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Abstract. Spruce forests face many threats such as climate change and bark beetle outbreaks. Yet, bark beetle dynamics have
a long co-evolutionary history strongly linked to spruce forest structural dynamics. Disturbed spruce forest sites resulting from
bark beetle outbreaks therefore should not be regarded as degraded land, but as early successional stages following natural for-
est dynamics. Three post-bark-beetle disturbance sites and one closed-canopy site in the Bavarian Forest and Sumava National
Parks were investigated with the focus on moth communities. The three disturbed sites had undergone different post-disturbance
management regimes, with one being treated by salvage logging, while at the other two forest sites deadwood was kept in the
forest. To avoid the spread of bark beetles, however, the bark of dead trees was either gouged or removed. The aim was to deter-
mine how many moths can be found at the undisturbed and disturbed forest sites and if differences in community composition can
be explained by different management regimes. The results highlight that natural forest disturbance can increase moth diversity,
especially by favouring species that are associated with open and shrub habitats. Many rare and endangered species benefit from
bark beetle outbreaks, indicating that accepting natural forest dynamics is an important part of conservation management. Post-

bark beetle management seems to have a minor effect on moth communities.

INTRODUCTION

Central European forest habitats have undergone sub-
stantial changes in the last few decades. Many forests face
increased drought stress due to climate change (Lindner
et al., 2010). As a result, bark beetle infestations become
more common, increasing the area of disturbed forests at
a regional scale (Dobbertin et al., 2007; Seidl et al., 2015;
Netherer et al., 2019; Hlasny et al., 2021). For forest man-
agers, bark beetle outbreaks always result in big economic
losses, which have to be treated with massive interventions,
such as salvage logging, in order to prevent the spread of
bark beetles (Hlasny et al., 2021). Even at protected for-
est sites such as the Bavarian Forest and Sumava National
Parks, some parts have to be managed after bark beetle in-
festations, e.g. to protect neighbouring commercial forests
from such natural disturbance agents. Yet, the open forest
structures resulting from bark beetle outbreaks are valu-
able habitats for many species, making the bark beetle not
only an economically important pest, but also an ecosys-
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tem engineer species important for biodiversity (Beudert et
al., 2015; Przepiora et al., 2020).

A forest manager that has to deal with bark beetles has
different possibilities for reacting to a disturbed forest site.
The most invasive method is to remove all trees along with
the bark beetles (salvage logging), which usually results
in a large-scale clear-cut. With most fresh deadwood re-
moved, the carbon storage capacity of a forest is reduced
considerably (Dobor et al., 2020). Simultaneously, natural
regeneration, microclimatic stability and protective func-
tion of deadwood are often reduced (Jonasova & Prach,
2008; Thorn et al., 2014; Leverkus et al., 2021). To keep
more deadwood in the forest, other less invasive methods
such as gouging or removing the bark from infested trees
are suggested (Thorn et al., 2016; Hagge et al., 2019).
These methods block the development of bark beetles,
which live under the bark, while at the same time, most of
the deadwood is kept in the forest and, therefore, can serve
as a habitat for many saproxylic species (Fig. 1).
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Fig. 1. Photographs of the different study sites showing the different post-bark beetle intervention techniques. On the upper left, salvage
logged sites (Cz_F) are illustrated. The upper right picture shows the D_FS site, with closed canopy spruce forest. On the lower left, site
Cz_S with debarked logs is visible, while the lower right shows the D_S site, were the bark of logs is gouged.

Here it is investigated how bark beetle disturbance and
different interventions after bark beetle outbreaks (remov-
ing deadwood vs. bark gouging vs. bark removal) affect
moth communities. Moths, a species-rich insect taxon,
have often been used as a valuable indicator of habitat
characteristics (Uhl et al., 2020; Ellis & Wilkinson, 2021;
Fuentes-Montemayor et al., 2022). Post-bark beetle inter-
vention studies often focus on the effects on deadwood-
dependent species (Thorn et al., 2016, 2017), while ef-
fects on other taxa like herbivorous insects are less well
understood. Yet, different interventions might also result
in different moth communities: salvage logging might fa-
vour the establishment of open habitat species and species
feeding on herbaceous plants, whereas debarking (as well
as salvage logging) that removes resources like moss and
lichen communities growing on the bark, might result in a
reduction of moss and lichen feeding species. Compared
to other insect species, moths are easy to sample using
light trapping and easy to identify as most species are well-
described in Central Europe. In addition, the ecology of
most species is known, so it is relatively easy to carry out
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a functional diversity analyses of this taxon (Potocky et al.,
2018). The aim was to investigate the following research
questions:

1. Are there differences in species richness between un-
disturbed forest sites and disturbed forest sites with differ-
ent post-bark beetle interventions?

