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a species-level multi-trophic 
metaweb for Switzerland
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Martin Brändle7, Victor Boussange1, Fadri Campell1, Willem N. Ellis8, Fabian Fopp  1,2,  
Martin M. Gossner  2,9, Hsi-Cheng Ho10, Alain Joss1, Pascal Kipf1, Felix Neff  9,11, 
andjeljko Petrović12, Vincent Prié13,14, Željko Tomanović12,15, Nik Zimmerli1 & 
Loïc Pellissier1,2 ✉

Understanding how species interact within ecological networks is essential for predicting the 
consequences of environmental change, from trophic cascades to broader changes in species 
distributions and ecosystem functioning across large spatial scales. To facilitate such explorations, we 
constructed trophiCH: a country-level trophic meta-food web (henceforth “metaweb”) that includes 
vertebrates, invertebrates, and vascular plants within Switzerland, based on literature published 
between 1862 and 2023. Our comprehensive dataset catalogues 1,112,073 trophic interactions involving 
23,151 species and 125 feeding guilds (e.g., fungivores). Thirty percent of species-level interactions 
were empirically documented. Additional species-level interactions were inferred by resolving coarser 
taxonomic records (e.g., inferring links from “species A feeds on genus B”) based on habitat co-
occurrences. While explorations of large-scale food webs have often relied on modelling approaches due 
to data gaps, this empirically based metaweb paves the way for data-driven studies of real-world food 
webs across space and time. By integrating the metaweb with local species assemblages knowledge, 
future studies can gain insights into broad patterns of food web structure across spatial scales.

Background & Summary
Species responses to perturbations have often led to a modification of their geographical distribution1 and abun-
dance2. Moreover, species are interacting with each other through complex ecological networks in multi-species 
systems3 and are thus additionally exposed to biotic filters that determine the overall response of an ecosystem to 
perturbations. Consequently, to study the distribution of biodiversity in space and time and flux-associated ecosys-
tem functions (e.g., pollination, herbivore regulation)4, a food web approach is a powerful way to describe complex 
biological communities, taking into account species richness, composition and the fluxes of biomass and energy 
between them5. Yet, the diversity of these biological communities, their associated ecosystem functions, and the 
efforts to maintain them operate at different spatial (local, regional and global)6–9 and temporal10–15 scales.

Recent work has demonstrated that the structure and function of food webs vary across environmental gra-
dients at large spatial scales, e.g. along latitudinal, climatic and resource availability gradients16–21. Additionally, 
the dynamics of network structure in mutualistic plant-animal interactions has been demonstrated to vary 
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depending on the temporal scale22. Nevertheless, our understanding of how and why ecological networks vary 
in space and time remains in its infancy, partially due to a shortage of existing interaction datasets and the chal-
lenges of comparing differently built food webs16. One of the primary hurdles in expanding our understanding 
of food webs beyond the local scale is the inherent difficulty in collecting empirical data on trophic interactions. 
The collection of occurrence data alone is costly, time-consuming, and requires taxonomic expertise. The added 
complexity of observing species in their natural habitats and waiting for trophic interactions to occur—possibly 
across multiple seasons and life stages—complicates the challenge. Designing and implementing a standardised 
procedure across habitats and regions to document spatial and temporal variability is unrealistic, given the pro-
hibitive requirements for effort and financial costs. This underscores the necessity for innovative methodologies 
in the study of ecological networks beyond the local scale.

A meta-food web (henceforth “metaweb”) aggregates all potential trophic interactions between all species 
that co-occur within a region23–25. Local food webs inferred from the metaweb can be considered subsets, similar 
to how local communities are assembled from a regional species pool24. The metaweb approach presents an effi-
cient tool to standardise the comparison of food webs across spatial and temporal scales, and exponential growth 
in computational power and data collection has popularised the approach in the last five years26. Metawebs 
represent a major step towards understanding complex food web patterns that go beyond the local and the con-
temporary context26. Yet, this larger scale returns the ecologist to the original problem: data gaps are much more 
evident when regional pools include potentially thousands of species.

In the face of these large gaps, predictive models based on phylogenetic27 or morphological28 traits may pro-
vide an alternative approach. It has long been demonstrated that models based on simple parameters can build 
complex food webs which are comparable to empirical food webs29. For instance, in aquatic systems, body size 
can be a strong predictor of feeding interactions, and this relationship has been exploited to create the global 
marine fish metaweb28. While such models are useful tools to simplify complex ecological systems, they must be 
calibrated against empirical data26, which can be difficult for already data-deficient regions, taxonomic groups, 
or interaction types. Additionally, they may not fully capture the complexity, idiosyncrasies, and emergent prop-
erties of real-world ecosystems30, presenting a need for an empirically based understanding of food webs across 
space and time.

Empirical metawebs have been constructed across large scales in Europe20,24,31–33 and elsewhere34,35, demon-
strating spatial variations in network structure across elevational20, climatic36 and anthropogenic31 gradients. 
These metawebs have been generally limited to bitrophic networks (those including two trophic levels of species, 
such as plants and their pollinators, or parasitic wasps and their hosts) or well-studied guilds, such as tetrapods, 
which only account for a small fraction of trophic links in the web of life. Plant-animal trophic interactions are 
one of the primary ways taxa are interconnected in ecosystems37, but remain unaccounted for in large-scale 
studies in Europe—except for some specific taxonomic groups31,38. A metaweb that connects the multiple taxo-
nomic groups co-existing in a region by their trophic interactions enables us to integrate species-habitat depend-
encies with the additional species-species dependencies. Building such a metaweb requires extensive knowledge 
of species occurrences and their interactions in a defined geographic region.

Historical records of species occurrences are extensive and well-archived for Switzerland, a small country 
located in central Europe with an area of approximately 41,000 km2. Of the nearly 86,000 multicellular species 
estimated to occur within the country, around 56,000 have been identified39, with the spatial distribution of 
around 10,000 of these species being well-documented40. Combining these observations with a method for 
inferring interaction networks based on geography41 can allow for the compilation of a comprehensive food 
web for Switzerland. This approach has already been implemented for some guilds (birds, orthopterans, lep-
idopterans and plants)20 by making the following assumption: if two species have been observed to interact 
elsewhere, the interaction may also be realised if they co-occur within a spatially confined unit. The assumption 
fixes the diet breadth of a species across the entire metaweb without accounting for intraspecific diet variation 
driven by biotic42–46 and abiotic47,48 factors. We emphasise that the nature of the metaweb approach creates a 
network of all potential links between the target species. This is, in fact, an overestimation of any species’ diet 
breadth at any one point in space and time. We refine this inference approach41 by only including potential 
links for documented interactions with known co-occurrence within the region (Switzerland) and by further 
trimming inferred interactions based on species’ habitat associations. Additionally, local food web structure has 
been demonstrated to be influenced more by the assembly process than local dynamical processes49. Thus, by 
restraining interactions by species ecology (habitat associations), distribution, and the assembly process, local 
food webs inferred from the trophiCH database remain within a “realistic boundary” of potential interactions20 
while forming comparable local food webs built from the same metaweb.

Here, we provide the trophiCH dataset, an empirically based species-level metaweb for 26,243 taxa (includ-
ing vertebrates, invertebrates, and vascular plants) in Switzerland and 1,188,063 links between them. Of these, 
1,107,253 interactions between 23,002 taxa are resolved to the species–species level (Fig. 1a,b). This metaweb is 
based on data extracted from 732 sources of scientific and grey literature (published papers, books, voluntary 
websites, etc.). For some taxa, we additionally used a spatial model based on simple parameters (co-occurrence 
in the same habitats and vertical strata) to infer trophic information from the genus and family levels to the spe-
cies level. We provide the species list used in this study along with information on the associations of these spe-
cies with habitats and their vertical strata in those habitats. We provide a dataset including reference metadata, 
such as the full citation, publication date, location, accession, and data collection methods for each reference.

Our multi-taxa metaweb is an archive of potential interactions that may occur between species, if they 
co-occur within the confines of our region: Switzerland. When combined with high-resolution occurrence data, 
it can infer more localised networks, which can be used to facilitate comprehensive large-scale explorations 
across Switzerland40. As such, structural and topological properties of food webs (such as connectance50, mod-
ularity51, nestedness52, etc.) can be compared across environmental gradients (such as precipitation, land-use 
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intensity, temperature, etc.)16,25. For example, the trophiCH metaweb was combined with existing classifications 
of species’ associations with biogeographic regions to predict twelve regional multi-habitat biogeographic food 
webs53. By additionally utilising the habitat-associations presented in this present data descriptor, the robustness 
of these twelve food webs to different types of sequential species extinctions due to habitat loss were assessed, 
demonstrating elevational differences53. In another example, aquatic and terrestrial communities were first sam-
pled using environmental DNA along an urbanisation gradient in the city of Zurich, Switzerland. By combin-
ing the trophiCH metaweb with the sampling results, 54 local site-level food webs were inferred, and used to 
demonstrate that combined aquatic and terrestrial food webs become decoupled and more homogeneous along 
an urbanisation gradient54. In yet another case, the trophiCH metaweb was combined with species distribution 
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Fig. 1 Distribution of species, interactions and data gaps within the metaweb. (a) The distribution of taxa 
covered by the empirical and full metawebs, (b) the distribution of interactions in the empirical and full 
metaweb, separated by interactions between plants, invertebrates and vertebrates, and interaction types 
(herbivory, pollination, parasitism, predation and other interactions missing information on interaction types). 
(c) the distribution of data gaps in the metaweb by broad taxonomic groups, separated by species missing diets 
and species missing predators. Icon attribution: Flaticon.com.
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models (SDMs) to build nearly 18,000 catchment-scale food webs across Switzerland55, each representing a 
spatial resolution of ca. 2 km2. Local species assemblages for river sub-catchments were first inferred using 
SDM-based catchment-scale presence-absences, and food webs were built by inferring that species co-occurring 
within the catchments and sharing trophic interactions within the trophiCH metaweb would inherit the inter-
actions at the catchment scale55. This study not only demonstrated that catchment-level food web properties 
were shaped by land use and elevation, but also combined SDM outputs and trophic interaction data to develop 
a metric of habitat connectivity accounting for species’ resource availability55. Other such potential large-scale, 
high-resolution studies of environmental gradients are especially relevant in the face of a recent publication of 
a 25-m resolution multi-raster dataset at the country-scale for Switzerland, covering environmental variables 
across topographic, bioclimatic, edaphic, land use and vegetation categories, among others56.

While most existing metawebs have only been used to study spatial variation20,25,28,31,32,34,47,57–60 (with some 
exceptions21,33), by incorporating temporally explicit data as such available in Switzerland61, it may be possible to 
study the temporal dynamics of these local networks. In the face of gaps in data needed to infer local networks, 
the metaweb itself can still provide crucial information on the topography of the regional food web. For example, 
robustness analyses simulating real-world perturbations (such as the loss of species or of interactions)18,62 on 
threatened habitats across the multi-habitat metaweb could provide an understanding of how habitat-specific 
losses could influence food web structure and stability. Utilising the entire metaweb could enable us to also con-
sider variations in dietary preferences within species to identify the potential of rewiring the food web, which 
could lead to new interactions that may only occur in the future as species distributions shift. Metawebs have also 
been used to predict not only local networks, but also entire metawebs in similar biomes63, and the Swiss metaweb 
may be a first step towards a multi-trophic food web for other European countries, or even the whole of Europe. 
Finally, the metaweb can be used for Swiss-scale conservation measures. For example, graph-theoretic topolog-
ical metrics, such as betweenness or closeness centrality64, can be used to identify key species for conservation.

Methods
Checklist of species. We compiled a checklist of animal species based on existing literature for 
Arachnida40,65,66, Diplopoda67, Entognatha (Diplura68). Insecta (Coleoptera69–88, Dermaptera68, Diptera89,90, 
Ephemeroptera91, Hemiptera92–95, Hymenoptera68,96–105, Lepidoptera40,106, Mecoptera68, Megaloptera107, 
Mantodea107, Neuroptera68, Odonata108, Orthoptera109, Plecoptera91, Raphidioptera68, Strepsiptera68, 
Thysanoptera68, Trichoptera91 and Zygentoma110), Crustacea (Amphipoda111–115 and Decapoda116), Mollusca117 
and Vertebrata (Hyperoartia118, Actinopterygii118, Amphibia40, Aves119, Mammalia120, Reptilia40). For plants, we 
used the Tracheophyta121 checklist of Switzerland. We predominantly used federal checklists, supplemented by 
continental checklists where data were lacking, as follows. For a checklist of Swiss aphid parasitoids, we selected 
a subset of the checklist of the Aphidiinae of the Czech Republic104, which was validated by a local expert (see: 
Acknowledgements). The existing Chrysididae103 checklist was similarly validated, as significant changes had 
been made since the publication of the previous list in 1997. In total, this checklist consisted of 24,039 species. 
We emphasise that this checklist is not meant to be used as a comprehensive checklist for each family presented 
here but includes all the species for which trophic and/or occurrence information was available. For example, for 
some families, such as Chrysomelidae (Coleoptera), we only include an incomplete set of species known to occur 
in Switzerland (334, in comparison to 399 species according to GBIF records122, or potentially 86%). Our aim was 
to include as many well-documented species as possible, especially for groups, such as Chrysomelidae, where 
validated checklists may be missing, but trophic information is readily available.

Literature-based data search and extraction. We systematically searched for primary literature and 
datasets using the Google Scholar123 and Google Dataset Search124 engines, respectively, and for books using 
swisscovery, the Swiss platform for sharing scientific information between around 500 libraries125. We used every 
combination of the following search queries: taxonomic names at the order, family, and genus level (for ani-
mals), the ecological terms “trophic”, “diet”, “prey”, “predator”, “host”, and “interaction”, and the spatial terms 
“Switzerland”, “France”, “Germany”, “Austria”, “Italy” and “Europe” (the regions surrounding Switzerland). We 
included 305 unique sources from books66,94,96–104,108,109,111,116,118,120,126–262, primary literature18,24,25,92,263–399, and 
existing databases400–409. Pairwise species interactions between the resource and consumer taxa were additionally 
filtered to include only taxa present in our Swiss checklist.

For larger databases, specific approaches were needed for further extraction. For birds, we directly con-
sulted the institutional website of the Swiss Ornithological Institute410 by searching species names and manually 
extracting diet information from the “food” section of each species page. For the GloBI database, we down-
loaded stable version 0.3411. We included only the rows in the taxonomic names in the columns “sourceTaxon-
Name” and “targetTaxonName” which matched the taxonomic names in our checklist of taxa. We additionally 
only included interactions from the “interactionTypeName” columns which matched the following terms: “vis-
itsFlowersOf ”, “parasiteOf ”, “parasitoidOf ”, “eats”, “visits”, “pollinators”, “hasHost”, “mutualistOf ”, “preysOn”, 
“ectoparasiteOf ”, “kleptoparasiteOf ”, and “endoparasiteOf ”. For the Animal Diversity Web405, we used the asso-
ciated Quaardvark tool412 to extract the data. With regards to the query “What groups of animals are you inter-
ested in searching?”, we chose for the “Animal Group” selection the kingdom “Animalia” and for the “Geographic 
Range > Biogeographic Regions” selection the term “Palearctic”. For the report on “What do you want to know 
about them”, we choose the taxonomic rank of “Species”. In the “Habitat” selection, the following terms were 
included: “Terrestrial Biomes”, “Aquatic Biomes”, “Wetlands”, and “Other Habitat Features”. For the “Food 
Habits” selection, the following terms were included: “Primary Diet”, “Animal Foods”, “Plant Foods”, “Other 
Foods”, “Foraging Behavior”. Additionally, from the “Predation” selection, we chose the “Known Predators” 
option. From the resulting dataset, we excluded all interactions with taxonomic terms which were not pres-
ent in our checklist. For the “freshwaterecology.info” database403, we searched under the “Macro-invertebrates” 
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sub-section as follows: First, we selected all taxa listed in the “Taxagroup” section and searched for all informa-
tion on the ecological parameter “feeding type”413, based on the Moog (1995) classification414. Of the ten terms, 
the term “other feeding type” was discarded. For “grazers/scrapers” we translated this to include the feeding 
guilds “Algae”, “Detritus” and “POM” (particulate organic matter), “miners” were translated to include “Algae” 
and “Plantae”, “xylophagous taxa” (feeding on woody debris) were translated to the term “Detritus”, “shredders” 
were translated to include “Plantae”, “POM” and “Detritus”, “gatherers/collectors” were translated to “POM”, 
“active” and “passive” filter feeders were translated to “POM” and “Microprey”, while “predators” and “parasites” 
were translated to “Animalia”, while the Interaction_Type column specified whether this referred to “Predation” 
or “Parasitism”.

Following an initial validation of data completeness (see: Technical Validation), we conducted a secondary 
search for additional interaction information, focusing on species with no data identified in the preliminary 
search. This involved targeted Google searches using the species name in combination with the following terms: 
“diet,” “food,” “prey,” and “host”, and limiting our search to the first search page. These searches led us to 53 addi-
tional sources, including naturalist websites, species fact sheets, and voluntary science platforms.

For many invertebrates, we used BugGuide415, by searching the missing species names and manually extract-
ing diet information from the “Diet” section of each species page. For other taxa, additional sources were 
accessed directly through the targeted Google searches, including websites from Wikipedia416, the Woodland 
Trust417, the National Wildlife Federation418, the Australian Faunal Directory419, the Aquatic Insects Key420, 
Natura Bohemica421, Lepidoptera and other life forms422, Pyrgus423, the UK leaf and stem mines of British flies 
and related insects424, Animalia425, Encyclopedia of Life426, Artsdatabanken427, the Plecoptera Species File428, 
the UK Beetle Recording429, the Penn State Agronomy Guide430, the University of California Case Histories 
Biological Control Project431, Project Hypersoil432, Influential Points: Statistics and Aphids, things that bite 
and suck433, Lepidoptera Mundi434, LepiWiki435, the Moths and Butterflies of Europe and North Africa436, info 
fauna437, Microlepidoptera: Atlas van de kleine vlinders in Nederland438, Association Papillons de France439, 
The Reptile Database440, Soil Ecology Wiki441, ThripsWiki442, Trichoptera Ireland: the distribution and aute-
cology of caddisflies (Trichoptera) in Ireland443, UK Beetles444, Wiki der Arachnologischen Gesellschaft445, 
the Online Database of Afrotropical Moth Species446, Bee-Finder447, British Bugs: an online identification 
guide to UK Hemiptera448, the Bees, Wasps & Ants Recording Society449, Chrysis.net450, Butterflies & Moths 
of Palaearctic Regions451, Beetle Fauna of Germany452, Lepi’Net: Les Carnets du Lépidoptériste Français453, 
The Atlas of Common Freshwater Macroinvertebrates of Eastern North America454, Heuschrecken-Wiki455, 
Schmetterlinge der Schweiz - Butterflies & Moths of Switzerland456, The Sawflies (Symphyta) of Britain and 
Ireland457, Spektrum458, Thrips-iD459, UKmoths460, Wildbienen461, Faszination Wildbienen462, Insektenbox463, 
Life in Freshwater464, Meadowia465, and Naturspaziergang466. As individual species pages and content authors 
varied across these platforms, we recorded the specific URL for each source page directly within the references 
meta-dataset (see: Data Records). Each interaction derived from one of these websites is therefore linked to its 
exact source page in the dataset, even though only the main website URLs are cited in this data descriptor. Data 
collection, extraction and archival occurred between January 2021 and October 2023. The temporal range of the 
covered resources were from 1862–2023.

