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Abstract

Species traits are an important facet of biodiversity and are useful for testing many ecological and
evolutionary hypotheses. Many initiatives to centralize species traits have emerged in recent years,
but there are still large gaps in species traits’ knowledge in the literature. Odonata (dragonflies and
damselflies) are present in most freshwater and surrounding ecosystems and are important indicators
of freshwater health and conditions across the land-water interface. They are also important predators
and prey both as larvae and adults and are vital to land-water energy transfers and community
functioning. Here we present OdonTraits Europe, a database aggregating traits of all 143 European
resident Odonata species. Our database compiles 43 traits representing adult and larvae morphology,
life history, behaviour, phenology, and other ecological attributes, along with species legal, endemism,
and conservation status, with a taxonomic coverage of > 95% for all traits. Accessible and robust
coverage of Odonata species traits will help to advance knowledge and applications involving this
sentinel of the freshwater realm.
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Background & Summary

Information on biodiversity is becoming more widespread thanks to open science initiatives, data
digitization, and data sharing between researchers and institutes!. However, comprehensive tools
gathering this information are lacking or face important knowledge gaps.

Trait data are of importance for ecological, biogeographical, evolutionary and conservation research
projects. Traits can be defined as “any morphological, physiological or phenological feature
measurable at the individual level, from cell to whole-organism level, without reference to the
environment or any other level of organization”2. Traits can also be based on ecological preferences
like habitat and estimated from species distributions3. All those components of biodiversity reflecting
species identity in a community and how an ecosystem operates or functions can be referred to as
functional traits*°.

Dragonflies (suborder Anisoptera) and damselflies (suborder Zygoptera), commonly known as
dragonflies or odonates, are a key component of freshwater and adjacent ecosystems. They serve as
model organisms in many areas of basic and applied ecological research and are important predators
and prey both as larvae and adults®. As many species are sensitive to anthropogenic environmental
pressures and the quality of streams, rivers and standing waters, a large proportion are threatened’.
Dragonflies have been especially valuable for assessing aquatic and land-water conditions and are
widely considered as good bioindicators and sentinels of the freshwater realmé.

Efforts to compile and publish Odonata traits are increasing, albeit with limited geographic and
taxonomic scope. For instance, the Odonata Phenotypic Database®, which aims at a complete coverage
for all Odonata globally yet is still largely incomplete (16% taxonomic coverage). For species occurring
in the Brazilian Amazon, there is the Amazonian Odonata trait bank!°. The first European traits
database for dragonflies!! contained information for the 43 species present in the UK. For 79 odonate
species known in Central Europe, an ambitious traits database was developed'?, including rarely
available traits such as body weight, flight height, egg clutch size, and egg width. Despite the scarce
data and limited taxonomic coverage for such traits, this is the most widely used traits database for
dragonflies in Europe. More recently, a trait database for the 84 dragonfly species known in Iberia and
Morocco was published®3. Although such databases are reliable in their respective regions, the trait
values may differ in other regions due to local adaptation and phenotypic plasticity. Reliable trait
coverage across Europe requires either a coordinated network of standardized regional databases or a
centralized large database at that scale. The latter is more readily achievable, benefits a wider range of
end users, and bypasses aggregation steps for multi-regional and continental applications.

Although dragonflies have been the subject of numerous ecological and conservation studies in
Europe, there is no comprehensive traits database for all European species. Here, we present the
OdonTraits Europe database, which compiles traits for 143 European species assessed in the European
Red List (ERL), which was the starting point for the creation of this database. For each of the species
assessed in the ERL, we compiled ecological, biological and morphological traits both for larvae and



adults, together with their conservation and protection status from the best available knowledge at
the European scale.

The aim of this work is to provide the most up-to-date comprehensive tool and database to anyone
wishing to use traits information on Odonata at the European level. Diversity of traits information for
all resident dragonflies and damselflies present in Europe are compiled and presented in an effective
machine-readable form ready for analyses. The OdonTraits Europe database will serve as a reference
for a wide range of evolutionary, ecological, and conservation studies dealing with dragonflies and
damselflies in Europe, especially at the international and continental scales.

Methods

We compiled a database covering 43 traits for all dragonflies and damselflies having resident
populations in Europe, using the 2024 European Red List * as the taxonomic backbone. These traits
cover a broad spectrum of biological, morphological and ecological attributes, together with threat
and conservation status.

This database is a synthesis of the available literature published in books, reports, atlas projects and
scientific articles. Main sources of information on biological and ecological traits were fieldguides!> ¢
17,18 atlasses!® 20, books on ecology of European species?! 222324 and papers on recently discovered
species in Europe?> 2% 27 Unpublished ecological information on the recently described
Onychogomphus cazuma was provided by C. Diaz-Martinez. Information on Species Temperature Index
is mainly based on published work?2, but also includes non-published information by the authors or
from European experts. We further included biological and morphological traits of exuvia?® 3°,
supplemented with unpublished material from C. Brochard. Our database also includes information on
the legal protection status, endemism3! and the Red List status in Europe!*. We aim to start an open
continent-wide database that will expand over time with newly published sources and unpublished
information from European experts.

