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Abstract

In the context of the Hessian strict forest program, the reserve Hasenblick was set aside from forest management in 1988.
The program aims to document the faunas of forest reserves in unprecedented detail, using a set of many different sampling
methods. Here data on ground dwelling spiders and beetles that were sampled with pitfall traps in 2000 and 2001 and again
in 2012 and 2013 are analyzed to assess temporal changes. In light of putative insect declines, we hypothesized a significant
decrease in abundance, biomass, diversity, and trait composition of the arthropod communities. No substantial changes in
community trait composition were observed in any species group. Abundance, biomass, and functional diversity of beetles
and spiders were higher in the second survey, with exception of the beetle biomass, when Anoplotrupes stercorosus was
excluded, and the functional diversity of spiders showed only a tendency to be higher in the second survey. Additionally, the
extrapolated number of ground dwelling beetle species was higher during the second survey. However, in all tested measures,
the observed differences between the surveys were not significantly higher than differences observed between consecutive
years. Therefore, we are not able to detect directed long-term trends of (functional) diversity or biomass in our dataset. The
results rather indicate high stability of the arthropod communities in this naturally developing forest, although short-term
fluctuations in populations are high. And while climatic factors affected abundance and biomass of beetles and spiders overall,
the timespan of about 10 years may be too short to clearly detect effects of climate change or changes in forest structure on
the trait composition of the beetle or spider communities.
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Introduction

Distribution and structure of German (European) forests
were severely changed over the last centuries by human
activities. Under natural conditions, most of Central Europe
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would presently be forested (Ellenberg and Leuschner 2010).
In Germany, forests would cover more than 97% of the sur-
face area (Knapp 2007). However, due to human activities
today only about 31% of Germany are forested (BLE 2021a).
In addition to this severe decline in forested area, nearly
no primeval forests remain in Germany or Central Europe
(Ellenberg and Leuschner 2010; Hampicke 2018). Many
of today’s forests actually cover areas that once were com-
pletely deforested by humans (Leuschner and Immenroth
1994; Glaser and Hauke 2004). The decline in forested area
goes hand in hand with a reduction in connectivity between
individual forest stands, a loss of continuous forest tradi-
tion and very old growth stands, and limited availability of
habitat structures typical of primeval forests. This strongly
reduced occurrence frequency of primeval forest habitat
structures, coupled with the introduction of structures that
are typical to managed forests (e.g., introduced tree species,
stumps, or logging paths), strongly affect the composition of
forest animal communities (Assmann 1999; Schaefer 1999;
Lindenmayer et al. 2000; Larsson 2001; Grove 2002; Buse
2012; Seibold et al. 2015; Flensted et al. 2016; Winter et al.
2016; Eckelt et al. 2017; Grodsky et al. 2018; Boggs et al.
2020).

Since 1988, strict forest reserves are designated in
the federal state of Hesse (Germany) as both a contribu-
tion to nature conservation and a platform for investigat-
ing the impact of forest management on forest structure
and biocoenoses (Althoff et al. 1991). Within these strict
forest reserves, forest management is abandoned (Althoff
et al. 1991). Since 1990, the fauna of Hessian strict forest
reserves is surveyed in unprecedented detail (Dorow et al.
1992, 2001, 2004, 2009, 2010; Flechtner et al. 1999, 2000,
2006; Willig 2002; Dorow and Kopelke 2007; Blick et al.
2012, 2014; Meyer et al. 2021). The strict forest reserve
Hasenblick (HB) was designated in 1988 (BLE 2021b). The
arthropod community of HB was sampled between 2000
and 2001. Using the same sampling design, sampling was
repeated in 2012 and 2013 to allow an analysis of the tempo-
ral changes in the arthropod community. As we sampled in
two consecutive years, respectively, the relative importance
of interannual variability in comparison with directed tem-
poral trends can be assessed.

Insect populations are known to fluctuate greatly over
time (Liebhold and Kamata 2000; Roy et al. 2001; Giinther
and Assmann 2004; Roth et al. 2021). These fluctuations
usually are thought to be caused by climatic factors (Varley
and Gradwell 1960; Courtney and Duggan 1983; Wallner
1987; Roy et al. 2001; Knape and de Valpine 2011) or to be
community driven (predator prey interactions, diseases, etc.)
(Morris 1959; Wallner 1987; Liebhold and Kamata 2000).
Giinther and Assmann (2004), e.g., found high overall fluc-
tuations in carabid beetle communities of a forest stand in
northern Germany and even higher fluctuations in individual
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species. Also Flechtner (2000) found twice as many beetle
individuals in pitfall traps in the Hessian strict forest reserve
“Niddahénge 6stlich Rudingshain” (NI) during the second
year of a 2-year survey.

Several factors might cause long-term changes in the ani-
mal communities of unmanaged forests. The abandonment
of forestry practices allows forests to recover a more pri-
meval-forests-like structure and dynamic (Bengtsson et al.
2000). These changes in the forest structure also affect the
forest animal communities (Bengtsson et al. 2000), although
previous studies show no consistent difference between ani-
mal communities of managed and unmanaged forests (Paillet
et al. 2009). While some studies found an increased arthro-
pod diversity with lower management intensity (Paillet et al.
2009), others found a reduced diversity in unmanaged forests
(de Warnaffe and Lebrun 2004; Lange et al. 2014). De War-
naffe and Lebrun (2004) state that some of these patterns
might, however, be attributed to species that are not typical
for forests but have high dispersal abilities and are able to
colonize managed but not unmanaged forests. In addition to
species diversity, the structural changes in the forests might
also cause changes in the trait composition of the animal
communities, e.g., threatened species that are negatively
affected by forest management are likely to benefit from
ceased forest management (Seibold et al. 2015).

Climate change also can be expected to increasingly affect
the animal communities in Hessian (German) forests. For
many animal species poleward or uphill shifts of their dis-
tribution ranges are reported (Konvicka et al. 2003; Hickling
et al. 2006; Wilson et al. 2007; Feehan et al. 2009; Ott 2010;
Kohler 2014; Kerr et al. 2015; Mason et al. 2015; McCain
and Garfinkel 2021). Kohler (2014) found South-European-
Mediterranean beetle species to be overrepresented among
the beetle species that were newly recorded for Germany
between 1998 and 2009. Therefore, an increasing number
of species adapted to warm conditions can be expected to
reach the Hessian forests as their distribution ranges expand
northwards or uphill.