We extracted digital data, when possible, using an automated pipeline in R467 (version 4.3.2) and RStudio468 
(version 2023.12.1) and saved them as comma-separated files. Books and other analogue data were extracted 
through manual input into comma-separated files. We primarily recorded resource and consumer names and 
their taxonomic ranks, then we translated German and English names into scientific names, where applicable. 
Where available, we gathered additional information on associations to a species’ habitat and to a position in 
the vertical stratification of the ecosystem, on their life stages, and interaction type. Broad non-taxonomic diet 
information (e.g., detritivory) and diet information on non-focal taxa (e.g., fungi) were recorded and stand-
ardised into 125 specific feeding guilds. These also included some arthropod families (mostly ill-studied dip-
terans and beetles) for which higher-resolution data were unavailable. All datasets were merged into one large 
comma-separated file (henceforth raw dataset)469. The raw dataset consisted of 442,599 interactions between 
22,862 taxa, based on 655 unique references. Of these, 364,136 interactions were documented between 16,907 
species (Fig. 1a,b). All detailed references for the interactions are provided as a meta-dataset.

Taxonomy-based inference of interactions. While the raw dataset included many species-species inter-
actions, many other interactions were recorded with the consumer taxa at higher taxonomic levels. However, it 
has been demonstrated that varying node resolution within observational ecological networks can modify net-
work topology metrics470. Additionally, our raw dataset included many hierarchically nested interactions, such 
as genus A and species B eating species C, wherein species B is within the genus A, creating artificial interaction 
redundancies. Thus, to retain metric reliability in future analyses of the metaweb without losing potential trophic 
data (as some species only had low-resolution resource information) and to reduce some redundancy of interac-
tions, we implemented further strategies to increase the taxonomic resolution of the metaweb (Fig. 2, see below).

We initially followed the approach used by Maiorano et al.24: if a species was described as consuming species 
from the family level or higher, all species within the described families were considered as potential prey. While 
a valid approach for tetrapods, this approach can be problematic when considering interactions between insects 
and plants. Phenotypic variation within families of insects, which at times include hundreds, if not thousands of 
species, is higher than within tetrapod families. Thus, we restricted such taxonomy-based inferences to the genus 
level (Fig. 2, link 1). Some family-level inferences were allowed for pollinators, but only if empirical records 
explicitly confirmed the species to be polylectic. The remaining genus-level information was retained in the 
metaweb at the lower taxonomic resolution.

The species-level trophic interactions within the raw dataset contained a strong bias towards well-studied 
specialist taxa, especially for primary consumers such as lepidopteran larvae. In contrast, the diets of generalist 
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consumers such as spiders were often only classified to the family level or higher. To better account for the gen-
eralist predators in the metaweb, we implemented an empirically based interaction inference strategy based on 
co-occurrence in the habitat and vertical stratum within ecosystems (see: Habitat and stratum associations). 
Firstly, all families within the checklist containing only generalist predator species were identified. For species 
within these families, documented information on their prey at the family level was first used to infer interac-
tions from the predator species to all species within the family. Subsequently, we removed interactions in which 
the resource and consumer species do not potentially share habitats and vertical strata within the habitats (see: 
Habitat and stratum-associations and Fig. 2, link 2).

In cases where families have been documented to be generalised consumers of taxonomic groups that are 
absent from the metaweb but present in the form of feeding guilds, we inferred links between all species within 
the family and the feeding guilds. For example, all larvae of the Platypezidae fly family feed on fungi403. Since we 
grouped all fungi into the basal feeding guilds “Fungi” within the metaweb, all Platypezidae species known to 
occur within Switzerland were thus connected to the node “Fungi” (Fig. 2, link 3). In this way, information on 
the predators of Platypezidae species did not have to be aggregated to the family level.

Habitat-association and position in the vertical stratification of the habitat. We define 
the habitat associations of each species according to nine classes in the broadest of the TypoCH471 habitat 

Bird species

Compile checklist of species,
higher taxa and feeding guilds

INFER GENUS-LEVEL
RESOURCES

Filter by
environmental

associa�ons

1

2

3

b 

Plant
genus

Plant species
within the 

same genus

Beetle
family Beetle species

within the
same family

Feeding guild
e.g., “all fungi”

Infer interactions based on taxonomically low resolution interaction data

a

c

1 2

INFER FAMILY-
LEVEL RESOURCES

3

INFER FEEDING GUILD
CONSUMERS

Assemble full metawebd

Compile empirical
interaction data

Empirical interaction
Inferred interaction

Fig. 2 Construction and expansion of the metaweb. (a) Initial compilation of a species checklist, as well as 
their upstream taxonomic information for genera and families, and creation of feeding guilds, such as fungi. 
(b) Empirical data collection process, focusing on information at the species, genus and family level. (c) We 
expanded links where species were known to consume an organism at the genus level to include all species 
within the genus (link 1). We additionally inferred links where species were known to consume an organism at 
the family level, for generalist predators, and filtered by their associations to habitat and vertical stratum within 
the environment (link 2). Links were also inferred where it was explicitly known that a family of organisms were 
generalist feeders on feeding guilds, such as fungi (link 3). (d) A final metaweb is assembled using all empirical 
and inferred links. Icon attribution: Flaticon.com.
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classifications. The habitat information was collected in two different ways. Firstly, we collected it along with 
interaction data where available. Secondly, we inferred habitat associations by intersecting species occur-
rence data40 with the Habitat Map of Switzerland472. We used the st_intersection() function from the sf pack-
age473,474 (version 1.0–15) to intersect the point data with the polygonal habitat map. The output provided 
occurrence counts per species and habitat. We retained all habitat associations with at least 100 counts, as 
well as associations that had also been documented in the literature survey. Then, we classified all species 
with three or more habitat associations as habitat generalists and all species with less than three as habitat 
specialists. We justify this as species with two habitat associations may still be specialists, where different life 
stages may have high habitat specificity. For habitat generalists, only habitat associations with occurrences 
above the median of total occurrences were retained, others were dropped. For habitat specialists, habitat 
associations were only retained if the species was documented at least five times within that habitat. We 
obtained 6,818 habitat associations based on the Habitat Map and 3,062 based on observational data. For the 
remaining species, we inferred habitat associations. Firstly, for species where habitat associations were miss-
ing, we first combined all known habitat associations of all species within the same genus. We only retained 
the habitats shared by the median number of species within the genus or higher and assigned these to the 
species where habitat data were missing. Thus, we were able to infer habitat associations for all species; 18% 
of plant species habitat associations were inferred at the genus level. For animals, this genus-level inference 
created habitat associations for 16% of all animal species. A similar inference was made for another 51% of 
the animal species habitat associations, but using aggregated family-level habitat associations, as genus-level 
inferences were not possible due to gaps in data.

We defined the incidence of each species according to the following strata within a habitat: on ground or in 
leaf litter, on vegetation, in ground, in water, on host, in dwellings, in air, in host nest, in vegetation, on fungi, in 
caves. While most of these classes refer to the position in the vertical stratification, some, such as “in vegetation” 
were included to separate free-living species which can feed on multiple organisms, from species which living 
within a plant, and thus would not be available as a potential resource for an organism only feeding on the out-
side of the vegetation. This information was collected along with interaction data for 10,360 animal species (as 
well as for relevant genera and families if species-level information was not available). All 3,775 plant species 
were classified according to the Raunkiær plant life-form classifications in Flora Indicativa475. Plants classified 
as hydrophytes or pleustophytes were classified as “in water”, epiphytes were classified as “on vegetation”, and all 
others were classified as “on ground or in leaf litter”, “in ground” and “on vegetation”, the latter such that infer-
ences could be correctly made between animals classified as “on vegetation” and vegetation. Where information 
was unavailable, species-level characteristics were inferred using the same methods as for the habitats, first at 
the genus level (3,886 species) and then at the family level (6,119 species). Thus, 49% of animal associations to 
vertical strata in their habitats were inferred from family or genus-level information.

Data Records
We provide all data and scripts469 on Envidat, the Swiss data portal for environmental monitoring and research 
data. We provide six datasets: 1) the metaweb, 2) the taxa checklist, 3) the data source meta-dataset, 4) the list 
of generalist basal and predator families and polylectic species with citations and 5) a dataset with citations for 
the inferences of missing predators and 6) a dataset with citations for the parallel inference of diets from similar 

Column name Description Example(s)

Source_Name The name of the source taxon, i.e., the consumer Perca fluviatilis

Target_Name The name of the target taxon, i.e., the resource Heptagenia sulphurea

Source_Rank The taxonomic rank of the source taxon Species

Target_Rank The taxonomic rank of the target taxon Species

Source_Life_Stage
The life stage of the source taxon, if available and/or application. 
The stages have been summarised into “Young” or Adult”. For 
insects, “Adult” refers to the imaginal stage, while all larval stages 
have been summarised into the “Young” stage.

Young and Adult, Young, Adult

Target_Life_Stage
The life stage of the source taxon, if available and/or applicable. The 
stages have been summarised into “Egg”, “Young” or Adult”. For 
insects, “Adult” refers to the imaginal stage, while all larval stages 
have been summarised into the “Young” stage.

Egg, Egg and Young, Young and Adult, Egg, Young and Adult, 
Adult, Young, etc.

Citation
The ID number(s) of the data source(s) documenting the 
interaction between the source and target taxa. These values 
correspond with the Citation column in the citation meta-dataset.

261, 192, etc.

Inference
Purely empirical interactions are marked NA in this column. 
For other inferred interactions, this column specifies the degree 
to which the interaction was inferred. The categories and their 
explanations are further expanded within the dataset’s metadata.

Source_Species_Target_Family, Source_Species_Target_Genus

Interaction_Type A more detailed classification of the type of interaction. Predation, pollination, herbivory, etc.

ID A combination of the Source_Name and Target_Name columns to 
provide the final interaction ID Perca fluviatilis - Heptagenia sulphurea

ID_og
A combination of the Source_Name and Target_Name according 
to the original empirical interaction ID. For empirical interactions, 
this is identical to the ID column.

Perca fluviatilis - Heptagenia

Table 1. The data structure of the metaweb dataset.
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species (see: Data completeness). The metaweb is a pairwise interaction dataset, with each row representing 
a potential interaction (see Table 1 for all column information). This dataset includes the taxonomic names, 
ranks and life stages (where available) of each species in the interaction. Moreover, we provide a numerical 
identification (Citation) column for the citation, which relates to the full citation information provided in the 
resource metadataset. We additionally include information on the level of inference by taxonomic expansion 
(see: Taxonomy-based inference of interactions), as well as information on further details on the type of interac-
tion, such as predation, parasitism, or pollination, where available. The taxa checklist provides our list of species 
and feeding guilds, upstream taxonomic information, and their associations with habitats and vertical strata 
within habitats (Table 2). For each citation number, the resource meta-dataset contains a full APA-style citation, 
information about the data source and the methods used to collect the datasets, a stable accession, as well spatial 
and temporal information about the data collection (Table 3). Additionally, we include a dataset listing the taxa 
for which the diet breadth was broad, for families of predators and those using feeding guilds as resources, and 
for polylectic species, along with a citation ID for the relevant citations (Table 4). We provide a dataset listing 
the families for which predators were missing, and inferred based on broad data, with accompanying citations 
(the structure of this dataset is identical to Table 1, except it is missing the column named “Inference”). Lastly, 
we provide a list of species for which diet information was inferred based on taxonomically similar species, with 
references validating their similarities in diet (Table 5).

Technical Validation
Data collection. We aimed to estimate the human error arising from manual and automated data extrac-
tion (Fig. 3). We first classified the data as originating from either analogue or digital sources. Analogue sources 
include data which were manually transcribed into comma separated values. Digital sources include data which 
were received as data tables or matrices, where the transformation to the standard data table format was auto-
mated through scripts in R. Since we processed digital sources automatically, we assumed the error rate to be 
either very high or close to zero. Thus, five random samples (or the maximal possible number if the data sources 
included fewer than five samples) were validated for each digital dataset (Fig. 3). One error was discovered due to 
an error in the script, which was corrected, such that the error rate was refactored to be 0 for the digital sources.

For analog sources, we aimed to estimate a (Wilson score) confidence interval of the error rate. To achieve a 95% 
confidence level (z = 1.96), with a margin of error e = 0.01, and an estimated error rate p = 7%, the required size of 
the random sample was of n = 2501, based on the following approach: n z p p

e
(1 )

2

2= − . The estimated error rate was 
based on the validation approach of the European tetrapod metaweb24, which estimated a base error rate of 6%. We 
then randomly sampled 2501 data points and validated them as follows: if the data point had been further con-
firmed by at least one other data source in the metaweb, it was assumed to be correct (Fig. 3). For all other data 
points in the sample, we manually checked each source and discovered three errors in total, all of them single-entry 
errors. The error rate for the analogue data sources was thus computed to be between 0.04% and 0.35% (95% CI). 
This validation was conducted in Python (v. 3.11.4)476 using numPy (v. 1.25.1)477, and pandas (v. 2.0.3)478.

Data completeness. To assess the extent of data gaps, we checked whether trophic chains were truncated 
by comparing true basal and apex taxa to those appearing as such within the metaweb. True basal taxa were 

Column name Description Example

Taxon The name of the taxonomic unit Dysaphis apiifolia

Rank The taxonomic rank of the taxon Species

Kingdom The taxonomic kingdom within which the taxon resides Animalia

Phylum The taxonomic phylum within which the taxon resides Arthropoda

Class The taxonomic class within which the taxon resides Insecta

Order The taxonomic order within which the taxon resides Hemiptera

Family The taxonomic family within which the taxon resides Aphididae

Genus The taxonomic genus within which the taxon resides Dysaphis

Species The species epithet of the taxon if it is resolved at the species level apiifolia

Habitat The habitat association (s) of the taxon Grassland, Forest, etc.

Zone The associations of the taxon to the vertical stratum (or strata) in the habitat On vegetation, In 
water, etc

Count A total count of the number of occurrences documented in Switzerland per taxon, where available. 156, NA

Hab_Citation The ID number(s) of the data source(s) documenting the habitat-association(s) of the taxon. These values 
correspond with the Citation column in the citation meta-dataset. 450, 390, etc

Hab_Inference Purely empirical associations are marked NA in this column. For other inferred associations, this column 
specifies the degree to which the information was inferred. Family, Genus

Zone_Citation
The ID number(s) of the data source(s) documenting the association(s) of the taxon to the vertical stratum 
(or strata) in the habitat. These values correspond with the Citation column in the citation meta-dataset. In 
cases where the associations were inferred by pooling all species within the same family or genus, the cell is 
marked NA.

450, NA

Zone_Inference Purely empirical associations are marked NA in this column. For other inferred associations, this column 
specifies the degree to which the information was inferred. Family, Genus

Table 2. The data structure of the taxa checklist.
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identified as vascular plants and non-animal groups (such as detritus) within the feeding guild classes (3,903 
taxa). True apex taxa were classified as apex predators and parasitic arthropods of apex predators (1,018 taxa). We 
additionally identified taxa for which the only trophic information was a self-loop, in essence, obligate cannibals. 
The raw network topology revealed that 2,170 species were improperly in an apex predator position (due to miss-
ing outgoing links), while another 5,581 species were improperly in a basal position (due to missing incoming 
links).

We focused on filling these gaps for species for which spatial data are readily available, as many other 
species for which information is lacking are less well-studied. Moreover, we aimed to cover generally 
well-studied groups completely, such as tetrapods. To this extent, we conducted broader internet searches 
to obtain information from secondary and grey literature sources, such as voluntary scientists and insect 
enthusiasts (see: Literature-based data search and extraction). For seven species (the slow worm, five 
orthopterans and one caddisfly), predator information was present while diets were missing. Their diets 
were inferred based on the diets of ecologically similar species, after confirmation in the literature with 

Column name Description Example(s)

Citation
The ID number(s) of the data sources(s) documenting the interaction 
between the source and target taxa. These values correspond with the 
ID column in the metaweb interactions dataset.

18

Full citation APA-style full citation of the data source

Benadi, Hovestadt, T., Poethke, H.-J., & Blüthgen, N. 
(2014). Data from: Specialization and phenological 
synchrony of plant–pollinator interactions along 
an altitudinal gradient [dataset]. Dryad. https://doi.
org/10.5061/dryad.8mn44

Resource type Classification of the resource into broad types. Primary literature, voluntary science, expert 
opinion, etc.

Resource type comment Additional comments on the classification of the resources into This text primarily focuses on species identification, 
with some information on their biotic interactions.

Methods When available, classification of the data collection methods into 
broad types

Molecular methods, morphological analysis, visual 
observations, etc.

Methods comment For some method classifications, a more detailed summary of the work DNA metabarcoding of gut content, DNA 
metabarcoding of pollen, etc.

Location The spatial range at which this information was collected Europe

Year
The publication date of the data source. This was used instead of the 
data collection date, as the collection dates for larger archived datasets 
were often unavailable.

1995

Accession A form of stable accession for the data source 978-32-5807-461-0, 10.5519/HAVT50XW, etc

Accession type The type of stable accession that is provided. ISBN-13, DOI, URL, etc

Data Type
This category refers to the way the data was extracted, digital for 
datasets extracted automatically through R scripts and analogue for 
text or books that required handling by a human.

Digital, Analogue

Table 3. The data structure of the reference meta-dataset. Please note that the examples do not all arise from the 
same Citation ID.

Column name Description Example(s)

Taxon The taxonomic name of the potential consumer Accipitridae

Range The diet range of the taxon
Basal (if they are generalists feeding on a feeding guild, such as a family of 
detritivorous insects), Predator, Polylectic (for polylectic pollinators, only 
if they have explicitly been classified as such in the literature)

Citation
The ID number of the reference(s) 
documenting this information about their diet 
and potential diet range

301, 491

Rank The taxonomic rank of the taxon Family, Species

Table 4. The data structure of the diet range dataset. Please note that the examples do not all arise from the 
same Citation ID.

Column name Description Example(s)

Taxon The taxonomic name of the consumer or resource species Anguis vernonensis

Inference_Taxon The taxonomic name of the species from which inferences are made Anguis fragilis

Citation The ID number of the reference documenting the diet or predator similarities 
between the two taxa 508

Case Identification of whether the taxon is missing diet or predator information Missing diets

Table 5. The data structure of the dataset summarising special cases. Please note that the examples do not all 
arise from the same Citation ID.
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regards to the similarities in diets. Additionally, for one species of spider, the predators were inferred based 
on the predators of an ecologically similar species. Many families of arthropods were additionally missing 
information on predators. In a few cases, such as with wood beetles, we inferred the predators of the species 
in these families to generalist predator families such as woodpeckers, or inferred predators of diplopods 
based on broad information such as, “hedgehogs feed on diplopods”, to hedgehog species being connected to 
all diplopod species within the same shared habitat. Some trichopteran predators were inferred based on the 
fish predators most commonly shared by other trichopterans. This approach was also applied to amphipods 
missing predators based on amphipod-eating fishes and birds, as well as decapods based on decapod-eating 
fishes and birds. In these cases, the interactions were further trimmed by habitat and vertical stratum. Each 
case is documented by an accompanying citation and classification in the “Inference” column such that this 
uncertainty can be accounted for in future usage (see also, Code Availability: 02_inferring_interactions_spe-
cial_cases.R for more detail on all such special cases). After this correction, we recovered diet information 
for 1,221 species and predator information for 574 species. Nonetheless, 4,298 species do not have any diet 
information, while 1,594 species have no predator information. These gaps shine a light towards potential 
future lines of research. We additionally view the identification of these gaps as a starting point for future 
contributions to the trophiCH database. While the current version of the metaweb is static, we welcome 
researchers with interaction data—particularly for understudied taxa or ecological groups like beetles and 
dipterans (Fig. 1c)—to contact the corresponding authors if they are interested in contributing to future 
updates or extensions of the dataset, or to correct/validate the modelled interactions.

