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Abstract

Background

In response to the ongoing biodiversity crisis amongst arthropods, it is essential to
implement efficient conservation strategies to safeguard both species diversity and the
vital ecosystem services they provide. Developing such strategies requires reliable
predictive models that can identify the species that are the most vulnerable to current and
future threats, including those posed by climate and land-use change. Species life
histories are central to these models, as they influence both population dynamics and
spread rates.
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New information

To support this effort, we compiled a dataset with key traits for arthropods based on
several literature sources and expert knowledge. The dataset contains data on body size,
life history, thermal niche and ecology for 4874 northwestern European species across
10 different orders. By gathering these essential trait data, we aim to create a robust
foundation for predicting species vulnerability and anticipating shifts in arthropod
communities in response to global change.
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Introduction

Arthropods are an exceptionally species-rich taxon that provide essential ecosystem
services, such as pollination or nutrient cycling (Yang and Gratton 2014, Stork 2018,
Cardoso et al. 2024). Despite their critical importance, arthropods remain noticeably
understudied in conservation research compared to vertebrates (Clark and May 2002,
Cardoso et al. 2011, Di Marco et al. 2017). This oversight is particularly concerning as
these vital organisms are currently under threat from a widespread crisis referred to as “a
death by a thousand cuts” (Wagner et al. 2021). The problem stems from a combination of
global threats, including climate extremes, pollution, eutrophication, invasive species and
urbanisation, which have collectively led to significant declines in both the abundance
and species richness of arthropods (Wagner 2020, Harvey et al. 2023). The situation is
expected to worsen with impending global change, putting arthropods at even greater
risk (Hallmann etal. 2017, Seibold et al. 2019, Soroye et al. 2020).

A key strategy to increase arthropod community resilience against global change
involves maintaining biotic complexity (Samways et al. 2020). This can be achieved
locally by conserving both at-risk habitats and microhabitat heterogeneity (Toonen et al.
2022). On a regional scale, it requires restoring habitat quality and connectivity, enabling
species with restricted environmental tolerances to track their optimal niches under
global change (Travis et al. 2013). However, predicting which species will be most
vulnerable and where conservation measures should be prioritised remains challenging.
Existing predictive models are mostly based on correlative species distribution
projections, but neglect biological mechanisms, such as demography, dispersal and
interactions between species. Including these mechanisms is crucial for producing
accurate forecasts, as merely extrapolating correlations between species’ range and
climate is insufficient (Urban et al. 2016).

Implementing these biological mechanisms in predictive models requires detailed
information on species’ demographic and ecological traits (Urban et al. 2016, Chichorro
et al. 2019, Chichorro et al. 2022, Comte et al. 2024). Compiling such trait data for
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arthropods is challenging for two main reasons: many arthropod groups are less studied
compared to vertebrates (Leather 2013) or plants (Kleyer et al. 2008) and their high
species richness, small sizes and hidden life-styles make it difficult to quantify key traits.
Furthermore, available trait data are mostly scattered across literature, with non-
standardised measurements that hinder cross-taxon comparisons (Moretti et al. 2017).

To address this gap, we aimed to compile relevant trait data needed for predictive
demographic models of arthropod diversity under global change pressures. We
synthesised data on life history traits, such as fecundity, dispersal ability and
development time, from various literature sources and expert judgement. Additionally, we
included information on readily available ecological traits like habitat, feeding guild and
thermal niche. With the exception of genetic adaption, our goal is to provide data on all
necessary ecological components to construct reliable predictive models for forecasting
the impact of global change on arthropod species (Urban et al. 2016).

General description

Purpose: This dataset (Logghe et al. 2024b) summarises life history and ecological traits
for 4874 European arthropod species, aiming to construct a comprehensive dataset that
could be incorporated in predictive models. The selection of traits was guided by four of
the six mechanisms identified by Urban et al. (2016) that determine biological responses
to climate change: dispersal, demography, species interactions and physiological
processes. We are convinced that most of these mechanisms can also be integrated into
models assessing the effects of other threats, such as land-use change. The first
mechanism is dispersal, defined as the movement of a species from its place of birth to
their location of reproduction (Clobert et al. 2009). The dispersal ability of a species is
crucial for its ability to track suitable niches in new environments, making it a key
component of this dataset (Travis et al. 2013). A second important mechanism is
demography, determining population growth rates (Bommarco 2001, Altermatt 2010). It is
here represented by the following life history traits: fecundity, development time, voltinism
and lifespan. Overwintering stage was also included due to its strong connection with
climate change-induced phenological shifts, which can significantly alter population
dynamics (Marshall et al. 2020). A third mechanism is species interactions,
acknowledging that species do not exist in isolation. Although it was not feasible to
include direct measures of competition (e.g. functional responses) in this dataset, we did
incorporate feeding guild and trophic range, which can be relevant in the context of
global change (Burghardt and Tallamy 2013, Mitchell and Litt 2016). The fourth type of
mechanisms is physiological processes, which are crucial to understand population
change under climate change. To address this, we included realised thermal niches to
indicate a species’ vulnerability to shifts in temperature regimes. Additionally, diurnality
was included, as it may influence species’ responses to climate change (Levy et al.
2019). The final two mechanisms identified by Urban et al. (2016) — environment and
evolution — were not included in this dataset due to practical constraints. Environmental
factors are largely species-independent and should be sourced from other datasets.
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Nevertheless, we included habitat information, as it is essential for assessing the
responses of specific communities. The evolution mechanism, which involves genetic
variation, was omitted due to the lack of available data for most arthropod species. In
addition to traits related to these six mechanisms, we included data on body size,
overwintering stage and diurnality. Body size is often considered a “master trait” because
it correlates with many other traits related to several of the key mechanisms (Woodward
et al. 2005, White et al. 2007). Body size can determine maximal population densities
(Currie 1993, White et al. 2007), movement capacities (Hillaert et al. 2018, Logghe et al.
2024a), fecundity (Berger et al. 2008) and thermal limits (Klockmann et al. 2017). The
inclusion of body size in our data consequently allows it to be used as a correlated trait
and proxy for potential missing data on specific mechanisms. With this selection of traits,
we aim to facilitate the implementation of biological mechanisms in predictive models
focused on arthropods, thereby enhancing our ability to forecast the impact of global
change on these animals.