Climate change, urbanization or the conversion of suit-
able habitats for species rich insect communities to inten-
sively used agricultural land, pollution, and the introduc-
tion of alien species are considered main drivers of insect
decline (Sanchez-Bayo and Wyckhuys 2019; Wagner et al.
2021). However, Wagner et al. (2021) state that the relative
importance and variability of these factors is still unclear. A
general decline in insect populations is reported in several
studies (e.g., Conrad et al. 2004, 2006; Franén and Johannes-
son 2007; Brooks et al. 2012; Bojkova et al. 2014; Hallmann
et al. 2017; Seibold et al. 2019; Roth et al. 2021). However,
so far, only Homburg et al. (2019), Seibold et al. (2019),
and Roth et al. (2021) included arthropods of German for-
ests in their analyses, with differing results. Although all
three studies reported declining species numbers of insect
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communities, Seibold et al. (2019) and Roth et al. (2021)
found a decline in biomass in their forest sites that was
not observed by Homburg et al. (2019). Roth et al. (2021)
detected general declines in the abundance of the noctur-
nal macro moths in Bavarian forests. However, on the local
scale patterns were less clear and they even detected a strong
increase in species richness in one of their local datasets.

Here, data on the ground dwelling beetles and ground
dwelling spiders caught with 15 pitfall-trap-triplets (three
individual pitfall traps arranged on a straight line) in HB
are presented in light of the discussion on insect decline
in forests. Specifically, we would expect the same effect as
in open landscapes: a decline in species richness, biomass
and functional diversity associated with habitat loss and pest
control measures (Sanchez-Bayo and Wyckhuys 2019; Wag-
ner et al. 2021). For both animal groups the sampled species’
identity, abundance, and trait composition are described
and compared between the sample years and survey peri-
ods. Additionally, they are assessed for temporal changes in
biomass and functional diversity and the effects of species
traits on changes in the probability of occurrence over time
are analyzed.

Material and methods

The strict forest reserve Hasenblick (HB) is situated in the
North of the German federal state of Hesse (center coordi-
nates (WGS 84): 51.05856, 8.63562) and covers an area of
46 hectares. Forest management ceased in 1988 when the
reserve was designated (BLE 2021b). The reserve is mostly
covered by beech forests (Luzulo-Fagetum) (Neckermann
and Neckermann-Achterholt 2014).

Two faunistic surveys were conducted in HB, as part of
the “Hessian strict forest reserves program” (Althoff et al.
1991; Dorow et al. 1992). Data on the years 2000 and 2001
are available from the first survey and on the years 2012
and 2013 from the second survey. Both surveys are based
on the samples collected with 15 pitfall trap triplets that
were operated at the same locations during both surveys. The
traps were distributed to cover the various forest floor habitat
structures of the reserve. The habitat structure at these 15
trap locations did not change significantly among surveys.
An individual pitfall trap is assembled of a plastic pipe of
20 cm length and an inner diameter of 10 cm that is verti-
cally inserted in the forest floor. The upper end of the pipe
is even with the surface of the forest floor, to allow for ani-
mals that are walking on the forest floor to fall into the pipe.
A twist-off-glass (350 ml) with preservative liquid (2 parts
70% ethanol, 1 part 99% glycerol, 1 ml liquid detergent), as
well as a plastic funnel, are inserted in the pipe. The funnel
fits tightly in the pipe and is meant to lead specimens that fell
into the pipe in the collecting glass. A 30 X 30 cm zinc sheet

was used to cover the trap from rain and falling leaves. Three
individual pitfall traps, arranged in a straight line, with a dis-
tance of 5 m between adjacent traps, form a triplet (Dorow
et al. 1992). The traps were emptied monthly. Here data on
the caught beetles and spiders are presented for three consec-
utive months each year (18.4.-18.7.2000; 24.4.—-19.7.2001;
25.4.-25.7.2012; 16.4.-31.7.2013). All adult beetles and spi-
ders were identified to species level. The beetles caught dur-
ing the first survey were mostly identified by Frank Kohler,
the beetles caught during the second survey were identified
mostly by staff members of the OKOTEAM-Institute. The
spiders were identified by Theo Blick.

Information on the forest affinity of individual species is
taken from the forest affinity lists of beetles (Kohler et al.
2019) and spiders (Blick et al. 2019) published in Dorow
et al. (2019a) (see Schneider et al. (2021b) for an assign-
ment of German and English abbreviations). The body
length of beetle species is taken from Assing and Schiilke
(2011), Freude et al. (1967), Freude et al. (1969), Freude
et al. (1974), Freude et al. (1976), Freude et al. (1979), and
Miiller-Motzfeld (2006). The body length of spider species
is taken from Nentwig et al. (2021). The Red List status
of beetle species is taken from the recently published Ger-
man Red lists of beetles (Schmidt et al. 2016; Bense et al.
2021; Bussler and Bense 2021; Esser 2021; Schaffrath 2021;
Schmidl et al. 2021a, 2021b, 2021c; Sprick et al. 2021). The
Red List status of spider species is taken from the recently
published German Red list of spiders (Blick et al. 2016). For
statistical analyses the Red List status of each species found
during the two surveys is assigned to one of three higher
level categories [“*”, “D”, and “nb” sensu Ludwig et al.
(2009) =level 1 (not threatened); “V” sensu Ludwig et al.
(2009) =level 2 (near threatened); “G” sensu Ludwig et al.
(2009) =level 3 (threatened)]. The remaining traits of the
species are either taken from the private database of Frank
Kohler (Coleoptera; Kohler unpublished), or the private
database of Theo Blick (Araneae; Blick unpublished). The
species traits categories are given in Table 1. Complete spe-
cies lists including the information that was taken from the
private databases of Frank Kohler and Theo Blick are given
in the supplementary material (Online Resource: Tables.
S7, S8). A distribution type, as given for the beetle species
(basing on Horion (1941), Horion (1949), Horion (1953),
Horion (1955), Horion (1956), Horion (1958), Horion
(1960), Horion (1961), Horion (1963), Horion (1965),
Horion (1967), Horion (1974)), was not available for spider
species. Food preference of beetles follows Kohler unpubl.
(see Online Resource Table S7), whereas the zoophagous
spiders are assigned to hunting guilds (Blick unpubl.; see
Online Resource Table S8), defined by Cardoso et al. (2011).

To reduce the noise caused by chance findings of species
that are usually not detectable with pitfall traps, since they
are not dwelling on the forest floor, only species that are to
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Table 1 Species traits categories used in this study

Forest affinity Red List status Biotope preference Food preference Hunting type Distribution type

Araneae'; Araneae®; Coleoptera’ Araneae’ Coleoptera’ Araneae® Coleoptera’

Coleoptera’>  Coleoptera*

m; Threat of unknown Ground (gr); Ground (gr); Coprophagous (c); Ambush hunter (ah); Boreomontane (bm);

mm; extent (G); Eurytopic (et); Herb layer (hl); Euryphagous (e); Ground hunter (gh); Central European (ce);

mo; Near threatened (V); Decaying material (de); Herb/shrub/tree Mycetophagous (my);  Other hunter (oh); Northern European,

f; Least concern (*); Nesting sites (ne); layer (hst); Necrophagous (n); Orb web weaver (orw);  Siberian (no);

fl; Data deficient (D); Fungi (fu) Bark/tree trunks Phytophagous (p); Sensing web weaver Eastern European,

fc Not evaluated (ne) (bt) Saprophagous (s); (sew); continental (ea);
Xylophagous (x); Sheet web weaver Southern European,
Zoophagous (z) (shw); Mediterranean (s0);

Space web weaver Widely distributed
(spw) (> Central Euro-
pean) (wi);
Western European,
atlantic (we)

m occurring in both open landscapes and forest habitats, but without a preference for forest habitats or where a distinction between mm or mo
was not possible, mm occurring equally in open landscapes and forest habitats, mo strong affinity to open landscapes, but also regularly occur-
ring in forests, at forest edges, or in glades, f mainly found in forests, without preference for light or closed forests, fl mainly found in light for-

ests, forest edges, or glades, fc mainly found in closed forest habitats
IBlick et al. (2019)

ZKohler et al. (2019)

3Blick et al. (2016)

4Schmidt et al. (2016); Bense et al. (2021); Bussler and Bense (2021); Esser (2021); Schaffrath (2021); Schmidl et al. (2021a); Schmidl et al.