Data Record

OdonTraits Europe is available as open access on Zenodo3?. Data were collated for European species
following the last IUCN Red List assessment!* for a total 143 species that have known resident
populations in Europe; excludes species known only from accidental, vagrant, or migratory records.

Our database covers the European continent, extending from Iceland, Svalbard and Franz Josef Land in
the north to the Canary Islands in the south, and from the Azores in the west to the Urals in the east,
including the European part of Tiirkiye and most of the European parts of the Russian Federation,
Cyprus, and the European Macaronesian islands (the Canaries, Madeiran and Azores archipelagos).

The database OdonTraits Europe consists of eight files in CSV format. There are five main sections
detailed below covering (1) adult and (2) larval morphology, (3) ecological attributes, (4) legal
protection and endemism, and (5) conservation status indicators (see Figure 1). Three additional tables



gather taxonomic information (scientific name, naming authority, family), trait data sources, and
associated references.

Morphological traits (Table 1) of adults (imago) include total body size (i.e. head, thorax and abdomen;
min & max to account for sexual dimorphism), abdomen length (min & max), hind wing length (min &
max), male coloration and coloration class (dark, intermediate, pale).

Table 1. Morphological traits of Odonata adults in Europe.

Column label Column Description
body_size_min minimal adult body size in millimeters
body_size_max maximal adult body size in millimeters

abdomen_length_min  minimal abdomen length in millimeters
abdomen_length_max  maximal abdomen length in millimeters

hindwing_min minimal hindwing span in millimeters
hindwing_max maximal hindwing span in millimeters
coloration_male specific coloration of mature male body: 1 -

dark/black; 2 - azure blue/black; 3 - metallic
green/blue; 4 - yellow/dark; 5 - brownish; 6 -
green-yellow; 7 - gray-blue; 8 - red

coloration_class general aspect of mature male body
coloration: dark (black, azure-blue, brown,
dark green); intermediate; pale (red, yellow,
light blue)

Morphological traits of final-instar (F-0) larvae (Table 2) include exuvia total length (min & max, body +
caudal lamellae), which is further split up for Zygoptera into body length (min & max, excluding caudal
lamellae) and caudal lamellae length (min & max).

Table 2. Morphological traits of final-instar Odonata larvae (measured from final exuvia) in Europe.

Column label Column Description

exuvia_length_min minimal exuvia total length in millimeters (including caudal
lamellae for Zygoptera)

exuvia_length_max maximal exuvia total length in millimeters (including caudal
lamellae for Zygoptera)

exuvia_body_length_min minimal exuvia body length (mm) for Zygoptera only

exuvia_body_length_max maximal exuvia body length (mm) for Zygoptera only

exuvia_caudal_lamellae_min minimal exuvia length of caudal lamellae (mm) for Zygoptera
only

exuvia_caudal_lamellae_max maximal exuvia length of caudal lamellae (mm) for Zygoptera

only




Life history, behavioral, phenological, and other ecological traits (Table 3) include species’ habitat
preference, percher versus flier activity mode, start of main flight period, end of main flight period,
Species Temperature Index (STI) and STl standard deviation, primary voltinism (partivoltine,
semivoltine, univoltine, bivoltine, multivoltine), overwintering stage (egg, larva or adult), oviposition
substrate (endophytic, exophytic, sediment), and larval strategy (burrower, clasper, hider, sprawler).

Table 3. Ecological traits of Odonata in Europe.

Column label Column Description

habitat habitat preference: 1 - eutrophic; 2 - oligotrophic; 3 -
temporary waters; 4 - streams and rivers; 5 - southern
streams and rivers (= Mediterranean); 6 - generalist
(species occurring in a wide range of standing and
flowing waters)

percher_flier adult activity modes related to thermoregulation and
foraging, where perchers spend most time at rest,
fliers spend more time in flight, and a flier_percher
uses both strategies

start_main_flight_period start of the main flight period in Europe, excluding the
extreme early records

end_main_flight_period end of the main flight period in Europe, excluding the
extreme late records

sti Species Temperature Index (STI) is the average
temperature (°C) of the species’ range in Europe,
based on the data from 1990 onwards from the
European atlas; uses average monthly temperatures
for 1960-1990 (WorldClim) at a 50 x 50 km grid scale.

