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ABSTRACT

Aim: Many insect species are facing existential crises, primarily due to diverse human activities. Most insect assessments, how-
ever, are based on relatively short time series or some iconic species. Here, we assess how the occupancy of ground beetles has
changed in Germany over the last 36years.

Location: Germany.

Methods: In close collaboration with taxonomic experts from natural history societies, we compiled the best available occur-
rence data for ground beetles in Germany, estimated the changes in species occupancy over time, and related these changes to
species traits and characteristics.

Results: We obtained trends for 383 species and found that 52% of species significantly declined, and 22% significantly increased
in site occupancy over the last 36years. The remainder of the species (26%) all showed a mean negative trend, albeit nonsignifi-
cant. Species classified as non-threatened in the German red list declined at a similar rate as threatened species, with 64% of the
Near Threatened species experiencing significant declines (highest among all red list categories). Across all traits, we found that
large (compared to medium-sized) and omnivore (compared to predator) species declined less.

Conclusions: Since ground beetles are key predators in many natural and agricultural ecosystems that play an important role in
pest control and the food chain, their decline should raise concerns. Thus, we urgently plead for more harmonised and systematic
monitoring of this insect group.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2025 The Author(s). Diversity and Distributions published by John Wiley & Sons Ltd.
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1 | Introduction

We are currently in the midst of a biodiversity crisis (Dirzo
et al. 2014; Leclere et al. 2020). Human activities, particularly
habitat destruction and alteration, have caused a precipitous de-
cline in many species across various taxa (Butchart et al. 2010;
Bellard et al. 2012; Haddad et al. 2015; Eichenberg et al. 2021;
Jandt et al. 2022). The Living Planet Report revealed a shocking
69% drop in the population abundance of vertebrates over the
last 49years (WWF 2022). Despite the fact that insects are “the
little things that run the world” (Wilson 1987), there are signifi-
cantly fewer conservation assessments on insects than on verte-
brates (Samways et al. 2020; Di Marco et al. 2017; Chowdhury,
Jennions, et al. 2023; Dove et al. 2023; Ledger et al. 2023). This
disparity is also evident in species extinction risk assessments:
only 8% of the assessed species in the IUCN Red List are insects
(TUCN 2024), even though insects comprise over 80% of animal
species on Earth (Stork 2018). The massive underrepresentation
of insects in the global extinction risk assessments is primar-
ily due to insufficient data on the occurrence of most species
(Didham et al. 2020; Chowdhury, Zalucki, et al. 2023). For ex-
ample, about 66% of the species occurrence data in the Global
Biodiversity Information Facility (GBIF) are for birds, while ~8%
are for insects (data accessed on October 10, 2025). Although in-
sect occurrence data have surged over the last one and a half de-
cades, mostly due to citizen involvement (Heberling et al. 2021),
these new data are usually spatially and taxonomically biased
and cannot be compared to previous decades of specimen-based
collections.

Insect decline is a global issue (Dirzo et al. 2014; Eisenhauer
et al. 2019; Turin et al. 2022; Martinez-Nufiez et al. 2024; Boyle
et al. 2025; Sharp et al. 2025). Dunn (2005) estimated that if the
extinction rate of insects is similar to that of birds, nearly 44,000
insect species have already gone extinct, yet only 70 insect ex-
tinctions have been documented. Recent studies have revealed
that many insect species are declining dramatically world-
wide (Didham et al. 1996; Van Klink et al. 2024; Wagner 2020;
Wagner et al. 2021). For example, over 75% of insect biomass
has declined in some protected areas in Western Germany
(Hallmann et al. 2017), over 80% of butterfly species have de-
clined in the Netherlands over the last century (Van Strien
et al. 2019), and 29% of odonate species have declined from 1980
to 2016 in Germany (Bowler et al. 2021). Although many threats
are interactively impacting species conservation status and
trends, anthropogenic climate change and habitat change by in-
tensive agriculture are seen as the main drivers of global insect
declines (Dieker et al. 2011; Halsch et al. 2021, 2025; Raven and
Wagner 2021; Outhwaite et al. 2022).

From all these underrepresented invertebrates, carabid beetles
are one of the most frequently sampled taxa and are used in eco-
logical studies about drivers and planning assessments (Rainio
and Niemeld 2003; Avgin and Luff 2010; Kotze et al. 2011).
Carabids are often used as a bioindicator group (Koivula 2011).
They play important ecosystem functions, from predators and
biological control agents to prey for birds and small mam-
mals. There is a good knowledge of the ecological require-
ments/niches of most of the prominent species (Rainio and
Niemeld 2003; Avgin and Luff 2010; Kotze et al. 2011). Many
studies on long-term trends in carabid beetles have reported

a decline in species richness or abundance of ground beetles
(UK: Brooks et al. 2012; Pozsgai and Littlewood 2014; Pozsgai
et al. 2016; Germany: Homburg et al. 2019; Weiss et al. 2024; the
Netherlands: Hallmann et al. 2020; Turin et al. 2022). However,
not all studies reported a decline (e.g., Saska et al. 2021). While
decline appears to be widespread among carabid beetles, not all
habitats appear to be affected similarly, although, for a similar
habitat, both decline and increase have sometimes been re-
ported (e.g., forests: Homburg et al. 2019; open habitat: Pozsgai
and Littlewood 2014; Pozsgai et al. 2016; Saska et al. 2021).
Comparative studies have shown that body size, habitat special-
isation, and dispersal power appear to be the main traits shaping
the species’ response (Kotze and O'hara 2003; Nolte et al. 2019;
Weiss et al. 2024). In Germany, the latest national Red List re-
ported 35% of carabid species as either threatened or already
extinct (Schmidt et al. 2016). Here, by compiling carabid data
using various approaches, we analyse the long-term trends of
carabid beetles in Germany for the past 36 years and assess if the
changes in the number of occupied sites are related to species
traits and national threatened status.

To meet the Kunming-Montreal global biodiversity framework
targets (CBD 2022), acting on insect conservation is now a pri-
ority. Identifying the state of species, the pattern and reasons for
decline is crucial. Although long-term systematically collected
data are the gold standard for detecting population trends, such
data are unavailable from most taxa and in most of the world.
Instead, there is a large amount of heterogeneous data, collected
either opportunistically or with unknown methods that can be
leveraged for estimating species trends. While different types of
statistical models exist to analyse population trends using het-
erogeneous data, the occupancy detection model is the most reli-
able (Isaac et al. 2014; Outhwaite et al. 2019; Bowler et al. 2021).