(2021b); Schmidl et al. (2021c); Sprick et al. (2021)
SKohler unpubl. (see Online Resource Table S7)
Blick unpubl. (see Online Resource Table S8)

some extent associated with the forest floor are included
in the analysis. This information is taken from the private
databases of Frank Kohler (Coleoptera; Kohler unpubl.)
and Theo Blick (Araneae; Blick unpubl.) and included in
Tables. S7 and S8 in the Online Resource, respectively.
In the case of beetles, these are eurytopic species, species
actually dwelling on the forest floor (without any known
preference for spatially delimited microhabitats), as well
as species associated with microhabitats often found on
the forest floor (decaying organic material, nesting sites
(either without preference, or with preference for nesting
sites of mammals or ants and other hymenopterans), and
fungi) (Table 1; Kohler unpubl.). A similar definition of the
ground dwelling beetle community was previously used by
Kohler and Flechtner (2007) and Kohler (2010). For spiders,
information on forest-floor-dwelling was directly available in
the respective database (Blick unpubl.; see Online Resource
Table S8). Species exclusively dwelling in open habitats are
excluded from this forest habitat analyses, as they are most
likely transient and represent chance findings (Dorow et al.
2019b; Schneider et al. 2021b).

Samples from severely damaged or destroyed traps were
excluded from all analyses to minimize the effects of the
trap conditions. For the descriptive comparison of the com-
munities of individual sample years or surveys the respective
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individual samples (not the samples of the whole sample
year) were excluded together with the respective samples
from the other survey periods. Thus, in the case of one trap
that was strongly damaged in May 2001 data from both May
of 2001 and May 2002 were excluded from the interannual
comparison of the first survey. In line with this approach
we excluded samples from two, three and one trap(s) for
May, June and July 2012 and 2013 data sets, respectively.
Overall, we excluded May data of three traps, June data of
three traps, and July data of one trap due to missing data for
individual samples.

Since the biomass and the number of caught individu-
als are highly dependent upon the number of days sampled,
and the number of sampling days differed between survey
years, we calculated and analyzed biomass and number of
individuals caught per sampling day. All statistical analyses
are conducted in R (R Core Team 2021). Rarefaction and
extrapolation of species numbers are conducted and depicted
using the R-packages SpadeR (Chao et al. 2016) and iNEXT
(Hsieh et al. 2020).

Temporal trends in the number of collected individuals
per day, biomass collected per day, and functional diver-
sity are analyzed by building models only including the
year of the survey as a fixed effect in addition to a random
trap-effect. Models with and without a fixed effect (year)
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or an additional random slope over time were compared,
based on the AICc value and the model likelihood (pack-
age “AlCcmodavg”; Mazerolle (2020)). Model fit was
tested with the R-package DHARMa (Hartig 2021). If a
trap was severely damaged during a sampling period the
data collected with the respective trap during the respec-
tive year (not just the respective sample) are excluded from
the analysis, to minimize the effects of the trap conditions.
Data collected during other years with the respective traps
were, in this case, not excluded. This procedure resulted
in excluding data of 1 year in case of four traps and data
of 2 years of one trap. To calculate species richness, the
observed species numbers were rarefied to the respective
smallest sample size that was caught during one of the
4 years with the respective trap, using the “rarefy”’-func-
tion (package “vegan”’; Oksanen et al. (2020)). As meas-
ure of the functional diversity Rao’s quadratic entropy
(Botta-Dukéat 2005) was calculated (package “SYNCSA”;
Debastiani and Pillar (2012)). For beetles, food preference,
body size, forest affinity, and biotope preference are used
as functional species traits. For spiders, the hunting guild
is used instead of the food preference. The mean body
length was calculated from the minimal and maximal body
length of a species, without separation of sexes. The dry
biomass of the beetle species is calculated, based on its
mean body length, as described by Rogers et al. (1976).
The dry biomass of the spider species is calculated, based
on the mean body length (separately for both sexes in this
case), as described by Penell et al. (2018). Unreliable sam-
ples, e.g., when the respective trap was severely damaged
or destroyed within the sampling period, were treated as
missing data.

To test whether or not the observed long-term changes
(differences between sampling periods) of the community
measurements are greater than the observed short-term
fluctuations, the absolute values of the differences between
the sampling periods (based on mean values of the 2 years
within each sampling period) and between the consecu-
tive years within each sampling period were calculated
separately for each trap. The same subset of data as for
the previous analyses of temporal trends are used for this
analysis. A one-way ANOVA for repeated measurements
(package “rstatix” (Kassambara 2021)) was used to test
for differences between the differences found between the
2 years within each of the two sampling periods (separate
group for each sampling period) and between the sampling
periods. When necessary data were transformed to match
model assumptions (see Online Resource Table S5). If a
significant difference was found pairwise z-tests (package
“rstatix” (Kassambara 2021)) were conducted as post-hoc
tests. The significance level was corrected for multiple
testing, as described by Waite and Campbell (2006).

The high interannual fluctuations in the biomass or the
number of individuals caught per day might be caused by
climatic factors, independently of a long-term temporal
trend. The tested climatic factors are given in Table S1 in
the Online Resource. The temperature sum was calculated
as the sum of the mean temperatures of each day (with a
base temperature of 10 °C subtracted). Mean temperatures
lower than 10 °C add nothing to the temperature sum (Kul-
hanek 2009). Calculations of precipitation and temperature
sum are based on daily precipitation and mean temperature
calculated for the center of HB by the Nordwestdeutsche
Forstliche Versuchsanstalt (NW-FVA). As a phenological
starting point, the first flowering day of hazel is taken from
the phenological station Eversberg of the Deutsche Wet-
terdienst (DWD 2020b). The station Eversberg was chosen
because it is the closest phenological station situated at a
similar elevation level (360 m asl) (DWD 2020a) as the for-
est reserve (370485 m asl) (BLE 2021b). These data are not
meant to give the exact date of hazel flowering in HB but as
a common phenological starting point of each sampling year.
The values of all climatic variables are given in Table S1 in
the Online Resource.