Sampling methods

Sampling description: Initially, we conducted an extensive search for literature sources
that describe life history and/or ecological traits of arthropods. Our goal was to include as
many arthropod orders as possible. However, we soon realised that to obtain sufficient
data per taxon, we needed to focus on 10 specific orders (see Taxonomic coverage). The
data were compiled in separate Excel sheets for each order. Each source was recorded
on a separate line in the dataset, regardless of whether the species had already been
included. This approach allowed us to consider multiple sources when estimating trait
values for different species. Later, this information was merged into a single dataset (see
below). We consulted 83 different literature sources (Suppl. material 1), including
scientific papers, books and websites (Fig. 1). Initially, the search for data was focused on
existing datasets or books with extensive descriptions of specific groups, aiming to find
sources with the most comprehensive information. Subsequently, we targeted specific
papers on individual species or small groups to fill gaps in the dataset.

In the next step, several authors contributed personal data, measurements and expert
judgements on specific arthropod groups to address noticeable gaps in the dataset.
These data points were added as separate rows to the raw datasets, with the contributing
author's name cited as the source. One of the most significant contributions from these
experts was the estimation of dispersal ability, defined as a species’ potential to move
from its birthplace to new areas. This estimation was invaluable, as dispersal data are
often difficult to obtain from literature or simply unmeasured.

Additionally, we estimated the realised thermal niche for each species in the datasets.
This was accomplished by overlaying species distribution data derived from GBIF
(GBIF.org 2024) with WorldClim climate data (Fick and Hijmans 2017) in QGIS (QGIS
Development Team 2023). First, an R script was developed to automate the retrieval and
processing of species occurrence from GBIF. The script utilises the “rgbif’ package
(Chamberlain et al. 2024) to interface directly with the GBIF API, allowing for large-scale
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download of biodiversity data for multiple species. Specifically, the script matches a list of
species names to their corresponding “speciesKey” in the GBIF taxonomic backbone.
Once matched, the script initiates a data download using the “occ_download” function,
filtering the data to include only records with geographic coordinates and excluding
records with geospatial issues, null observations, preserved specimens and fossils. After
submitting the download request, GBIF provides a unique download key, which is used
by the script to retrieve the dataset once it is available using the “occ_download_get’
function. The data are imported into an R dataframe, where potential issues with name
matching or data availability can be checked. The script then creates individual CSV files
for each species, containing species names and geographic coordinates. For the next
step, a Python (Van Rossum and Drake Jr 1995) script was developed to run in QGIS.
After loading a raster with annual mean temperatures (BIO1) derived from WorldClim, the
script processes each CSV file to derive distribution data. The script creates a buffer
around each species observation point (0.2 degrees) to expand it to a small area,
ensuring that temperature data is averaged over a meaningful geographic range rather
than at a single point. The zonal statistics tool is then used to calculate temperature
statistics (minimum, maximum and mean) within each buffer area by extracting raster
values (annual mean temperature) that overlap with the buffers. The resulting data are
stored in a CSV file containing the three temperature measures, with one row per
assessed species. Finally, temperature range was calculated by subtracting the minimum
temperature from the maximum.
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Overview of the proportional contribution of various data sources to each order. Absolute
species counts are depicted by the white numbers within the graph. Total number of species
per order are below order names between brackets.
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In the final step, we aimed to create a centralised dataset that consolidated all species
traits into a single, averaged value per trait for each species. This involved merging the
raw datasets with the data on temperature niches and then summarising each trait per
species using R. For continuous traits, such as body size, we averaged all available
values from different sources into a single value per species. When sources provided
separate values for males and females, we first averaged sex-specific values and then
combined them with values from other sources to derive the final species value. For
categorical variables, we adopted the value representing the most inclusive or highest
category. For example, if a species was described as both omnivorous and carnivorous
by different sources, we classified it as omnivorous in the final dataset. Similarly, if one
source indicated that a species overwinters as larva and another source did not, we
classified the species as overwintering in the larval stage in the final dataset. Averaging
dispersal ability was particularly challenging due to the significant variation in dispersal
modes and studied proxies (from morphology to behaviour). For example, dispersal
ability in spiders is often experimentally assessed by ballooning propensity, whereas in
beetles, wing load is the most prevalent measure. Different proxies of dispersal and
metrics of dispersal ability make it further impossible to directly average these values
across and within taxa. For example, one source might use a scale of 1-9 for estimating
the dispersal ability of a butterfly, while another might use a scale of 1-10. To address
this, we rescaled the dispersal ability values to a relative scale between 0.1 and 1 within
each order. For example, if a butterfly received the highest dispersal score from a
particular source (e.g. 9 on a 1-9 scale), it was assigned a value of 1. Conversely, the
species with the lowest dispersal score (e.g. 1 on a 1-9 scale) would receive a value of
0.1. This process was applied separately to each order, ensuring that every group
included species with dispersal values ranging from 0.1 to 1. By rescaling and averaging
dispersal ability within each order, we aimed to create relative dispersal values that could
be meaningfully compared across different arthropod orders.