sti_sd Species Temperature Index (STI) standard deviation
partivoltine >2 years to complete one generation

semivoltine 2 years to complete one generation

univoltine 1 year to complete one generation

bivoltine 2 generations completed in one year

multivoltine >2 generations completed in one year
overwintering_stage overwintering as: larva; egg; egg_larva (semi- or

partivoltine species overwinters first year in egg
stadium and second winter as larva); adult

oviposition_mode endophytic = the laying of eggs inside a substrate,
usually living or dead plant tissue; exophytic = the
dropping of eggs onto the water surface or during
flight; sediment = the laying of eggs inside the bottom
substrate of a stream



larval_strategy position in the water of the larvae (behaviour and
feeding strategy): burrower = in the bottom sediment;
clasper = on rocks, stones, soil; hider = hide within
roots of trees; sprawler = within the submerged
vegetation

Legal protection and endemism status (Table 4) acknowledges if a species is listed in the Bern
Convention and mentioned on the Annexes of the European Habitats Directive, and if a species is
endemic or near-endemic to Europe or the European Union countries (EU27).

Table 4. Legal protection and endemism of Odonata in Europe.

Column label Column Description

bern_convention Species listed in the Council of Europe’s
Convention on the Conservation of European
Wildlife and Natural Habitats (1979), known as
the Bern Convention, which was the first legal
convention to protect Europe’s wild plants and
animals.

habitats_directive_2 Species mentioned on Annex Il of the European
Habitats Directive; countries need to designate,
protect and manage special areas of
conservation for those species

habitats_directive_4 Species mentioned on Annex IV of the European
Habitats Directive; species of “community
interest” that requires strict protection
throughout its entire range

endemic_europe Species is endemic to Europe

endemic_eu27 Species is endemic to the 27 countries of the
European Union (EU27)

near_endemic_europe Species just occurs marginally outside Europe,
i.e. North Africa, Turkey or just east of the Ural
Mountains

Conservation status indicators (Table 5) include the species IUCN Red List category and qualifying
criteria for threatened or near-threatened status, for Europe and EU27, and the species’ population
trend, extent of occurrence (EOO) and area of occupancy (AOO), the latter two both for Europe and
EU27.

Table 5. Conservation status indicators of Odonata in Europe.



Column label
redlist_2024_category

redlist_2024 criteria

eu27_redlist_2024 category

eu27_redlist 2024 criteria

population_trend

€00_europe

a00_europe

eoo_eu27

aoo_eu27

Column Description

Red list category in Europe as assessed in the
European Red List in 2024: Critically Endangered
(CR); Endangered (EN); Vulnerable (VU); Near
Threatened (NT); Data Deficient (DD); Least
Concern (LC); Not Applicable (NA) (species does not
occur in the focal region)

IUCN Red List criteria for threatened (CR, EN, VU) or
near-threatened (NT) status

Red list category in EU27 as assessed in the
European Red List in 2024: Critically Endangered
(CR); Endangered (EN); Vulnerable (VU); Near
Threatened (NT); Data Deficient (DD); Least
Concern (LC); Not Applicable (NA) (species does not
occur in the focal region)

IUCN Red List criteria for threatened (CR, EN, VU) or
near-threatened (NT) status

Occurrence trends of dragonflies in Europe over the
period 2010-2020, as calculated for the European
Red List: decreasing; increasing; stable; unknown
Extent of Occurrence (EOQ) of a species in Europe
in km? in the period 2000-2020, calculated using
IUCN method; this is the surface area of a convex
hull around the records and includes not suitable
habitats for the species and even seas

Area of Occupancy (AOO) is the area within its
extent of occurrence in Europe which is occupied by
a species, calculated here as the sum of all 2 x 2 km
squares where the species has been found in the
period 2000-2020

Extent of Occurrence (EOO) of a species in EU27 in
km? in the period 2000-2020, calculated using IUCN
method; this is the surface area of a convex hull
around the records and includes not suitable
habitats for the species and even seas

Area of Occupancy (AOO) is the area within its
‘extent of occurrence’ in EU27 which is occupied by
a species, calculated here as the sum of all 2 x 2 km
squares where the species has been found in the
period 2000-2020

Data Overview

OdonTraits Europe has a high trait coverage: all traits have complete information for more than 90% of species

igure 1), and the vast majority of species have a 6 traits coverage (Figure 2).
(Figure 1), and th jority of species h 100% trai (Figure 2)
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Figure 1. Traits coverage from the OdonTraits Europe database. Each panel corresponds to a section of
the database, corresponding to a category of traits. The y-axis displays traits as they are named in the
database, and the x-axis gives the coverage for each trait (in percentage of species).