2. Are there differences in community composition be-
tween undisturbed forest sites and disturbed forest sites
with different post-bark beetle interventions?

3. Does the occupation of functional niches reflect the
typical characteristics of the forests after their structure has
been altered by post-bark beetle interventions?

METHODS

Moth communities at four different forest sites in the Bavarian
Forest and Sumava National Parks were sampled. The forests at
all four sites consisted mainly of spruce trees. One site (D_FS)
was unaffected by bark beetles and therefore characterized by its
closed canopy and sparse understory vegetation. The other three
sites were affected by bark beetle outbreaks and, therefore, were
treated with different post-bark beetle managements (Fig. 1). At
one site (Cz_F) all the infested trees were removed. As a result,
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Fig. 2. Species extrapolation curves for the four study sites: undis-
turbed forest (white) and post-disturbance forest subjected to sal-
vage logging (black), debarking (green) and bark gouging (blue).
The end of solid lines indicates the actual number of individuals and
species caught. Dashed lines indicate extrapolations. The shaded
background indicates the upper and lower limits of the estimates.

this former forest was more like open grass or heathland. At the
forest sites Cz_S and D_S, in contrast, deadwood was kept in the
forest and the trees only treated by either gouging the bark (D_S)
or removing the bark (Cz_S) (Fig. 1). Bark gouging is defined as
a disruption of the bark every 16 mm, with a width of 14 mm and
a depth of 9 mm, using a mechanical bark-gouging device (Hagge
etal., 2019). So, in contrast to full bark removal, the bark phloem
is only interrupted by long and standardized gouges. Clear-cut
areas were not very large. The soils at the three disturbed for-
est sites were humid and the dense understory vegetation mainly
dominated by Vaccinium myrtillus and grasses such as Calama-
grostis villosa.

Moths were sampled in 2021 by using automated light traps,
powered by a 12 V dry battery pack and equipped with two 18
W light tubes (one black light and one white black light tube).
In total, four plots per forest site were sampled at subsequent
nights when conditions were favourable, i.e. not rainy, windy or
extremely cold. In order to obtain a sample of the whole moth
community that can be found throughout one vegetation period,
the four plots were sampled once in May, June, August and finally
September. The sampling started at dusk. The moths were caught
in a container and euthanized immediately by the chloroform at-
mosphere within. The next morning, moths were collected and
brought to the lab for identification, which was done to species
level using faunal monographs, such as Segerer & Hausmann
(2011) and Steiner et al. (2014).

For the data analysis, the R workspace (R Core Team, 2021)
was used. To address research question 1, all individuals recorded
at a particular forest site were pooled across the four plots and
seasons. Species diversity per forest site was calculated using the
iNEXT package (Hsieh et al., 2016). Species richness was always
extrapolated to 2.5 times the smallest sample size (3000 individu-
als), to standardize sample size and make the values for the dif-
ferent forest sites comparable.

For research question 2, non-metric multidimensional scal-
ing (NMDS) in the vegan package (Oksanen et al., 2020) was
used. This analysis is based on square-root transformed species
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Fig. 3. Non-metric multidimensional scaling (NMDS) for the moth
communities at undisturbed (white), salvage logged (black), de-
barked (green) and bark gouged (blue) plots (Stress = 0.12). Cal-
culations are based on a Bray-Curtis dissimilarity.

community data with Bray-Curtis dissimilarity. Subsequently,
a permutation test was used to test if there is a difference be-
tween the study sites. To calculate differences between each of
the four study sites, the first and second NMDS axis were ex-
tracted and used as a response in linear models, whereas the study
sites served as a predictor. Based on these models, a posthoc test
with the ‘glht’ function of the multcomp package (Hothorn et al.,
2008) was performed.