Geographic coverage

Description: Currently, the dataset is restricted to species that are native to northwest
Europe, which includes Belgium, Luxembourg, the Netherlands, northern France, United
Kingdom and western Germany. Introduced species were mostly avoided, but there are
some records of southern European species that have been established for a long time
(e.g. Pholcus phalangioides, Porcellionides pruinosus).

Taxonomic coverage

Description: The dataset currently covers 4874 arthropod species from 10 distinct orders
(Fig. 2). The dataset is restricted to species with a terrestrial adult stage, which means
that groups with aquatic larvae (such as Odonata) could still be incorporated into this
dataset. Both the orders and species included were selected, based on the availability of
relevant trait data. While we aimed to be as inclusive as possible, the representation of
orders and families within the dataset varies. Smaller orders like Isopoda (9 families),
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Odonata (9 families), Orthoptera (6 families) and Opiliones (5 families) are relatively well-
covered and nearly complete. In contrast, for larger orders such as Araneae (31 families),
Hemiptera (32 families) and Hymenoptera (29 families), the dataset includes about 50%
of the species. Coleoptera (75 families) and Diptera (6 families) are relatively less-well
represented due to a high number of species and very limited availability of trait data.
Within Diptera, most data are limited to the families Syrphidae and Dolichopodidae.
Lepidoptera (25 families) also appear rather incomplete when considering all species
within the sampled region. However, the dataset focuses on macrolepidoptera, which are
well-covered compared to the total number of species in that group.
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Overview of the arthropod orders that were included in the dataset. The white numbers
represent the total number of species included for each order. All arthropod icons originate
from Noun Project (CC BY-NC-ND 2.0). From left to right: Beetle by Rachel Siao, Moth by
parkjisun, Cicada by Alejandro Capellan, wasp by parkjisun, fly by Hermine Blanquart, Spider
by Matthew Davis, Dragonfly by Hermine Blanquart, Cricket by Ed Harrison, isopod by Pham
Thanh Léc and Spider by Miroslava.

Traits coverage

The dataset comprises 28 traits describing ecological and life history traits of the
assessed arthropod species (Table 1). These traits were selected, based on their
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significance in predictive modelling concerning the future effects of climate change on
arthropods (see above for more details).

Table 1.

Definition of the 28 ftraits included in the dataset, based on Moretti et al. (2017). In several
instances, these traits constitute subcategories of broader traits. In those cases, only the
subcategories have dedicated columns in the dataset

Trait category  Subcategory Definition and description of the trait

Body size Body length of the adult (in millimetres).

Fecundity Number of offspring produced by a single female.

Development Time between laying of the egg and eclosion of the adult (in days).

time

Lifespan Amount of time an adult individual lives, from emergence from last instar

until death (in days).
Voltinism Number of generations an organism completes in a single year.

Voltinism mean  Mean number of generations per year; calculated by averaging all possible
scenarios (e.g. a species that can have 1 or 2 generations per year would
show a value of 1.5).

Voltinism max Maximum number of generations per year;
partivoltine: new generation emerges every two years;
univoltine: a single generation per year;
bivoltine: two generations per year;
multivoltine: three or more generations per year.

Overwintering Life stage in which the species overwinters (categorical).
Overwintering 0: species never overwinters as egg;
egg 1: species overwinters as egg.
Overwintering 0: species never overwinters as larva;
larva 1: species overwinters as larva.
Overwintering 0: species never overwinters as pupa;
pupa 1: species overwinters as pupa.
Overwintering 0: species never overwinters as adult;
adult 1: species overwinters as adult.
Diurnality diurnal: species is primarily active by day;
cathemeral: species is active by both day and night;
nocturnal: species is primarily active by night.
Feeding guild Expresses the main diet of the species (categorical).
Feeding guild herbivore: larva feeds on plant material (leaves, stem, roots);
larva palynivore: larva feeds on pollen;

omnivore: larva feeds on both plants and animals;
fungivore: larva feeds on fungi;

carnivore: larva feeds on other animals;

detritivore: larva feeds on decaying organic material.
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Trait category

Trophic range

Habitat

Dispersal
ability

Thermal niche

Subcategory

Feeding guild
adult

Trophic range
larva

Trophic range
adult

Habitat urban

Habitat
agriculture

Habitat forest

Habitat
grassland

Habitat
heathland

Habitat dunes

Habitat fresh
marshes

Habitat salt
marshes

Thermal mean

Thermal
minimum

Thermal
maximum

Thermal range

Definition and description of the trait

non-eating: adult does not eat;

herbivore: adult feeds on plant material (leaves, stem, roots);
pollinator: adult feeds on pollen or nectar;

omnivore: adult feeds on both plants and animals;

fungivore: adult feeds on fungi;

carnivore: adult feeds on other animals;

detritivore: adult feeds on decaying organic material.

Expresses the dietary breadth of the species (categorical).

monophagous: larva feeds on a single (or a very few related) species;
oligophagous: larva feeds on multiple species within the same taxon;
polyphagous: larva feeds on species from multiple families or orders.

monophagous: adult feeds on a single (or a very few related) species;
oligophagous: adult feeds on multiple species within the same taxon;
polyphagous: adult feeds on species from multiple families or orders.

Expresses the main habitat types where the species feeds and reproduces
(categorical).

0: the species is not found in urbanised environments;
1: the species occurs in urbanised environments (including indoors, parks
and gardens).

0: the species does not occur in agricultural environments;
1: the species occurs in agricultural environments (including orchards and
vineyards).

0: the species does not occur in forests;
1: the species occurs in forests (including broad-leaved forest, mixed forest,
coniferous forest and forest edges).