Based on almost 1 million records of occurrences of 554 ca-
rabid species collected by German volunteers and carabid ex-
perts, we assessed the changes in occupancy of carabid beetles
in Germany over the last 36years (1988-2023). Using single-
species multi-season occupancy models (Isaac et al. 2014; Doser
et al. 2022), we investigated the changes in occupancy patterns.
We further collated species attributes to compare whether
changes in species occupancy were associated with conserva-
tion status or morphological and ecological traits. This is the
first-ever national-scale statistical assessment of carabid beetle
trends in Germany, highlighting the potential impact on policy
and helping Germany meet the global biodiversity framework
obligations.

2 | Methods
2.1 | Occurrence Data

We collated species occurrence data in direct collaboration with
German carabid experts. We compiled the data in two steps.
First, we obtained species occurrence data from the ColeoWeb
(https://www.coleoweb.de/) database (Bleich et al. 2024). This
is the most comprehensive database for German beetles, which
includes data on carabid beetles that originate mostly from
systematic pitfall trapping, supplemented by data from hand
collecting and opportunistic observations. This initial data
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https://www.coleoweb.de/

collation included 586,292 occurrence records for 554 species.
Because this dataset did not contain the most recent data that
carabidologists have collected, we attended the annual meeting
of the German Carabid Society (GAC, http://www.angewandte-
carabidologie.de/) in February 2024 in Gottingen. We requested
the members to share their unsubmitted observations within 3
months (by May 2024) with the ColeoWeb database. This way,
we updated the dataset to 953,230 occurrence records for 554
species.

2.2 | Data Cleaning

Once we obtained the compiled data, we cleaned the dataset fol-
lowing several approaches. First, we harmonized species names
and removed records without location information (longitude
and latitude), date (day, month and year), duplicate records, and
imprecise coordinates (records in the ocean or outside German
borders).

We only included occurrence records for the last 36 years (from
1988 to 2023). We chose 1988 as the first year because the oc-
currence records were substantially fewer in the earlier years.
The yearly species occurrence records were low for many spe-
cies, so we grouped years into 2-year bins, resulting in 18 bins

for the 36-year study period (1988-2023). After a peak in ob-
servations around the year 2000, the number of observations
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has fallen again in recent years (Figure 1b). We grouped oc-
currence records into survey quadrants with an edge length of
10min longitude and 6 min latitude, which is approximately
11 x11km (German Ordnance Map, Meftischblatt, MTB).
The number of survey quadrants has increased over time
(Figure 1c). We discussed this issue with the experts, who sug-
gested that this reflects a change in observer behavior, with
many observers now exploring new areas rather than visiting
the same sites. To estimate the changes in 2-year bins, we only
included survey quadrants visited at least twice in the last
36years (Outhwaite et al. 2018; Bowler et al. 2021). Our final
cleaned dataset included 602,054 occurrence records for 549
species with a median of 346 occurrence records per species
(ranging from 1 to 9372; Figure 1a; Table S1). The number of
occurrence records was low for many species: 71 with <10
and 173 with <100; however, the occurrence records were
well distributed across the entire study period. For example,
we had data from 7year-bins from at least 50% of the survey
quadrants.

While we understand the potential of species occurrence data
from the Global Biodiversity Information Facility (GBIF), our
compiled data is much more comprehensive in the given area. A
search in GBIF (GBIF 2024) indicates that, except for Cicindela
campestris (4590 vs. 3816), our data contained more species oc-
currence records (an additional 95% observations, ranging be-
tween 16% and 100%) for all species than GBIF.
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FIGURE1 | The patterns of distribution records of carabid beetles in Germany (1988-2023). (A) is the spatial distribution of records for all species

and years (colours reflect the number of records in each MTB grid cell, where ‘white’ indicates no data from that grid); (B) is the number of species

occurrence records per year; and (C) is the number of survey quadrants per year with at least one species record.
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2.3 | Trend Estimation

To estimate the changes in the occupancy of carabid beetles
in Germany, we fitted single-species multi-season occupancy
detection models. As the unit of the detection model, we ag-
gregated observations into those likely to be collected on the
same survey visit. A visit was defined by species observations
collected on the same date in the same survey quadrant (Van
Strien et al. 2019; Bowler et al. 2021). We inferred the absences of
species (non-detections) based on observations of other species
during a given visit (Outhwaite et al. 2022), similar to the com-
monly used target-background method used in species distribu-
tion models (Ranc et al. 2017; Barber et al. 2022). Since some
sites were sampled much more than others, we subsampled at
most 10 visits per year at any specific site (i.e., survey quadrant).
We built models for species with at least 50 occurrence records
(76% of species in the dataset).

We modelled occurrence probability as a function of site and
year variation. Here, the year variation was modelled by in-
cluding the 2-year bins (due to data sparsity in some years) as a
fixed continuous effect and site variation as a random effect to
account for mean spatial variation in occupancy. We modelled
the detection probability for each visit to a given quadrant in a
2-year bin. Survey effort was included in the detection model
using list length as a proxy variable (Outhwaite et al. 2019).
Specifically, list length was the number of species reported on
a visit (categorical variables with three levels: a single list (1
species, 53% visits), a short list (2-3 species, 21% visits) or a
longer list (4 or more species), 26% visits, set as the reference
level). We separately fit the model for each species. The ob-
served detection data for a given species on each visit were as-
sumed to be derived from a Bernoulli distribution conditional
on the presence of the species in that survey quadrant and a
2-year bin.

We fit the model using the spOccupancy package (Doser
et al. 2022) in R (R Core Team 2022; Version 4.2.0), which im-
plements a hierarchical Bayesian occupancy-detection inference
using Markov chain Monte Carlo simulation. Specifically, we
used the tPGOcc() function, which models species occurrence
as a function of environmental and random effects while ac-
counting for imperfect detection using detection covariates. The
occupancy process is modelled with a logit link, and the detec-
tion process is separately parameterised to distinguish true ab-
sences from non-detections. We used vague priors and 3 chains
with 150,000 iterations, discarding the first three-quarters as
burn-in. We assessed model convergence using Rhat statistics
and trace plots. We carried out posterior predictive checks by
calculating a Bayesian p-value with a Freeman-Turkey fit sta-
tistic. In the end, we obtained trends for 383 species (69% of 549
initial species). The model convergence/performance is good
when the Rhat value is <1.1, and the Bayesian p-value ranges
between 0.1 and 0.9 (Doser et al. 2022). Based on this, the model
performance was sufficient in our case, with a mean Rhat value
of 1.012 (median 1.007) and a mean Bayesian p-value of 0.45
(median 0.45). Four German carabid experts also thoroughly ex-
amined the predicted trends for each species to check for plau-
sibility. Specifically, once we obtained the trend data, results
were shared with taxonomic experts and they carefully went

through each species and discussed them. Overall, the experts
agreed with the trends found for the vast majority of the species
for which it was available based on their regional and national
knowledge.