For research question 3, the species trait matrix provided by
Potocky et al. (2018) was used. A variety of different traits, de-
scribing taxonomic affiliation (taxonomic family), physiologi-
cal characteristics (wingspan), phenology (overwintering stage,
voltinism, seasonality, flight length), larval dietary preferences
and behaviour (trophic range, host plant form, host plant part, lar-
val behaviour and appearance), adult behaviour and appearance
(adult feeding, adult activity, sexual and seasonal polyphenism)
and distributional information (altitudinal range, habitat range,
habitat characteristics and latitudinal distribution) were included
in this analysis. It was decided to use this mix of different char-
acteristics, in order to obtain the best possible descriptions of the
functional niches of the species. Based on the trait matrix, a func-
tional dendrogram with Gower dissimilarity was calculated and
functional groups defined by visual inspection of the dendrogram
clusters. The functional groups were named based on the traits
shared by species within the same cluster. To obtain an insight
into how management might alter the functional composition and
create new ecological niches, the dendrograms were visually in-
spected to see which functional niches are occupied at the differ-
ent forest sites.

RESULTS

In total, 6933 individuals were caught and assigned to
209 species. Of these, 188 species were used for functional
analyses (excluding cryptic species groups that were only
determined to genus level due to bad quality and Micro-
lepidoptera, which were not included in the trait database).
30 species were listed either in the German (17 species),
Czech (6 species) or both red lists of threatened species (7
species). The Cz_F plots were inhabited by the most red-

Table 1. t-values of the posthoc tests, based on linear models with the first NMDS axis (values before the slash) and the second NMDS
axis (values behind the slash) as the response variables and the study site as the predictor. Significant values are marked with asterisks.

D_FS (closed canopy)

D_S (bark gouged) Cz_S (bark removed)

D_S (bark gouged)
Cz_S (bark removed)
Cz_F (salvage logged)

5.57*/2.74
7.44**%/-0.32
9.88***/-0.35

1.88/-3.05

4.32*%/-3.09 2.44/-0.04
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Fig. 4. Functional dendrograms for the four forest sites, based on Gower dissimilarity. The red line indicates the threshold for defining the
affiliation of species to functional groups. Boxes contain explanations of the characteristics of each functional group. Green circles high-
light a lack of open and shrubland species. The blue circle indicates the lack of species adapted to humid environments.

listed species (20 species), followed by the Cz_S plots (17
species), D S plots (10 species) and D_FS plots (9 spe-
cies). Species extrapolation resulted in the highest species
richness at the Cz_F forest site (salvage logged), followed
by the Cz_S forest site (debarked) and the D S forest site
(bark gouged). D_FS had the lowest species richness (Fig.
2).
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The community composition at disturbed forest sites dif-
fered from that at undisturbed sites (Fig. 3, Table 1). There
was no significant difference between the composition of
the communities recorded at bark gouged (D S) and bark
removed (Cz_S) sites, and also the two Czech forest sites
showed no significant difference in community composi-
tion. Forest site accounted for 47% of the total variation in
species composition.
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Based on the functional dendrogram, the species sepa-
rate into two main groups, which are mainly associated
with their distributions in either the Westpalearctic and
Eurosiberian or Palearctic and Holarctic regions. A lack of
grass and herbaceous plant feeding species was recorded
at the German D_FS plots (closed canopy, Fig. 4). In addi-
tion, hygrophilous and tyrphophilous species were mostly
absent at the German plots (D_FS and D_S).

DISCUSSION

More individuals and slightly higher species richness
was recorded at all bark beetle-disturbed forest sites. In
addition, there were differences between the three post-
bark beetle managements, with lower species richness in
bark gouged plots than in debarked and especially salvage-
logged plots. These differences in species richness, how-
ever, are most likely a result of site-specific characteristics,
like enhanced habitat diversity in the surroundings of the
Czech sites and, therefore, not necessarily an effect of post-
bark beetle management on moth diversity. It is more like-
ly, that the area of bark beetle disturbed habitat in the sur-
roundings might contribute to explain the observed pattern.
At the Czech sites, more than 20% (on average 25.5%) of
the forest within in a 250 m radius around the plots were
defined as disturbed forest habitat, while for the German
sites, the percentage was always below 15% (on average
6%). Habitat diversity at the Czech sites, therefore, is en-
hanced by bark beetle activity, while it is rather low at the
German sites. The importance of the surrounding habitat
structure has also been shown in previous studies, where
habitat diversity positively affected moth species richness
(Uhl et al., 2020). Disturbed forest sites resulting from bark
beetle infestations, therefore, can ameliorate habitat diver-
sity and can serve as a habitat for many different species,
many of which are rare and threatened (Miiller et al., 2008;
Kortmann et al., 2021). 21 out of the 30 recorded red-listed
species were exclusively found at disturbed forest sites,
making them high-quality habitats. Four red-listed species,
however, were only recorded at the closed-canopy forest
site, underlining the importance of both types of forest;
closed canopy and disturbed open canopy, at the landscape
scale (Kortmann et al., 2022). The diversity in different
forest structures can be crucial for regional gamma diver-
sity (Schall et al., 2018) and bark beetles here might help
to create landscape-scale habitat heterogeneity for many
different species (Thorn et al., 2017), underlining the role
of bark beetles as keystone species (Miiller et al., 2008).