0: the species does not occur in semi-natural to natural grasslands;
1: the species occurs in semi-natural to natural grasslands (ranging from
extensive meadows to sparsely vegetated chalk grasslands).

0: the species does not occur in heathlands;
1: the species occurs in heathlands (including moorlands and bogs).

: the species does not occur in coastal dunes;
: the species occurs in coastal dunes.

= O

: the species does not occur in freshwater marshes;
: the species occurs in freshwater marshes (including floodplains).

= O

: the species does not occur in salt water marshes;
: the species occurs in salt water marshes (including tidal flats).

= O

Expresses the potential of a species to disperse, to move a certain distance
from its place of birth (on a relative scale from 0.1 to 1).

Expresses the thermal niche of the species on a large spatial scale (in °C);
values indicate whether the species occurs in colder or warmer climates.

Mean average annual temperature within the species range.

Minimum average annual temperature within the species range.

Maximum average annual temperature within the species range.

Difference between Thermal minimum and Thermal maximum.
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Data coverage of traits

The amount of available data differs substantially between traits and arthropod orders
(Fig. 3). Data on body size, habitat and distribution (used for calculating thermal niche)
were readily available for a wide range of species. However, data on demographic traits
like development time, fecundity and lifespan were much more difficult to obtain. Most
sources assessing demographic traits tend to focus on a few closely-related species,
causing a noticeable lack of data availability. It must be noted that, even though it seems
that dispersal ability has a lot of entries in the dataset, these datapoints are mostly based
on proxies or expert judgement. Data on actual dispersal distances of arthropods are
extremely rare, mainly due to the inherent challenges that come with tracking these small
organisms (Batsleer et al. 2020).
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Figure 3. doi

Heat map showing data availability for each arthropod order and trait. Darker red cells indicate
higher data availability, while lighter yellow cells represent lower data availability. Data
availability is calculated as the percentage of non-missing values for each trait within each
order. The trait categories with subcategories (Habitat, Thermal niche, Overwintering stage
and Voltinism) have the same number of species for each subcategory for which trait data are
available.

Usage licence
Usage licence: Other

IP rights notes: This work is licensed under a Creative Commons Attribution (CC-BY-NC
4.0) License.


https://arpha.pensoft.net/zoomed_fig/12386195
https://arpha.pensoft.net/zoomed_fig/12386195
https://arpha.pensoft.net/zoomed_fig/12386195
https://doi.org/10.3897/BDJ.13.e146785.figure3
https://doi.org/10.3897/BDJ.13.e146785.figure3
https://doi.org/10.3897/BDJ.13.e146785.figure3

An in-depth dataset of northwestern European arthropod life histories and ... 11

Data resources

Data package title:

Northwestern European arthropod life histories and ecological traits

Resource link: https://doi.org/10.15468/759529

Alternative identifiers: htips://www.gbif.org/dataset/a684ca81-66f3-4d38-863e-463f79

220103

Number of data sets: 1

Data set name: Northwestern European arthropod life histories and ecological traits

Character set: UTF-8

Data format: Darwin Core

Column label
scientificName

taxonlD

taxonRank

kingdom

phylum

class

order

family
measurementValue
measurementUnit
measurementType
description
language

type

Column description
The full scientific name according to the GBIF Backbone taxonomy.

An identifier for the set of dcterms:Taxon information. It may be a global unique identifier or

an identifier specific to the dataset. According to the GBIF Backbone Taxonomy.

The taxonomic rank of the most specific name in the dwc:scientificName. According to the

GBIF Backbone Taxonomy.

The full scientific name of the kingdom in which the dwc:Taxon is classified.
The full scientific name of the phylum in which the dwc:Taxon is classified.
The full scientific name of the class in which the dwc:Taxon is classified.
The full scientific name of the order in which the dwc:Taxon is classified.
The full scientific name of the family in which the dwc:Taxon is classified.
The value of the measurement, fact, characteristic or assertion.

The units associated with the dwc:measurementValue.

The nature of the measurement, fact, characteristic or assertion.

Any descriptive free text matching the category given as dc:type.

1SO 639-1 language code used for the description.

The kind of description given.

Additional information

The raw datasets as well as the code for calculating thermal niches and merging the raw
data into a single dataset are available from Zenodo: 10.5281/zenodo.13379714.
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Potential applications

The primary goal of this dataset is to provide the necessary parameters for models
investigating the future impact of global change on arthropods. These models may
include broad predictions across larger taxa or focused simulations on target species for
conservation efforts. In addition to modelling, these data can be used directly to help
prioritise species in need of conservation actions. Factors such as fecundity,
development, dispersal, trophic range and thermal niche can serve as important
indicators for assessing a species’ vulnerability to environmental changes. For example,
species with slow development are generally more at risk from environmental changes,
as they tend to be adapted to stable environments. Similarly, species with limited
dispersal abilites can be prioritised for conservation measures like enhancing
connectivity or assisted dispersal through translocations.