To test whether the survey bias impacted our results, we ran
three sensitivity analyses. First, we removed the two data-
dense states (Mecklenburg-Vorpommern and Saxony) from
the cleaned dataset and ran the single-species multi-season
occupancy model following the method described above.
Second, we ran the same models, but changed the mini-
mum biennial survey requirement from two to five. Finally,
we changed the maximum survey limit from 10 to 15. Both
numbers were chosen randomly. We discussed the results in
the results section and added the figure in the supplementary
section (Figure S1). We further assessed if the timing of the
surveys was similar across the year. We found no substantial
difference in timing, with most visits taking place between
March and October, thus covering well the main activity
period of ground beetles, which is from April to September
(Figure S2). This aligns with the previous paper finding little
effect of changes in phenology/sampling on trend estimates of
German dragonflies (Bowler et al. 2021). Experts also verified
the trends and broadly reflect their opinions about the state of
carabid communities in Germany.

2.4 | Species Attributes

To explain variation in the trends of different species, we
collated two types of trait data. First, we obtained the threat
status of each carabid species from the German Red List
(Schmidt et al. 2016). Second, we combined species traits from
the ColeoWeb database and Nolte et al. (2017). Specifically, we
collated species information on mean body size (numerical),
wing types (categorical; short-winged, dimorphic and long-
winged), trophic level (categorical; herbivore, mycetophag,
omnivore and predator), and habitat preference (categorical:
coastal, eurytopic, forest, mountain, open, riparian, special
habitat and wetland). These traits were chosen based on pre-
vious studies that showed a link between these traits and the
occupancy trends or extinction risk. Body size is considered a
key driver among them, being positively linked with species
decline for numerous groups of insects (e.g., Staab et al. 2023;
Coulthard et al. 2019), including, ground beetles (e.g., Kotze
and O'hara 2003; Nolte et al. 2019). Similarly, relationships
between dispersal ability linked with wing development,
food, and habitat specialisation and ground beetle species
decline have also been found (Kotze and O'hara 2003; Nolte
et al. 2019; Homburg et al. 2019; Weiss et al. 2024). In general,
species with large body size, poor dispersal ability, narrow
dietary requirement, and high habitat specialisation decline
disproportionately when compared to small-bodied, good-
dispersing, omnivorous, generalist species.

To test if the trend was significantly associated with any of the
species attributes, we fitted a linear model considering species
trend with all attributes, calculated using the occupancy-detec-
tion model, as the response variable and species attributes as the
explanatory variables.
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3 | Results

Of the 383 species for which we obtained occupancy trends (i.e.,
biennial changes in the number of occupied survey quadrants),
the trend was negative for 78% of species (298 species) and pos-
itive for 22% of species (85 species). Based on whether the 95%
CI of trend overlapped zero, 52% of species (200 species) signifi-
cantly declined, and 22% (85 species) significantly increased,
while the trend was insignificant (or stable) for the other 26%
of species (98 species) (Figure 2). We obtained very similar re-
sults (r=0.94 after removing two data-dense states, r=0.98 in
both cases when we changed minimum biennial surveys from
two to five and maximum biennial surveys from 10 to 15) in the
sensitivity analysis, meaning that the survey bias did not have a
significant impact on our findings (Figure S1).

Among the species that had significantly declined, the trend
was steepest for Trechus pulchellus (trend estimate: —0.31; 95%
CI=-0.46, —0.18). It corresponds to a reduction to approxi-
mately 0.42 by the end of the time series—a ~15% relative de-
crease, or ~0.2% per year. Conversely, for species that had
significantly increased, the trend was highest for Elaphropus
diabrachys (trend estimate: 0.25; 95% CI=0.19, 0.33), represent-
ing a relative increase in occupancy probability of ~13% over the
same period. The mean and median trend for the significantly
decreasing species was —0.1 and —0.09, respectively, while the
median trend for the significantly increasing species was 0.04.
For 98 species with non-significant trends, all showed slightly
negative trends and were very close to zero (except for one spe-
cies, Stenolophus teutonus; trend: —0.13; Figure 2).

The 383 species for which we could calculate trends contained 278
non-threatened species, 104 threatened species, and only one spe-
cies, listed as Data Deficient in the German Red List (Philorhizus
quadrisignatus). The overall changes in the proportion of occupied
sites were similar among the threatened and non-threatened spe-
cies. Of the 278 non-threatened species, 53% (148 species) signifi-
cantly declined, 23% (63 species) significantly increased, and the
trend was non-significant for 24% (67 species). Similarly, among
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the threatened species, 50% (52 species) significantly declined,
21% (22 species) significantly increased, and the trend was non-
significant for 29% (30 species) (Figure 3). Among the species
that had significantly declined over the last 36years, the percent-
ages were the highest for the Near Threatened species (64%; 32 of
50 species) and lowest for the Rare species (40%; 2 of 5 species).
However, the changes in occupied sites between the threatened
and non-threatened species were non-significant (Estimate: —0.01,
SE: 0.08, Z=-0.21, p=0.83; generalised linear model).

The median biennial changes in the proportion of occupied
sites were somewhat similar across wing types (Figure 4A),
whereas, for trophic level status, the median trend was slightly
less declining among omnivorous species compared with her-
bivores (median trend: —0.02 vs. —0.05) (Figure 4B). Beetle
species with larger body sizes were more often associated with
positive trends, whereas smaller species had slightly worse
negative trends (Figure 4C). In contrast, regarding habitat
preference, the species associated with coastal habitats showed
the most negative trends (median trend —0.1), and forest-
dwelling species were the least declining (median trend —0.03)
(Figure 4D).