Comparison to other empirical metawebs. We compiled a list of eighteen existing empirical met-
awebs31–33,479–489 to facilitate a relative comparison to the data coverage of our metaweb (Supplementary 
Information Table S1). We focus on total degree, which considers the sum of each species’ in and out links in a 
network. We calculated the mean of the sum of all species’ total degrees to consider the data coverage, and the 

Fig. 3 Validation of the data extraction process. The diagram outlines the sequential steps, beginning with 
the division of raw datasets into analogue and digital data, then random sampling, error checking, and 
consolidation across multiple data sources, culminating in the Wilson Score Confidence Interval computation.
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standard deviation of the mean. These metrics are likely to depend on the spatial range of the network (some 
metawebs were limited to one city while others were global) and species richness, as well as random or sam-
pling effects, and therefore cannot be robustly compared across networks16. To control for these spurious effects, 
we modelled the co-variation of network properties with linear regression and compared residuals of the met-
rics16,50. We fit linear mixed effects models to predict relative mean total degree and its standard deviation based 
on relative species richness, treating the type of network (bitrophic or multitrophic) as a random effect. We used 
the lmer() function from the lme4 package (v. 1.1–35.1)474,490 in R. We then compared the mean of residuals to 
the values of our metaweb to determine whether our residual values were outliers (values outside two standard 
deviations of the mean). For both metrics, our metaweb remained within two standard deviations (Fig. 4). The 
European tetrapod metaweb was the only outlier for both metrics. Thus, for its size, this metaweb contained rel-
atively more interactions between the species, and a relatively larger variation in the number of links per species. 
This result is understandable, as this metaweb has a strong bias towards well-studied organisms (tetrapods)491, in 
a geographic region where biodiversity had historically been relatively better-studied (Europe) than other parts 
of the globe492. Although data gaps remain (see Technical Validation: Data completeness), we argue that our 
trophic data coverage for species is on par with other existing empirical metawebs. To our knowledge, trophiCH 
represents the largest empirically based metaweb in existence, both in terms of species richness and trophic levels. 
In comparison, the next largest metaweb (see Supplementary Information Table S1) contains a fifth of the species 
richness and only includes plant-frugivore interactions.

Usage Notes
This work compiles a large empirically based dataset of species interactions along with species-species inter-
actions inferred based on empirical interactions known at lower taxonomic resolution. The temporal span of 
our sources (1862–2023) reflects the accumulation of ecological knowledge over time. Indeed, over 95% of the 
interactions documented within our empirical metaweb were published after the year 2000. It should be noted, 
however, that the publication year does not necessarily correspond to the date of observation, which is often not 
reported in books. This additionally introduces a methodological bias: older sources often document only a few 
observed interactions per taxon, while modern approaches—particularly metabarcoding and database aggrega-
tions—can yield hundreds or thousands of interactions in a single dataset. As our metaweb documents potential 
interactions filtered by present-day species occurrence in Switzerland, the original publication year does not 
imply that the interaction still occurs today, but rather that it is ecologically plausible. We emphasise again that 
this is a metaweb, including many interactions that may not be realised at any singular point in space and time. 
Users should be aware of these methodological and temporal heterogeneities when interpreting the data.

Additionally, when existing metawebs were incorporated into our metaweb, some of the data had 
already been inferred based on empirical knowledge. For example, the bird-plant interactions in the Swiss 

Fig. 4 Comparison of trophiCH to other metawebs. The scatterplots compare log species richness to the 
residual variation from mixed linear effects models predicting mean degree (left) and standard deviation of 
degree (right), treating the type of network as a random effect. The colours of the data points represent the type 
of ecosystem (aquatic: purple, marine: blue, terrestrial: green and terrestrial, aquatic, semiaquatic: orange). 
The shapes represent the type of network (circle: bitrophic, triangle: multi-trophic). The dark beige rectangles 
represent the first(±σ) and the light beige rectangles represent the second (±2σ) standard deviations from the 
mean(x̄).
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bird-lepidoptera-plant metaweb20 were inferred based on expert knowledge of broad diet preferences and 
habitat-associations. The metaweb serves as an archive that ecologists can use, for example, to create their own 
local networks – using local occurrence data or simulations. The complete transparency of our metaweb with 
regard to the derivation of the individual interactions and their data sources enables customization to the indi-
vidual needs and requirements of the users. Future studies should check the quality of each data point with 
regards to their research aims before using the dataset in its complete form. Moreover, we note that our metaweb 
approach does not provide quantitative information about the importance or abundance of each interaction 
(i.e. weighted interactions). Hence, the derived food webs provide qualitative and not quantitative insights on 
ecological networks. Finally, a metaweb approach is, by definition, dependent on the assumption that species 
that interact in the metaweb will always interact at the local scale if they are found to co-occur16,23. This collapses 
local scale variation due to abiotic and biotic variation, and only accounts for variation in interactions due to 
shifting species distributions. Future work should aim to incorporate spatial variation in both the occurrence 
and strength of interactions, which will require new data and methodological advances.

For the rapid visualisation and exploration of the dataset, we additionally host an R Shiny application, avail-
able at: https://webapps.wsl.ch/trophiCH.

Code availability
We provide five scripts, accompanying functions, and the raw data required to run these scripts to reproduce 
the taxonomic expansion and validation of the datasets469. In the first script (01_inferring_interactions.R), we 
infer interactions using genus and family level interactions and for basal feeding guilds (see Methods: Taxonomic 
expansion). In the second script (02_inferring_interactions_special_cases.R), we infer further interactions for a 
few special cases with detailed explanations. In the third script (03_metaweb_comparisons.Rmd), we provide the 
statistical comparisons between our metaweb and other empirical metawebs as an R Markdown document (see 
Technical Validation: Comparison to other empirical metawebs), reproducing Fig. 4. We additionally provide 
a Python Jupyter Notebook document, outlining the error validation of the data extraction process (04_error_
validation.ipynb and an accompanying.html file). Finally, we provide a script to reproduce Fig. 1 (05_metaweb_
summary_figure_1.R).

Received: 17 October 2024; Accepted: 27 June 2025;
Published: xx xx xxxx

References
 1. Chen, I.-C., Hill, J. K., Ohlemüller, R., Roy, D. B. & Thomas, C. D. Rapid Range Shifts of Species Associated with High Levels of 

Climate Warming. Science 333, 1024–1026 (2011).
 2. Stephens, P. A. et al. Consistent response of bird populations to climate change on two continents. Science 352, 84–87 (2016).
 3. Montoya, J. M., Pimm, S. L. & Solé, R. V. Ecological networks and their fragility. Nature 442, 259–264 (2006).
 4. Bascompte, J. Disentangling the web of life. Science 325, 416–419 (2009).
 5. Thompson, R. M. et al. Food webs: reconciling the structure and function of biodiversity. Trends in Ecology & Evolution 27, 

689–697 (2012).
 6. Araújo, M. B. & Luoto, M. The importance of biotic interactions for modelling species distributions under climate change. Global 

Ecology and Biogeography 16, 743–753 (2007).
 7. Harvey, E., Gounand, I., Ward, C. L. & Altermatt, F. Bridging ecology and conservation: from ecological networks to ecosystem 

function. Journal of Applied Ecology 54, 371–379 (2016).
 8. Oehri, J., Schmid, B., Schaepman-Strub, G. & Niklaus, P. A. Terrestrial land-cover type richness is positively linked to landscape-

level functioning. Nature Communications 11, 154 (2020).
 9. Mayor, S. et al. Diversity–functioning relationships across hierarchies of biological organization. Oikos 2024, e10225 (2024).
 10. Buckley, L. B. et al. Phylogeny, niche conservatism and the latitudinal diversity gradient in mammals. Proceedings of the Royal 

Society B: Biological Sciences 277, 2131–2138 (2010).
 11. Davies, T. J. & Buckley, L. B. Phylogenetic diversity as a window into the evolutionary and biogeographic histories of present-day 

richness gradients for mammals. Philosophical Transactions of the Royal Society B: Biological Sciences 366, 2414–2425 (2011).
 12. Benton, M. J. The origins of modern biodiversity on land. Philosophical Transactions of the Royal Society B: Biological Sciences 365, 

3667–3679 (2010).
 13. Theodoridis, S. et al. Evolutionary history and past climate change shape the distribution of genetic diversity in terrestrial 

mammals. Nat Commun 11, 2557 (2020).
 14. Jetz, W., Thomas, G. H., Joy, J. B., Hartmann, K. & Mooers, A. O. The global diversity of birds in space and time. Nature 491, 

444–448 (2012).
 15. Thompson, J. N. The Evolution of Species Interactions. Science 284, 2116–2118 (1999).
 16. Pellissier, L. et al. Comparing species interaction networks along environmental gradients. Biological Reviews 93, 785–800 (2018).
 17. Paquette, A. & Hargreaves, A. L. Biotic interactions are more often important at species’ warm versus cool range edges. Ecology 

Letters 24 (2021).
 18. Pearse, I. S. & Altermatt, F. Extinction cascades partially estimate herbivore losses in a complete Lepidoptera-plant food web. 

Ecology 94, 1785–1794 (2013).
 19. Visser, M. E. & Both, C. Shifts in phenology due to global climate change: The need for a yardstick. Proceedings of the Royal Society 

B: Biological Sciences 272, 2561–2569 (2005).
 20. Ho, H.-C. et al. Blue and green food webs respond differently to elevation and land use. Nat Commun 13, 6415 (2022).
 21. Blackman, R. C., Ho, H. C., Walser, J. C. & Altermatt, F. Spatio-temporal patterns of multi-trophic biodiversity and food-web 

characteristics uncovered across a river catchment using environmental DNA. Communications Biology 2022 5:1 5, 1–11 (2022).
 22. CaraDonna, P. J. et al. Seeing through the static: the temporal dimension of plant–animal mutualistic interactions. Ecology Letters 

24, 149–161 (2021).
 23. Dunne, J. A. The network structure of food webs. in Ecological Networks: Linking Structure to Dynamics in Food Webs (eds. Pascual, 

M. & Dunne, J.) 25–76 (Oxford University Press, Oxford, 2006).
 24. Maiorano, L., Montemaggiori, A., Ficetola, G. F., O’Connor, L. & Thuiller, W. TETRA-EU 1.0: A species-level trophic metaweb of 

European tetrapods. Global Ecology and Biogeography 29, 1452–1457 (2020).
 25. Neff, F. et al. Changes in plant-herbivore network structure and robustness along land-use intensity gradients in grasslands and 

forests. Science Advances 7, 18 (2021).

https://doi.org/10.1038/s41597-025-05487-7
https://webapps.wsl.ch/trophiCH


13Scientific Data |         (2025) 12:1164  | https://doi.org/10.1038/s41597-025-05487-7

www.nature.com/scientificdatawww.nature.com/scientificdata/

 26. Adhurya, S., Agasti, N. & Park, Y. Metaweb and its applications in understanding ecological interactions. Preprint at https://doi.org/ 
10.32942/X2SW3V (2023).

 27. Pellissier, L. et al. Combining food web and species distribution models for improved community projections. Ecology and 
Evolution 3, 4572–4583 (2013).

 28. Albouy, C. et al. The marine fish food web is globally connected. Nature Ecology and Evolution 3, 1153–1161 (2019).
 29. Williams, R. J. & Martinez, N. D. Simple rules yield complex food webs. Nature 404, 180–183 (2000).
 30. Williams, R. J. & Martinez, N. D. Success and Its Limits among Structural Models of Complex Food Webs. Journal of Animal 

Ecology 77, 512–519 (2008).
 31. Grünig, M., Mazzi, D., Calanca, P., Karger, D. N. & Pellissier, L. Crop and forest pest metawebs shift towards increased linkage and 

suitability overlap under climate change. Communications Biology 3 (2020).
 32. Planque, B. et al. Who eats whom in the Barents Sea: a food web topology from plankton to whales. Ecology 95, 1430–1430 (2014).
 33. Olivier, P. et al. Exploring the temporal variability of a food web using long-term biomonitoring data. Ecography 42, 2107–2121 

(2019).
 34. Dáttilo, W. & Vasconcelos, H. L. Macroecological patterns and correlates of ant–tree interaction networks in Neotropical savannas. 

Global Ecology and Biogeography 28, 1283–1294 (2019).
 35. Adhurya, S., Lee, D.-Y. & Park, Y.-S. KF-metaweb: A trophic metaweb of freshwater ecosystems of South Korea. Global Ecology and 

Biogeography 33, e13845 (2024).
 36. Braga, J. et al. Spatial analyses of multi-trophic terrestrial vertebrate assemblages in Europe. Global Ecology and Biogeography 28, 

1636–1648 (2019).
 37. Pacini, E., Viegi, L. & Franchi, G. G. Types, evolution and significance of plant – animal interactions. Rendiconti Lincei 19, 75–101 

(2008).
 38. Pitteloud, C. et al. The structure of plant–herbivore interaction networks varies along elevational gradients in the European Alps. 

Journal of Biogeography 48, 465–476 (2021).
 39. BAFU. Artenvielfalt in der Schweiz. Bundesamt für Umwelt BAFU https://www.bafu.admin.ch/bafu/de/home/themen/

biodiversitaet/zustand-der-biodiversitaet-in-der-schweiz/zustand-der-artenvielfalt-in-der-schweiz.html (2023).
 40. InfoSpecies. https://www.infospecies.ch/de/.
 41. Morales-Castilla, I., Matias, M. G., Gravel, D. & Araújo, M. B. Inferring biotic interactions from proxies. Trends in Ecology & 

Evolution 30, 347–356 (2015).
 42. Loeuille, N. Consequences of adaptive foraging in diverse communities. Functional Ecology 24, 18–27 (2010).
 43. Bartley, T. J. et al. Food web rewiring in a changing world. Nat Ecol Evol 3, 345–354 (2019).
 44. Ho, H.-C., Tylianakis, J. M., Zheng, J. X. & Pawar, S. Predation risk influences food-web structure by constraining species diet 

choice. Ecology Letters 22, 1734–1745 (2019).
 45. Clegg, T., Ali, M. & Beckerman, A. P. The impact of intraspecific variation on food web structure. Ecology 99, 2712–2720 (2018).
 46. Bolnick, D. I. et al. Why intraspecific trait variation matters in community ecology. Trends in Ecology & Evolution 26, 183–192 

(2011).
 47. Kortsch, S. et al. Food-web structure varies along environmental gradients in a high-latitude marine ecosystem. Ecography 42, 

295–308 (2019).
 48. O’Connor, M. I., Piehler, M. F., Leech, D. M., Anton, A. & Bruno, J. F. Warming and Resource Availability Shift Food Web Structure 

and Metabolism. PLOS Biology 7, e1000178 (2009).
 49. Saravia, L. A., Marina, T. I., Kristensen, N. P., De Troch, M. & Momo, F. R. Ecological network assembly: How the regional metaweb 

influences local food webs. Journal of Animal Ecology 91, 630–642 (2022).
 50. Dunne, J. A., Williams, R. J. & Martinez, N. D. Food-web structure and network theory: The role of connectance and size. 

Proceedings of the National Academy of Sciences 99, 12917–12922 (2002).
 51. Olesen, J. M., Bascompte, J., Dupont, Y. L. & Jordano, P. The modularity of pollination networks. Proceedings of the National 

Academy of Sciences 104, 19891–19896 (2007).
 52. Bascompte, J., Jordano, P., Melián, C. J. & Olesen, J. M. The nested assembly of plant-animal mutualistic networks. Proceedings of 

the National Academy of Sciences of the United States of America 100, 9383–9387 (2003).
 53. Reji Chacko, M., Albouy, C., Altermatt, F. et al. Species loss in key habitats accelerates regional food web disruption. Commun Biol 

8, 988 https://doi.org/10.1038/s42003-025-08396-y (2025).
 54. Perrelet, K., Cook, L., Reji Chacko, M., Altermatt, F. & Moretti, M. Urbanization drives the decoupling, simplification, and 

homogenization of aquatic and terrestrial food webs. Preprint at https://doi.org/10.22541/au.174559004.40925248/v1 (2025).
 55. Reji Chacko, M. et al. Elevation and land use gradients drive food web structure and trophic connectivity. in Unveiling spatial 

patterns of multi-trophic biodiversity using the metaweb approach. https://doi.org/10.3929/ethz-b-000710558 (ETH Zurich, Zurich, 
2024).

 56. Külling, N. et al. SWECO25: a cross-thematic raster database for ecological research in Switzerland. Sci Data 11, 21 (2024).
 57. Galiana, N. et al. The spatial scaling of food web structure across European biogeographical regions. Ecography 44, 653–664 (2021).
 58. O’Connor, L. M. J. et al. Unveiling the food webs of tetrapods across Europe through the prism of the Eltonian niche. Journal of 

Biogeography 47, 181–192 (2020).
 59. Poisot, T., Guéveneux‐Julien, C., Fortin, M., Gravel, D. & Legendre, P. Hosts, parasites and their interactions respond to different 

climatic variables. Global Ecol Biogeogr 26, 942–951 (2017).
 60. Ho, H.-C. & Altermatt, F. Associating the structure of Lepidoptera-plant interaction networks across clades and life stages to 

environmental gradients. Journal of Biogeography 51, 725–738 (2024).
 61. CSCF. info fauna | Data Server. info fauna Nationales Daten- und Informationszentrum der Schweizer Fauna https://lepus.infofauna.ch/tab/ 

(2017).
 62. Song, C., Altermatt, F., Pearse, I. & Saavedra, S. Structural changes within trophic levels are constrained by within-family assembly 

rules at lower trophic levels. Ecology Letters 21, 1221–1228 (2018).
 63. Strydom, T. et al. Food web reconstruction through phylogenetic transfer of low-rank network representation. Methods in Ecology 

and Evolution 13, 2838–2849 (2022).
 64. Cagua, E. F., Wootton, K. L. & Stouffer, D. B. Keystoneness, centrality, and the structural controllability of ecological networks. 

Journal of Ecology 107, 1779–1790 (2019).
 65. Blick, T., Muster, C. & Ducháč, V. Checkliste Der Pseudoskorpione Mitteleuropas Checklist of the Pseudoscorpions of Central Europe 

(Arachnida: Pseudoscorpiones). Version 1. Oktober 2004. https://arages.de/fileadmin/Pdf/checklist2004_pseudoscorpiones.pdf 
(2004).

 66. Braunwalder, M. E. Scorpiones (Arachnida). (Centre suisse de Cartographie de la Faune, Schweizerische Entomologische 
Gesellschaft, 2005).

 67. Pedroli-Christen, A., Geiger, W. & Christen, V. Faunistique des mille-pattes de Suisse (Diplopoda) = Faunistik der Tausendfüssler der 
Schweiz (Diplopoda). (Centre suisse de cartographie de la faune, Neuchâtel, 1993).

 68. de Jong, Y. et al. Fauna Europaea – all European animal species on the web. Biodiversity Data Journal 2, e4034 (2014).
 69. Reibnitz, J., Graf, R. & Coray, A. Verzeichnis der Ciidae (Coleoptera) der Schweiz mit Angaben zur Nomenklatur und Ökologie = 

Checklist of the Ciidae (Coleoptera) of Switzerland, with comments on nomenclature and ecology. Mitteilungen der 
Schweizerischen entomologischen Gesellschaft 86, 63 (2013).

https://doi.org/10.1038/s41597-025-05487-7
https://doi.org/10.32942/X2SW3V
https://doi.org/10.32942/X2SW3V
https://www.bafu.admin.ch/bafu/de/home/themen/biodiversitaet/zustand-der-biodiversitaet-in-der-schweiz/zustand-der-artenvielfalt-in-der-schweiz.html
https://www.bafu.admin.ch/bafu/de/home/themen/biodiversitaet/zustand-der-biodiversitaet-in-der-schweiz/zustand-der-artenvielfalt-in-der-schweiz.html
https://www.infospecies.ch/de/
https://doi.org/10.1038/s42003-025-08396-y
https://doi.org/10.22541/au.174559004.40925248/v1
https://doi.org/10.3929/ethz-b-000710558
https://lepus.infofauna.ch/tab/
https://arages.de/fileadmin/Pdf/checklist2004_pseudoscorpiones.pdf


1 4Scientific Data |         (2025) 12:1164  | https://doi.org/10.1038/s41597-025-05487-7

www.nature.com/scientificdatawww.nature.com/scientificdata/

 70. Breitenmoser, S. & Chittaro, Y. & Sanchez, A. Liste commentée des Oedemeridae (Coleoptera) de Suisse = Commented checklist 
of Swiss Oedemeridae (Coleoptera). Mitteilungen der Schweizerischen entomologischen Gesellschaft 89, 73 (2016).