Limitations

While we aimed to be as complete as possible, this dataset has some important
limitations. First, we did not account for intraspecific variation in traits, opting instead to
use averaged values for each trait. Similarly, we did not consider potential variation in
average trait values across a species’ range. This decision was made because many
sources report only average values, making data on trait variation difficult to obtain.
Furthermore, we acknowledge there are significant limitations to our calculation of
thermal niche. These data should not be used as precise thermal limits, but rather as an
indication whether the species is more adapted to warmer or cooler climates. While data
on microclimates or physiological thermal limits would offer a more accurate estimate of
thermal tolerance, they are much harder to obtain and less relevant for analysing patterns
at large spatial scales and across many taxa. It is also important to note that this method
calculates realised thermal niche, meaning that species might have broader thermal
niches than observed, but can be constricted in their distribution range by, for instance,
species interactions or fragmentation (Sax et al. 2013). The accuracy of these
calculations can be somewhat compromised for species with few records in GBIF.
Nevertheless, we found that the values generally align well for at least Lepidoptera (corr
=0.77), Carabidae (corr = 0.84) and Araneae (corr = 0.68) with climate niches reported in
previous studies by Schweiger et al. (2014) and Bowler et al. (2017) (Osajie 2021, Suppl.
material 2). Finally, while we present an extensive dataset covering more than 4000
species, we acknowledge that this represents only a small fraction of the total arthropod
diversity in northwestern Europe. This limitation is largely due to the lack of available data
for many arthropod groups, as research tends to be biased towards large and more
charismatic species (Cardoso 2012). In addition to arthropod groups, we also
acknowledge the importance of obtaining more comprehensive data on other ftraits.
Information regarding physiological thresholds for temperature, desiccation and other
abiotic factors, as well as more detailed demographic data, such as offspring size,
survival rates and reproductive timing, would be invaluable for accurately predicting
responses to global change. Moreover, data on the adaptative potential of species and
more in-depth interaction information would also be useful (Urban et al. 2016). However,
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these traits are currently difficult to quantify and/or obtain for a large number of arthropod
species.

Acknowledgements
Garben Logghe was funded by an FWO-INBO doctoral fellowship (grantnr: 1130223N).

The authors would like to thank the following people for providing and/or recommending
literature: Diana Bowler, Wouter Dekoninck, Frederik Hendrickx, Thomas Merckx,
Thomas Parmentier, Arno Thomaes, Elias Van Den Broeck, Luc Vanhercke and Pieter
Vantieghem. Special thanks to Uche Osajie, who tried out the method for calculating
thermal niches in QGIS and contrasted the results with available literature data.

Author contributions

Garben Logghe, Femke Batsleer, Dirk Maes and Dries Bonte devised the content and
structure of the dataset. Garben Logghe collected and synthesised the data. Tristan
Permentier and Garben Logghe developed the method for calculating thermal niches.
Dimitri Brosens and Stijn Cooleman coordinated the data publishing process. The
following authors provided personal data and/or expert judgement for specific taxa: Matty
Berg (Isopoda), Pallieter De Smedt (Isopoda), Dirk Maes (Lepidoptera), Jonas Hagge
(xylophagous Coleoptera), Jorg Lambrechts (Orthoptera), Marc Pollet (Diptera,
Dolichopodidae) and Fons Verheyde (Hymenoptera). Garben Logghe wrote the first draft
of the manuscript. All authors contributed to a first revision of the manuscript.

References

. Altermatt F (2010) Climatic warming increases voltinism in European butterflies and
moths. Proceedings of the Royal Society B: Biological Sciences 277 (1685): 1281-1287.
https://doi.org/10.1098/rspb.2009.1910

. Batsleer F, Bonte D, Dekeukeleire D, Goossens S, Poelmans W, Van der Cruyssen E,
Maes D, Vandegehuchte M (2020) The neglected impact of tracking devices on terrestrial
arthropods. Methods in Ecology and Evolution 11 (3): 350-361. https://doi.org/
10.1111/2041-210X.13356

. Berger D, Walters R, Gotthard K (2008) What limits insect fecundity? Body size- and
temperature-dependent egg maturation and oviposition in a butterfly. Functional Ecology
22 (3): 523-529. https://doi.org/10.1111/j.1365-2435.2008.01392.x

. Bommarco R (2001) Using matrix models to explore the influence of temperature on
population growth of arthropod pests. Agricultural and Forest Entomology 3 (4): 275-283.
https://doi.org/10.1046/j.1461-9555.2001.00114.x

. Bowler D, Hof C, Haase P, Kroncke |, Schweiger O, Adrian R, Baert L, Bauer H, Blick T,
Brooker R, Dekoninck W, Domisch S, Eckmann R, Hendrickx F, Hickler T, Klotz S,
Kraberg A, Kiihn |, Matesanz S, Meschede A, Neumann H, O’Hara R, Russell D, Sell A,
Sonnewald M, Stoll S, Sundermann A, Tackenberg O, Turkay M, Valladares F, van Herk



https://doi.org/10.1098/rspb.2009.1910
https://doi.org/10.1111/2041-210X.13356
https://doi.org/10.1111/2041-210X.13356
https://doi.org/10.1111/j.1365-2435.2008.01392.x
https://doi.org/10.1046/j.1461-9555.2001.00114.x

Logghe G et al

K, van Klink R, Vermeulen R, Voigtlander K, Wagner R, Welk E, Wiemers M, Wiltshire K,
Bohning-Gaese K (2017) Cross-realm assessment of climate change impacts on
species’ abundance trends. Nature Ecology & Evolution 1 (3). https://doi.org/10.1038/
s41559-016-0067

Burghardt K, Tallamy D (2013) Plant origin asymmetrically impacts feeding guilds and life
stages driving community structure of herbivorous arthropods. Diversity and Distributions
19 (12): 1553-1565. https://doi.org/10.1111/ddi. 12122

Cardoso P, Erwin T, Borges PV, New T (2011) The seven impediments in invertebrate
conservation and how to overcome them. Biological Conservation 144 (11): 2647-2655.
https://doi.org/10.1016/j.biocon.2011.07.024

Cardoso P (2012) Habitats Directive species lists: urgent need of revision. Insect
Conservation and Diversity 5 (2): 169-174. https://doi.org/10.1111/].
1752-4598.2011.00140.x

Cardoso P, Pekar S, Birkhofer K, et al. (2024) Ecosystem services provided by spiders.
Authorea. https://doi.org/10.22541/au.172538631.11011603/v 1