While the short-winged species had a worse negative trend,
the long-winged species had a less negative trend compared
to the dimorphic species, but both were non-significant
(Figure 5). In contrast to predatory species, both herbivore
and omnivore species were increasing, but the association was
only significant for the omnivore species (Estimate=0.04,
SE=0.02, Z=2.4, p=0.02; Figure 5). Among different hab-
itat preferences, coastal species experienced significantly
more negative trends (Estimate =—0.06, SE=0.02, Z=-2.68,
p =0.008), while species with other habitat preferences expe-
rienced more positive but non-significantly different trends
compared to the open-habitat species (Figure 5). Compared
to medium-sized species, both small and large-bodied species
had more positive trends, but the difference was only signifi-
cant for the large species (Estimate =0.04, SE=0.01, Z=3.75,
p=0.0002; Figure 5).
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Species

FIGURE 2 | The biennial changes in the number of occupied survey quadrants of carabid beetle occupancy in Germany over the last 36 years.

Here, each bar represents one species.
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FIGURE3
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| Trends of German carabid beetles based on their national threat status. Each point shows a species, colored by its trend classification.
The boxplot shows the median, interquartile range and range of the species trends. There was no significant difference between the trends of threat-
ened and non-threatened species, albeit the trends were more negative for the former.
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FIGURE4 | Trendsof German carabid beetles based on different traits. (A) shows the boxplots of the trends split by wing type; (B) split by trophic

level; (C) by body size (each point shows a species) and (D) split by habitat. Here, the horizontal dotted line in each plot indicates no changes.
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FIGURES5 | Effect of species attributes on their long-term trend, where the reference groups were shown as points. We fitted a generalised linear

model to calculate the effect size. Here, the effect size was assessed by comparison to the trends of reference groups (marked as ref in the y-axis, with

dimorphic for wing types, predator for trophic level, medium for mean body size, and open habitats for habitat preference), selected by discussing
with the carabid experts. For mean body size, we converted the continuous values to three categories: Small (1.9-4.5mm), medium (>4.5-10.5mm)

and large (>10.5-37mm).

4 | Discussion

Using the last 36years (1988-2023) occurrence data of German
carabid beetles, we show that over half (52%) of the species have
significantly declined. In contrast, only one-fourth of species
have increased significantly. Our results of the declining trends
are similar to the ones observed in several other insect taxa: 37%
of butterflies, dragonflies, and orthopterans have declined in
occupancy in Bavaria (Engelhardt et al. 2023), caterpillars and
parasitoid richness and diversity have significantly declined at
the La Selva Biological Research Station in Costa Rica (Salcido
et al. 2020), and 80% of the flies have declined in abundance in
northeast Greenland (Loboda et al. 2018). Our observed changes
in species occupancy are quite similar across national threat
status classes. While the mean trend of threatened species was
slightly lower than that of non-threatened species, the associa-
tion was non-significant. Among the non-threatened group, 64%
of Near Threatened species have declined by a mean amount
of 8% of their occupied sites. For species with non-significant
trends, all showed declines in occupancy, which is probably
linked to data limitation. More data from data-poor areas are
needed for robust trend analyses for these species.

Species traits are widely considered an important fac-
tor in determining species’ extinction risk, and changes in

species occupancy are associated with species attributes
(e.g., Nolte et al. 2019). For example, analyzing carabid bee-
tles from Belgium, the Netherlands, and Denmark, Kotze and
O'hara (2003) showed that larger, habitat specialist, short-
winged and long-winged species declined more significantly
than others. Dimorphic species are usually less prone to ex-
tinction because of their ability to disperse and establish
rapidly large populations (Turin and Den Boer 1988; Kotze
and O'hara 2003). We found that the median trends among
different wing types were similar, also observed by Nolte
et al. (2019). This suggests that even species with a greater ca-
pacity for dispersal—typically considered more resilient—are
not experiencing significantly different long-term occupancy
trends than poor dispersers. In the current configuration of
German landscapes, where suitable habitats are already iso-
lated and embedded in unfavorable matrices (e.g., intensive
agriculture or urban areas), even the winged species may be
unable to relocate or colonize new habitat patches effectively.
This challenges the assumption that high dispersal ability is
sufficient for persistence in fragmented systems. Instead, it
highlights that dispersal must be matched by the availability,
accessibility, and quality of habitat and that landscape-level
connectivity and restoration efforts are likely critical for safe-
guarding carabid beetle diversity under ongoing environmen-
tal change. The trend was slightly better among omnivore
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species, which tended to decline less than herbivorous or
predatory ones. This contrasts with previous studies, which
showed, particularly for forest species, that higher trophic
levels, such as predators, were at higher risk of extinction or
declined more strongly following severe drought events (Nolte
et al. 2019; Weiss et al. 2024). The flexibility of omnivorous
species may come to be advantageous when fluctuating en-
vironmental conditions may strongly alter the availability or
quality of the food source within the species’ habitat.

Among the habitat types, coastal species were the most vul-
nerable, whereas forest species were the least vulnerable. This
result is similar to those found by Nolte et al. (2019), with for-
est species having the lowest risk of decline while coastal spe-
cies exhibiting some of the highest risks of decline. Similarly,
in the Netherlands, forest species showed only a slight decline
in abundance (Turin et al. 2022) and even an increase in forest
species in the southern UK (Brooks et al. 2012). Information
on trends for coastal habitat is limited (Turin et al. 2022), al-
though a relatively stable trend was reported by Kotze and
O’hara (2003). As pointed out by the later authors, coastal
habitats experience ever-increasing anthropogenic pressures
while, at least in Europe, the situation of forest habitats has
notably improved, with forests occupying larger areas and
their management having improved. Thus, the negative trend
displayed by many coastal species is likely driven by the an-
thropogenic pressure experienced by those habitats. The
smaller number of declining species in forest habitats is cer-
tainly linked to both the recent increase in forest cover and
the improved management of those forested areas, even if
there is still a need for further improvement (Nolte et al. 2017;
Staab et al. 2023). Future studies could analyse the changes in
spatial and temporal occupancy by considering climate, land
cover and other features as well as their changes and how spe-
cies attributes modify their responses to these variables.

We found that smaller species declined more than larger spe-
cies. This appears to be in strong contrast with numerous
studies on insect decline, which reported the opposite trend
(e.g., Homburg et al. 2019). However, numerous studies on
ground beetles have reported that while larger species are
often at higher risk, this notably depends strongly on the hab-
itat considered (Kotze and O'hara 2003; Nolte et al. 2019). In
particular, forest species appear to be the main exception to
this global trend (Homburg et al. 2019). Within our species
pool, most of the larger species are forest inhabitants, likely
driving the observed pattern.