There was a clear difference between the forest moth
communities at the four study sites. Especially the closed
canopy forest site was characterized by a moth commu-
nity that strongly differed from that recorded at the other
study sites. Sites in the Czech Republic had similar species
compositions and also the moth assemblage of the German
D_S plots was not significantly different from the Czech
Cz_S plots, again indicating that the post-bark beetle man-
agement is of minor importance for community composi-
tion, but bark beetle disturbance itself changes moth com-
munities. It is assumed that bark beetle infestations benefit
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moth communities by opening up the canopy. This creates
early-successional habitats and enhances habitat diver-
sity, which favours the establishment of different assem-
blages of moths, irrespective of post-bark beetle manage-
ment made. In fact, early-successional habitats are known
for their high biodiversity and their importance for many
specialized species. Previous studies, therefore, stress that
early-succession forest stages should be given more con-
sideration, especially in forest areas where biodiversity
conservation is the main objective (Swanson et al., 2010).

Forest disturbance especially favoured the establishment
of species associated with open and shrubland habitats.
Hence, opening the canopy can help create additional nich-
es and microhabitats, which might also be beneficial for
rare species like Lasionhada proxima (not red-listed in the
Czech Republic, but vulnerable in Germany). This species
is bound to mountainous habitats and prefers forest edges
and open habitats. Similarly, Pharmacis fusconebulosa
(nearly threatened in the Czech Republic and Germany)
profited from bark beetle infestations as it only occurred at
disturbed forest sites. At the salvage logged plots of Cz_F,
many rare and endangered species were recorded, like
Litophane lamda (vulnerable in the Czech Republic, criti-
cally endangered in Germany), Acronicta menyanthidis
(nearly threatened in the Czech Republic, endangered in
Germany) and Xestia speciosa (endangered in Germany).
All these species are more or less tyrphobiontic, which
indicates that this specific study site is a suitable habitat
for species of wet and open habitats. There are some im-
portant bog habitats in the surrounding of the Cz F site
(the peat-bogs “Cikanské slat€” and “Mlynafské slate”),
which might favour the occurrence of bog habitat species
in this region. Thus, in the current study, the combination
of salvage logging and high-quality bog habitats in the sur-
roundings was beneficial for the establishment of rare and
endangered bog habitat species in these plots. So, although
salvage logging is not considered to be consistent with the
management objectives for protected areas (Thorn et al.,
2018), it might help to quickly restore peatlands and open
forest habitats (Anderson, 2010). For natural closed-can-
opy forest habitats, in contrast, salvage logging has nega-
tive effects on biodiversity and therefore should be avoided
(Thorn et al., 2015).

In conclusion, differences in community composition
could not be explained by the different post-disturbance
management regimes and are more likely to be a result of
the spatial distance between the plots, soil properties and
the larger landscape context. Salvage logging in this study
did not have a negative effect on biodiversity but favoured,
in combination with neighbouring high-quality habitats,
the establishment of rare bog habitat species. As it was
not possible to disentangle management effects from land-
scape context effects, further studies are needed to get a
better understanding of how post-bark beetle management
affects herbivore communities.

ACKNOWLEDGMENTS. We are thankful to O. Schubert, M.
Wolfling, A. Huber, R. Herpel and M. Vith for helping with light
trap sampling. Financial support was kindly provided by the Eu-

39



Uhl et al., Eur. J. Entomol. 120: 35-41, 2023

ropean Union (Cross-border Cooperation Programme Czech Re-
public — Bavaria Free State ETC Goal 2014-2020, INTERREG
V project no. 316: Promotion of biodiversity and development of
Forest conservation concepts in the Bohemian Forest.

REFERENCES

ANDERSON R. 2010: Restoring Afforested Peat Bogs: Results of
Current Research. Forestry Commission, Roslin (Midlothian),
8 pp. URL: https://cdn.forestresearch.gov.uk/2010/04/fcrn006.
pdf.