 71. Chittaro, Y. & Sanchez, A. Liste commentée des Tenebrionoidea (Coleoptera) de Suisse: Partie 1 = Commented checklist of Swiss 
Tenebrionoidea (Coleoptera): Part 1. Mitteilungen der Schweizerischen entomologischen Gesellschaft 89, 183 (2016).

 72. Cosandey, V., Sanchez, A. & Chittaro, Y. Liste commentée des Scarabaeoidea (Coleoptera) de Suisse. Alpine Entomology 1, 57–90 
(2017).

 73. Gurcel, K., Chittaro, Y. & Sanchez, A. Contribution à la connaissance des lucioles et lampyres de Suisse et observation de Luciola 
lusitanica Charpentier, 1825 à Genève (Coleoptera, Lampyridae). 13/2020, 81–96 (2020).

 74. Chittaro, Y. & Sanchez, A. Ampedus tristis (Linnaeus, 1758): une espèce nouvelle pour la faune de Suisse (Coleoptera, Elateridae). 
Entomo Helvetica 9/2016, 115–122 (2016).

 75. Chittaro, Y. & Blanc, M. Liste commentée des Cerophytidae, Elateridae, Eucnemidae et Throscidae (Coleoptera) de Suisse = 
Annotated checklist of the Cerophytidae, Elateridae, Eucnemidae and Throscidae (Coleoptera) of Switzerland. Mitteilungen der 
Schweizerischen entomologischen Gesellschaft 85, 91 (2012).

 76. Chittaro, Y., Sanchez, A. & Geiser, M. An updated checklist of the Cantharidae and Lycidae of Switzerland (Coleoptera, 
Elateroidea). Alpine Entomology 5, 77–94 (2021).

 77. Sanchez, A., Chittaro, Y., Germann, C. & Knížek, M. Annotated checklist of Scolytinae and Platypodinae (Coleoptera, 
Curculionidae) of Switzerland. Alpine Entomology 4, 81–97 (2020).

 78. Germann, C. Erster Nachtrag zur Checkliste der Rüsselkäfer der Schweiz (Coleoptera, Curculionoidea) = First additions to the 
Checklist of the Swiss weevil fauna (Coleoptera, Curculionoidea). Mitteilungen der Schweizerischen entomologischen Gesellschaft 
86, 151 (2013).

 79. Germann, C. Supplement zur Checkliste der Rüsselkäfer der Schweiz (Coleoptera, Curculionoidea) = Supplement to the checklist 
of the weevils (Coleoptera, Curculionoidea) of Switzerland. Mitteilungen der Schweizerischen entomologischen Gesellschaft 84, 155 
(2011).

 80. Germann, C. Die Rüsselkäfer (Coleoptera, Curculionoidea) der Schweiz mit Verbreitungsangaben nach biogeografischen 
Regionen. Mitteilungen der Schweizerischen entomologischen Gesellschaft 83, 41 (2010).

 81. Sanchez, A. & Chittaro, Y. Annotated checklist of the Coccinellidae (Coleoptera, Coccinelloidea) of Switzerland. Alpine Entomology 
6, 111–127 (2022).

 82. Chittaro, Y. & Sanchez, A. Liste commentée des Cleroidea (Coleoptera) de Suisse. Alpine Entomology 3, 141–167 (2019).
 83. Carron, G. Checklist des coléoptères aquatiques de Suisse: deuxième partie: Gyrinidae, Haliplidae, Paelobiidae, Sphaeriusidae. 

Mitteilungen der Schweizerischen Entomologischen Gesellschaft 81, 53–60 (2008).
 84. Luka, H., Marggi, W., Huber, C., Gonseth, Y. & Nagel, P. Coleoptera, Carabidae: ecology - atlas. Coleoptera, Carabidae ecology - atlas 

(Centre Suisse de Cartographie de la Faune, Neuchâtel, 2009).
 85. Carron, G. Kommentierte Checkliste der Dytiscidae und Noteridae (Coleoptera) der Schweiz. Kommentierte Checkliste der 

Dytiscidae und Noteridae (Coleoptera) der Schweiz 55, 93–114 (2005).
 86. Monnerat, C., Chittaro, Y. & Sanchez, A. Liste commentée des Lucanidae, Cetoniidae, Buprestidae et Cerambycidae (Coleoptera) 

de Suisse = Annotated checklist of the Lucanidae, Cetoniidae, Buprestidae and Cerambycidae (Coleoptera) of Switzerland. 
Mitteilungen der Schweizerischen Entomologischen Gesellschaft 88, 173 (2015).

 87. Chittaro, Y. & Sanchez, A. Liste commentée des Bostrichoidea et Derodontoidea de Suisse (Coleoptera: Bostrichiformia, 
Derodontiformia). Alpine Entomology 3, 175–205 (2019).

 88. GBIF.org. Occurrence Download (12 April 2022). The Global Biodiversity Information Facility https://doi.org/10.15468/
DL.TD2FUQ (2022).

 89. Bächli, G., Merz, B. & Haenni, J.-P. Dritter Nachtrag zur Checkliste der Diptera der Schweiz. Entomo Helvetica 7, 119–140 (2014).
 90. Bächli, G., Merz, B., Geiger, W., Gonseth, Y. & Haenni, J.-P. Diptera: Checklist. (Centre suisse de cartographie de la faune, Neuchâtel, 

1998).
 91. GBIF.org. Occurrence Download (15 March 2022): Swiss National Databank of Mayflies, Stoneflies and Caddiesflies. The Global 

Biodiversity Information Facility https://doi.org/10.15468/DL.3W327M (2022).
 92. Kozár, F., Guignard, E. & Bachmann, F. The scale insect and whitefly species of Switzerland (Homoptera: Coccoidea and 

Aleyrodoidea). Mitteilungen der Schweizerischen Entomologischen Gesellschaft 67, 151–161 (1994).
 93. Aukema, B. Catalogue of Palaearctic Heteroptera: Introduction (2013).
 94. Lampel, G. & Meier, W. Hemiptera: Sternorrhyncha - Aphidina. Hemiptera Sternorrhyncha - Aphidina (Centre suisse de cartographie 

de la faune, Neuchâtel, 2003).
 95. Mühlethaler, R., Trivellone, V., Van Klink, R., Niedringhaus, R. & Nickel, H. Kritische Artenliste der Zikaden der Schweiz 

(Hemiptera: Auchenorrhyncha). Cicadina 16, 49–87 (2016).
 96. Amiet, F., Herrmann, M., Müller, A. & Neumeyer, R. Andrena, Melitturga, Panurginus, Panurgus. (Centre Suisse de Cartographie 

de la Faune, Neuchâtel, 2010).
 97. Amiet, F., Herrmann, M., Müller, A. & Neumeyer, R. Ammobates, Ammobatoides, Anthophora, Biastes, Ceratina, Dasypoda, 

Epeoloides, Epeolus, Eucera, Macropis, Melecta, Melitta, Nomada, Pasites, Tetralonia, Thyreus, Xylocopa. (Centre suisse de 
cartographie de la faune, Neuchâtel, 2007).

 98. Amiet, F., Herrmann, M., Müller, A. & Neumeyer, R. Anthidium, Chelostoma, Coelioxys, Dioxys, Heriades, Lithurgus, Megachile, 
Osmia, Stelis. (Centre suisse de cartographie de la faune, Neuchâtel, 2004).

 99. Amiet, F., Herrmann, M., Müller, A. & Neumeyer, R. Halictus, Lasioglossum. (Schweizerische Entomologische Gesellschaft, 
Neuchâtel, 2001).

 100. Amiet, F. Hymenoptera Apidae. 1. Teil, Allgemeiner Teil, Gattungsschlüssel, die Gattungen Apis, Bombus und Psithyrus. Insecta 
Helvetica. Fauna 12 (1996).

 101. Amiet, F., Müller, A. & Neumeyer, R. Colletes, Dufourea, Hylaeus, Nomia, Nomioides, Rhophitoides, Rophites, Sphecodes, Systropha. 
(Centre suisse de cartographie de la faune, Neuchâtel, 2014).

 102. Amiet, F., Burckhardt, D. & Gonseth, Y. Mutillidae, Sapygidae, Scoliidae, Tiphiidae: (Hymenoptera, Vespoidea). Mutillidae, 
Sapygidae, Scoliidae, Tiphiidae (Hymenoptera, Vespoidea) (Centre suisse de cartographie de la faune, Neuchâtel, 2008).

 103. Linsenmaier, W. Die Goldwespen Der Schweiz. (Natur-Museum, Lucerne, 1997).
 104. Starý, P. Aphid Parasitoids of the Czech Republic (Hymenoptera: Braconidae, Aphidiinae). (Academia, Praha, 2006).
 105. Noyes, J. S. Universal Chalcidoidea Database (2024).
 106. Bryner, R. Die Schmetterlinge (Lepidoptera) der Schweiz: eine kommentierte, systematisch-faunistische Liste. (Centre Suisse de 

Cartographie de la Faune, Neuchâtel, 2010).
 107. Merz, B. Liste annotée des insectes (Insecta) du canton de Genève. (MHN, Genève, 2012).
 108. Maibach, A., Gonseth, Y., Wildermuth, H. & Robert, P.-A. Odonata: die Libellen der Schweiz. (Centre suisse de cartographie de la 

faune, Neuchâtel, 2005).
 109. Baur, B., Nadig, A., Baur, H., Roesti, C. & Roesti, D. Die Heuschrecken der Schweiz. (Haupt Verlag, Bern, 2006).
 110. BAFU. Rote Listen Eintagsfliegen, Steinfliegen, Köcherfliegen: gefährdete Arten der Schweiz, Stand 2010. (Bundesamt für Umwelt 

BAFU, Bern, 2012).
 111. Altermatt, F. et al. Amphipoda (Flohkrebse) Der Schweiz: Checkliste, Bestimmung Und Atlas. (Centre suisse de cartographie de la 

faune, Neuchâtel, 2019).

https://doi.org/10.1038/s41597-025-05487-7
https://doi.org/10.15468/DL.TD2FUQ
https://doi.org/10.15468/DL.TD2FUQ
https://doi.org/10.15468/DL.3W327M


1 5Scientific Data |         (2025) 12:1164  | https://doi.org/10.1038/s41597-025-05487-7

www.nature.com/scientificdatawww.nature.com/scientificdata/

 112. Fišer, C., Konec, M., Alther, R., Švara, V. & Altermatt, F. Taxonomic, phylogenetic and ecological diversity of Niphargus 
(Amphipoda: Crustacea) in the Hölloch cave system (Switzerland). Systematics and Biodiversity 15, 218–237 (2017).

 113. Fišer, C. et al. Translating Niphargus barcodes from Switzerland into taxonomy with a description of two new species (Amphipoda, 
Niphargidae). ZK 760, 113–141 (2018).

 114. Altermatt, F. et al. Diversity and Distribution of Freshwater Amphipod Species in Switzerland (Crustacea: Amphipoda). PLoS ONE 
9, e110328 (2014).

 115. Alther, R., Bongni, N., Borko, Š., Fišer, C. & Altermatt, F. Citizen science approach reveals groundwater fauna in Switzerland and a 
new species of Niphargus (Amphipoda, Niphargidae). SB 39, 1–31 (2021).

 116. Stucki, P. & Zaugg, B. Decapoda: Atlas. (Centre suisse de cartographie de la Faune, Neuchâtel, 2005).
 117. Burckhardt, D., Baer, T., Gonseth, Y., Thew, N. & Turner, H. Atlas Der Mollusken Der Schweiz Und Liechtensteins. (Centre suisse de 

cartographie de la faune, Neuchâtel, 1998).
 118. Stucki, P., Pedroli, J.-C. & Zaugg, B. Pisces: Atlas. (Centre suisse de cartographie de la faune, Neuchâtel, 2003).
 119. Knaus, P., Sattler, T., Schmid, H., Strebel, N. & Volet, B. Birds of Switzerland. https://www.vogelwarte.ch/en/birds/birds-of-

switzerland/ (2023).
 120. Graf, R. F., Fischer, C. & Niehaus, M. Atlas Der Säugetiere: Schweiz Und Liechtenstein. (Haupt Verlag, Bern, 2021).
 121. InfoFlora. Checklist 2017. https://www.infoflora.ch/en/flora/taxonomy.html#checklist (2017).
 122. GBIF.org. Occurrence Download (07 May 2024). The Global Biodiversity Information Facility https://doi.org/10.15468/dl.t7rrhw 

(2024).
 123. Google. Google Scholar. Google Scholar https://scholar.google.com/.
 124. Google. Dataset Search. Google Dataset Search https://datasetsearch.research.google.com/.
 125. SLSP AG. swisscovery. https://swisscovery.slsp.ch.
 126. Hölzel, H., Weißmair, W. & Speidel, W. Süßwasserfauna von Mitteleuropa. Bd. 15, 16, 17: Insecta: Megaloptera, Neuroptera, 

Lepidoptera: (Spektrum Akademischer Verlag, 2002).
 127. Kaltenbach, A., Helmcke, J. G., Starck, D., Wermuth, H. & Kükenthal, W. Mecoptera (Schnabelhafte, Schnabelfliegen). (De Gruyter, 

Berlin and New York, 1978).
 128. Rozkosny, R. & Kniepert, F. W. Süßwasserfauna von Mitteleuropa, Bd. 21/18+19: Insecta: Diptera: Stratiomyidae Und Tabanidae. 

(Spektrum Akademischer Verlag, 2000).
 129. Haupt, J. & Haupt, H. Fliegen Und Mücken: Beobachtung, Lebensweise. (Naturbuch-Verlag, 1998).
 130. Graf, W., Murphy, J., Dahl, J., Zamora-Muñoz, C. & López-Rodríguez, M. J. Vol. 1. Trichoptera. Distribution and Ecological 

Preferences of European Freshwater Organisms. Pensoft Publishers, Sofia, Moscow (2008).
 131. Ulmer, G. Trichoptera. (G. Fischer, 1909).
 132. Smit, F. G. A. M. Siphonaptera. Insecta Helvetica. Catalogus 1 (1966).
 133. White, M. Insecta 2. Blattodea, Mantodea, Isoptera, Grylloblattodea, Phasmatodea, Dermaptera and Embioptera. (Schweizerbart 

Science Publishers, Stuttgart, Germany, 1976).
 134. Holman, J. Host Plant Catalog of Aphids: Palaearctic Region. (Springer Netherlands, 2008).
 135. Röösli, T., Steffen, M., Berner, D., Schweiz, S. V. S. & Schweizer Vogelschutz, V. für V. N. Heuschrecken Der Schweiz. (SVS, 2004).
 136. Weidner, H., Helmcke, J. G., Starck, D., Wermuth, H. & Kükenthal, W. Copeognatha (Psocodea). (De Gruyter, Berlin and New York, 

1972).
 137. Székessy, V. Strepsiptera. (Springer, Wien, 1970).
 138. Rosenberg, J. & Voigtländer, K. Die Hundertfüsser: Chilopoda. (Westarp Wissenschaften, Hohenwarsleben, 2009).
 139. Jean-Richard, P., Keller, H. & Naturschutz, S. B. für. Krebse in der Schweiz: erleben, beobachten, bestimmen, hegen. (Schweiz. Bund 

für Naturschutz, Basel, 1994).
 140. Steinmann, P. & Krämer, W. Die Fische der Schweiz. (Sauerländer, Aarau, 1936).
 141. Willner, W. Taschenlexikon der Käfer Mitteleuropas: die wichtigsten Arten im Porträt. (Quelle & Meyer, Wiebelsheim, 2013).
 142. Boschi, C. Die Schneckenfauna der Schweiz: ein umfassendes Bild- und Bestimmungsbuch. (Haupt Verl, Bern, 2011).
 143. Studemann, D., Landolt, P. & Sartori, M. Ephemeroptera. vol. 9 (Schweizerische entomologische Gesellschaft = Société 

entomologique suisse, 1992).
 144. Lubini, V. et al. Die Steinfliegen der Schweiz: Bestimmung und Verbreitung = Les plécoptères de Suisse: identification et distribution. 

(Centre suisse de cartographie de la faune, Neuchâtel, 2012).
 145. Neumeyer, R. Vespidae. (Info fauna - Centre suisse de cartographie de la faune, Neuchâtel, 2019).
 146. Daly, H. V. et al. Introduction to Insect Biology and Diversity. (Oxford Univ. Press, Oxford, 1998).
 147. Brunel, E. Contributions to a Manual of Palaearctic Diptera (with Special Reference to Flies of Economic Importance). vol. 3: Higher 

Brachycera (Science Herald, Budapest, 1998).
 148. Borror, D. J., Triplehorn, C. A. & Johnson, N. F. An Introduction to the Study of Insects. (Saunders College, Philadelphia [etc, 1989).
 149. Loew, H. Monographs Of The Diptera Of North America. (Smithsonian Institution, Washington, 1862).
 150. Vaillant, H. F. J. O. T. F. Die Fliegen Der Palaearktischen Region. Familie 9 (a-d): Psychodidae: Bruchomyiinae, Trichomyiinae, 

Phlebotominae, Psychodinae. (Schweizerbart Science Publishers, Stuttgart, Germany, 1958).
 151. Gordh, G. & Headrick, D. A Dictionary of Entomology. (CABI Pub., 2001).
 152. Lukešová, A. & Frouz, J. Soil and Freshwater Micro-Algae as a Food Source for Invertebrates in Extreme Environments. in Algae 

and Cyanobacteria in Extreme Environments (ed. Seckbach, J.) 265–284. https://doi.org/10.1007/978-1-4020-6112-7_14 (Springer 
Netherlands, Dordrecht, 2007).