The general decline in ground beetle species found, combined
with the lack of relationship with any of the species’ life history
traits or their habitat preferences, indicates that the drivers of
such decline are likely acting at a large scale. Some authors doc-
umented that changes in habitat features induced by a changing
climate and land use could have a significant impact on species
trends (Desender et al. 2010; Purtauf et al. 2005; Chamberlain
et al. 2020; Liu et al. 2021; Skarbek et al. 2021; Martinez-Nufiez
et al. 2024). While anthropogenic climate change and land use
change affect all habitats, some habitat types, such as coastal
areas, experience stronger pressures than others. In this regard,
the situation of forest habitats, which has notably improved,
suggests that appropriate local-scale conservation efforts could

contribute to improving species trends. Weiss et al. (2024) found
that large carabid beetles in forested areas still declined strongly
following severe drought events despite the buffering capacity
of such habitats. With such extreme events likely to increase in
frequency, targeted conservation action may not suffice.

We followed a crowdsourcing approach to access more data,
which increased the data by nearly 40%. We also discussed
our results with many carabid experts (some of whom are co-
authors) to understand if the biennial changes in occupancy
matched their expectations and revised the analysis accord-
ingly (e.g., we removed very rare species from the analysis).
Despite the various challenges with the data, the trend esti-
mates were broadly in line with the expectations of the ex-
perts. Our approach highlights the value of data mobilization,
integration and community involvement for assessing species
trends at large scales (Moersberger et al. 2024). However,
it should be noted that to be conservative, we only consid-
ered expert-verified data, and we did not consider data from
GBIF (see Heberling et al. 2021) or social media data (see
Chowdhury, Aich, et al. 2023; Chowdhury et al. 2024) that
may not have been expert validated but might further improve
our assessment. Additionally, the number of survey quadrants
increased with time, reflecting the change in observer behav-
ior, with many observers now exploring new areas rather than
visiting the same sites. However, occupancy detection mod-
els are well-equipped to handle such bias (Isaac et al. 2014;
Outhwaite et al. 2018). Our analysis is also limited by the lack
of metadata to explain how individual data were collected,
so we could not fully model the likely sampling variability.
We used the list length as a proxy for the sampling effort, but
this is an imperfect proxy since list length also depends on
local species richness (Outhwaite et al. 2018). Nonetheless,
as we noted above, our trend estimates passed our expert
assessment.

Insect decline is a widespread issue. Our study is another exam-
ple that provides further evidence. Following expert-driven data
compilation and analysis, we show that most ground beetles in
Germany have severely declined over the last 36 years. Alarmingly,
the number of non-threatened species is declining at a rate similar
to that of threatened species. Conservation efforts over the last de-
cades have been insufficient to reverse this trend, and substantial
efforts are needed for habitat restoration, which is in line with the
new EU Restoration Law. Overall, our study also highlights the
importance of recording efforts of natural history societies and
citizen scientists as a backbone for biodiversity assessments, and
their efforts need further support, especially given the ongoing ca-
rabid beetle declines.

Author Contributions

S.C,,D.E.B,,H.B.,F.J.,, R.K., M.W,, and A.B. conceptualised the idea and
developed the method; S.C. and D.B. did the analysis; everyone contrib-
uted to the analysis; S.C. wrote the paper; everyone contributed to the
writing.

Acknowledgements

We are grateful to the many volunteers involved in data recording
over the last four decades, and we thank all taxon experts involved
in co-developing and critically reviewing this research. Funding was

8of 11

Diversity and Distributions, 2025

35UBD17 SUOWILIOD SISO 3|l jdde auy) Aq peusenob ale sapie VO ‘85N JO Sa|NI o ARIq1T 8Ul|UO A1 UO (SUONPUOD-PUR-SULLBY WD A 1M Afe.q)1|Bul|UO//SaNY) SUORIPUOD Pue swie 1 ay) 89S *[5202/TT/20] Uo Ariqiauliuo AB)im ‘ABojopAH % ABoj0o3 104 8.11UsD YN AQ ZTTOL IPP/TTTT'OT/I0P/W0D A3 1M ARIq joulUO//ScNY WOy papeojumod ‘TT ‘SZ0Z ‘2vovz.yT



provided through the sMon project of the German Centre for Integrative
Biodiversity Research (iDiv) funded by the German Research
Foundation (DFG-FZT 118, 202548816). Open access publishing facil-
itated by Monash University, as part of the Wiley - Monash University
agreement via the Council of Australian University Librarians.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The occurrence data are available by MTB grids in the Supporting
Information. We have provided the data file; the trend estimates, trait infor-
mation and threatened status are available in the Supporting Information.
All the R scripts are available in the public GitHub repository (https://
anonymous.4open.science/r/occ_model_de-15DF/README.md).

Peer Review

The peer review history for this article is available at https://www.webof
science.com/api/gateway/wos/peer-review/10.1111/ddi.70112.

References

Avgin, S. S., and M. L. Luff. 2010. “Ground Beetles (Coleoptera:
Carabidae) as Bioindicators of Human Impact.” Munis Entomology &
Zoology 5, no. 1: 209-215.

Barber, R. A., S. G. Ball, R. K. Morris, and F. Gilbert. 2022. “Target-
Group Backgrounds Prove Effective at Correcting Sampling Bias in
Maxent Models.” Diversity and Distributions 28: 128-141.

Bellard, C., C. Bertelsmeier, P. Leadley, W. Thuiller, and F. Courchamp.
2012. “Impacts of Climate Change on the Future of Biodiversity.”
Ecology Letters 15, no. 4: 365-377.

Bleich, O., S. Giirlich, and F. Kohler. 2024. “Verzeichnis und
Verbreitungsatlas der Kéfer Deutschlands. - World Wide Web electronic
publication www.coleokat.de [2024-06-27], Kohler, Frank & Bernhard
Klausnitzer (Hrsg.): Entomofauna Germanica 1. Verzeichnis der Kéfer
Deutschlands. - Entomologische Nachrichten und Berichte.” Beiheft 4,
no. 1998: 1-185.

Bowler, D. E., D. Eichenberg, K. J. Conze, et al. 2021. “Winners and
Losers Over 35 Years of Dragonfly and Damselfly Distributional Change
in Germany.” Diversity and Distributions 27, no. 8: 1353-1366.