Since many of the climate factors were found to be corre-
lated to each other (data not shown), a principle components
analysis (PCA) was conducted to generate a reduced set of
uncorrelated explanatory variables (principle components),
based on the climatic factors. The prcomp-function was used
to conduct the PCA in R (R Core Team 2021).

The first three principle components to which climate
factors are aggregated were used as explanatory variables
instead of the climate factors. The first principle component
explains 42.0% of the total climatic variance, the second
one 31.8%, and the third one 25.2%. The extent to which
the individual climate factors are represented by individual
principle components are given in Table S2 in the Online
Resource.

The principle components were included as explana-
tory variables in mixed linear effects models [package Ime4
(Bates et al. 2015)], to test for significant effects of climate
on the animal biomass or abundance. Forward model selec-
tion was conducted to choose the best models. The same
subset of data as for the previous analyses of temporal trends
are used for this analysis.

We compare the overall similarities of the beetle and
spider communities sampled in individual years using an
NMDS, based on the relative abundances of the species
separately for both species groups, with the “metaMDS”-
function [package “vegan”; Oksanen et al. (2020)]. We used
the Bray—Curtis-index as dissimilarity-measure.

To test whether or not species traits influence tempo-
ral changes in the occurrence probability, mixed effects
models were built (package Ime4 (Bates et al. 2015)),
including interactions between species traits and the year
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of the survey, explaining presence-absence information for
each species and year. A random species effect was also
included in the models. This analysis was conducted sepa-
rately for “all beetle species”, Carabidae (ground beetles),
Staphylinidae (rove beetles) (the most abundant and spe-
cies rich beetle families in the samples) and for spiders.
Since individual traps were not analyzed separately in this
case, all data of the five traps that were severely damaged
during the sampling periods were excluded from these
analyses. Therefore, these analyses are based on 11 of the
15 pitfall trap triplets. To prevent adding correlated traits
in the same models, traits were tested for significant corre-
lations (see Online Resource Table S3). Depending on the
tested traits either X*-tests, ANOVAs, Kruskal-Wallace-
tests, or Spearman-rank-correlations were conducted. The
results were corrected for multiple testing, as described
by Waite and Campbell (2006). In the case of all beetle
species, backward model selection started with a model
including the survey year, the forest affinity, the size of
the species, and interactions between the year and one of
the included species traits, each. In the case of Carabidae
the starting model contained the survey year, the type of
distribution, the forest affinity, the body size, the food pref-
erence, the Red List status, and the interactions between
one of the species traits and the survey year, each. Since
all detected ground-beetle-species (Carabidae) have the
same biotope preference (gr; see Tables. 1, S7 (Online
Resource)), the biotope preference is not included as an
explanatory variable in this case. In the case of Staphyli-
nidae, the starting model contained the survey year, the
forest affinity and the body size of the species, in addition
to the interactions between one of the species traits and
survey year, each. For spiders the starting model contained
the survey year, the forest affinity, the body size, the Red
List status, and the biotope preference, in addition to the
interactions between one of the species traits and the sur-
vey year, each.

Results and discussion

A total of 61,254 (first survey: 15,948; second survey:
45,306) adult beetles and 5568 (first survey: 1735; sec-
ond survey: 3833) adult spiders were identified to species
level comprising 506 (first survey: 318; second survey:
422) beetle species and 117 (first survey: 86; second sur-
vey: 107) spider species. Of these, 332 beetle species and
110 spider species are known to dwell on forest floors to
some extent (Online Resource Tables. S7, S8; see Material
and Methods section). A more detailed description of the
results is given in the Online Resource.
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Changes in community descriptors
Observed differences between surveys

14,381 ground dwelling beetles were caught during the first
survey and 41,868 individuals were caught during the sec-
ond survey, comprising 218 and 283 species, respectively.
Similarly, 1728 of the spider individuals were caught during
the first survey and 3816 individuals were caught during the
second survey, comprising 84 and 101 species, respectively.
This represents a marked, two to three-fold increase in the
number of individuals caught between surveys, while the
number of species increase by ~20-30%. These differences
remain after exclusion of unreliable samples and correct-
ing for these samples (see Material and Methods section)
[ground dwelling beetles: first survey 12,538 individuals
(211 species), second survey 35,819 (274) spiders: first sur-
vey 1511 (82), second survey 3184 (98)].

The number of detected species is known to depend on
the sample size, i.e., the number of individuals analyzed
(Gotelli and Colwell 2001; Martikainen and Kouki 2003;
Burner et al. 2021). Thus, the higher number of detected
species during the second survey might primarily be driven
by greater number of individuals. In the cases of spiders
this seems to be the case: The higher species numbers found
during the second survey (Figs. 1b) are actually driven by
the higher numbers of individuals caught. The extrapolated
species numbers are similar between the surveys and the
95% confidence intervals (ACE-estimator; first survey: 111
(95-146), second survey: 112 (104-132), Fig. 1b). In the
case of the ground dwelling beetles the expected (extrapo-
lated) total number of species is also higher for the second
survey than for the first survey (ACE-estimator; first survey:
261 (240-298), second survey: 348 (320-395), Fig. 1a) sug-
gesting that this increase in species numbers is not solely
a statistical effect of sampling more individuals. However,
the difference in species richness between the two surveys
is not significantly larger than the differences between the
consecutive years within each of the two survey periods
(Fig. 2b; Online Resource Table S5). Therefore, the higher
number of ground dwelling beetle species caught during the
second survey not necessarily indicates any long-term trend
but might be driven by short-term-fluctuations in species
richness.

The “number of individuals” and “biomass” caught per
day also seem to increase and a significant positive trend
over time was found in ground dwelling beetles and spiders
(Table 2). However, the increase in the biomass of ground
dwelling beetles caught per day is mostly driven by the high
number of individuals of Anoplotrupes stercorosus during
the second survey. When A. stercorosus was excluded, no
significant increase over time of the biomass per day was
found.



European Journal of Forest Research (2024) 143:45-64

51

a
3001 e
> /
B
@ 200-
=
=
wn
Q2
(&)
3 100-
n
0_
0 20000 40000 60000
Number of individuals
— interpolated = = extrapolated
HB1 [=8=] HB2
100- eSS
=
‘B
5 75
=>
=
3
-2 50
[6]
joR
)
25-
0-
0 1000 2000 3000 4000 5000
Number of individuals
—— interpolated = =- extrapolated
—| HB1 [=&=] HB2

Fig. 1 Species accumulation curves. Species accumulation curves
are calculated separately for both surveys for a Ground dwelling
beetles, b Ground dwelling spiders. Solid lines represent interpola-
tions, dashed lines represent extrapolations. The actual sample size is
indicated by the mark depicted in the legend within the figure. The
shades surrounding the inter- and extrapolation curves represent the
95% confidence intervals. HBI first survey (2000-2001), HB2 second
survey: 2012-2013

Short-term fluctuations

The short-term fluctuations of the “number of individu-
als” and “biomass” found in the ground dwelling beetle
and spider communities of HB are high in comparison
with any long-term-trend that might be present (Figs. 2, 3;
Online Resource: Tables. S5, S6). In the case of the beetle
biomass caught per day (with and without A. stercorosus),
the difference between the consecutive years of at least
one survey is even significantly higher than the difference
between surveys. Therefore, it is not possible to distin-
guish between long-term trends and short-term or inter-
mediate fluctuations based on the available data. Further

data covering a longer timespan with a sufficient temporal
resolution would have to be generated to detect long-term
trends in the animal communities of HB. However, while
we cannot exclude the possibility that the observed posi-
tive trends in the tested diversity measurements actually
result from short-term fluctuations, we find no evidence
for any severe decline in the ground dwelling beetle and
spider communities in HB over the thirteen study years.