Chamberlain S, Barve V, McGlinn D, Oldoni D, Desmet P, Geffert L, Ram K (2024) rgbif:
Interface to the Global Biodiversity Information Facility API. URL: https://CRAN.R-
project.org/package=rgbif

Chichorro F, Juslén A, Cardoso P (2019) A review of the relation between species traits
and extinction risk. Biological Conservation 237: 220-229. https://doi.org/10.1016/j.biocon.
2019.07.001

Chichorro F, Urbano F, Teixeira D, Vare H, Pinto T, Brummitt N, He X, Hochkirch A,
Hyvonen J, Kaila L, Juslén A, Cardoso P (2022) Trait-based prediction of extinction risk
across terrestrial taxa. Biological Conservation 274 https://doi.org/10.1016/j.biocon.
2022.109738

Clark JA, May R (2002) Taxonomic bias in conservation research. Science 297 (5579):
191-192. https://doi.org/10.1126/science.297.5579.191b

Clobert J, Le Galliard J, Cote J, Meylan S, Massot M (2009) Informed dispersal,
heterogeneity in animal dispersal syndromes and the dynamics of spatially structured
populations. Ecology Letters 12 (3): 197-209. https://doi.org/10.1111/}.
1461-0248.2008.01267.x

Comte L, Bertrand R, Diamond S, Lancaster LT, Pinsky ML, Scheffers BR, Baecher JA,
Chen C, Lawlor JA, Moore NA, Oliveira BF, Murienne J, Rolland J, Rubenstein MA,
Sunday J, Thompson LM, Villalobos F, Weiskopf SR, Lenoir J (2024) Bringing traits back
into the equation: A roadmap to understand species redistribution. Global Change Biology
30 https://doi.org/10.1111/gcb.17271

Currie D (1993) What shape is the relationship between body size and population
density? Oikos 66 (2). https://doi.org/10.2307/3544825

Di Marco M, Chapman S, Althor G, Kearney S, Besancon C, Butt N, Maina J,
Possingham H, Rogalla von Bieberstein K, Venter O, Watson JM (2017) Changing trends
and persisting biases in three decades of conservation science. Global Ecology and
Conservation 10: 32-42. https://doi.org/10.1016/j.gecco.2017.01.008

Fick S, Hijmans R (2017) WorldClim 2: new 1-km spatial resolution climate surfaces for
global land areas. International Journal of Climatology 37 (12): 4302-4315. https://doi.org/

10.1002/joc.5086
GBIF.org (2024) GBIF Occurence Download. https://doi.org/10.15468/dl.e7kudt



https://doi.org/10.1038/s41559-016-0067
https://doi.org/10.1038/s41559-016-0067
https://doi.org/10.1111/ddi.12122
https://doi.org/10.1016/j.biocon.2011.07.024
https://doi.org/10.1111/j.1752-4598.2011.00140.x
https://doi.org/10.1111/j.1752-4598.2011.00140.x
https://doi.org/10.22541/au.172538631.11011603/v1
https://CRAN.R-project.org/package=rgbif
https://CRAN.R-project.org/package=rgbif
https://doi.org/10.1016/j.biocon.2019.07.001
https://doi.org/10.1016/j.biocon.2019.07.001
https://doi.org/10.1016/j.biocon.2022.109738
https://doi.org/10.1016/j.biocon.2022.109738
https://doi.org/10.1126/science.297.5579.191b
https://doi.org/10.1111/j.1461-0248.2008.01267.x
https://doi.org/10.1111/j.1461-0248.2008.01267.x
https://doi.org/10.1111/gcb.17271
https://doi.org/10.2307/3544825
https://doi.org/10.1016/j.gecco.2017.01.008
https://doi.org/10.1002/joc.5086
https://doi.org/10.1002/joc.5086
https://doi.org/10.15468/dl.e7kudt

An in-depth dataset of northwestern European arthropod life histories and ... 15

Hallmann C, Sorg M, Jongejans E, Siepel H, Hofland N, Schwan H, Stenmans W, Muller
A, Sumser H, Horren T, Goulson D, de Kroon H (2017) More than 75 percent decline over
27 years in total flying insect biomass in protected areas. PLOS ONE 12 (10). https:/
doi.org/10.1371/journal.pone.0185809

Harvey J, Tougeron K, Gols R, Heinen R, Abarca M, Abram P, Basset Y, Berg M, Boggs
C, Brodeur J, Cardoso P, de Boer J, De Snoo G, Deacon C, Dell J, Desneux N, Dillon M,
Duffy G, Dyer L, Ellers J, Espindola A, Fordyce J, Forister M, Fukushima C, Gage MG,
Garcia-Robledo C, Gely C, Gobbi M, Hallmann C, Hance T, Harte J, Hochkirch A, Hof C,
Hoffmann A, Kingsolver J, Lamarre GA, Laurance W, Lavandero B, Leather S, Lehmann
P, Le Lann C, Lépez-Uribe M, Ma C, Ma G, Moiroux J, Monticelli L, Nice C, Ode P,
Pincebourde S, Ripple W, Rowe M, Samways M, Sentis A, Shah A, Stork N, Terblanche
J, Thakur M, Thomas M, Tylianakis J, Van Baaren J, Van de Pol M, Van der Putten W,
Van Dyck H, Verberk WEP, Wagner D, Weisser W, Wetzel W, Woods HA, Wyckhuys
KG, Chown S (2023) Scientists' warning on climate change and insects. Ecological
Monographs 93 (1). https://doi.org/10.1002/ecm.1553