Boyle, M. J., T. C. Bonebrake, K. Dias da Silva, et al. 2025. “Causes and
Consequences of Insect Decline in Tropical Forests.” Nature Reviews
Biodiversity 1: 315-331.

Brooks, D. R., J. E. Bater, S. J. Clark, et al. 2012. “Large Carabid Beetle
Declines in a United Kingdom Monitoring Network Increases Evidence
for a Widespread Loss in Insect Biodiversity.” Journal of Applied Ecology
49, no. 5: 1009-1019.

Butchart, S. H., M. Walpole, B. Collen, et al. 2010. “Global Biodiversity:
Indicators of Recent Declines.” Science 328, no. 5982: 1164-1168.

Chamberlain, D., M. Gobbi, M. Negro, et al. 2020. “Trait-Modulated
Decline of Carabid Beetle Occurrence Along Elevational Gradients
Across the European Alps.” Journal of Biogeography 47, no. 5:1030-1040.

Chowdhury, S., U. Aich, M. Rokonuzzaman, et al. 2023. “Increasing
Biodiversity Knowledge Through Social Media: A Case Study From
Tropical Bangladesh.” Bioscience 73, no. 6: 453-459.

Chowdhury, S., R. A. Fuller, S. Ahmed, et al. 2024. “Using Social Media
Records to Inform Conservation Planning.” Conservation Biology 38,
no. 1: el4161.

Chowdhury, S., M. D. Jennions, M. P. Zalucki, M. Maron, J. E. Watson,
and R. A. Fuller. 2023. “Protected Areas and the Future of Insect
Conservation.” Trends in Ecology & Evolution 38, no. 1: 85-95.

Chowdhury, S., M. P. Zalucki, J. O. Hanson, et al. 2023. “Three-Quarters
of Insect Species Are Insufficiently Represented by Protected Areas.”
One Earth 6, no. 2: 139-146.

Convention on Biological Diversity (CBD). 2022. “Kunming-Montreal
Global Biodiversity Framework.” Draft Decision Submitted by the
President CBD/COP/15/L.25. https://www.cbd.int/conferences/2021-
2022/cop-15/document.

Coulthard, E., J. Norrey, C. Shortall, and W. E. Harris. 2019. “Ecological
Traits Predict Population Changes in Moths.” Biological Conservation
233:213-219.

Desender, K., W. Dekoninck, M. Dufréne, and D. Maes. 2010. “Changes
in the Distribution of Carabid Beetles in Belgium Revisited: Have We
Halted the Diversity Loss?” Biological Conservation 143, no. 6: 1549-1557.

Di Marco, M., S. Chapman, G. Althor, et al. 2017. “Changing Trends and
Persisting Biases in Three Decades of Conservation Science.” Global
Ecology and Conservation 10: 32-42.

Didham, R. K., F. Barbero, C. M. Collins, et al. 2020. “Spotlight
on Insects: Trends, Threats and Conservation Challenges.” Insect
Conservation and Diversity 13, no. 2: 99-102.

Didham, R. K., J. Ghazoul, N. E. Stork, and A. J. Davis. 1996. “Insects
in Fragmented Forests: A Functional Approach.” Trends in Ecology &
Evolution 11, no. 6: 255-260.

Dieker, P., C. Drees, and T. Assmann. 2011. “Two High-Mountain
Burnet Moth Species (Lepidoptera, Zygaenidae) React Differently to the
Global Change Drivers Climate and Land-Use.” Biological Conservation
144:2810-2818.

Dirzo, R., H. S. Young, M. Galetti, G. Ceballos, N. J. Isaac, and B.
Collen. 2014. “Defaunation in the Anthropocene.” Science 345, no. 6195:
401-406.

Doser, J. W., A. O. Finley, M. Kéry, and E. F. Zipkin. 2022. “spOccu-
pancy: An R Package for Single-Species, Multi-Species, and Integrated
Spatial Occupancy Models.” Methods in Ecology and Evolution 13, no.
8:1670-1678.

Dove, S., M. B6hm, R. Freeman, L. McRae, and D. J. Murrell. 2023.
“Quantifying Reliability and Data Deficiency in Global Vertebrate
Population Trends Using the Living Planet Index.” Global Change
Biology 29, no. 17: 4966-4982.

Dunn, R. R. 2005. “Modern Insect Extinctions, the Neglected Majority.”
Conservation Biology 19, no. 4: 1030-1036.

Eichenberg, D., D. E. Bowler, A. Bonn, et al. 2021. “Widespread Decline
in Central European Plant Diversity Across Six Decades.” Global
Change Biology 27, no. 5: 1097-1110.

Eisenhauer, N., A. Bonn, and C. A. Guerra. 2019. “Recognizing the
Quiet Extinction of Invertebrates.” Nature Communications 10: 50.

Engelhardt, E. K., D. E. Bowler, and C. Hof. 2023. “European Habitats
Directive Has Fostered Monitoring but Not Prevented Species Declines.”
Conservation Letters 16, no. 3: €12948.

GBIF. 2024. “GBIF.org (31 January 2024) GBIF Occurrence Download.”
https://doi.org/10.15468/d1.4qrj6b.

Haddad, N. M., L. A. Brudvig, J. Clobert, et al. 2015. “Habitat
Fragmentation and its Lasting Impact on Earth's Ecosystems.” Science
Advances 1, no. 2: €1500052.

Hallmann, C. A., M. Sorg, E. Jongejans, et al. 2017. “More Than 75
Percent Decline Over 27Years in Total Flying Insect Biomass in
Protected Areas.” PLoS One 12, no. 10: e0185809.

Hallmann, C. A., T. Zeegers, R. van Klink, et al. 2020. “Declining
Abundance of Beetles, Moths and Caddisflies in The Netherlands.”
Insect Conservation and Diversity 13: 127-1309.

Halsch, C. A, C. S. Elphick, C. A. Bahlai, et al. 2025. “Meta-Synthesis
Reveals Interconnections Among Apparent Drivers of Insect
Biodiversity Loss.” Bioscience 75: biaf034.