Such a decline in the abundance, biomass, or spe-
cies richness of the arthropod communities could have
been expected following several recent reports of severe
declines in insect biomass (e.g., Hallmann et al. 2017,
Seibold et al. 2019; Roth et al. 2021), abundance (e.g.,
Conrad et al. 2004, 2006; Brooks et al. 2012; Roth et al.
2021), and species numbers (e.g., Franén and Johannes-
son 2007; Bojkova et al. 2014; Seibold et al. 2019; Roth
et al. 2021). Although, most of these studies focused on
open habitats Homburg et al. (2019), Seibold et al. (2019),
and Roth et al. (2021) also report declines of insect or
arthropod populations in German forests. While these
studies largely overlapped with the timeframe of our sam-
pling (Homburg et al. (2019): 1994-2017, Seibold et al.
(2019): 2008-2016, Roth et al. (2021): 1979-2018), they
do include more recent years of data. Therefore, we are
cautious in our comparisons and interpretations regard-
ing overall trends in insect populations as the years after
2013 may have had disproportionate contributions to their
observations. For example, Roth et al. (2021) found over-
all declines in species richness, abundance, and biomass
of nocturnal moths in Bavarian forests across their entire
data series through 2018, but this pattern was not observed
when only the years prior to 2013 were considered (Fig.
S7-2 in the Supporting information of Roth et al. (2021)).
Seibold et al. (2019) found declines in biomass and spe-
cies numbers, but not in abundance. These results also
hold for their data for the timeframe of our study (Fig. 1 in
Seibold et al. (2019)). According to Seibold et al. (2019)
this indicates a long-term trend and is not an effect of
individual survey years. Homburg et al. (2019) did not
find a decline in biomass but in species richness and also
in species numbers in the ground beetle community of a
German forest reserve. In their depicted species-richness
data (Fig. la in Homburg et al. 2019; species numbers not
depicted) this decline over time seems to be also visible
when only the years up to 2013 are considered. We found
no evidence for a decline in the beetle and spider popu-
lations in HB, but our results are to be interpreted with
caution because they are based only on two surveys of two
consecutive years each and might be prone to interannual
fluctuation (Fournier et al. 2019). More continuous data
are needed to clarify trends in insect abundance in Hessian
beech forest reserves.
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Fig.2 Changes of community
descriptors of the ground dwell-
ing beetle communities within
and between surveys. The abso-
lute differences in a individu-
als caught per day, b species
richness, ¢ functional diversity,
d biomass (all species) caught
per day, and e biomass without
Anoplotrupes stercorosus
caught per day of the ground 5
dwelling beetle communities

between surveys and between

consecutive years within sur-

veys are depicted as boxplots.

The box extends from the 25%

percentile to the 75% percentile, C
the horizontal bar in the box 0.2-
corresponds to the median and

the whiskers include all values
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Table 2 Estimated regression parameters for the mixed effects models explaining biodiversity estimators for beetle or spider species as an effect

of the year of observation

Group Dependend variable Transformation  Explanatory Estimate Std. error z-value  p-value
variable

Coleoptera ~ No. of individuals per day log,, Year 0.037460 0.005689 6.585 <0.00001
Functional diversity log,, Year 0.005507 0.001626 3.388 0.00071
Biomass (all species) per day log,, Year 20.661 4.829 4.278 0.00002
Biomass per day (without A. stercorosus)  logq X X X X X

Araneae No. of individuals per day Year 5.238e-02  7.872e-03  6.654 <0.00001
Functional diversity Year 0.00246 0.001322 1.861 0.0627
Biomass dry per day log;, Year 0.03504 0.00642 5.458 <0.00001

In all models, except that predicting biomass per day (without A. stercorosus) (best model without fixed effect), “year” is the only fixed explana-
tory variable in addition to a random trap-effect. If the response variable was transformed to match model assumption this is noted in column

“transformation”. Significant results are in bold
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Fig.3 Changes of community descriptors of spider communities
within and between surveys. The absolute differences of spider a indi-
viduals caught per day, b functional diversity, and ¢ biomass caught
per day between surveys and between consecutive years within sur-
veys are depicted as boxplots. The boxplots are constructed in the
same way as those in Fig. 2

High interannual fluctuations in arthropod communities
between years, as were observed in HB, are common in
arthropod populations (Liebhold and Kamata 2000; Roy
et al. 2001; Giinther and Assmann 2004). Also, individual
beetle species becoming highly abundant in a single year
was previously observed in forest surveys (Flechtner 2000;
Giinther and Assmann 2004) and are therefore probably
not uncommon among beetles. In “Niddahénge Ostlich
Rudingshain” (NI) one species of the family Leiodidae
(Leiodes lucens) and three species of the family Staphyli-
nidae (Aleochara sparsa, Atheta vaga (sub A. nigricornis),
Placusa tachyporoides) became highly abundant in 1991
and were found in most traps, while in 1990 these species
were found in much lower numbers and only in a few traps
(Flechtner 2000). Similarly, Giinther and Assmann (2004)
report high interannual fluctuations in the population sizes
of some ground beetle species (Carabidae) in a forest stand
in northern Germany. The reasons behind such fluctuations
are not fully understood, but thought to be either caused
by climatic factors (Varley and Gradwell 1960; Courtney
and Duggan 1983; Wallner 1987; Roy et al. 2001; Knape
and de Valpine 2011) or by community driven effects, like
predator prey interactions, parasitism, or diseases (Morris
1959; Wallner 1987; Liebhold and Kamata 2000).