Hillaert J, Hovestadt T, Vandegehuchte M, Bonte D (2018) Size-dependent movement
explains why bigger is better in fragmented landscapes. Ecology and Evolution 8 (22):
10754-10767. https://doi.org/10.1002/ece3.4524

Kleyer M, Bekker RM, Knevel IC, Bakker JP, Thompson K, Sonnenschein M, Poschlod P,
van Groenendael JM, Klimes L, Klimesova J, Klotz S, Rusch GM, Hermy M, Adriaens D,
Boedeltje G, Bossuyt B, Dannemann A, Endels P, Gétzenberger L, Hodgson JG, Jackel
A, Kiihn 1, Kunzmann D, Ozinga WA, Romermann C, Stadler M, Peco B (2008) The LEDA
Traitbase: a database of life-history traits of the Northwest European flora. Journal of
Ecology 96: 1266-1274. https://doi.org/10.1111/].1365-2745.2008.01430.x

Klockmann M, Gunter F, Fischer K (2017) Heat resistance throughout ontogeny: body
size constrains thermal tolerance. Global Change Biology 23 (2): 686-696. https://doi.org/
10.1111/gcb.13407

Leather SR (2013) Institutional vertebratism hampers insect conservation generally; not
just saproxylic beetle conservation. Animal Conservation 16 (4): 379-380. https://doi.org/
10.1111/acv.12068

Levy O, Dayan T, Porter W, Kronfeld-Schor N (2019) Time and ecological resilience: can
diurnal animals compensate for climate change by shifting to nocturnal activity?
Ecological Monographs 89 (1). https://doi.org/10.1002/ecm.1334

Logghe G, Taelman C, Van Hecke F, Batsleer F, Maes D, Bonte D (2024a) Unravelling
arthropod movement in natural landscapes: Small-scale effects of body size and weather
conditions. Journal of Animal Ecology 23 (9): 1365-1379. https://doi.org/
10.1111/1365-2656.14161

Logghe G, Batsleer F, Maes D, Permentier T, Berg M, Brosens D, Cooleman S, De Smedt
P, Hagge J, Lambrechts J, Pollet M, Verheyde F, Bonte D (2024b) Northwestern European
arthropod life histories and ecological traits. GBIF. Release date: 2024-12-18. URL:
https://www.gbif.org/dataset/a684ca81-66f3-4d38-863e-463f79220f03

Marshall KE, Gotthard K, Williams CM (2020) Evolutionary impacts of winter climate
change on insects. Current Opinion in Insect Science 41: 54-62. https://doi.org/10.1016/
j.c0is.2020.06.003

Mitchell A, Litt A (2016) Nonnative plant shifts functional groups of arthropods following
drought. Biological Invasions 18 (5): 1351-1361. https://doi.org/10.1007/s10530-016-1072-

y



https://doi.org/10.1371/journal.pone.0185809
https://doi.org/10.1371/journal.pone.0185809
https://doi.org/10.1002/ecm.1553
https://doi.org/10.1002/ece3.4524
https://doi.org/10.1111/j.1365-2745.2008.01430.x
https://doi.org/10.1111/gcb.13407
https://doi.org/10.1111/gcb.13407
https://doi.org/10.1111/acv.12068
https://doi.org/10.1111/acv.12068
https://doi.org/10.1002/ecm.1334
https://doi.org/10.1111/1365-2656.14161
https://doi.org/10.1111/1365-2656.14161
https://www.gbif.org/dataset/a684ca81-66f3-4d38-863e-463f79220f03
https://doi.org/10.1016/j.cois.2020.06.003
https://doi.org/10.1016/j.cois.2020.06.003
https://doi.org/10.1007/s10530-016-1072-y
https://doi.org/10.1007/s10530-016-1072-y

Logghe G et al

Moretti M, Dias AC, Bello F, Altermatt F, Chown S, Azcarate F, Bell J, Fournier B, Hedde
M, Hortal J, Ibanez S, Ockinger E, Sousa JP, Ellers J, Berg M (2017) Handbook of
protocols for standardized measurement of terrestrial invertebrate functional traits.
Functional Ecology 31 (3): 558-567. https://doi.org/10.1111/1365-2435.12776

Osajie U (2021) Integratie van de temperatuurniche in de levensgeschiedenis van enkele
Arthropoda en de Global Biodiversity Information Facility (GBIF) als bron voor
temperatuurdata. Ghent University

QGIS Development Team (2023) QGIS Geographic Information System. Open Source
Geospatial Foundation Project. URL: http://qgis.osgeo.org

Samways M, Barton P, Birkhofer K, Chichorro F, Deacon C, Fartmann T, Fukushima C,
Gaigher R, Habel J, Hallmann C, Hill M, Hochkirch A, Kaila L, Kwak M, Maes D,
Mammola S, Noriega J, Orfinger A, Pedraza F, Pryke J, Roque F, Settele J, Simaika J,
Stork N, Suhling F, Vorster C, Cardoso P (2020) Solutions for humanity on how to
conserve insects. Biological Conservation 242 https://doi.org/10.1016/j.biocon.
2020.108427

Sax D, Early R, Bellemare J (2013) Niche syndromes, species extinction risks, and
management under climate change. Trends in Ecology & Evolution 28 (9): 517-523.
https://doi.org/10.1016/j.tree.2013.05.010

Schweiger O, Harpke A, Wiemers M, Settele J (2014) CLIMBER: Climatic niche
characteristics of the butterflies in Europe. ZooKeys 367: 65-84. https://doi.org/10.3897/
zookeys.367.6185

Seibold S, Gossner M, Simons N, Blithgen N, Muller J, Ambarli D, Ammer C, Bauhus J,
Fischer M, Habel J, Linsenmair KE, Nauss T, Penone C, Prati D, Schall P, Schulze E,
Vogt J, Wollauer S, Weisser W (2019) Arthropod decline in grasslands and forests is
associated with landscape-level drivers. Nature 574 (7780): 671-674. https://doi.org/
10.1038/s41586-019-1684-3