Diversity and Distributions, 2025

90of11

35UBD17 SUOWILIOD SISO 3|l jdde auy) Aq peusenob ale sapie VO ‘85N JO Sa|NI o ARIq1T 8Ul|UO A1 UO (SUONPUOD-PUR-SULLBY WD A 1M Afe.q)1|Bul|UO//SaNY) SUORIPUOD Pue swie 1 ay) 89S *[5202/TT/20] Uo Ariqiauliuo AB)im ‘ABojopAH % ABoj0o3 104 8.11UsD YN AQ ZTTOL IPP/TTTT'OT/I0P/W0D A3 1M ARIq joulUO//ScNY WOy papeojumod ‘TT ‘SZ0Z ‘2vovz.yT


https://anonymous.4open.science/r/occ_model_de-15DF/README.md
https://anonymous.4open.science/r/occ_model_de-15DF/README.md
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/ddi.70112
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/ddi.70112
https://www.cbd.int/conferences/2021-2022/cop-15/document
https://www.cbd.int/conferences/2021-2022/cop-15/document
https://doi.org/10.15468/dl.4qrj6b

Halsch, C. A., A. M. Shapiro, J. A. Fordyce, et al. 2021. “Insects and
Recent Climate Change.” Proceedings of the National Academy of
Sciences of the United States of America 118, no. 2: €2002543117.

Heberling, J. M., J. T. Miller, D. Noesgaard, S. B. Weingart, and D.
Schigel. 2021. “Data Integration Enables Global Biodiversity Synthesis.”
Proceedings of the National Academy of Sciences 118, no. 6: €2018093118.

Homburg, K., C. Drees, E. Boutaud, et al. 2019. “Where Have All the
Beetles Gone? Long-Term Study Reveals Carabid Species Decline in
a Nature Reserve in Northern Germany.” Insect Conservation and
Diversity 12, no. 4: 268-277.

Isaac, N. J., A. J. van Strien, T. A. August, M. P. de Zeeuw, and D. B.
Roy. 2014. “Statistics for Citizen Science: Extracting Signals of Change
From Noisy Ecological Data.” Methods in Ecology and Evolution 5, no.
10: 1052-1060.

IUCN. 2024. “The IUCN Red List of Threatened Species. Version 2023-
1.” https://www.iucnredlist.org.

Jandt, U., H. Bruelheide, F. Jansen, et al. 2022. “More Losses Than
Gains During One Century of Plant Biodiversity Change in Germany.”
Nature 611, no. 7936: 512-518.

Koivula, M. J. 2011. “Useful Model Organisms, Indicators, or Both?
Ground Beetles (Coleoptera, Carabidae) Reflecting Environmental
Conditions.” ZooKeys 100: 287.

Kotze, D. J., P. Brandmayr, A. Casale, et al. 2011. “Forty Years of
Carabid Beetle Research in Europe-From Taxonomy, Biology, Ecology
and Population Studies to Bioindication, Habitat Assessment and
Conservation.” ZooKeys 100: 55-148.

Kotze, D. J., and R. B. O’hara. 2003. “Species Decline—But Why?
Explanations of Carabid Beetle (Coleoptera, Carabidae) Declines in
Europe.” Oecologia 135: 138-148.

Leclere, D., M. Obersteiner, M. Barrett, et al. 2020. “Bending the Curve
of Terrestrial Biodiversity Needs an Integrated Strategy.” Nature 585,
no. 7826: 551-556.

Ledger, S. E., J. Loh, R. Almond, et al. 2023. “Past, Present, and Future
of the Living Planet Index.” NPJ Biodiversity 2, no. 1: 12.

Liu, X., H. Wang, X. Wang, M. Bai, and D. He. 2021. “Driving Factors
and Their Interactions of Carabid Beetle Distribution Based on the
Geographical Detector Method.” Ecological Indicators 133: 108393.

Loboda, S., J. Savage, C. M. Buddle, N. M. Schmidt, and T. T. Hoye. 2018.
“Declining Diversity and Abundance of High Arctic Fly Assemblages Over
Two Decades of Rapid Climate Warming.” Ecography 41, no. 2: 265-277.

Martinez-Nufiez, C., M. M. Gossner, C. Maurer, et al. 2024. “Land-Use
Change in the Past 40 Years Explains Shifts in Arthropod Community
Traits.” Journal of Animal Ecology 93: 540-553.

Moersberger, H., J. Valdez, J. G. C. Martin, et al. 2024. “Biodiversity
Monitoring in Europe: User and Policy Needs.” Conservation Letters 17:
€13038. https://doi.org/10.1111/conl.13038.

Nolte, D., E. Boutaud, D. J. Kotze, A. Schuldt, and T. Assmann. 2019.
“Habitat Specialization, Distribution Range Size and Body Size Drive
Extinction Risk in Carabid Beetles.” Biodiversity and Conservation 28:
1267-1283.

Nolte, D., A. Schuldt, M. M. Gossner, W. Ulrich, and T. Assmann. 2017.
“Functional Traits Drive Ground Beetle Community Structures in
Central European Forests: Implications for Conservation.” Biological
Conservation 213: 5-12.

Outhwaite, C. L., R. E. Chandler, G. D. Powney, B. Collen, R. D. Gregory,
and N. J. Isaac. 2018. “Prior Specification in Bayesian Occupancy
Modelling Improves Analysis of Species Occurrence Data.” Ecological
Indicators 93: 333-343.

Outhwaite, C. L., P. McCann, and T. Newbold. 2022. “Agriculture and
Climate Change Are Reshaping Insect Biodiversity Worldwide.” Nature
605, no. 7908: 97-102.

Outhwaite, C. L., G. D. Powney, T. A. August, et al. 2019. “Annual
Estimates of Occupancy for Bryophytes, Lichens and Invertebrates in
the UK, 1970-2015.” Scientific Data 6, no. 1: 259.

Pozsgai, G., J. Baird, N. A. Littlewood, R. J. Pakeman, and M. R. Young.
2016. “Long-Term Changes in Ground Beetle (Coleoptera: Carabidae)
Assemblages in Scotland.” Ecological Entomology 41, no. 2: 157-167.

Pozsgai, G., and N. A. Littlewood. 2014. “Ground Beetle (Coleoptera:
Carabidae) Population Declines and Phenological Changes: Is There a
Connection?” Ecological Indicators 41: 15-24.

Purtauf, T., I. Roschewitz, J. Dauber, C. Thies, T. Tscharntke, and V.
Wolters. 2005. “Landscape Context of Organic and Conventional Farms:
Influences on Carabid Beetle Diversity.” Agriculture, Ecosystems &
Environment 108, no. 2: 165-174.

R Core Team. 2022. R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing. https://www.R-
project.org/.

Rainio,J.,and J. Niemeld. 2003. “Ground Beetles (Coleoptera: Carabidae)
as Bioindicators.” Biodiversity and Conservation 12: 487-506.