BeuperT B., BissLEr C., THORN S., Noss R., SCHRODER B., DIEF-
FENBACH-FRIES H., FouLLois N. & MULLER J. 2015: Bark beetles
increase biodiversity while maintaining drinking water quality.
— Conserv. Lett. 8: 272-281.

DoBBERTIN M., WERMELINGER B., BIGLER C., BURGI M., CARRON
M., ForsTer B., Gimmi U. & RIGLING A. 2007: Linking increas-
ing drought stress to Scots pine mortality and bark beetle infes-
tations. — The Sci. World J. T: 231-239.

Dosor L., HLAsNY T., RAMMER W., ZiMoVvA S., BArRkA 1. & SEIDL
R. 2020: Is salvage logging effectively dampening bark bee-
tle outbreaks and preserving forest carbon stocks? — J. Appl.
Ecol. 57: 67-76.

ErLus E.E. & WitkinsoN T.L. 2021: Moth assemblages within
urban domestic gardens respond positively to habitat complex-
ity, but only at a scale that extends beyond the garden bound-
ary. — Urban Ecosyst. 24: 469—479.

FueNTES-MONTEMAYOR E., WarTs K., SANsum P., Scott W. & Park
K.J. 2022: Moth community responses to woodland creation:
The influence of woodland age, patch characteristics and land-
scape attributes. — Divers. Distrib. 28: 1993-2007.

Hacgce J., LEBL F., MULLER J., PLECHINGER M., SoutiNnHO J.G.
& THorN S. 2019: Reconciling pest control, nature conserva-
tion, and recreation in coniferous forests. — Conserv. Lett. 12:
el2615, 8 pp.

HrAsny T., KoniG L., KROKENE P., LINDNER M., MoNTAGNE-HUCK
C., MULLER J., QN H., Rarra K.F., SCHELHAAS M., SvoBODA M.,
ET AL. 2021: Bark beetle outbreaks in Europe: State of knowl-
edge and ways forward for management. — Curr. For. Rep. 7:
138-165.

HorHorN T., BrReTz F. & WESTFALL P. 2008: Simultaneous infer-
ence in general parametric models. — Biometrical J. 50: 346—
363.

Hsien T.C., Ma K.H. & CHao A. 2016: iNEXT: an R package for
rarefaction and extrapolation of species diversity (Hill num-
bers). — Meth. Ecol. Evol. 7: 1451-1456.

JonASovA M. & Prach K. 2008: The influence of bark beetles
outbreak vs. salvage logging on ground layer vegetation in
Central European mountain spruce forests. — Biol. Conserv.
141: 1525-1535.

KortmMANN M., MULLER J., Baier R., BissLer C., Buse J.,
CHOLEWINSKA O., ForscHLER M.1., GEorGIEV K.B., HILszczANSKI
J., Jaroszewicz B. T aL. 2021: Ecology versus society: Impacts
of bark beetle infestations on biodiversity and restorativeness
in protected areas of Central Europe. — Biol. Conserv. 254:
108931, 9 pp.

KortMANN M., RotH N., Busk J., HiLszczaxski J., Jaworski T.,
MormNIERE J., SEIDL R., THORN S. & MULLER J. 2022: Arthropod
dark taxa provide new insights into diversity responses to bark
beetle infestations. — Ecol. Appl. 32: €516, 16 pp.

Leverkus A.B., Buma B., WAGENBRENNER J., BurTON P.J., LINGUA
E., MarzaNo R. & THoRN S. 2021: Tamm review: Does salvage
logging mitigate subsequent forest disturbances? — For. Ecol.
Manag. 481: 118721, 11 pp.

40

doi: 10.14411/eje.2023.005

LmDNER M., MAROSCHEK M., NETHERER S., KREMER A., BARBATI
A., Garcia-Gonzaro J., SEbL R., DELzoN S., Corona P., KoL-
STROM M. ET AL. 2010: Climate change impacts, adaptive capac-
ity, and vulnerability of European forest ecosystems. — For.
Ecol. Manag. 259: 698-709.

MULLER J., BussLErR H., GossNErR M., RETTELBACH T. & DUELLI
P. 2008: The European spruce bark beetle Ips typographus in
a national park: from pest to keystone species. — Biodiv. Con-
serv. 17: 2979-3001.

NETHERER S., PaNassITI B., PENNERSTORFER J. & MATTHEWS B.
2019: Acute drought is an important driver of bark beetle infes-
tation in Austrian Norway spruce stands. — Front. For. Glob.
Change 2: 39, 21 pp.