Libellulidae =1 Coenagrionidae Gomphidae =

Gomphus grasiinii

Gomphus pulchellus

Gomphus schneiderii

Gomphus simillimus

GDmLDhus vulgatissimus
n

Ceriagrion tenellum 4
Coenagrion armatum
Coenagrion caerulescens
Coenagrion hastulatum 4
Coenagrion hylas 4
Coenagrion intermedium
Coenagrion johanssoni -
Coenagrion lunulatum 4
Coenagrion mercuriale <
Coenagrion ornatum -
Coenagrion pueila 4
Coenagrion pulchellum 4
Coenagrion scitulum 4
Enallagma cyathigerum
Erythromma lindenii 4
Erythromma najas <
Erythromma viridulum
Ischnura elegans
Ischnura fountaineae -
Ischnura genei+
Ischnura graelisii 4
Ischnura pumilio 4
Nehalennia speciosa
Pyrrhosoma nymphula -
Ceriagrion georgifreyi -
Ischnura intermedia 4
Pyrrhosoma elisabethae o
lschnura hastata 4
Ischnura saharensis 4
Ischnura senegalensis 4
Coenagrion casteliani 4
Coenagrion ecomutum
Coenagrion glaciale 4
Ischnura aralensis 4

Brachythemis impartita 4
Crocothemis erythraea 4
Diplacodes lefebvrii denia fetraphylla
Onychogomphus costae
Onyctiogomphus forcipalus
nychogomphus uncatis
Ophiogomphus cecilia,
Paragomphus genei

ylurus flavipes
Onychogomphus cazuma

Leucorrhinia albifrons 4
Leucorrhinia caudalis 4
Leucorrhinia dubia -

Leucorrhinia pectoralis 4

Leucorrhinia rubicunda -

Libellula depressa 4

Libellula fulva 4 Epitheca bimaculata
Somatochlora alpestiis
Libellula quadrimaculata 4 Somatochlora arctica
. Somatochlora bonisi
Orthetrum albistylum 4

Orthetrum brunneum

Somatochlora sahlbergi

Orthetrum cancellatum 4 Somatochiora graeseri

Orthetrum chrysostigma

Orthetrum coerulescens

Chalcolestes parvidens

Orthetrum nitidinerve < halcolestes vindis

Orthetrum sabina -
Orthetrum taeniolatum 4

Orthetrum trinacria 4 Sympecma fusca

Selysiothemis nigra 4 Sympecma paedisca

Sympetrum danae
Sympetrum depressiusculum 4
Sympetrum flaveolum 4

Sympetrum fonscolombii 4

Sympetrum meridionale 4 Cordulegastér trinacriae

Aeshna affinis 4 Cordulegaster helladica
Aeshna caerulea 4
Aeshna crenala -

Aeshna cyanea 4

Aeshna grandis 4

Aeshna isoceles 4

Aeshna juncea

Aeshna mixta -

Aeshna serrata

Aeshna subarcfica -
Aeshna viridis 4

Anax ephippiger <

Anax immaculifrons 4
Anax imperator <

Anax parthenope
Boyeria cretensis 4
Boyeria irene 4

Brachytron pratense 4
Caliaeschna microstigma 4

Sympetrum nigrifemur 4

Sympetrum pedemontanum 4

Sympetrum sanguineum - Cafopfer%/x haemorrhoidalis
Calo

Sympetrum sinaiticum - lopteryx virgo

al
Sympetrum striolatum - Calopteryx xanthostoma

Sympetrum vulgatum 4

Trithemis annulata 4 . . .
Platycnemis acutipennis
latycnemis latipes
Platychemis pennipes
Platycnemis subdilalata

Trithemis arteriosa
Trithemis festiva 4

Trithemis kirbyi4
Zygonyx torridus 4

Epallage fatime
Macromia splendens

xygastra curtisii
Macromia amphigena

Pantala flavescens 4

Orthetrum ransonnetii

0 25 5 75 100 0 25 5 75 100
Trait coverage (%) Trait coverage (%) Trait coverage (%)

Figure 2. Trait coverage for each species in the OdonTraits Europe database. Each panel corresponds
to a family; Oxygastra curtisii was traditionally placed under Corduliidae but its taxonomy is presently
uncertain. The y-axis shows species names, and the x-axis gives the trait coverage for each species (in
percentage of traits). Organism silhouettes are from PhyloPic and were contributed by Andy Wilson,
Lisa Nicvert, Wouter Koch, Gareth Monger, Pascal Abel, and Maxime Dabhirel.

Technical validation

All information contained in the database was double-checked by dragonfly experts. To ensure data
formatting consistency, we also formatted and checked traits values using an automated pipeline
written in R (https://github.com/Dragon-odonates/odontraitseurope).

Data Availability

The complete dataset is available on Zenodo?? at the following link:
https://doi.org/10.5281/zen0d0.17248815.



https://doi.org/10.5281/zenodo.17248815

Code Availability
Code to reproduce the figures (with R 4.5.1 and ggplot2) is available on GitHub
https://github.com/Dragon-odonates/odontraitseurope.
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