 153. Arnett, R. H. American Insects: A Handbook of the Insects of America North of Mexico. (Sandhill Crane Press, Gainesville, Fla, 1993).
 154. Hull, F. M. Robber Flies of the World: The Genera of the Family Asilidae. Bulletin of the United States National Museum 224, 1–907 

(1962).
 155. McAlpine, J. F. et al. Manual of Nearctic Diptera. Volume 1. (Agriculture Canada, Ottawa, 1981).
 156. Smith, K. G. V. An Introduction to the Immature Stages of British Flies: Diptera Larvae, with Notes on Eggs, Puparia and Pupae., 

(1989).
 157. Ingrisch, S. & Köhler, G. Die Heuschrecken Mitteleuropas. (Westarp Wissenschaften, Magdeburg, 1998).
 158. Maas, S., Detzel, P. & Staudt, A. Gefährdungsanalyse der Heuschrecken Deutschlands: Verbreitungsatlas, Gefährdungseinstufung und 

Schutzkonzepte. (Bundesamt für Naturschutz, Bonn-Bad Godesberg, 2002).
 159. Detzel, P., Baden-Württemberg, A. & Baden-Württemberg, L. für U. Die Heuschrecken Baden-Württembergs. (Ulmer, Stuttgart 

(Hohenheim), 1998).
 160. Kottelat, M. & Freyhof, J. Handbook of European Freshwater Fishes. (Kottelat, Cornol, 2007).
 161. White, D. S. Coleoptera (Beetles) in Aquatic Ecosystems. in Encyclopedia of Inland Waters 144–156 (Elsevier, 2009).
 162. Arnett, R. H. & Thomas, M. C. (Michael C. Archostemata, Myxophaga, Adephaga, Polyphaga: Staphyliniformia. Archostemata, 

Myxophaga, Adephaga, Polyphaga: Staphyliniformia (CRC Press, Boca Raton, Fla, 2001).
 163. Aspöck, U. Megaloptera. in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica Austriaca (BMLFUW, Wien, 1995).
 164. Aspöck, U., Weißmair, W. & Waringer, J. Neuroptera. in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica Austriaca (BMLFUW, 

Wien, 1995).
 165. Bauernfeind, E., Weichselbaumer, P., Leitner, P. & Moog, O. Ephemeroptera. in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica 

Austriaca (BMLFUW, Wien, 2002).

https://doi.org/10.1038/s41597-025-05487-7
https://www.vogelwarte.ch/en/birds/birds-of-switzerland/
https://www.vogelwarte.ch/en/birds/birds-of-switzerland/
https://www.infoflora.ch/en/flora/taxonomy.html#checklist
https://doi.org/10.15468/dl.t7rrhw
https://scholar.google.com/
https://datasetsearch.research.google.com/
https://swisscovery.slsp.ch
https://doi.org/10.1007/978-1-4020-6112-7_14


1 6Scientific Data |         (2025) 12:1164  | https://doi.org/10.1038/s41597-025-05487-7

www.nature.com/scientificdatawww.nature.com/scientificdata/

 166. Bauernfeind, E., Weichselbaumer, P., Leitner, P. & Moog, O. Ephemeroptera. in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica 
Austriaca (BMLFUW, Wien, 1995).

 167. Brojer, M., Jäch, M. A., Kodada, J. & Moog, O. Coleoptera: Water beetles. in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica 
Austriaca (BMLFUW, Wien, 2017).

 168. Buffagni, A., Cazzola, M., López-Rodríguez, M. J., Alba-Tercedor, J. & Armanini, D. G. Schmidt-Kloiber, A. & Hering, D. (Eds.): 
Distribution and Ecological Preferences of European Freshwater Organisms. Ephemeroptera. vol. 3 (2009).

 169. Zwick, P. et al. Diptera (except Chironomidae). in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica Austriaca (BMLFUW, Wien, 
2002).

 170. Chovanec, A., Holzinger, W. E., Janecek, B. F. U. & Moog, O. Odonata. in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica 
Austriaca (BMLFUW, Wien, 2017).

 171. Gaviria, S. et al. Crustacea. in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica Austriaca (BMLFUW, Wien, 2002).
 172. Graf, W., Murphy, J., Dahl, J., Zamora-Munoz, C. & Lopez-Rodriguez, M. J. Distribution and Ecological Preferences of European 

Freshwater Organisms. Volume 1. Trichoptera. vol. 1 (Pensoft Publishing, Sofia-Moscow, 2008).
 173. Graf, W., Grasser, U. & Waringer, J. Trichoptera. in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica Austriaca (BMLFUW, Wien, 

1995).
 174. Graf, W., Grasser, U. & Waringer, J. Trichoptera. in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica Austriaca (BMLFUW, Wien, 

2002).
 175. Graf, W., Grasser, U. & Weinzierl, A. Plecoptera. in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica Austriaca (BMLFUW, Wien, 

2002).
 176. Graf, W., Grasser, U. & Weinzierl, A. Plecoptera. in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica Austriaca (BMLFUW, Wien, 

1995).
 177. Huemer, P. & Tarmann, G. Lepidoptera. in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica Austriaca (BMLFUW, Wien, 2002).
 178. Brojer, M., Jäch, M. A., Kodada, J. & Moog, O. Coleoptera: Water beetles. in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica 

Austriaca (BMLFUW, Wien, 2002).
 179. Janecek, B. F. U. et al. Diptera. in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica Austriaca (BMLFUW, Wien, 2017).
 180. Bauernfeind, E., Weichselbaumer, P., Leitner, P. & Moog, O. Ephemeroptera. in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica 

Austriaca (BMLFUW, Wien, 2017).
 181. Pöckl, M., Borza, P., Nesemann, N. & Moog, O. Crustacea: Amphipoda, Isopoda, Decapoda. in Moog, O. & A. Hartmann (Eds.): 

Fauna Aquatica Austriaca (BMLFUW, Wien, 2017).
 182. Reischütz, A., Reischütz, P. L., Nesemann, N. & Moog, O. Mollusca. in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica Austriaca 

(BMLFUW, Wien, 2002).
 183. Reischütz, A., Reischütz, P. L., Nesemann, N. & Moog, O. Gastropoda. in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica 

Austriaca (BMLFUW, Wien, 2002).
 184. Schmedtje, U. & Colling, M. Ökologische Typisierung Der Aquatischen Makrofauna. (Bayerisches Landesamt für Wasserwirtschaft, 

1996).
 185. Zettel, H. & Rabitsch, W. Heteroptera. in Moog, O. & A. Hartmann (Eds.): Fauna Aquatica Austriaca (BMLFUW, Wien, 2002).
 186. Minelli, A. Treatise on Zoology - Anatomy, Taxonomy, Biology. The Myriapoda, Volume 2. (Brill, Leiden, The Netherlands, 2015).
 187. James, M T. The Flies That Cause Myiasis in Man. vol. no. 631 (United States Department of Agriculture, Washington, D.C, 1947).
 188. Matheson, R. Medical Entomology. (Comstock Publishing Company Inc, Cornell University, 1932).
 189. Remane, R. & Wachmann, E. Zikaden: kennenlernen - beobachten. Zikaden kennenlernen - beobachten (Naturbuch Verlag, 

Augsburg, 1993).
 190. Blösch, M. Die Grabwespen Deutschlands: Sphecidae s.str., Crabronidae: Lebensweise, Verhalten, Verbreitung. (Goecke & Evers, 

Keltern, 2000).
 191. Bellmann, H. Der neue Kosmos-Schmetterlingsführer: [Schmetterlinge, Raupen und Futterpflanzen]. Der neue Kosmos-

Schmetterlingsführer [Schmetterlinge, Raupen und Futterpflanzen] (Kosmos, Stuttgart, 2009).
 192. Forster, W. & Wohlfahrt, T. A. Die Schmetterlinge Mitteleuropas. (Franckh, Stuttgart, 1977).
 193. Petry, A. & Bergmann, A. Eulen. in Die Grossschmetterlinge Mitteldeutschlands: unter besonderer Berücksichtigung der 

Formenbildung. vol. 4 (Urania, Jena, 1951).
 194. Pitkin, B. & Jenkins, P. Butterflies and Moths of the World. Natural History Museum https://doi.org/10.5519/S93616QW (2023).
 195. Hodges, R. W. The Gelechioidea. in Kristensen, N.P. (ed.): Handbuch der Zoologie/Handbook of Zoology, Band 4: Volume IV – 

Arthropoda: Insecta. Part 35: Lepidoptera, Moths and Butterflies 131–158 (de Gruyter, Berlin and New York, 1999).
 196. Wachmann, E. & Saure, C. Netzflügler, Schlamm- und Kamelhalsfliegen: Beobachtung, Lebensweise. (Naturbuch-Verlag, Augsburg, 

1997).
 197. Engel, M. S. & Grimaldi, D. A. The Neuropterid Fauna of Dominican and Mexican Amber (Neuropterida: Megaloptera, 

Neuroptera). novi 2007, 1–58 (2007).
 198. Ludwig, H. W. et al. Tiere Und Pflanzen Unserer Gewässer: Merkmale, Biologie, Lebensraum, Gefährdung. (BLV Verlagsgesellschaft, 

München, 2003).
 199. Jackman, J. A. & Drees, B. M. A Field Guide to Common Texas Insects. (Taylor Trade Publishing, 1998).
 200. Fechter, R. & Falkner, G. Weichtiere. Europäische Meeres- Und Binnenmollusken. vol. Steinbachs Naturführer 10 (Mosaik-Verlag, 

München, 1990).
 201. Beutel, R. G. & Leschen, R. A. B. Volume 1 Coleoptera, Beetles. Morphology and Systematics. in Handbook of Zoology (De Gruyter, 

Berlin and New York, 2016).
 202. Ślipinśki, A. & Tomaszewska, W. 10.30. Alexiidae Imhoff, 1856. in Volume 2 Morphology and Systematics (Elateroidea, 

Bostrichiformia, Cucujiformia partim) (eds. Kükenthal, W., Leschen, R. A. B., Beutel, R. G. & Lawrence, J. F.) 432–434 (De Gruyter, 
Berlin and New York, 2010).

 203. Foelix, R. F. Biologie der Spinnen. (Edition Chimaira, Frankfurt am Main, 2015).
 204. Bauernfeind, E. & Soldan, T. The Mayflies of Europe (Ephemeroptera). (Brill, Leiden, The Netherlands, 2012).
 205. Watson, L. & Dallwitz, M. Blastobasidae. in Insects of Britain and Ireland: the families of Lepidoptera. Version: 14th April 2022. 

(2003).
 206. Brohmer, P., Bohlken, H. & Schaefer, M. Fauna von Deutschland: ein Bestimmungsbuch unserer heimischen Tierwelt. Fauna von 

Deutschland ein Bestimmungsbuch unserer heimischen Tierwelt (Quelle & Meyer, Heidelberg, 1992).
 207. Medical and Veterinary Entomology. https://doi.org/10.1016/B978-0-12-814043-7.01001-3 (Academic Press, 2019).
 208. Brittain, J. E. & Sartori, M. Chapter 91 - Ephemeroptera: (Mayflies). in Encyclopedia of Insects (Second Edition) (eds. Resh, V. H. & 

Cardé, R. T.) 328–334 (Academic Press, San Diego, 2009).
 209. Maier, C., Lawrence, J. F. & Leschen, R. A. B. Byrrhidae Latreille, 1804. in Beutel, R.G. and Leschen R.A.B. (eds.) Handbook of 

Zoology vol. 1 Coleoptera, Beetles. Morphology and Systematics (De Gruyter, Berlin and New York, 2016).
 210. Leschen, R. A. B., Beutel, R. G., Lawrence, J. F. & Slipinski, A. Cerophytidae Latreille, 1834. in Morphology and Systematics 

(Elateroidea, Bostrichiformia, Cucujiformia partim) vol. 2, 54–61 (De Gruyter, Berlin and New York, 2011).
 211. Roháček, J. Clusiidae Handlirsch, 1884. in Checklist of Diptera of the Czech Republic and Slovakia (Comenius University, Faunima 

Bratislava, 2009).

https://doi.org/10.1038/s41597-025-05487-7
https://doi.org/10.5519/S93616QW
https://doi.org/10.1016/B978-0-12-814043-7.01001-3


17Scientific Data |         (2025) 12:1164  | https://doi.org/10.1038/s41597-025-05487-7

www.nature.com/scientificdatawww.nature.com/scientificdata/

 212. Landrock, K. Zweiflügler oder Diptera. VI: Pilzmücken oder Fungivoridae (Mycetophilidae). in Dahl, F (ed.) Die Tierwelt 
Deutschlands und der angrenzenden Meeresteile nach ihren Merkmalen und nach ihrer Lebensweise 1–166 (Verlag Gustav Fischer, 
Jena, 1940).

 213. Evans, A. V. & Hogue, J. N. Field Guide to Beetles of California. in Natural History Guides vol. 88 (University of California Press, 
Berkeley and Los Angeles, 2008).

 214. Poinar, G. O. Life in Amber. (Stanford University Press, Stanford, California, 1992).
 215. Wachmann, E., Melber, A. & Deckert, J. Wanzen Band 1. in Dahl, F. (ed.) Die Tierwelt Deutschlands und der angrenzenden 

Meeresteile nach ihren Merkmalen und nach ihrer Lebensweise vol. 77, 1–273 (Verlag Gustav Fischer, Jena, 2006).
 216. Reitter, E. Fauna Germanica: die Käfer des deutschen Reiches. (Directmedia Publ, Berlin, 2006).
 217. Muona, J. Eucnemidae Eschscholtz, 1829. in Morphology and Systematics (Elateroidea, Bostrichiformia, Cucujiformia partim) vol. 

2, 61–69 (De Gruyter, Berlin and New York, 2011).
 218. Galat, D. L., Berry, C. R., Peters, E. J. & White, R. G. Missouri River Basin. in Rivers of North America (eds. Benke, A. C. & Cushing, 

C. E.) 426–480. https://doi.org/10.1016/B978-012088253-3/50013-4 (Academic Press, Burlington, 2005).
 219. Schuh, R. T. & Slater, J. A. True Bugs of the World: (Hemiptera: Heteroptera): Classification and Natural History. (Comstock 

Publishing Company Inc, Ithaca, NY [etc, 1995).
 220. Beutel, R. G. & Leschen, R. A. B. 12. Hydrophiloidea Latreille, 1802. in Handbook of Zoology Volume 1 Coleoptera, Beetles. 

Morphology and Systematics (De Gruyter, Berlin and New York, 2016).
 221. Jäch, M. A., Beutel, R. G., Delgado, J. A. & Diaz, J. A. Hydraenidae Mulsant, 1844. in Handbook of Zoology Volume 1 Coleoptera, 

Beetles. Morphology and Systematics (De Gruyter, Berlin and New York, 2016).
 222. Rouchley, R. E. Haliplidae. in Arnett, R. and Thomas, M. (eds.) American Beetles vol. 1 (CRC Press, Boca Raton, FL, 2002).
 223. Newton, A. F. Leiodidae Fleming, 1821. in Handbook of Zoology Volume 1 Coleoptera, Beetles. Morphology and Systematics (De 

Gruyter, Berlin and New York, 2016).
 224. Honomichl, K. & Bellmann, H. Biologie und Ökologie der Insekten. (G. Fischer, Stuttgart, 1996).
 225. American Beetles, Volume II: Polyphaga: Scarabaeoidea through Curculionoidea. https://doi.org/10.1201/9781420041231 (CRC 

Press, Boca Raton, 2002).
 226. Pollock, D. A. Mycteridae Blanchard, 1845. in Morphology and Systematics (Elateroidea, Bostrichiformia, Cucujiformia partim) vol. 

2, 61–69 (De Gruyter, Berlin and New York, 2011).
 227. Nentwig, W. Ecophysiology of Spiders. (Springer Berlin Heidelberg, 2012).
 228. Leschen, R. A. B. & Beutel, R. G. Nosodendridae Erichson, 1846. in Morphology and Systematics (Elateroidea, Bostrichiformia, 

Cucujiformia partim) vol. 2, 185–190 (De Gruyter, Berlin and New York, 2011).
 229. Seago, A. & Beutel, R. G. Prostomidae Thomson, 1859. in Morphology and Systematics (Elateroidea, Bostrichiformia, Cucujiformia 

partim) vol. 2, 659–667 (De Gruyter, Berlin and New York, 2011).
 230. Lawrence, J. F. Ptilodactylidae Laporte, 1836. in Handbook of Zoology Volume 1 Coleoptera, Beetles. Morphology and Systematics (De 

Gruyter, Berlin and New York, 2016).
 231. Pollock, D. A. Pythidae Solier, 1834. in Morphology and Systematics (Elateroidea, Bostrichiformia, Cucujiformia partim) vol. 2, 

708–715 (De Gruyter, Berlin and New York, 2011).
 232. Dohle, W., Angermann, R., Goldschmid, A., Rieger, R. & Westheide, W. Spezielle Zoologie Teil 1: Korrigierter und ergänzter 

Nachdruck der 1. Aufl. 1996. (Spektrum, Heidelberg, 2004).
 233. Sartori, M. & Brittain, J. E. Chapter 34 - Order Ephemeroptera. in Thorp and Covich’s Freshwater Invertebrates (Fourth Edition) (eds. 

Thorp, J. H. & Rogers, D. C.) 873–891 (Academic Press, Boston, 2015).
 234. Fletcher, J. T., White, P. F. & Gaze, R. H. Mushrooms: Pest and Disease Control. (Intercept, Andover, Hants, 1989).
 235. Lawrence, J. F. & Ślipiński, S. A. Spercheidae Erichson, 1837. in Australian Beetles Volume 2: Archostemata, Myxophaga, Adephaga, 

Polyphaga vol. 2 (CSIRO Publishing, Clayton South VIC, Australia, 2019).
 236. Woodley, N. E. Family Stratiomyidae. in Gerlach, J. (ed.). The Diptera of the Seychelles Islands 100–106 (Pensoft, Sofia, 2009).
 237. Klausnitzer, B. Käfer im und am Wasser. (Westarp Wissenschaften, Magdeburg, 1996).
 238. Nardi, J. B. The Hidden Company That Trees Keep: Life from Treetops to Root Tips. (Princeton University Press, Princeton, 2023).
 239. U.S. Fish and Wildlife Service. For a 4(d) Rule for the Conservation of the Northern Spotted Owl on Non-Federal Lands, 

Environmental Alternatives Analysis. (1995).
 240. Wetzel, R. G. Benthic animals and fish communities. in Limnology (Third Edition) 665–730 (Academic Press, San Diego, 2001).
 241. Freude, H., Harde, L. W. & Lohse, G. A. Die Käfer Mitteleuropas, Bd. 6: Diversicornia (Lycidea-Byrrhidae). (Spektrum, 1999).
 242. Young, D. & Pollock, D. A. Pyrochroidae Latreille, 1807. in Morphology and Systematics (Elateroidea, Bostrichiformia, Cucujiformia 

partim) vol. 2, 715–721 (De Gruyter, Berlin and New York, 2011).
 243. Hättenschwiler, P. Psychidae. in Heath, J., et aleds). The moths and butterflies of Great Britain and Ireland: Cossidae-Heliodinidae vol. 

2, 146–148 (Harley, Colchester, Essex, 1985).
 244. Potter, D. Clearwing Moths (Lepidoptera: Sesiidae). in Encyclopedia of Entomology (ed. Capinera, J. L.) 928–928 (Springer 

Netherlands, Dordrecht, 2008).
 245. The Editors of Encyclopaedia Brittanica. Checkered beetle | Woodland, Ground-dwelling, Coleoptera. Encyclopaedia Britannica 

https://www.britannica.com/animal/checkered-beetle (1998).
 246. Witt, R. Wespen. (Vademecum-Verlag, Oldenburg, 2009).
 247. Bellmann, H. Bienen, Wespen, Ameisen: Hautflügler Mitteleuropas. (Franckh-Kosmos, Stuttgart, 1995).
 248. Günter, E. Noctuidae 3. Teil. in Die Schmetterlinge Baden-Württembergs Band 7, Nachtfalter V vol. 7 (Ulmer, 1998).
 249. Forster, W. & Wohlfahrt, T. A. Die Schmetterlinge Mitteleuropas Band 4: Eulen (Noctuidae). (Franckh, Stuttgart, 1971).
 250. Bradley, R. A., Bradley, R. A. & Buchanan, S. Common Spiders of North America. (University of California Press, Berkeley, 2013).
 251. Courtney, G. W., Pape, T., Skevington, J. H. & Sinclair, B. J. Biodiversity of Diptera. in Insect Biodiversity 229–278 (John Wiley & 

Sons, Ltd, 2017).
 252. Arnscheid, W. R. & Weidlich, M. Psychidae. in Microlepidoptera of Europe vol. 8 (Brill, Leiden, 2017).
 253. Tomanović, Ž., Žikić, V. & Petrović, A. Fauna of Parasitoid Wasps (Hymenoptera, Braconidae, Aphidiinae) of Serbia. (Serbian 

Academy of Sciences and Arts, Belgrade, 2021).
 254. de Jong, H., Oosterbroek, P., Gelhaus, J., Reusch, H. & Young, C. Global diversity of craneflies (Insecta, Diptera: Tipulidea or 

Tipulidae sensu lato) in freshwater. in Freshwater Animal Diversity Assessment (eds. Balian, E. V., Lévêque, C., Segers, H. & Martens, 
K.) 457–467 (Springer Netherlands, Dordrecht, 2008).