Anoplotrupes stercorosus is the species that showed the
most obvious fluctuation in the activity density in HB.
This increase in individuals caught was also the main
driver of changes in beetle biomass caught per day (see
above). However, in no other Hessian strict forest reserve
such an extremely high fluctuation in the activity density
of A. stercorosus was observed to date. A. stercorosus was
previously found to be among the most dominant beetle
species in two of the four surveys that were conducted
in other beech dominated Hessian strict forest reserves
(Flechtner 2000, 2004; Kohler and Flechtner 2007,
Kohler 2010). About 12,000 and 6000 individuals were
caught during a 2 years survey (1994-1996) in the strict
forest reserves “Goldbachs- und Ziebachsriick” (Kohler
2010) and “Hohestein” (Kohler and Flechtner 2007),
respectively. In the remaining two Hessian strict forest
reserves (Schonbuche and NI) that were both surveyed
for 24-months-period within the years 1990—-1992 A. ster-
corosus was not among the most abundant beetle species
and less than 1000 individuals were caught per reserve
(578 and 889 individuals, respectively) (Flechtner 2000,
2004). These findings are more similar to the findings of
the first survey in HB. This indicates that although such
high fluctuations in abundance of A. stercorosus might be
common in beech forests, they are not regularly observed
in the other Hessian strict forest reserves.

Since the larvae of A. stercorosus feed on dung (R68ner
2012), the availability of dung probably has an influence on
the abundance of A. stercorosus. However, the wildlife stock
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of the forest district in which HB is located was actively
reduced by intensified hunting since 2009. Thus, the wildlife
stock of HB and the surrounding area was probably lower
during the second than during the first survey (Dienst pers.
comm.). Therefore, the strong increase in the activity density
of A. stercorosus from first to second survey is presumably
not a function of dung availability.

In our study, the high fluctuations between survey years in
the populations of ground dwelling beetles and spiders were
found to be correlated with climatic conditions (Table 3).
However, due to the correlation of many tested climatic fac-
tors it was not possible to separate the influence of individual
climatic factors in our study. Regarding the ground dwelling
beetles, usually all principle components, summarizing all
tested climatic factors (see Online Resource Table S2 for an
overview of the representation of individual climatic fac-
tors by the individual principle components), were found to
significantly correlate with the number of caught individuals
and the biomass. However, when excluding A. stercorosus
from the analyses, the second principle component is not
significantly correlated with the biomass. Concerning the
ground dwelling spiders, the first and third principle compo-
nents were found to show only a tendency to be significantly
correlated with the biomass. The third principle component
was not found to be significantly correlated with the number
of caught spider individuals. Therefore, the fluctuations in
beetle and spider populations are probably driven by climatic
factors. However, since the principle components represent

several climatic factors that are correlated to some extent, it
is unclear which climatic factors actually drive the observed
fluctuations.

Several studies found higher temperatures during the
activity times of the previous generations (Courtney and
Duggan 1983; Kingsolver 1989; Roy et al. 2001) or higher
development temperatures (Kingsolver 1989; Roy et al.
2001) to have positive effects on the abundance of many spe-
cies in the following year. However, since the temperature
sum accumulated during the previous summer is nearly com-
pletely included in the third principle component (Online
Resource Table S2), and this is not significantly correlated
with the numbers of spider individuals and the spider bio-
mass caught in our study, these effects are in this case prob-
ably not the main drivers or the temperature sums accumu-
lated over other seasons of the previous year are of higher
importance in this case.

Reduced drought stress during the development is also
known to increase the numbers of individuals in the follow-
ing year (Roy et al. 2001). In our study, the precipitation dur-
ing the previous year, as well as that between the beginning
of the hazel flowering and the start of the sampling period
are mainly included in principle components significantly
correlating with the numbers of individuals of ground dwell-
ing beetles and spiders.

Not only the real population density, but also the activ-
ity of insects is highly influenced by the weather condi-
tions and can account for fluctuations in abundances in

Table 3 Estimated regression parameters for the mixed effects models describing the relationship between community descriptors and principle

components
Group dependent variable Transformation Explanatory Estimate Std. error z-value p-value
variable
Coleoptera Individuals per day Logq Dim-1 —0.04873 0.01143 —4.264 0.00002
Dim-2 0.09118 0.01226 7.436 <0.00001
Dim-3 0.14154 0.01449 9.770 <0.00001
Biomass per day (all)  Log;, Dim-1 —0.06022 0.01498 -4.019 0.00006
Dim-2 0.06907 0.01607 4.298 0.00002
Dim-3 0.24090 0.01900 12.680 <0.00001
Biomass per day (with- Log,, Dim-1 —0.03933 0.01619 —243 0.0151
out A. stercorosus) Dim-2 X X X X
Dim-3 0.21104 0.02058 10.25 <0.00001
Araneae Individuals per day Dim-1 —0.05013 0.02548 —1.968 0.0491
Dim-2 0.18069 0.02737 6.601 <0.00001
Dim-3 X X X X
Biomass per day Logq Dim-1 —0.03483 0.02104 —1.655 0.0979
Dim-2 0.10824 0.02250 4.810 <0.00001
Dim-3 0.05191 0.02674 1.941 0.0522

All models contain a random intercept for the traps, in addition to the other explanatory variables (principle components). The principle com-
ponents base on the climatic factors (see above and Online Resource Table S2). If necessary, the response variables were log-transformed to fit

model assumptions. This is indicated in column “Transformation”

Significant results are in bold
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faunistic surveys. Most insects are more active under dryer
and warmer conditions (Greenslade 1964; Nunes et al.
2011). This is of high importance in the case of our study
since the sampling was conducted with pitfall traps that are
known to measure the activity density instead of real popula-
tion densities (Greenslade 1964; Adis 1979; Siewers et al.
2014; Skvarla et al. 2014). Therefore, the per day tempera-
ture sum accumulated during the sampling period would be
expected to positively influence the amount of caught bee-
tles and spiders, while the per day precipitation would be
expected to negatively influence the amount of caught bee-
tles and spiders. On the other hand, ground dwelling beetles
probably burry deeper in the ground, under dry conditions
(Kohler 1996), which would lead to reduced effectivity of
pitfall traps during especially hot and dry summers. Both,
the temperature sum and precipitation during the sampling
periods, are to some extend represented by principle com-
ponents that were found to significantly correlate with the
amounts of animals caught in the present study, although the
temperature sum accumulated during the sampling period
is nearly completely represented by the first principle com-
ponent, that is not significantly correlated with the spider
biomass. However, as mentioned above, it is not possible to
separate the influence of individual climatic factors on the
beetle or spider communities of HB.

Species composition

In both considered species groups (ground dwelling beetles,
deadwood beetles, and ground dwelling spiders) also the
species composition differed strongly between the two sur-
vey-periods and between individual years (Fig. 4a, b). Only
a relatively small fraction of the species was found in every
sampling year. In spiders, less than half of the species (45%)
(Fig. 4b) and in ground dwelling beetles less than one third
of the species (30%) (Fig. 4a). Species that were exclusively
found in only 1 year or during only one survey usually were
detected with only one or few individuals. Of the 147 species
that were exclusively found in only 1 year (ground dwelling
beetles: 115; spiders: 28) only one species (Dinaraea angus-
tula (ground dwelling beetle; Staphylinidae) was found with
more than 10 individuals. This indicates that especially the
species found in only 1 year probably represent chance find-
ings of species that either do not dwell at the trap locations
but elsewhere in HB, or have very low population densities
in HB, or are not effectively sampled with pitfall traps. Of
the 46 species (ground dwelling beetles: 42; spiders: 4) that
were found in both years of one survey but not during the
respective other survey, 19 were found with more than 10
individuals (ground dwelling beetles: 18; spiders: 1). These
species on the other hand might be indicators or sentinels of
community change.