OkSANEN J., BLANCHET G., FriENDLY M., KINDT R., LEGENDRE P.,
McGLm D., MincaN P.R., O’Hara R.B., Simpson G.L., Sory-
Mos P. ET AL. 2020: vegan: Community Ecology Package. R
Package Version 2.5-7. URL: https://CRAN.R-project.org/
package=vegan

Portocky P., BARTONOVA A., BENES J., ZAPLETAL M. & KoONVICKA
M. 2018: Life-history traits of Central European moths: gradi-
ents of variation and their association with rarity and threats.
— Insect Conserv. Divers. 11: 493-505.

Przepiora F., Loch J. & CiacH M. 2020: Bark beetle infestation
spots as biodiversity hotspots: Canopy gaps resulting from
insect outbreaks enhance the species richness, diversity and
abundance of birds breeding in coniferous forests. — For.
Ecol. Manag. 473: 118280, 13 pp.

R Core TeaM 2021: R Version 4.0.4. URL: https://www.r-project.
org/

ScHALL P., GossNER M.M., HEmricHS S., FiscHErR M., Boch S.,
PraTti D., JuNG K., BAUMGARTNER V., BLASER S., BOHM S. ET AL.
2018: The impact of even-aged and uneven-aged forest man-
agement on regional biodiversity of multiple taxa in European
beech forests. — J. Appl. Ecol. 55: 267-278.

SEGERER A. & HausmMann A. 2011: Die Grofischmetterlinge
Deutschlands. The Macrolepidoptera of Germany. Goecke &
Evers, Keltern, 308 pp.

SeibL R., MULLER J., HoTHORN T., BAssLEr C., HEUuRIcH M. &
Kautz M. 2015: Small beetle, large-scale drivers: how regional
and landscape factors affect outbreaks of the European spruce
bark beetle. — J. Appl. Ecol. 53: 530-540.

STEINER A., RatzEL U., Tor-JENSEN M. & FIBIGER M. 2014: Die
Nachtfalter Deutschlands. Bugbook Publishing, Ostermarie,
878 pp.

SwansoN MLE., FrankLIN J.F., BEscHta R.L., CrisarurLi C.M.,
DeLLaSaca D.A., Hutto R.L., LINDENMAYER D.B. & SwansoN
F.J. 2011: The forgotten stage of forest succession: early-suc-
cessional ecosystems on forest sites. — Front. Ecol. Environ.
9: 117-125.

THoORrN S., BAssLEr C., GottscHALK T., HotHorRN T., BussLEr H.,
RaFra K. & MULLER J. 2014: New insights into the consequenc-
es of post-windthrow salvage logging revealed by functional
structure of saproxylic beetles assemblages. — PLoS ONE 9:
el01757, 8 pp.

THorN S., Hacker H.H., SEmBoLD S., JEHL H., BAssLER C. & MUL-
LER J. 2015: Guild-specific responses of forest Lepidoptera
highlight conservation-oriented forest management — Impli-
cations from conifer-dominated forests. — For. Ecol. Manag.
337:41-47.

THoORrN S., BAssLER C., BussLer H., LINDENMAYER D.B., ScHMIDT
S., SemBoLD S., WENDE B. & MULLER J. 2016: Bark-scratching
of storm-felled trees preserves biodiversity at lower economic
costs compared to debarking. — For. Ecol. Manag. 364: 10-16.

THORN S., BAssLEr C., SvoBobA M. & MULLER J. 2017: Effects
of natural disturbances and salvage logging on biodiversity. —



Uhl et al., Eur. J. Entomol. 120: 35-41, 2023

Lessons from the Bohemian Forest. — For. Ecol. Manag. 388:
113-119.

THorN S., BassLer C., BranpL R., Burton PJ., Canarr R.,
CampBELL J.L., CastrO J., Cnor C., CosB T., Donato D.C. ET
AL. 2018: Impacts of salvage logging on biodiversity: a meta-
analysis. — J. Appl. Ecol. 55: 279-289.

doi: 10.14411/eje.2023.005

Unt B., WoLrLING M. & FiepLer K. 2020: Understanding small-
scale insect diversity patterns inside two nature reserves: the
role of local and landscape factors. — Biodiv. Conserv. 29:
2399-2418.

Received November 9, 2022; revised and accepted January 24, 2023
Published online February 3, 2023

41