 255. Möller, G., Grube, R. & Wachmann, E. Der Fauna Käferführer. (Fauna-Verlag, Nottuln, 2006).
 256. Beuk, P. L. Th. Family Mycetobiidae. Checklist of the Diptera of the Netherlands https://diptera-info.nl/news.php?fam=Mycetobiidae 

(2001).
 257. Gressitt, J. L. Coleopteran - Classification | Britannica. Encyclopaedia Brittanica https://www.britannica.com/animal/beetle/

Annotated-classification#ref1214262 (2023).
 258. Resh, V. H. & Carde, R. T. Encyclopedia of Insects. (Academic Press, Amsterdam;, 2003).
 259. Scudder, G. G. E. & Cannings, R. A. Lepidoptera and Associated Orders of British Columbia. in The Families of Insects of British 

Columbia (University of British Columbia, 2007).
 260. Matile, L. Family: Mycetophagidae. Evenhuis, N.L. (ed.), Catalog of the Diptera of the Australasian and Oceanian Regions. (online 

version) http://hbs.bishopmuseum.org/aocat/myceto.html (2016).

https://doi.org/10.1038/s41597-025-05487-7
https://doi.org/10.1016/B978-012088253-3/50013-4
https://doi.org/10.1201/9781420041231
https://www.britannica.com/animal/checkered-beetle
https://diptera-info.nl/news.php?fam=Mycetobiidae
https://www.britannica.com/animal/beetle/Annotated-classification#ref1214262
https://www.britannica.com/animal/beetle/Annotated-classification#ref1214262
http://hbs.bishopmuseum.org/aocat/myceto.html


1 8Scientific Data |         (2025) 12:1164  | https://doi.org/10.1038/s41597-025-05487-7

www.nature.com/scientificdatawww.nature.com/scientificdata/

 261. South, R. Trifinae. in Moths of the British Isles (Frederick Warne & Co, London, 1920).
 262. Mound, L., Collins, D. & Hastings, A. Thysanoptera Britannica et Hibernica - Thrips of the British Isles. (Identic Pty Ltd, Queensland, 

Australia, 2023).
 263. Nyffeler, M. & Benz, G. The role of spiders as insect predators in cereal fields near Zurich (Switzerland). in 8. Internationaler 

Arachnologen-Kongress: abgehalten an der Universität für Bodenkultur, Wien - Verhandlungen. https://doi.org/10.3929/
ethz-a-005778607 (H. Egermann, 1980).

 264. Redhead, J. W. et al. Plant-pollinator interactions database for construction of potential networks. NERC Environmental 
Information Data Centre https://doi.org/10.5285/6d8d5cb5-bd54-4da7-903a-15bd4bbd531b (2018).

 265. Gossner, M. M. et al. Data from: A summary of eight traits of Coleoptera, Hemiptera, Orthoptera and Araneae, occurring in 
grasslands in Germany. Dryad https://doi.org/10.5061/DRYAD.53DS2 (2016).

 266. Wallinger, C. et al. Data from: How generalist herbivores exploit belowground plant diversity in temperate grasslands. Dryad 
https://doi.org/10.5061/DRYAD.F45Q2 (2013).

 267. Valdez, J. Data from: Arthropods as vertebrate predators: a review of global patterns. Dryad https://doi.org/10.5061/
DRYAD.9P8CZ8WD6 (2021).

 268. Stary, P. & Havelka, J. Fauna and associations of aphid parasitoids in an up-dated farmland area (Czech Republic). Bulletin of 
Insectology 61, 251–276 (2008).

 269. Kuhlmann, U., Carl, K. P. & Mills, N. J. Quantifying the impact of insect predators and parasitoids on populations of the apple 
ermine moth, Yponomeuta malinellus (Lepidoptera: Yponomeutidae), in Europe. Bulletin of Entomological Research 88, 165–175 
(1998).

 270. Benadi, G., Hovestadt, T., Poethke, H.-J. & Blüthgen, N. Data from: Specialization and phenological synchrony of plant–pollinator 
interactions along an altitudinal gradient. Dryad https://doi.org/10.5061/DRYAD.8MN44 (2014).

 271. Haelewaters, D. et al. Parasites of parasites of bats: Laboulbeniales (Fungi: Ascomycota) on bat flies (Diptera: Nycteribiidae) in 
central Europe. Parasites & Vectors 10, 96 (2017).

 272. Bertrand, C. et al. Data from: Seasonal shifts and complementary use of pollen sources by two bee, a lacewing and a ladybeetle 
species in European agricultural landscapes. Dryad https://doi.org/10.5061/DRYAD.6836P06 (2019).

 273. Šigut, M. et al. Data from: Vertical canopy gradient shaping the stratification of leaf-chewer-parasitoid interactions in a temperate 
forest. Dryad https://doi.org/10.5061/DRYAD.HK4948N (2019).

 274. Rome, Q. et al. Not just honeybees: predatory habits of Vespa velutina (Hymenoptera: Vespidae) in France. Annales de la Société 
entomologique de France 57, 1–11 (2021).

 275. Macfadyen, S. et al. Data from: Do differences in food web structure between organic and conventional farms affect the ecosystem 
service of pest control? Dryad https://doi.org/10.5061/DRYAD.5FR85 (2013).

 276. Kuhlmann, U. Biology Of Triarthria setipennis (Fallén) (Diptera: Tachinidae), A Native Parasitoid Of The European Earwig, 
Forficula auricularia L. (Dermaptera: Forficulidae), In Europe. The Canadian Entomologist 127, 507–517 (1995).

 277. Vorburger, C., Herzog, J. & Rouchet, R. Data from: Aphid specialization on different summer hosts is associated with strong genetic 
differentiation and unequal symbiont communities despite a common mating habitat. Dryad https://doi.org/10.5061/
DRYAD.5615G (2017).

 278. Vorburger, C. & Rouchet, R. Data from: Are aphid parasitoids locally adapted to the prevalence of defensive symbionts in their 
hosts? Dryad https://doi.org/10.5061/DRYAD.F8F8H (2016).

 279. Ducotterd, C. et al. The feeding behaviour of the European pond turtle (Emys orbicularis, L. 1758) is not a threat for other 
endangered species. Global Ecology and Conservation 23, e01133 (2020).

 280. Eero, J. et al. Threats from the air: damselfly predation on diverse prey taxa. Dryad (2020).
 281. Kaunisto, K. M., Roslin, T., Sääksjärvi, I. E. & Vesterinen, E. J. Data from: Pellets of proof: first glimpse of the dietary composition 

of adult odonates as revealed by metabarcoding of feces. Dryad https://doi.org/10.5061/DRYAD.5N92P (2018).
 282. Szentkirályi, F. & Krištín, A. Lacewings and snakeflies (Neuroptera, Raphidioptera) as prey for bird nestlings in Slovakian forest 

habitats. Acta zoologica Academiae Scientiarum Hungaricae 48, 329–340 (2002).
 283. Mound, L. A. THYSANOPTERA: Diversity and Interactions. Annual Review of Entomology 50, 247–269 (2005).
 284. Zwahlen, C., Nentwig, W., Bigler, F. & Hilbeck, A. Tritrophic Interactions of Transgenic Bacillus thuringiensis Corn, Anaphothrips 

obscurus (Thysanoptera: Thripidae), and the Predator Orius majusculus (Heteroptera: Anthocoridae). Environmental Entomology 
29, 846–850 (2000).

 285. Hughes, D. P., Kathirithamby, J. & Beani, L. Prevalence of the parasite Strepsiptera in adult Polistes wasps: field collections and 
literature overview. Ethology Ecology & Evolution (2004).

 286. Šerić Jelaska, L., Jurasović, J., Brown, D. S., Vaughan, I. P. & Symondson, W. O. C. Data from: Molecular field analysis of trophic 
relationships in soil-dwelling invertebrates to identify mercury, lead and cadmium transmission through forest ecosystems. Dryad 
https://doi.org/10.5061/DRYAD.5N02F (2013).

 287. Eitzinger, B., Rall, B., Traugott, M. & Scheu, S. Data from: Testing the validity of functional response models using molecular gut 
content analysis for prey choice in soil predators. Dryad https://doi.org/10.5061/DRYAD.31T0K (2017).

 288. Storchová, L. & Hořák, D. Data from: Life-history characteristics of European birds. Dryad https://doi.org/10.5061/DRYAD.
N6K3N (2018).

 289. Simmons, B. I. et al. Data from: Moving from frugivory to seed dispersal: incorporating the functional outcomes of interactions in 
plant-frugivore networks. Dryad https://doi.org/10.5061/DRYAD.R3D70M9 (2019).

 290. Krüger, F., Clare, E. L., Symondson, W. O. C., Keišs, O. & Pētersons, G. Data from: Diet of the insectivorous bat Pipistrellus nathusii 
during autumn migration and summer residence. Dryad https://doi.org/10.5061/DRYAD.2D38F (2013).

 291. Kervyn, T., Godin, M.-C., Jocqué, R., Grootaert, P. & Libois, R. Web-building spiders and blood-feeding flies as prey of the notch-
eared bat (Myotis emarginatus). Belgian Journal of Zoology 142, 59–67 (2012).

 292. Alberdi, A., Garin, I., Aizpurua, O. & Aihartza, J. Data from: The foraging ecology of the Mountain long-eared bat Plecotus 
macrobullaris revealed with DNA mini-barcodes. Dryad https://doi.org/10.5061/DRYAD.611310KT (2012).

 293. Ranåker, L., Persson, J., Jönsson, M., Nilsson, P. A. & Brönmark, C. Piscivore-Prey Fish Interactions: Mechanisms behind Diurnal 
Patterns in Prey Selectivity in Brown and Clear Water. PLOS ONE 9, e102002 (2014).

 294. Thalinger, B. et al. Data from: Molecular prey identification in Central European piscivores. Dryad https://doi.org/10.5061/
DRYAD.1VF74 (2015).

 295. Pitteloud, C. et al. Plant-Orthoptera trophic networks (Lif3web projet). EnviDat https://doi.org/10.16904/envidat.178 (2020).
 296. Burckhardt, D. Vorläufiges Verzeichnis der Blattflöhe Mitteleuropas mit Wirtspflanzenangaben. Cicadina 5, 1–9 (2002).
 297. Ujvárosi, L., Kolcsár, L. P., Bálint, M. & Ciprian, M. Pediciidae larvae (Insecta, Diptera) in the Carpathian Basin: preliminary results 

and further perspectives. Acta Biologica Debrecina. Supplementum Oecologica Hungarica 21, 233–246 (2010).
 298. Mathis, W. N. & Freidberg, A. A Revision Of The Nearctic Aulacigaster Macquart With Notes On A-Leucopeza (Meigen) From The 

Palearctic Region (Diptera, Aulacigastridae). Proceedings of the Entomological Society of Washington 96, 583–598 (1994).
 299. Frey, R. Studien Über Den Bau Des Mundes Der Niederen Diptera Schizophora Nebst Bemerkungen Über Die Systematik Dieser 

Dipterengruppe. ([J. Simelii Arvingar], Helsingfors, 1921).
 300. Foote, B. A. Biology of Shore Flies. Annual review of entomology 40, 417–442 (1995).
 301. Schiner, I. Rudolph. Vorläufiger Commentar zum dipterologischen Theile der ‘Fauna austriaca’. Wiener entomologische Monatschrift 

7, 217–226 (1863).

https://doi.org/10.1038/s41597-025-05487-7
https://doi.org/10.3929/ethz-a-005778607
https://doi.org/10.3929/ethz-a-005778607
https://doi.org/10.5285/6d8d5cb5-bd54-4da7-903a-15bd4bbd531b
https://doi.org/10.5061/DRYAD.53DS2
https://doi.org/10.5061/DRYAD.F45Q2
https://doi.org/10.5061/DRYAD.9P8CZ8WD6
https://doi.org/10.5061/DRYAD.9P8CZ8WD6
https://doi.org/10.5061/DRYAD.8MN44
https://doi.org/10.5061/DRYAD.6836P06
https://doi.org/10.5061/DRYAD.HK4948N
https://doi.org/10.5061/DRYAD.5FR85
https://doi.org/10.5061/DRYAD.5615G
https://doi.org/10.5061/DRYAD.5615G
https://doi.org/10.5061/DRYAD.F8F8H
https://doi.org/10.5061/DRYAD.5N92P
https://doi.org/10.5061/DRYAD.5N02F
https://doi.org/10.5061/DRYAD.31T0K
https://doi.org/10.5061/DRYAD.N6K3N
https://doi.org/10.5061/DRYAD.N6K3N
https://doi.org/10.5061/DRYAD.R3D70M9
https://doi.org/10.5061/DRYAD.2D38F
https://doi.org/10.5061/DRYAD.611310KT
https://doi.org/10.5061/DRYAD.1VF74
https://doi.org/10.5061/DRYAD.1VF74
https://doi.org/10.16904/envidat.178


1 9Scientific Data |         (2025) 12:1164  | https://doi.org/10.1038/s41597-025-05487-7

www.nature.com/scientificdatawww.nature.com/scientificdata/

 302. Byers, G. W. & Rossman, D. A. Preliminary survey of the crane flies of Louisiana (Diptera: Tipulidae, Ptychopteridae). Proceedings 
of the Entomological Society of Washington 106, 884–890 (2004).

 303. Pape, T., Blagoderov, V. & Mostovski, M. B. Order Diptera Linnaeus, 1758. In: Zhang, Z.-Q. (Ed.) Animal biodiversity: An outline 
of higher-level classification and survey of taxonomic richness. Zootaxa 3148, 222–229 (2011).

 304. Sundermann, A., Lohse, S., Beck, L. A. & Haase, P. Key to the larval stages of aquatic true flies (Diptera), based on the operational 
taxa list for running waters in Germany. Ann. Limnol. - Int. J. Lim. 43, 61–74 (2007).

 305. Pollet, M. A. A., Brooks, S. E. & Cumming, J. M. Catalog of the Dolichopodidae (Diptera) of America North of Mexico. amnb 2004, 
1–114 (2004).

 306. Balfour, N. J., Castellanos, M. C., Goulson, D., Philippides, A. & Johnson, C. DoPI: The Database of Pollinator Interactions. Ecology 
103, e3801 (2022).

 307. Kissling, W. D. et al. Establishing macroecological trait datasets: digitalization, extrapolation, and validation of diet preferences in 
terrestrial mammals worldwide. Ecology and Evolution 4, 2913–2930 (2014).

 308. Paukkunen, J., Berg, A., Soon, V., Ødegaard, F. & Rosa, P. An illustrated key to the cuckoo wasps (Hymenoptera, Chrysididae) of 
the Nordic and Baltic countries, with description of a new species. ZooKeys 548: 1-116 548, 1–116 (2015).

 309. Benjamin, S. & Zschokke, S. Webs of theridiid spiders: construction, structure and evolution. Biological Journal of the Linnean 
Society 78, 293–305 (2003).

 310. Wilson, E. O. & Hölldobler, B. The rise of the ants: A phylogenetic and ecological explanation. Proceedings of the National Academy 
of Sciences 102, 7411–7414 (2005).

 311. Wiberg-Larsen, P. & Karsholt, O. The traffic of adult Trichoptera above the city of Copenhagen (Denmark). Entomologiske 
Meddelelser 123–136 (1999).

 312. Lurz, P. W. W., Hayssen, V., Geissler, K. & Bertolino, S. Callosciurus erythraeus (Rodentia: Sciuridae). Mammalian Species 45, 
60–74 (2013).

 313. Jackson, R. R., Jakob, E. M., Willey, M. B. & Campbell, G. E. Anti-predator defences of a web-building spider, Holocnemus pluchei 
(Araneae, Pholcidae). Journal of Zoology 229, 347–352 (1993).

 314. Golovatch, S. I. & Kime, R. D. Millipede (Diplopoda) distributions: A review. Soil Organisms 81, 565 (2009).
 315. Aspock, H. The biology of Raphidioptera: A review of present knowledge. Acta Zoologica Academiae Scientiarum Hungaricae 48, 

35–50 (2002).
 316. Sendra, A., Jiménez-Valverde, A., Selfa, J. & Reboleira, A. S. P. S. Diversity, ecology, distribution and biogeography of Diplura. Insect 

Conservation and Diversity 14, 415–425 (2021).
 317. Ševčík, M., Benda, P. & Uhrin, M. First records of the bat fly Phthiridium biarticulatum (Diptera: Nycteribiidae) in Crimea. 

Vespertilio 15, 159–160 (2011).
 318. Lehikoinen, A., Pohjola, P., Valkama, J., Mutanen, M. & Pohjoismäki, J. L. O. Promiscuous specialists: Host specificity patterns 

among generalist louse flies. PLOS ONE 16, e0247698 (2021).
 319. Trilar, T. & Krčmar, S. Contribution to the knowledge of louse flies of Croatia (Diptera: Hippoboscidae). Natura Croatica: 

Periodicum Musei Historiae Naturalis Croatici 14, 131–140 (2005).
 320. Stuke, J.-H. Der Kenntnisstand zum Vorkommen von Lausfliegen auf Vögeln in Niedersachsen und Bremen (Diptera: 

Hippoboscidae). Vogelkundliche Berichte aus Niedersachsen 44, 79–83 (2015).
 321. Miguélez, D., García-Tejero, S., Hernández, Á. & Valladares, L. F. Diet Selection of the Aquatic Warbler Acrocephalus paludicola 

During Its Post-Nuptial Migration Stopover in NW Spain. arde 104, 273–282 (2016).
 322. Casanelles-Abella, J. et al. Larval food composition of four wild bee species in five European cities. EnviDat https://doi.org/ 

10.16904/envidat.249 (2021).
 323. Gumier-Costa, F., Lopes-Andrade, C. & Zacaro, A. A. Association of Ceracis cornifer (Mellié) (Coleoptera: Ciidae) with the 

bracket fungus Pycnoporus sanguineus (Basidiomycetes: Polyporaceae). Neotrop. entomol. 32, 359–360 (2003).
 324. Balfour-Browne, F. 5. The Life-History of the Water-Beetle Pelobius tardus Herbst. Proceedings of the Zoological Society of London 

92, 79–97 (1922).
 325. Kim, S. I. & Farrell, B. D. Phylogeny of world stag beetles (Coleoptera: Lucanidae) reveals a Gondwanan origin of Darwin’s stag 

beetle. Mol Phylogenet Evol 86, 35–48 (2015).
 326. Máca, J. & Otranto, D. Drosophilidae feeding on animals and the inherent mystery of their parasitism. Parasites & Vectors 7, 516 

(2014).
 327. Pérez-Marcos, M., García, M. D., López-Gallego, E., Ramírez-Soria, M. J. & Arnaldos, M. I. Life Cycle and Biometric Study of 

Hydrotaea capensis (Wiedemann, 1818) (Diptera, Muscidae), a Species of Forensic Interest. Insects 13, 531 (2022).
 328. Hertach, T. & Nagel, P. Cicadas in Switzerland: A scientific overview of the historic and current knowledge of a popular taxon 

(Hemiptera: Cicadidae). Revue suisse de zoologie; annales de la Société zoologique suisse et du Muséum d’histoire naturelle de Genève 
120, 229–269 (2013).