2001

2012

2001 2012

Fig.4 Occurrence of species among sampled years. In the Venn-
diagrams the number of shared species between years is given in the
overlaps of the circles representing the respective years. a Ground-
dwelling beetles, b ground-dwelling spiders

A high amount of species of which only few specimens
are found is common in zoological surveys (McGill et al.
2007; Schneider et al. 2021a) and therefore probably a
cause of random variance in most ecological studies based
on survey data of invertebrates. The ground dwelling bee-
tle communities of consecutive years differ nearly as much
(Bray—Curtis-dissimilarity-index based on relative abun-
dance; 2000/01: 0.433, 2012/13: 0.458), as between the
two surveys (0.468) that are more than 10 years apart. For
spiders this is similar, although the years 2012 and 2013
are more similar to each other (Bray—Curtis-dissimilarity-
index based on relative abundance: 2000/01: 0.346, 2012/13:
0.257, first/second survey: 0.363). These patterns are also
reflected in NMDS-ordinations comparing the communities
of all individual sampling years (Online resource Figs. S1
and S2). However, since each survey includes 2 years, the
differences caused by chance findings might have a smaller
influence on the comparison of surveys.

Trait composition

The changes in species composition between survey periods
(see above) might also represent changes in the functional
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Fig.5 Community composi-
tion of ground dwelling beetles,
ground dwelling spiders. For
ground dwelling beetles a, c, e,
g, i the community composition,
regarding the species traits bio-
tope preference (a), food prefer-
ence (c), Red List status (e), for-
est affinity (g), and distribution
patterns (i), based on species
and individuals, are summarized
as stacked bars, separately for
both surveys. In the case of the
ground dwelling spiders (b, d, f,
h), the community compositions
regarding the biotope preference
(b), hunting type (d), Red list
status (f), and forest affinity (h)
are depicted. For an assignment
of the abbreviations to the trait
levels see Table 1
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compositions of the animal communities. However, although
the species composition differs between individual years or
surveys, no substantial changes in the functional community
compositions (or rather trait composition) between surveys
are obvious in any of the concerned species groups (ground
dwelling beetles, ground dwelling spiders) on species level
(Figs. 5a—i). One might expect a signal of climate change
between the surveys. But we found no increase in the num-
ber of South-European-Mediterranean species or a reduced
number of North-European-Siberian species, even though
such species have been considered sentinels for climate-
change induced community shifts (Konvicka et al. 2003;
Hickling et al. 2006; Wilson et al. 2007; Feehan et al. 2009;
Ott 2010; Kohler 2014; Kerr et al. 2015; Mason et al. 2015).

Changes in the forest structure could also influence
the trait compositions of the arthropod communities of
the forest reserve, since the overall forest structure in HB
changed since the reserve was designated. The volume
of living trees increased, indicating an increased canopy
cover, and the amount deadwood also increased (Online
Resource Table S9). There is also an increase in small gaps
between the faunistic surveys reported. However, as men-
tioned above, the observed trait structures of the arthropod
communities did not change substantially between surveys
(Fig. 5a—i). This likely reflects the fact that we specifically
chose sites where habitat structures remained comparable
between the surveys to avoid confounding effects.

The amount of threatened species could also be expected
to increase, as the forest reserve develops primeval-forest-
like structures (Topp et al. 2006; Seibold et al. 2015). How-
ever, most primeval-forest-like structures are probably of
low importance for the ground dwelling beetle or spider
communities of forests. The effect of redeveloped prime-
val-forest-like structures should be strongest in deadwood-
dependent species (Seibold et al. 2015). Also, a timespan of
10 years is a very short period for forest development and the
biodiversity might just not have recovered detectably (Paillet
et al. 2009). Most “primeval-forest”-like characteristics, like,
e.g., a high density of overmature and dying trees including
a wide variety of associated microhabitats, need much longer
timespans to develop (Winter and Moller 2008; Larrieu et al.
2012; Meyer 2013; Nordén et al. 2014). However, other
structures like gaps caused by windthrows develop much
faster, and can harbor more red list species than the sur-
rounding forests (Wermelinger et al. 2017). Being embed-
ded in a landscape of managed forests might additionally
reduce the recolonization potential of the reserve by threat-
ened species, due to a reduced connectivity to forest stands
already colonized by the respective species (Lindenmayer
et al. 2000). Especially in the case of slowly dispersing spe-
cies already colonized forest stands close by are a neces-
sary precondition for a fast recolonization of forest stands
that are redeveloping suitable habitat conditions (Bengtsson

et al. 2000). It is unknown if there are any refuges of such
species nearby that would allow a colonization of the forest
reserve within this relatively short time span. A survey of
more specialized dead wood traps to representatively sample
saproxylic beetles, especially those threatened species that
are dwelling in rare primeval-forest-like structures, would
be a logical progression of the present study. A study of the
fauna of naturally developed gaps as an important feature of
natural forests is also highly recommended.

Regarding the ground dwelling spiders, the abundance-
based trait structures of the communities are also similar
between the surveys (Figs. 5b, d, f, h). In ground dwelling
beetles, there are some changes in the abundance-based func-
tional community structure: higher percentage of individuals
belonging to species dwelling in decaying material or nests,
higher percentage of individuals belonging to saprophagous
species, and higher percentage of species predominantly
dwelling in forests without any preference for light or dense
forests, caught during the second survey (Figs. 5a, c, e, g,
i). However, these differences in the abundance-based trait
composition are mainly caused by Anoplotrupes stercorosus
(first survey: 338 individuals; second survey: 12,593 individ-
uals; see above), and to some extent also by Pella humeralis
(first survey: 0 individuals; second survey: 360 individuals)
which became highly abundant during the second survey. A.
stercorosus is a saprophagous species, mainly dwelling in
dung and other decaying materials (Kohler unpubl., Online
Resource Table S7), that predominantly is found in forests
without any preference for light or closed forests (Kohler
et al. 2019). P. humeralis is a zoophagous species that is
associated with ant nests (Kohler unpubl.), dwelling in for-
ests as well as in open habitats (Kohler et al. 2019). Gener-
ally, more species and individuals of species associated with
nests were caught during the second survey [first survey:
97 individuals (18 species); second survey: 811 individuals
(26 species)]. This corresponds to an increase in ant species
and abundance observed between the two surveys (Schmidt
and Meyer 2022).

