD4) (Figure 3a).

0% 20% 40% 60% 80% 100%

HMFO mF1 mF2 mF3 mF4 mR

(@)

mFO
mFl

Hanses - -
mF2
F3
PRS- - - i

0% 20% 40% 60% 80% 100%

(b)
Figure 3. Percentage shares of species in terms of fidelity classes in analysed managed and unman-
aged pine stands in western Poland (a); percentage shares of species depending on fidelity classes in
managed and unmanaged pine stands in western Poland (b).

The total number of species belonging to the four fidelity classes most strongly associ-
ated with the subcorticular habitat (R, F4, F3, F2) is higher in unmanaged stands compared
to managed stands (Figure 3b). Occurrence of single relic species (R) was observed in
almost all the stands, both unmanaged and managed, with the exception of MT7, where no
species from that fidelity class were recorded. Selective characteristic species (F3) and alien
species (F1) were more numerous in managed stands, whereas ubiquitous species (F0) had
only a slight share in the assemblage (Figure 4).

Indices of species richness (Margalef’s index) and species diversity (Shannon’s in-
dex) in the investigated stands reached higher values in the group of unmanaged stands
(Table 2).
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Figure 4. Numbers of species depending on fidelity classes in Coleoptera assemblages in managed
and unmanaged pine stands in western Poland.

4. Discussion

Information on saproxylic beetles of pine coniferous forests in view of the area covered
by these forests and their role in the forest management system in central Europe is not
proportional. Data comes mainly from northern and central Europe [40,42,43]. In turn,
studies in Poland were conducted primarily in the eastern part of the m which differs
significantly in terms of climate from western Poland, which results in different habitats
and plant communities [84]. Western Poland is under the influence of the Atlantic climate,
and the pine forests form communities in the type of sub-Atlantic fresh forest—Leucobryo-
Pinetum. Northeast Poland, on the other hand, is under the influence of a subcontinental
climate, it is an area of pine forests of the Peucedano-Pinetum type [85]. This affects the
length of the growing season, which may determine the distribution of some beetle species
(including saproxylic beetles) [86].

The use of screen traps as the only trapping method was dictated by utilitarian goals.
In managed stands, standing dead trees and broken tree crowns were the most common
microbiotopes, where saproxylic species may occur. One trapping method, although
assessed as very effective, narrows the scale of captured species and does not allow direct
comparison of the results. The use of various types of traps (e.g., emergence, screen traps
in different colours, etc.), dedicated to specific ecological groups of beetles, results in an
increase in the number of species caught [61].

Species richness of saproxylic beetles in the investigated pine stands of western Poland
differs from that observed in central and eastern parts of the country [50,52,53,80]. Studies
conducted to date were frequently based on many methods of insect capture and obser-
vation, which considerably hinders comparability of the obtained results. Nevertheless,
in relation to forest ecosystems considered natural, which often are treated as a model, to
which research results on species diversity are referred, the number of recorded species
was lower. In the Bialowieza Forest, a total of 630 species were reported [53], while in
mixed coniferous forests of the Kampinos Forest it was 433 species [51]. However, they are
one of richest and best preserved forest ecosystems in this part of Europe. On the other
hand, studies on the fauna of pine stumps showed 178 species [87], whereas assemblages
of saproxylic beetles in boggy pine coniferous forests it was as few as 121 species [50].

As it was shown by the studies conducted in stands affected by hurricane and wild
fires, a rapid increase in CWD resources does not cause an equally dynamic increase in
species diversity [88,89]. Already in the 5th year after stand damage the diversity indices
were more favourable for undamaged unmanaged stands with dead wood resources of
7.8-15 m®/ha. For damaged stands, this index reached a similar value, with a slight
advantage of unclear stands (mean CWD resources of 225.5 m3/ha) over cleared stands
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(94.5 m3 /ha) [50]. These observations show that for the maintenance of species diversity
continuous access to dead wood is more important than its abundance. Natural self-
thinning processes, which are less dynamic, facilitate full utilisation of microhabitats
formed over the years. A broad spectrum of trees at various stages of dieback and wood
decomposition distributed as a mosaic in the ecosystem promotes survival of individual
species more effectively than a large amount of substrate of similar parameters. This was
confirmed by extensive research conducted in France [24,90], showing a significant effect
of not only CWD resources, but also the presence of den trees, diversity of arboreal fungi
and openness of the habitat providing available light and an advantageous microclimate.
Moreover, for saproxylic species developing in dying pine trees a significant role is played
by the diameter of the stem or branches, the presence of bark, as well as height above the
ground [47].