 329. Rönkä, K., Mappes, J., Kaila, L. & Wahlberg, N. Putting Parasemia in its phylogenetic place: a molecular analysis of the subtribe 
Arctiina (Lepidoptera). Systematic Entomology 41, 844–853 (2016).

 330. Prevett, P. Some laboratory observations on the life-cycle of Cadra calidella (Guen.)(Lepidoptera: Phycitidae). Journal of Stored 
Products Research 4, 233–238 (1968).

 331. Grabe, A. Eigenartige Geschmacksrichtungen bei Kleinschmetterlingsraupen.(Strange tastes among micromoth caterpillars). 
Zeitschrift des Wiener Entomologen-Vereins 27, 105–109 (1942).

 332. Kuchlein, J. & Kleinpaste, R. Lamoria anella (Denis & Schiffermüller), new te the Netherlands (Lepidoptera, Pyralidae). 
Entomologische Berichten 37, 157–160 (1977).

 333. Mound, L. A. & Minaei, K. Australian thrips of the Haplothrips lineage (Insecta: Thysanoptera). Journal of Natural History 41, 
2919–2978 (2007).

 334. Pavesi, L. & Olesen, J. Functional morphology and environmental adaptations of mouthparts in the driftwood amphipod 
Macarorchestia remyi (Schellenberg, 1950), and a comparison with the sandhopper Talitrus saltator (Montagu, 1808) (Amphipoda: 
Talitridae). Journal of Crustacean Biology 37, 37–44 (2017).

 335. Fogelman, K. J., Stoeckel, J. A., Miller, J. M. & Helms, B. S. Feeding ecology of three freshwater mussel species (Family: Unionidae) 
in a North American lentic system. Hydrobiologia 850, 385–397 (2023).

 336. Pfenninger, M., Hrabáková, M., Steinke, D. & Dèpraz, A. Why do snails have hairs? A Bayesian inference of character evolution. 
BMC Evolutionary Biology 5, 59 (2005).

 337. Amalin, D. M., Reiskind, J., McSorley, R. & Peña, J. Survival of the Hunting Spider, Hibana velox (Araneae, Anyphaenidae), Raised 
on Different Artificial Diets. The Journal of Arachnology 27, 692–696 (1999).

 338. Rindal, E., Søli, G. & Gammelmo, Ø. On the family Bolitophilidae (Diptera, Mycetophiliformia) in Norway. Norwegian Journal of 
Entomology 55, 169–173 (2008).

 339. Bonacci, T., Aloise, G., Brandmayr, P., Brandmayr, T. Z. & Capula, M. Testing the predatory behaviour of Podarcis sicula (Reptilia: 
Lacertidae) towards aposematic and non-aposematic preys. Amphibia-Reptilia 29, 449–453 (2008).

 340. Ozerov, A. & Krivosheina, M. To the fauna of Carnidae (Diptera) of Asia. Russian Entomological Journal 31, 87–91 (2022).
 341. Jin, Z., Slipinski, A. & Pang, H. Genera of Dascillinae (Coleoptera: Dascillidae) with a Review of the Asian Species of Dascillus 

Latreille, Petalon Schonherr and Sinocaulus Fairmaire. Annales Zoologici 63, 551–652 (2013).
 342. Swann, J. Family Milichiidae. Zootaxa 4122, 708–715 (2016).

https://doi.org/10.1038/s41597-025-05487-7
https://doi.org/10.16904/envidat.249
https://doi.org/10.16904/envidat.249


20Scientific Data |         (2025) 12:1164  | https://doi.org/10.1038/s41597-025-05487-7

www.nature.com/scientificdatawww.nature.com/scientificdata/

 343. Mathis, W. N. & Sueyoshi, M. World catalog and conspectus on the family Dryomyzidae (Diptera: Schizophora). Myia 12, 207–233 
(2011).

 344. Yee, D. A. Diving Beetles of the World: Systematics and Biology of the Dytiscidae Kelly B. Miller and Johannes Bergsten. American 
Entomologist 63, 132 (2017).

 345. de, Figueroa, J. M. T. & Sánchez-Ortega, A. Imaginal Feeding of Certain Systellognathan Stonefly Species (Insecta: Plecoptera). 
Annals of the Entomological Society of America 92, 218–221 (1999).

 346. Sazhnev, A. Beetles of the family Heteroceridae (Insecta: Coleoptera) in extreme environments. Ecosystem Transformation 3, 22–31 
(2020).

 347. Hayashi, M. & Morimoto, R. Laboratory rearing of Hydrochus japonicus (Coleoptera: Hydrochidae) suggests larvae live at the 
water bottom. Entomological Science 25, e12498 (2022).

 348. Krushelnycky, P. D. Evaluating the Interacting Influences of Pollination, Seed Predation, Invasive Species and Isolation on 
Reproductive Success in a Threatened Alpine Plant. PLOS ONE 9, e88948 (2014).

 349. Lawrence, J. F. Coleoptera Associated with an Hypoxylon Species (Ascomycetes: Xylariaceae) on Oak. The Coleopterists Bulletin 31, 
309–312 (1977).

 350. Lattin, J. D. Bionomics of the Anthocoridae. Annual Review of Entomology 44, 207–231 (1999).
 351. Lawrence, J. F. & Newton, A. F. Jr. Coleoptera Associated with the Fruiting Bodies of Slime Molds (Myxomycetes). The Coleopterists 

Bulletin 34, 129–143 (1980).
 352. Líznarová, E., Sentenská, L., García, L. F., Pekár, S. & Viera, C. Local trophic specialisation in a cosmopolitan spider (Araneae). 

Zoology 116, 20–26 (2013).
 353. Chaboo, C. S. Beetles (Coleoptera) of Peru: A Survey of the Families. Lymexylidae Fleming, 1821. Journal of the Kansas 

Entomological Society 88, 258–259 (2015).
 354. Maekawa, K., Lo, N., Rose, H. A. & Matsumoto, T. The evolution of soil-burrowing cockroaches (Blattaria: Blaberidae) from wood-

burrowing ancestors following an invasion of the latter from Asia into Australia. Proceedings of the Royal Society of London. Series 
B: Biological Sciences 270, 1301–1307 (2003).

 355. Mandery, K. Über Fächerflügler (Strepsiptera) bei Hautflüglern (Hymenoptera) in Franken und darüber hinaus. Galathea, Berichte 
des Kreises Nürnberger Entomologen e.V. 32, 83–99 (2016).

 356. Miłkowski, M. et al. Trogossitidae, Lophocateridae, Peltidae and Thymalidae (Coleoptera: Cleroidea) of Poland: distribution, 
biology and conservation. Polish Journal of Entomology 88, 215–274 (2019).

 357. Molero-Baltanás, R., Bach, C., Tinaut, A., Diz-Perez, J. & Gaju-Ricart, M. Symbiotic relationships between silverfish (Zygentoma: 
Lepismatidae, Nicoletiidae) and ants (Hymenoptera: Formicidae) in the Western Palaearctic. A quantitative analysis of data from 
Spain. Myrmecological News 24, 107–122 (2017).

 358. Ramírez, M. J. The Morphology And Phylogeny Of Dionychan Spiders (Araneae: Araneomorphae). amnb 2014, 1–374 (2014).
 359. Klausnitzer, B. Kurze Vorstellung der Familie Scirtidae (Coleoptera) (137. Beitrag zur Kenntnis der Scirtidae). Entomologica 

Austriaca 15, 33–40 (2008).
 360. Ang, Y. & Meier, R. Five additions to the list of Sepsidae (Diptera) for Vietnam: Perochaeta cuirassa sp. n., Perochaeta lobo sp. n., 

Sepsis spura sp. n., Sepsis sepsi Ozerov, 2003and Sepsis monostigma Thompson, 1869. ZooKeys 70, 41–56 (2010).
 361. Pratt, H. D. The winter crane flies of North America north of Mexico (Diptera: Trichoceridae). Proceedings of the Entomological 

Society of Washington 105, 901–914 (2003).
 362. Hawthorn, A. C. & Opell, B. D. Evolution of adhesive mechanisms in cribellar spider prey capture thread: evidence for van der 

Waals and hygroscopic forces. Biological Journal of the Linnean Society 77, 1–8 (2002).
 363. Wheeler, Q. D. & Hoebeke, E. R. A review of mycophagy in the Eucinetoidea (Coleoptera), with notes on an association of the 

eucinetid beetle, Eucinetus oviformis, with a Coniophoraceae fungus (Basidiomycetes: Aphyllophorales). Proceedings of the 
Entomological Society of Washington 86, 274–277 (1984).

 364. Henriques-Oliveira, A. L., Nessimian, J. L. & Dorvillé, L. F. M. Feeding habits of Chironomid larvae (Insecta: Diptera) from a 
stream in the Floresta da Tijuca, Rio de Janeiro, Brazil. Braz. J. Biol. 63, 269–281 (2003).

 365. Gebhardt, H. & Bense, U. Erstfund von Dryocoetes himalayensis Strohmeyer (Coleoptera, Curculionidae, Scolytinae) in 
Deutschland. Mitteilungen des Entomologischen Vereins Stuttgart 51, 69–73 (2016).

 366. Lipovšek, S., Novak, T., Janžekovič, F. & Pabst, M. A. Role of the fat body in the cave crickets Troglophilus cavicola and Troglophilus 
neglectus (Rhaphidophoridae, Saltatoria) during overwintering. Arthropod Structure & Development 40, 54–63 (2011).

 367. Petruso, D. et al. Phylogeny and biogeography of fossil and extant Microtus (Terricola) (Mammalia, Rodentia) of Sicily and the 
southern Italian peninsula based on current dentalmorphological data. Quaternary International 243, 192–203 (2011).

 368. Mirabasso, J. et al. Feeding Strategies of Co-occurring Newt Species across Different Conditions of Syntopy: A Test of the “Within-
Population Niche Variation” Hypothesis. Diversity 12, 181 (2020).

 369. Roner, L. et al. A Midsummer Night’s Diet: Snapshot on Trophic Strategy of the Alpine Salamander, Salamandra atra. Diversity 12, 
202 (2020).

 370. Marques, A. J. D., Mata, V. A. & Velo-Antón, G. COI Metabarcoding Provides Insights into the Highly Diverse Diet of a Generalist 
Salamander, Salamandra salamandra (Caudata: Salamandridae). Diversity 14, 89 (2022).

 371. Pasquet, A., Cardot, J. & Leborgne, R. Wasp Attacks and Spider Defence in the Orb Weaving Species iZygiella x-notata. J Insect 
Behav 20, 553–564 (2007).

 372. Ruchin, A. & Artaev, O. On expansion of the distribution range of some scoliid wasps (Scoliidae, Hymenoptera, Insecta) in the 
Middle Volga region. Research Journal of Pharmaceutical, Biological and Chemical Sciences 7, 2110–2115 (2016).

 373. CABI. Endromis versicolora. CABI Compendium CABI Compendium, 21112 (2019).
 374. Vaughan, N. The diets of British bats (Chiroptera). Mammal Review 27, 77–94 (1997).
 375. Corcoran, A. J. & Conner, W. E. How moths escape bats: predicting outcomes of predator–prey interactions. Journal of 

Experimental Biology 219, 2704–2715 (2016).
 376. Murphy, S. M., Leahy, S. M., Williams, L. S. & Lill, J. T. Stinging spines protect slug caterpillars (Limacodidae) from multiple 

generalist predators. Behavioral Ecology 21, 153–160 (2010).
 377. Rubin, J. J. et al. The evolution of anti-bat sensory illusions in moths. Science Advances 4, eaar7428 (2018).
 378. Haarder, S. & Mąkol, J. Terrestrial Parasitengona mites (Trombidiformes) of Denmark – new data on parasite-host associations and 

new country records. Acarologia 62, 508–520 (2022).
 379. Martynov, V. O. Parasites of beetles which are pests of grain and products of its processing. Biosystems Diversity 25, 342–353 (2017).
 380. Shepard, W. Records and notes concerning Derodontus maculatus (Mels.) (Coleoptera: Derodontidae). Southwestern Entomologist 

1, 168–170 (1976).
 381. Bharathi, V. S. K., Jian, F. & Jayas, D. S. Biology, Ecology, and Behavior of Rusty Grain Beetle (Cryptolestes ferrugineus (Stephens)). 

Insects 14, 590 (2023).
 382. Capinera, J. L. Striped Blister Beetle, Epicauta vittata (Fabricius) (Coleoptera: Meloidae): EENY280/IN556, 1/2003. EDIS 2004 

(2004).
 383. Haeseler, V. Pterocheilus phaleratus (Hymenoptera: Vespoidea), ein Nektardieb an den Blüten von Lotus corniculatus (Fabales: 

Fabaceae). Entomologica Germanica 213–221 https://doi.org/10.1127/entom.germ/1/1975/213 (1975).
 384. Kravchenko, V., Fibiger, M., Muller, G. & Ronkay, L. The Cuculliinae of Israel (Lepidoptera: Noctuidae). SHILAP Revista de 

Lepidopterología 33, 83–95 (2005).

https://doi.org/10.1038/s41597-025-05487-7
https://doi.org/10.1127/entom.germ/1/1975/213


2 1Scientific Data |         (2025) 12:1164  | https://doi.org/10.1038/s41597-025-05487-7

www.nature.com/scientificdatawww.nature.com/scientificdata/

 385. Burger, R. Beobachtungen zum Blütenbesuch und Pollensammeln von Lasioglossum buccale (Pérez 1903) (Hymenoptera: 
Anthophila). 11, 34–40 (2020).

 386. Teppner, H., Ebmer, A. W., Gusenleitner, F. & Schwarz, M. The bees (Apidae, Hymenoptera) of the Botanic Garden in Graz, an 
annotated list. Mitteilungen des naturwissenschaftlichen Vereins für Steiermark 146, 19–68 (2016).

 387. Ebmer, A. W., Kratschmer, S. A. & Pachinger, B. Lasioglossum (Lasioglossum) laterale (Brullé, 1832) (Hymenoptera: Apidae), eine 
seltene mediterrane Halictidae, neu für Österreich. Beiträge zur Entomofaunistik 17, 77–83 (2016).

 388. Kålås, J. A. & Byrkjedal, I. Breeding Chronology and Mating System of the Eurasian Dotterel (Charadrius morinellus). The Auk 
101, 838–847 (1984).

 389. Seymour, R. S. & Hetz, S. K. The diving bell and the spider: the physical gill of Argyroneta aquatica. Journal of Experimental Biology 
214, 2175–2181 (2011).

 390. Marchand, P. et al. Are mouflon vis gmelini musimon really grazers? A review of variation in diet composition. Mammal Review 
43, 275–291 (2013).

 391. Borcherding, J., Hermasch, B. & Murawski, P. Field observations and laboratory experiments on growth and lipid content of 
young-of-the-year perch. Ecology of Freshwater Fish 16, 198–209 (2007).

 392. Hauser, E. Revision der Gattung Rebelia HEYLAERTS 1900 (Lepidoptera, Psychidae). Linzer biologische Beiträge 44, 181–306 
(2012).

 393. Stephens, P. R. et al. Global Mammal Parasite Database version 2.0. Ecology 98, 1476–1476 (2017).
 394. Fisogni, A. et al. Modifications of the plant-pollinator network structure and species’ roles along a gradient of urbanization. Zenodo 

https://doi.org/10.5281/zenodo.3606016 (2020).
 395. Tricarico, E. Faxonius limosus (Spiny-cheek crayfish). CABI Compendium CABI Compendium, 72033 (2019).
 396. Mastitsky, S. Chelicorophium curvispinum (Caspian mud shrimp). CABI Compendium 108307 https://doi.org/10.1079/

cabicompendium.108307 (2009).
 397. Connelly, C. R. Biting midges, no-see-ums Culicoides spp. (Insecta: Diptera: Ceratopogonidae): EENY349/IN626, 4/2013. EDIS 

2013 (2013).
 398. Cabrera, B. J. Drugstore Beetle, Stegobium paniceum (L.) (Insecta: Coleoptera: Anobiidae): EENY-228/IN385, 8/2001. EDIS 2002 

(2002).
 399. Spitzer, R. et al. Fifty years of European ungulate dietary studies: a synthesis. Dryad https://doi.org/10.5061/dryad.m905qftz9 

(2020).
 400. Poelen, J. H., Simons, J. D. & Mungall, C. J. Global biotic interactions: An open infrastructure to share and analyze species-

interaction datasets. Ecological Informatics 24, 148–159 (2014).
 401. Webb, J. et al. The Pantheon database: habitat related traits, conservation status and taxa associations for invertebrates in England. 

NERC Environmental Information Data Centre https://doi.org/10.5285/2a353d2d-c1b9-4bf7-8702-9e78910844bc (2017).
 402. Padovani, R., Ward, L., Smith, R. M., Pocock, M. J. O. & Roy, D. B. Insect species richness for each plant species and insect-plant 

interactions from the Database of Insects and their Food Plants [DBIF] version 2. NERC Environmental Information Data Centre 
https://doi.org/10.5285/33a825f3-27cb-4b39-b59c-0f8182e8e2e4 (2020).

 403. Schmidt-Kloiber, A. & Hering, D. – An online tool that unifies, standardises and codifies more than 20,000 European freshwater 
organisms and their ecological preferences. Ecological Indicators 53, 271–282, www.freshwaterecology.info (2015).

 404. Robinson, G. S., Ackery, P. R., Kitching, I., Beccaloni, G. W. & Hernández, L. M. HOSTS - a Database of the World’s Lepidopteran 
Hostplants. https://doi.org/10.5519/HAVT50XW (2023).