Ranc, N, L. Santini, C. Rondinini, et al. 2017. “Performance Tradeoffs
in Target-Group Bias Correction for Species Distribution Models.”
Ecography 40, no. 9: 1076-1087.

Raven, P. H., and D. L. Wagner. 2021. “Agricultural Intensification
and Climate Change Are Rapidly Decreasing Insect Biodiversity.”
Proceedings of the National Academy of Sciences 118, no. 2: €2002548117.

Salcido, D. M., M. L. Forister, H. Garcia Lopez, and L. A. Dyer. 2020.
“Loss of Dominant Caterpillar Genera in a Protected Tropical Forest.”
Scientific Reports 10, no. 1: 422.

Samways, M. J., P. S. Barton, K. Birkhofer, et al. 2020. “Solutions for
Humanity on How to Conserve Insects.” Biological Conservation 242:
108427.

Saska, P., D. Makowski, D. A. Bohan, and W. van Der Werf. 2021. “The
Effects of Trapping Effort and Sources of Variability on the Estimation of
Activity-Density and Diversity of Carabids in Annual Field Crops by Pitfall
Trapping; A Meta-Analysis.” Entomologia Generalis 41, no. 6: 553-566.

Schmidt, J., J. Trautner, and G. Miiller-Motzfeld. 2016. “Rote Liste und
Gesamtartenliste der Laufkéfer (Coleoptera: Carabidae) Deutschlands.”
In: Gruttke, H., Balzer, S., Binot-Hafke, M., Haupt, H., Hofbauer, N.,
Ludwig, G., Matzke-Hajek, G. & Ries, M. (Red.): Rote Liste gefdhrde-
ter Tiere, Pflanzen und Pilze Deutschlands, Band 4: Wirbellose Tiere
(Teil 2). Miinster (Landwirtschaftsverlag). Naturschutz und Biologische
Vielfalt 70, no. 4: 139-204.

Sharp, A. C., M. J. Boyle, T. C. Bonebrake, et al. 2025. “Stronger El Nifios
Reduce Tropical Forest Arthropod Diversity and Function.” Nature 645:
946-951. https://doi.org/10.1038/s41586-025-09351-x.

Skarbek, C. J., A. Kobel-Lamparski, and C. F. Dormann. 2021. “Trends
in Monthly Abundance and Species Richness of Carabids Over 33 Years
at the Kaiserstuhl, Southwest Germany.” Basic and Applied Ecology 50:
107-118.

Staab, M., M. M. Gossner, N. K. Simons, et al. 2023. “Insect Decline
in Forests Depends on Species' Traits and May Be Mitigated by
Management.” Communications Biology 6, no. 1: 338.

Stork, N. E. 2018. “How Many Species of Insects and Other Terrestrial
Arthropods Are There on Earth?” Annual Review of Entomology 63:
31-45.

Turin, H., and P. J. Den Boer. 1988. “Changes in the Distribution of
Carabid Beetles in The Netherlands Since 1880. II. Isolation of Habitats
and Long-Term Time Trends in the Occurence of Carabid Species With
Different Powers of Dispersal (Coleoptera, Carabidae).” Biological
Conservation 44, no. 3: 179-200.

Turin, H., D. J. Kotze, S. Miiller-Kroehling, P. Saska, J. Spence, and T.
Heijerman. 2022. Trend Analysis in Ecology and Conservation of the

10 of 11

Diversity and Distributions, 2025

35UBD17 SUOWILIOD SISO 3|l jdde auy) Aq peusenob ale sapie VO ‘85N JO Sa|NI o ARIq1T 8Ul|UO A1 UO (SUONPUOD-PUR-SULLBY WD A 1M Afe.q)1|Bul|UO//SaNY) SUORIPUOD Pue swie 1 ay) 89S *[5202/TT/20] Uo Ariqiauliuo AB)im ‘ABojopAH % ABoj0o3 104 8.11UsD YN AQ ZTTOL IPP/TTTT'OT/I0P/W0D A3 1M ARIq joulUO//ScNY WOy papeojumod ‘TT ‘SZ0Z ‘2vovz.yT


https://www.iucnredlist.org
https://doi.org/10.1111/conl.13038
https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.1038/s41586-025-09351-x

Dutch Ground Beetle Fauna: Lessons From 66 Years of Pitfall Trapping,
327-346. BRILL.

VanKlink, R., D. E. Bowler, K. B. Gongalsky, M. Shen, S. R. Swengel, and
J. M. Chase. 2024. “Disproportionate Declines of Formerly Abundant
Species Underlie Insect Loss.” Nature 628, no. 8007: 359-364.

Van Strien, A. J., C. A. van Swaay, W. T. Strien-van Liempt, M. J.
Poot, and M. F. WallisDeVries. 2019. “Over a Century of Data Reveal
More Than 80% Decline in Butterflies in The Netherlands.” Biological
Conservation 234:116-122.

Wagner, D. L. 2020. “Insect Declines in the Anthropocene.” Annual
Review of Entomology 65: 457-480.

Wagner, D. L., E. M. Grames, M. L. Forister, M. R. Berenbaum, and
D. Stopak. 2021. “Insect Decline in the Anthropocene: Death by a
Thousand Cuts.” Proceedings of the National Academy of Sciences of the
United States of America 118, no. 2: €2023989118.

Weiss, F., H. von Wehrden, and A. Linde. 2024. “Long-Term Drought
Triggers Severe Declines in Carabid Beetles in a Temperate Forest.”
Ecography 2024, no. 4: e07020.

Wilson, E. O. 1987. “The Little Things That Run the World (The
Importance and Conservation of Invertebrates).” Conservation Biology
1: 344-346.

WWEF. 2022. Living Planet Report 2022 - Building a Nature-Positive
Society. Almond, R.E.A., Grooten, M., Juffe Bignoli, D., Petersen, T.
(Eds.). WWF.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Data S1: ddi70112-sup-0001-DataS1.
xlsx. Data S2: ddi70112-sup-0002-DataS2.csv. Figure S1: The as-
sociation between trends with all data and the trends from the sensi-
tivity analysis. The trends from sensitivity analysis were obtained by
(I) changing maximum survey from 10 to 15, (II) changing minimum
survey from two to five, and (III) removing two data-dense states
(Mecklenburg-Vorpommern and Saxony) from the cleaned dataset.
Figure S2: The timing of the survey over time. Table S1: Species wise
number of occurrence records.
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