Presented results show the course of transformation of managed forests into forests
with the dominant protection function focused on saproxylic insects. The reported observa-
tions confirm that the decision to cease removing dying and dead trees has an advantageous
effect on species diversity. Analysis of Coleoptera assemblages showed that sites located
closest geographically are most similar (Figure 2), while higher values of diversity and
species richness indices within agglomerations were recorded for unmanaged forests
(Table 2).

In unmanaged forests, the shares and numbers of obligate characteristic and charac-
teristic species were greater. It is also of interest that the shares of species being strictly
saproxylic in both stand categories were comparable. Thus, how can the relatively high
share of this trophic group be explained in managed stands, where CWD resources are
much smaller?

Such a situation may be explained by the specific character of individual forest ecosys-
tems, determined by their history and intensity of management operations affecting the
continuity of natural processes of tree dieback and accumulation of dead wood with all
its specific microhabitats. Thus, utilisation of the current abundance of dead wood as an
indicator feature of biodiversity may lead to a bias. This parameter does not take into
consideration the size and degree of decomposition of dead wood, which determine the
occurrence of several specific/stenotopic beetle species [91]. It is obvious that in the case
of the accumulation of large CWD amounts a wider spectrum of microhabitats is more
probable, although some cases suggest that it is not always the rule [28].

Observed high values of diversity and species richness indices at limited CWD re-
sources in managed stands may be explained as a certain island effect [92]. Dying trees
constitute a biotope for several species, while in sterile managed forest they may function
as hotspots in a microscale.

Probably a reduced number of dying and dead trees of a given species within a certain
range may cause the accumulation of specific fauna, and thus increased species richness on
individual trees.

In stands not covered by sanitation regime, in which tree dieback is a common process
taking place over larger areas, with an increase in CWD resources the concentration of
fauna is observed, which in turn may result in a decrease in the values of diversities and
species richness indices.

Posing questions on the volume of dead wood resources as the only factor determining
insect assemblages associated with this habitat is an oversimplification of the complex
biocenotic associations taking place during tree dieback and wood decomposition between
several organisms, among which beetles constitute a considerable group. Assessment and
strategies to preserve biodiversity need to take into consideration not only o-diversity, but
also p3- and y-diversity [93].

A characteristic differentiating the investigated pine stands in western Poland is con-
nected with the share of species dominant on the local scale. Ampedus balteatus (Elateridae)
is a superdominant, found at a very high frequency in stand MD5. Ampedus balteatus is a
zoophagous species developing in pine stumps [80,94], an obligatory saproxylic species [95].
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It was captured in traps with retusol and sulcatol in southern Finland [96] and in fermental
traps [40], while in studies on subcorticular beetles in natural and managed forests with a
share of pine and spruce it was recorded only in managed forests [41]. In hurricane-affected
stands in the Piska Forest it was co-dominant and found commonly, although its popula-
tion size did not increase under the influence of the accumulation of hurricane-damaged
timber [50]. Its presence in the investigated stands needs thus to be associated with the
intensive process of tree dieback and increased presence of organisms constituting its
food source.

A list of species dominant in the analysed stands indicates that most identified assem-
blages have different dominant species. Only Enicmus rugosus (Latridiidae) and Phloeostiba
lapponica (Staphylinidae) were found with the dominant share in three or more assemblages
(Table 3). The minute brown scavenger beetle E. rugosus is a mycetophagous species,
with an extensive distribution in Europe, obligatorily associated with hardwood CWD as
well as softwood CWD of larger diameters [95,97]. It does not show a close association
to a specific type of forest habitat [95,98], colonising wood dominated by slime mould
Eumycetozoa [99]. In many forest habitats it is found as a dominant [79,87,100], colonising
tall stumps [87,101], tree hollows [102], and lying boles (trunks) [103] as well as old, solitary
oak trees [104].