Influence of species traits on trends in population

Although the trait composition of the beetle and spider
communities was found to be similar among surveys, there
is evidence that changes in the occurrence probability of
individual species over time might be influenced by species
traits. Among all ground-dwelling beetle species analyzed,
body size was found to show a strong tendency to predict
changes in occurrence probability over time (X>=3.8385,
Df=1, p=0.050088). The occurrence probability of the
smallest species was found to increase the most and the
occurrence probability of large species was even found to
decrease (Fig. 6a). Since body size is correlated to biotope
preference (e.g., species that predominantly dwell on the
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Fig.6 Changes in the occurrence probability over time. The interac-
tions between sampling year and the body size of all ground dwell-
ing beetle species (a) and Carabidae (b), as well as the interaction
between the sampling year and the forest affinity of Carabidae (c)
and spiders (d) are depicted. To illustrate the effect of body size on

forest floor, without any preference for spatially delimited
microhabitats, show the largest mean body length), food
preference (e.g., mold feeding species have the smallest
mean body length), and distribution patterns, these traits
might also influence the changes in the occurrence prob-
ability of species over time. Carabid body size was found to
significantly influence the change in occurrence probability
over time (X>=4.4901, Df=1, p=0.03409; Fig. 6b), though
no significant correlation between body size and any other
species trait was found. When only Staphylinidae were ana-
lyzed, body size showed no influence on the change in the
occurrence probability over time.

The finding that the occurrence probability of large beetle
species might have decreased over time while the occur-
rence probability of small species increased over time in
HB goes in line with previous findings that larger species
usually show a higher extinction risk than smaller species
(McKinney 1997; Kotze and O’Hara 2003; Seibold et al.
2015; Hagge et al. 2021). Larger species are thought to be
more likely threatened because larger body size usually cor-
relates with life history traits, such as lower reproduction
rates or smaller population size (Simberloff 1994). Homburg
et al. (2019), on the contrary, found a stronger decrease of
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the changes of the occurrence probability of species over time the
body size was transformed to a categorial variable (see Material and
Methods section) and the models were recalculated with this new cat-
egorical variable. For an explanation of the abbreviations of the forest
affinity levels see Table 1

the occurrence probability of small ground beetle species
than of medium-sized or large species. Our results might in
this respect be driven by the strongly increasing numbers of
individuals.

In Carabidae (X2 =8.2445, Df=4, p=0.08302) and spi-
der species (X2 =9.4452, Df =5, p=0.0925723), the forest
affinity shows a tendency to influence the occurrence prob-
ability. This might indicate changes in the forest structure.
However, the patterns differ between Carabidae and spiders
(Fig. 6 c, d). The decrease in the occurrence probability of
spider species dwelling predominantly in light forests (fl)
might be explained by an increase in canopy cover, due to
the ceased harvesting. In Carabidae, the occurrence prob-
ability of species that predominantly dwell in light forests
are, with exception of species that dwell in closed forests,
the species group that increased the least strongly. On the
other hand, the occurrence probability of species dwelling
in open habitats as well as in forests (m, mm) increased and
the occurrence probability of species predominantly dwell-
ing in open habitats (mo) remained more or less unchanged.
At least the occurrence probability of species predominantly
dwelling in open habitats would also be expected to decrease
with increasing canopy cover. In Carabidae, the occurrence
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probability of species that dwell in open habitats at least to
the same extend as in forests (m, mm, mo) are even increas-
ing the strongest.

Functional diversity

Although the trait compositions of the animal communities
were found to be stable among the surveys, the functional
diversity might have changed, as the species composition
differs between years (see above) since the similar overall
trait composition of the communities might be composed
of species that differ more or less strongly in their individ-
ual trait compositions. In both considered species groups
(ground dwelling beetles and spiders) the functional diver-
sity either was found to significantly increase over time
(beetles) or to show a tendency to do so (spiders) (Table 2).
However, this increase in functional diversities is probably
a result of the higher number of species caught during the
second survey. Additionally, the difference in functional
diversity of the beetle and spider communities between the
two surveys is not significantly larger than the differences
between the consecutive years (Figs. 2c, 3b).

Threatened species

Among the species caught in our survey the beetle species
dwelling on the forest floor comprised three species that
are near threatened, one species that is threatened to an
unknown extend, and eight species that are not assessed to
a threat status, due to insufficient data, and two species that
were not assessed (see Online Resource “Detailed descrip-
tion of results”) (Schmidt et al. 2016; Esser 2021; Schaffrath
2021; Schmidl et al. 2021a, 2021b, 2021c). Of the spider
species dwelling on the forest floor two species are near
threatened and one species was not assessed to a thread sta-
tus, due to insufficient data (see Online Resource “Detailed
description of results”) (Blick et al. 2016).

Of most of the species that are threatened, near threat-
ened, or which were not assigned to a thread status due to
insufficient data only very few specimens were found. Mar-
tikainen and Kouki (2003) found that large sample sizes are
necessary to reliably sample threatened beetle species in
boreal forests. Therefore, it is not surprising that a higher
number of these species was found during the second sur-
vey (13), during which a higher number of individuals were
caught, than during the first survey (7). The higher number
of red-list species might also be caused by changes in the
forest structure. However, as mentioned above, a period of
10 years is a very short time span in terms of forest develop-
ment (Winter and Moller 2008; Larrieu et al. 2012; Meyer
2013) and the red-listed beetle species of which more than
ten individuals were caught and which increased in abun-
dance from the first to the second survey (Pterostichus

cristatus and Megaloscapa punctipennis) are either dwelling
on the forest floor or eurytopic (Online Resource Table S7)
and not associated with any primeval-forest-like structure.
Additionally, the number of specimens that were caught of
more abundant species strongly differ also between consecu-
tive years [P. cristatus (2012: 2 individuals, 2013: 22), M.
punctipennis (2012: 7 individuals, 2013: 16)]. This indicates
that the high interannual fluctuations in abundance of indi-
vidual species described above also seem to apply to threat-
ened species. Generally, these results support the approach
that red-list-oriented surveys should be conducted for more
than 1 year, and preferably more than 2 years to generate
reliable information on the occurrence of threatened species
within an area.

Conclusion

Our results show that although ground dwelling beetle and
spider populations undergo high short-term fluctuations in
quantitative measurements (e.g., abundance or biomass),
the functional compositions of the arthropod communities
are relatively stable over time. The short-term fluctuations
highlight the need to analyze time series of sufficient length
and of sufficient temporal resolution to reliably identify
long-term trends. In contrast to the findings of several other
studies (Conrad et al. 2004, 2006; Franén and Johannesson
2007; Brooks et al. 2012; Bojkova et al. 2014; Hallmann
et al. 2017; Seibold et al. 2019; Roth et al. 2021) no evi-
dence for a decline in the investigated communities is found,
although our results are not directly comparable to these
studies since they include more recent data and additionally
the structure of our data does not allow completely ruling
out an overall decline. Our results do show that climatic fac-
tors need to be considered in monitoring programs because
the fluctuations in arthropod populations are also driven by
these factors. This also means that the increasing number of
long-term monitoring programs could also add a valuable
contribution to the understanding of the effects of climate
factors on insect populations if these factors are also moni-
tored consequently.
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