 405. Myers, P. et al. The Animal Diversity Web. https://animaldiversity.ummz.umich.edu/quaardvark/ (2023).
 406. Geiselman, C. K. & Ember, S. Bat Eco-Interactions Database. www.batbase.org (2020).
 407. UCD Community. Universal Chalcidoidea Database Website. https://ucd.chalcid.org/#/ (2023).
 408. Taeger, A. et al. ECatSym: Electronic World Catalog of Symphyta (Insecta, Hymenoptera). Program version 5.0 (19 Dec 2018), data 

version 40 (23 Sep 2018). Senckenberg Deutsches Entomologisches Institut (SDEI). SDEI (2018).
 409. Ellis, W. N. Plant Parasites of Europe – leafminers, galls and fungi. Plant Parasites of Europe - leafminers, galls, and fungi https://

bladmineerders.nl/ (2022).
 410. Schweizerische Vogelwarte. https://www.vogelwarte.ch/de/.
 411. Poelen, J. H. Global Biotic Interactions: Interpreted Data Products. Zenodo https://doi.org/10.5281/zenodo.5708970 (2021).
 412. ADW Team. Quaardvark. Animal Diversity Web https://animaldiversity.ummz.umich.edu/quaardvark/discuss/24/54/ (2023).
 413. Information. Ecological parameter: feeding type. Freshwaterecology.info https://www.freshwaterecology.info/fwe_info.

php?p=b2c9bXpiI3BhcmFtPTM=.
 414. Moog, O. & Österreich, W. Fauna Aquatica Austriaca: A Comprehensive Species Inventory of Austrian Aquatic Organisms with 

Ecological Notes. (Federal Ministry of Agriculture and Forestry, 1995).
 415. Iowa State University. Welcome to BugGuide.Net! - BugGuide.Net. https://bugguide.net/node/view/15740 (2023).
 416. Wikimedia Foundation. Wikipedia, the free encyclopedia. https://www.wikipedia.org/.
 417. The Woodland Trust. The Woodland Trust. Woodland Trust https://www.woodlandtrust.org.uk/.
 418. National Wildlife Federation. National Wildlife Federation https://www.nwf.org.
 419. Department of Climate Change, Energy, the Environment and Water. Australian Faunal Directory. Australian Biological Resources 

Study https://biodiversity.org.au/afd/home (2022).
 420. DeLorme, A. Aquatic Insects Key. Aquatic Insects Key http://waterbug.vcsu.edu/.
 421. Nové příspěvky | Natura Bohemica. http://www.naturabohemica.cz/.
 422. Savela, M. Lepidoptera and some other life forms. Markku Savela’s Lepidoptera and some other life forms http://www.nic.funet.fi/

pub/sci/bio/life/insecta/lepidoptera/ditrysia/tineoidea/tineidae/nemapogoninae/nemapogon/index.html (2003).
 423. Wagner, W. Europäische Schmetterlinge und ihre Ökologie. http://www.pyrgus.de.
 424. Pitkin, B., Ellis, W. N., Plant, C. & Edmunds, R. Leaf and stem mines of British flies and other insects. http://www.ukflymines.co.uk/ 

(2019).
 425. Animalia - Online Animals Encyclopedia. https://animalia.bio/ (2023).
 426. Parr, C. S. et al. The Encyclopedia of Life v2: Providing Global Access to Knowledge About Life on Earth. Biodiversity Data Journal 

2, e1079 (2014).
 427. Artsdatabanken - Kunnskapsbank for naturmangfold. https://artsdatabanken.no/ (2023).
 428. DeWalt, R. E. et al. Plecoptera Species File Online. Version 5.0/5.0. http://plecoptera.speciesfile.org/ (2023).
 429. UK Centre for Ecology and Hydrology. UK Beetle Recording | UK Beetle Recording. https://coleoptera.org.uk/uk-beetle-

recording.
 430. College of Agricultural Sciences. Penn State Extension | The Pennsylvania State University. https://extension.psu.edu.
 431. Legner, E. F. Detailed Case Histories of Salient Worldwide Biological Pest Control Projects. Case Histories Biological Control 

Projects https://faculty.ucr.edu/~legneref/biotact/detailed.htm.
 432. Hellberg-Rode, G. Projekt Hypersoil. https://hypersoil.uni-muenster.de/ (2004).
 433. Dransfield, B. & Brightwell, B. InfluentialPointsDotCom: Statistics and Aphids, things that Bite and Suck. https://influentialpoints.com/.
 434. Jonko, C. Lepidoptera Mundi. All the World’s Butterflies and Moths in One Place https://lepidoptera.eu/ (2023).
 435. Rennwald, E. & Rodeland, J. LepiWiki. Lepiforum https://lepiforum.org/wiki (2024).
 436. Mazzei, P., Morel, D. & Panfili, R. Moths and Butterflies of Europe and North Africa. https://leps.it/.

https://doi.org/10.1038/s41597-025-05487-7
https://doi.org/10.5281/zenodo.3606016
https://doi.org/10.1079/cabicompendium.108307
https://doi.org/10.1079/cabicompendium.108307
https://doi.org/10.5061/dryad.m905qftz9
https://doi.org/10.5285/2a353d2d-c1b9-4bf7-8702-9e78910844bc
https://doi.org/10.5285/33a825f3-27cb-4b39-b59c-0f8182e8e2e4
http://www.freshwaterecology.info
https://doi.org/10.5519/HAVT50XW
https://animaldiversity.ummz.umich.edu/quaardvark/
http://www.batbase.org
https://ucd.chalcid.org/#/
https://bladmineerders.nl/
https://bladmineerders.nl/
https://www.vogelwarte.ch/de/
https://doi.org/10.5281/zenodo.5708970
https://animaldiversity.ummz.umich.edu/quaardvark/discuss/24/54/
https://www.freshwaterecology.info/fwe_info.php?p=b2c9bXpiI3BhcmFtPTM=
https://www.freshwaterecology.info/fwe_info.php?p=b2c9bXpiI3BhcmFtPTM=
https://bugguide.net/node/view/15740
https://www.wikipedia.org/
https://www.woodlandtrust.org.uk/
https://www.nwf.org
https://biodiversity.org.au/afd/home
http://waterbug.vcsu.edu/
http://www.naturabohemica.cz/
http://www.nic.funet.fi/pub/sci/bio/life/insecta/lepidoptera/ditrysia/tineoidea/tineidae/nemapogoninae/nemapogon/index.html
http://www.nic.funet.fi/pub/sci/bio/life/insecta/lepidoptera/ditrysia/tineoidea/tineidae/nemapogoninae/nemapogon/index.html
http://www.pyrgus.de
http://www.ukflymines.co.uk/
https://animalia.bio/
https://artsdatabanken.no/
http://plecoptera.speciesfile.org/
https://coleoptera.org.uk/uk-beetle-recording
https://coleoptera.org.uk/uk-beetle-recording
https://extension.psu.edu
https://faculty.ucr.edu/~legneref/biotact/detailed.htm
https://hypersoil.uni-muenster.de/
https://influentialpoints.com/
https://lepidoptera.eu/
https://lepiforum.org/wiki
https://leps.it/


22Scientific Data |         (2025) 12:1164  | https://doi.org/10.1038/s41597-025-05487-7

www.nature.com/scientificdatawww.nature.com/scientificdata/

 437. infofauna. Centre national de données et d’informations sur la faune de Suisse. https://www.infofauna.ch/fr#gsc.tab=0.
 438. Muus, T. S. T. & Bronnen. Microlepidoptera: Atlas van de kleiner vlinders in Nederland. https://www.microvlinders.nl/ (2011).
 439. Oreina, D. D. D. V. Association Papillons de France. https://oreina.org/ (2023).
 440. Uetz, P. et al. The Reptile Database. https://reptile-database.reptarium.cz/species.php?genus=Anguis&species=veronensis.
 441. University at Buffalo. Soil Ecology Wiki. https://soil.evs.buffalo.edu/index.php/Main_Page.
 442. Thrips Wiki. https://thrips.info/wiki/ (2023).
 443. Brophy, J. T. Trichoptera Ireland: The distribution and autecology of caddisflies (Trichoptera) in Ireland. https://trichopteraireland.

wordpress.com/ (2023).
 444. UK BEETLES. UK BEETLES https://web.archive.org/web/20230611045915/https://www.ukbeetles.co.uk/dasytidae (2023).
 445. Wiki der Arachnologischen Gesellschaft e. V.-Bearbeiter. Spinnen Forum Wiki. Wiki der Arachnologischen Gesellschaft e. V. (2020).
 446. De Prins, J. & De Prins, W. Afromoths, online database of Afrotropical moth species (Lepidoptera). https://www.afromoths.net/ (2023).
 447. Rey, A. & Frey, D. Bee-Finder. bee-finder.ch https://www.bee-finder.ch/ (2022).
 448. Bantock, T. & Botting, J. British Bugs: An online identification guide to UK Hemiptera. https://www.britishbugs.org.uk/.
 449. Bees Wasps and Ants Recording Society. Home | BWARS. https://www.bwars.com/ (2023).
 450. Agnoli, G. L. & Rosa, P. Chrysis.net. https://www.chrysis.net/ (2023).
 451. Ziegler, H. Schmetterlinge der paläarktischen Region. https://www.euroleps.ch/.
 452. Benisch, C. Willkommen auf kerbtier.de – Fotogalerie der Käferfauna Deutschlands. kerbtier.de https://www.kerbtier.de/ (2023).
 453. Hoddé, P. M.-C. Les Carnets du Lépidoptériste Français. https://www.lepinet.fr/ (2023).
 454. Kautz, A. R., Louw, M., Morse, J., Geno, M. & Wenzel, J. Macroinvertebrates.org. https://www.macroinvertebrates.org/ (2018).
 455. Roesti, C. & Rutschmann, F. Orthoptera.ch – Wiki-Arten. https://www.orthoptera.ch/wiki/arten.
 456. Ziegler, H. Schmetterlinge der Schweiz - Butterflies & Moths of Switzerland. https://www.pieris.ch/ (2019).
 457. Green, A. J. The Sawflies of Britain and Ireland. https://www.sawflies.org.uk/ (2019).
 458. Spektrum.de - Nachrichten aus Wissenschaft und Forschung. https://www.spektrum.de/.
 459. Ulitzka, M. Thrips-ID English. https://www.thrips-id.com/en/ (2021).
 460. Kimber, I. UKMoths | Guide to the moths of Great Britain and Ireland. https://www.ukmoths.org.uk/.
 461. Martin, H.-J. Wildbienen: Solitärbienen & Hummeln - Biologie, Arten, Schutz. https://www.wildbienen.de/.
 462. Westrich, P. Faszination Wildbienen - Grandiose Vielfalt. https://www.wildbienen.info/.
 463. Funk, W. Insekten - Box: Steckbriefe. http://www.insektenbox.de/.
 464. Hamrsky, J. Homepage - LIFE IN FRESHWATER. LIFE IN FRESHWATER - Macro photography of aquatic insects and other 

freshwater invertebrates https://lifeinfreshwater.net/.
 465. Piercy, K. Meadowia.com: Celebrating Meadows & Wildlife. https://meadowia.com/ (2021).
 466. Haselböck, A. Naturspaziergang: Naturlexikon - Naturfotografie. https://www.naturspaziergang.de/.
 467. R Development Core Team. R: A language and environment for statistical computing. R Foundation for Statistical Computing 

(2023).
 468. RStudio Team. RStudio: Integrated Development Environment for R. RStudio, PBC. (2020).
 469. Reji Chacko, M. et al. trophiCH v1 - a food web for Switzerland, EnviDat, https://doi.org/10.16904/ENVIDAT.467 (2024).
 470. Hemprich-Bennett, D. R., Oliveira, H. F. M., Le Comber, S. C., Rossiter, S. J. & Clare, E. L. Assessing the impact of taxon resolution 

on network structure. Ecology 102, e03256 (2021).
 471. Delarze, R., Gonseth, Y., Eggenberg, S. & Vust, M. Lebensräume Der Schweiz: Ökologie - Gefährdung - Kennarten. (Ott-Verlag, 

Thun, 2015).
 472. Price, B., Huber, N., Ginzler, C., Pazúr, R. & Rüetschi, M. The Habitat Map of Switzerland v1. Envidat https://doi.org/10.16904/

envidat.262 (2021).
 473. Pebesma, E. Simple Features for R: Standardized Support for Spatial Vector Data. The R Journal 10, 439 (2018).
 474. Pebesma, E. & Bivand, R. Spatial Data Science. https://r-spatial.org/book/ (2023).
 475. Landolt, E. et al. Flora indicativa - Ökologische Zeigerwerte und biologische Kennzeichen zur Flora der Schweiz und der Alpen. 

Haupt, Bern 7, 378 (2010).
 476. Van Rossum, G. & Drake, F. L. Python 3 Reference Manual. (CreateSpace, Scotts Valley, CA, 2009).
 477. Harris, C. R. et al. Array programming with NumPy. Nature 585, 357–362 (2020).
 478. The pandas development team. pandas-dev/pandas: Pandas. Zenodo https://doi.org/10.5281/zenodo.3509134 (2020).
 479. Maiorano, L., Montemaggiori, A., Ficetola, G. F., O’Connor, L. & Thuiller, W. Data from: Tetra-EU 1.0: a species-level trophic meta-

web of European tetrapods. Dryad https://doi.org/10.5061/DRYAD.JM63XSJ7B (2021).
 480. Kopelke, J.-P. et al. Food-web structure of willow-galling sawflies and their natural enemies across Europe. Ecology 98, 1730–1730 

(2017).
 481. Hadfield, J. D., Krasnov, B. R., Poulin, R. & Shinichi, N. Data from: A tale of two phylogenies: comparative analyses of ecological 

interactions. Dryad https://doi.org/10.5061/DRYAD.JF3TJ (2013).
 482. Vasconcelos, H. & Dáttilo, W. Ant Plant Networks Savanna. figshare https://doi.org/10.6084/m9.figshare.5950306.v4 (2018).
 483. Adhurya, S., Park, Y.-S. & Lee, D.-Y. KF-metaweb: A trophic metaweb of freshwater ecosystems of South Korea. Version 1.0. 

figshare https://doi.org/10.6084/m9.figshare.24037764.v2 (2023).
 484. Barnes, A. D. et al. Biodiversity enhances the multitrophic control of arthropod herbivory. Science Advances 6, eabb6603 (2020).
 485. Peralta, G., Frost, C. M., Rand, T. A., Didham, R. K. & Tylianakis, J. M. Complementarity and redundancy of interactions enhance 

attack rates and spatial stability in host–parasitoid food webs. Ecology 95, 1888–1896 (2014).
 486. lsaravia. lsaravia/MetawebsAssembly. Accepted version after minor revision. Zenodo https://doi.org/10.5281/zenodo.5783873 (2021).
 487. Hall, M. A. et al. Pollen-insect metanetworks in rural landscapes_data and code. Zenodo https://doi.org/10.5281/zenodo.5157944 

(2021).
 488. Fricke, E. & Svenning, J.-C. Data from: Accelerating homogenization of the global plant–frugivore meta-network. Dryad https://

doi.org/10.5061/DRYAD.44J0ZPCBX (2020).
 489. Li, H.-D. et al. Data from: The functional roles of species in metacommunities, as revealed by metanetwork analyses of bird-plant 

frugivory networks. Dryad https://doi.org/10.5061/DRYAD.6Q573N5W6 (2020).
 490. Bates, D., Mächler, M., Bolker, B. & Walker, S. Fitting Linear Mixed-Effects Models Using lme4. Journal of Statistical Software 67, 

1–48 (2015).
 491. García-Roselló, E., González-Dacosta, J. & Lobo, J. M. The biased distribution of existing information on biodiversity hinders its 

use in conservation, and we need an integrative approach to act urgently. Biological Conservation 283, 110118 (2023).
 492. Boakes, E. H. et al. Distorted Views of Biodiversity: Spatial and Temporal Bias in Species Occurrence Data. PLOS Biology 8, 

e1000385 (2010).

acknowledgements
We thank Carlos Signer, Jannick Sicher, and Fabian Lachmann for their support in extracting raw data from the 
original data sources. We thank Elisa Barreto, Carlos Alberto Martínez Muñoz, Françoise Duchenne and Luca 
Pegoraro for their insightful discussions. We additionally thank Matthias Borer for validating our checklist of 
Chrysomelidae, André Mégroz for supporting us in our collection of the Miridae host datasets and Christoph 

https://doi.org/10.1038/s41597-025-05487-7
https://www.infofauna.ch/fr#gsc.tab=0
https://www.microvlinders.nl/
https://oreina.org/
https://reptile-database.reptarium.cz/species.php?genus=Anguis&species=veronensis
https://soil.evs.buffalo.edu/index.php/Main_Page
https://thrips.info/wiki/
https://trichopteraireland.wordpress.com/
https://trichopteraireland.wordpress.com/
https://web.archive.org/web/20230611045915/https://www.ukbeetles.co.uk/dasytidae
https://www.afromoths.net/
https://www.bee-finder.ch/
https://www.britishbugs.org.uk/
https://www.bwars.com/
https://www.chrysis.net/
https://www.euroleps.ch/
https://www.kerbtier.de/
https://www.lepinet.fr/
https://www.macroinvertebrates.org/
https://www.orthoptera.ch/wiki/arten
https://www.pieris.ch/
https://www.sawflies.org.uk/
https://www.spektrum.de/
https://www.thrips-id.com/en/
https://www.ukmoths.org.uk/
https://www.wildbienen.de/
https://www.wildbienen.info/
http://www.insektenbox.de/
https://lifeinfreshwater.net/
https://meadowia.com/
https://www.naturspaziergang.de/
https://doi.org/10.16904/ENVIDAT.467
https://doi.org/10.16904/envidat.262
https://doi.org/10.16904/envidat.262
https://r-spatial.org/book/
https://doi.org/10.5281/zenodo.3509134
https://doi.org/10.5061/DRYAD.JM63XSJ7B
https://doi.org/10.5061/DRYAD.JF3TJ
https://doi.org/10.6084/m9.figshare.5950306.v4
https://doi.org/10.6084/m9.figshare.24037764.v2
https://doi.org/10.5281/zenodo.5783873
https://doi.org/10.5281/zenodo.5157944
https://doi.org/10.5061/DRYAD.44J0ZPCBX
https://doi.org/10.5061/DRYAD.44J0ZPCBX
https://doi.org/10.5061/DRYAD.6Q573N5W6


23Scientific Data |         (2025) 12:1164  | https://doi.org/10.1038/s41597-025-05487-7

www.nature.com/scientificdatawww.nature.com/scientificdata/

Vorburger for support with the validation of the checklist of aphid parasitoids in Switzerland. We used Flaticon 
(https://www.flaticon.com/) for the icons used in Figs 1 and 2, from creators Freepik, Luvdat, max.icons, saoso, 
Smashicons, and Valeria. The icons are curated within a collection (https://www.flaticon.com/collections/
NjIzNzg0NTA=) We acknowledge that interactions from three resources264,401,402 within the trophiCH database 
contains data supplied by the UK Centre for Ecology & Hydrology. Funding for the trophiCH project was granted 
by the Action Plan of the Swiss Biodiversity Strategy by the Swiss Federal Office for the Environment (FOEN) to 
L.P. Open Access funding provided by ETH Zurich. Funding to H.H. is by MOE Taiwan (Grant No. MOE-112-
YSFAG-0003-005-P1) and NSTC Taiwan (Grant No. NSTC 112-2621-B-002-006-MY3). We are grateful to the 
editors and reviewers for their valuable feedback on a previous version of the manuscript. M.R. thanks S.K.Z. for 
support and inspiration.

author contributions
Conceptualisation: M.R., F.A., F.F., L.P. Methodology: M.R., C.A., F.A., H.H., L.P. Data curation: M.R., F.A., J.C., 
M.B., F.C., W.N.E., M.G., A.J., P.K., F.N., A.P., Z.T., N.Z. Investigation: M.R. Formal analysis: M.R. Resources: 
M.R., F.A., M.B., W.N.E., M.G., A.J., F.N., A.P., V.P., Z.T., L.P. Visualisation: M.R., F.C., A.J., N.Z. Validation: M.R., 
V.B., A.J. Writing – Original draft preparation: M.R., C.A., H.H., A.J., L.P. Writing – Reviewing and Editing: all. 
Supervision: C.A., F.A., L.P. Funding acquisition: L.P. Project administration: C.A., F.F.

Funding
Open access funding provided by Swiss Federal Institute of Technology Zurich.

Competing interests
The authors declare no competing interests.

additional information
Supplementary information The online version contains supplementary material available at https://doi.org/ 
10.1038/s41597-025-05487-7.
Correspondence and requests for materials should be addressed to M.R. or L.P.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2025

https://doi.org/10.1038/s41597-025-05487-7
https://www.flaticon.com/
https://www.flaticon.com/collections/NjIzNzg0NTA=
https://www.flaticon.com/collections/NjIzNzg0NTA=
https://doi.org/10.1038/s41597-025-05487-7
https://doi.org/10.1038/s41597-025-05487-7
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	A species-level multi-trophic metaweb for Switzerland

	Background & Summary

	Methods

	Checklist of species. 
	Literature-based data search and extraction. 
	Taxonomy-based inference of interactions. 
	Habitat-association and position in the vertical stratification of the habitat. 

	Data Records

	Technical Validation

	Data collection. 
	Data completeness. 
	Comparison to other empirical metawebs. 

	Usage Notes

	Acknowledgements

	Fig. 1 Distribution of species, interactions and data gaps within the metaweb.
	Fig. 2 Construction and expansion of the metaweb.
	Fig. 3 Validation of the data extraction process.
	Fig. 4 Comparison of trophiCH to other metawebs.
	Table 1 The data structure of the metaweb dataset.
	﻿Table 2 The data structure of the taxa checklist.
	Table 3 The data structure of the reference meta-dataset.
	Table 4 The data structure of the diet range dataset.
	Table 5 The data structure of the dataset summarising special cases.