Another species recorded with high frequency was Phloeostiba lapponica, a holarctic
species [105]. It is a small, predatory subcorticular beetle staying under tree bark, typically
in bark beetle galleries on coniferous trees. In eastern Finland it was reported with high
frequency on burnt trees, in habitats subjected to controlled burns to renaturalise managed
boreal forests [106].

It also needs to be stressed here that groups of dominant species, which are unique
rather than common indicate high specificity of each of the assemblages. A comparison
of the dominant species systems between the group of managed vs. unmanaged stands
identifies dominant species for each category of stands. In unmanaged stands the most
numerous were Enicmus rugosus and Phloeostiba lapponica, while in managed stands it
was Ampedus balteatus, Nicrophorus vespilloides, Melanotus villosus, and Tomicus piniperda.
The presence of large subcorticular predators (Ampedus, Melanotus) accompanying cam-
biophages (Tomicus) may indicate the initiated processes of tree dieback, in which the
first succession stages are taken by cambiophages of large body size (part of Scolytinae,
Cerambycidae, Buprestridae) [107,108].

When analysing the frequency of families (Supplementary Materials), it is noticed
that representatives of families Bothrideridae, Dryophthoridae, Eucnemidae, Trogossitidae,
and Zopheridae occur only in unmanaged stands. However, in these stands with a greater
frequency than in managed stands, species from the following families occur: Ciidae,
Melandryidae, Monotomidae, and Scydmaenidae. They are representatives of typically
saproxylic families [6]. Only species of Silvanidae have been found in the managed stands,
and bark beetles (Curculionidae) are more numerous than in unmanaged stands.

Research results indicate that the leaving naturally dying trees in pine stands results
in a slow accumulation of CWD resources and influences directions of succession for
assemblages of subcorticular and saproxylic beetles.

This study may illustrate an example of the transition of a stand from the managed
type to the unmanaged type as well as changes in fauna with an increase in CWD resources
and directions of succession for beetle assemblages associated with processes of dieback
and dead wood accumulation.

5. Conclusions

These analyses showed differences between assemblages of saproxylic beetles found
in managed and unmanaged stands. These differences are smaller in terms of the number
of species, while they are higher in terms of the frequency of individuals in the identified
ecological and trophic groups of beetles. However, the number of saproxylic species greater
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by eight percentage points recorded in unmanaged stands shows that the management
method affects species diversity in this group of insects.

Clustering being the result of analysis of similarity between the analysed stands indi-
cates a significant role of the geographical location of these sites. The closer they were lo-
cated to one another, the greater the similarity despite their different management methods.

Based on the identified objects, no relationship was confirmed between the species
diversity indices and growing CWD resources; however, a trend may be observed for the
organisation of Coleoptera assemblages towards an increase in the share of zoophagous,
saproxylic, mycetobiontic, and relic species. Managed stands with the implemented
sanitation cutting regime, in which trees naturally dying are removed, are characterised by
lower species diversity indices and a greater share of xylophages.

Simulated dependencies between dead wood resources and species richness and
diversity indices in pine coniferous forest with different management regimes may indicate
that at a comparable level of biodiversity in managed stands trends are evident towards a
grouping (concentration) of fauna dependent on dead trees, while in unmanaged stands
with an increase in CWD resources saproxylic beetles are scattered.

Pine coniferous forests of central Europe may serve a considerable role in the system
of protection for saproxylic beetles. These forests are habitats transformed by traditional
forestry towards monocultures of limited diversity and low dead wood resources, partic-
ularly large-sized wood. Nevertheless, this habitat is colonised by numerous saproxylic
species, in which numbers of individuals and concentration are directly dependent on the
presence of coarse woody debris. Thus, active protection of the forest habitat needs to
be focused on increasing this parameter through protection of natural and spontaneous
phenomena of tree dieback.
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