Soroye P, Newbold T, Kerr J (2020) Climate change contributes to widespread declines
among bumble bees across continents. Science 367 (6478): 685-688. https://doi.org/
10.1126/science.aax8591

Stork N (2018) How many species of insects and other terrestrial arthropods are there on
earth? Annual Review of Entomology 63 (1): 31-45. https://doi.org/10.1146/annurev-
ento-020117-043348

Toonen M, Van Den Berge S, De Frenne P, Vandekerkhove K (2022) Klimaatadaptie en
natuurbeheer. In: Van Uytvanck J, et al. (Ed.) Natuurbeheer: Praktijk en wetenschap hand
in hand. [ISBN 978 90 5615 970 2].

Travis JJ, Delgado M, Bocedi G, Baguette M, Barton K, Bonte D, Boulangeat |, Hodgson
J, Kubisch A, Penteriani V, Saastamoinen M, Stevens V, Bullock J (2013) Dispersal and
species’ responses to climate change. Oikos 122 (11): 1532-1540. https://doi.org/10.1111/
j.1600-0706.2013.00399.x

Urban MC, Bocedi G, Hendry AP, Mihoub J-, Pe’er G, Singer A, Bridle JR, Crozier LG,
De Meester L, Godsoe W, Gonzalez A, Hellmann JJ, Holt RD, Huth A, Johst K, Krug CB,
Leadley PW, Palmer SCF, Pantel JH, Schmitz A, Zollner PA, Travis JMJ (2016)
Improving the forecast for biodiversity under climate change. Science 353 (6304). https://
doi.org/10.1126/science.aad8466

Van Rossum G, Drake Jr FL (1995) Python reference manual. Centrum voor Wiskunde en
Informatica, Amsterdam.



https://doi.org/10.1111/1365-2435.12776
http://qgis.osgeo.org
https://doi.org/10.1016/j.biocon.2020.108427
https://doi.org/10.1016/j.biocon.2020.108427
https://doi.org/10.1016/j.tree.2013.05.010
https://doi.org/10.3897/zookeys.367.6185
https://doi.org/10.3897/zookeys.367.6185
https://doi.org/10.1038/s41586-019-1684-3
https://doi.org/10.1038/s41586-019-1684-3
https://doi.org/10.1126/science.aax8591
https://doi.org/10.1126/science.aax8591
https://doi.org/10.1146/annurev-ento-020117-043348
https://doi.org/10.1146/annurev-ento-020117-043348
https://doi.org/10.1111/j.1600-0706.2013.00399.x
https://doi.org/10.1111/j.1600-0706.2013.00399.x
https://doi.org/10.1126/science.aad8466
https://doi.org/10.1126/science.aad8466

An in-depth dataset of northwestern European arthropod life histories and ... 17

. Wagner D, Grames E, Forister M, Berenbaum M, Stopak D (2021) Insect decline in the
Anthropocene: Death by a thousand cuts. Proceedings of the National Academy of
Sciences 118 (2). https://doi.org/10.1073/pnas.2023989118

. Wagner DL (2020) Insect Declines in the Anthropocene. Annual Review of Entomology
65: 457-480. https://doi.org/10.1146/annurev-ento-011019-025151

. White E, Ernest SKM, Kerkhoff A, Enquist B (2007) Relationships between body size and
abundance in ecology. Trends in Ecology & Evolution 22 (6): 323-330. https://doi.org/
10.1016/j.tree.2007.03.007

. Woodward G, Ebenman B, Emmerson M, Montoya J, Olesen J, Valido A, Warren P
(2005) Body size in ecological networks. Trends in Ecology & Evolution 20 (7): 402-409.
https://doi.org/10.1016/j.tree.2005.04.005

. Yang LH, Gratton C (2014) Insects as drivers of ecosystem processes. Current Opinion
in Insect Science 2: 26-32. https://doi.org/10.1016/j.cois.2014.06.004

Supplementary materials

Suppl. material 1: List of sources consulted for data collection E

Authors: Garben Logghe
Data type: Reference list
Download file (224.08 kb)

Suppl. material 2: Linear regressions between temperature estimates [

Authors: Garben Logghe
Data type: Figure
Download file (172.52 kb)


https://doi.org/10.1073/pnas.2023989118
https://doi.org/10.1146/annurev-ento-011019-025151
https://doi.org/10.1016/j.tree.2007.03.007
https://doi.org/10.1016/j.tree.2007.03.007
https://doi.org/10.1016/j.tree.2005.04.005
https://doi.org/10.1016/j.cois.2014.06.004
https://doi.org/10.3897/BDJ.13.e146785.suppl1
https://doi.org/10.3897/BDJ.13.e146785.suppl1
https://doi.org/10.3897/BDJ.13.e146785.suppl1
https://arpha.pensoft.net/getfile.php?filename=oo_1206082.pdf
https://doi.org/10.3897/BDJ.13.e146785.suppl2
https://doi.org/10.3897/BDJ.13.e146785.suppl2
https://doi.org/10.3897/BDJ.13.e146785.suppl2
https://arpha.pensoft.net/getfile.php?filename=oo_1206083.pdf

	Abstract
	Background
	New information

	Keywords
	Introduction
	General description
	Sampling methods
	Geographic coverage
	Taxonomic coverage
	Traits coverage
	Data coverage of traits

	Usage licence
	Data resources
	Additional information
	Potential applications
	Limitations

	Acknowledgements
	Author contributions
	References
	Supplementary materials

