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Abstract
Motivation: Aquatic insects comprise 64% of freshwater animal diversity and are 
widely used as bioindicators to assess water quality impairment and freshwater eco-
system health, as well as to test ecological hypotheses. Despite their importance, a 
comprehensive, global database of aquatic insect occurrences for mapping freshwater 
biodiversity in macroecological studies and applied freshwater research is missing. 
We aim to fill this gap and present the Global EPTO Database, which includes world-
wide geo- referenced aquatic insect occurrence records for four major taxa groups: 
Ephemeroptera, Plecoptera, Trichoptera and Odonata (EPTO).
Main type of variables contained: A total of 8,368,467 occurrence records globally, 
of which 8,319,689 (99%) are publicly available. The records are attributed to the cor-
responding drainage basin and sub- catchment based on the Hydrography90m dataset 
and are accompanied by the elevation value, the freshwater ecoregion and the pro-
tection status of their location.
Spatial location and grain: The database covers the global extent, with 86% of the 
observation records having coordinates with at least four decimal digits (11.1 m preci-
sion at the equator) in the World Geodetic System 1984 (WGS84) coordinate refer-
ence system.
Time period and grain: Sampling years span from 1951 to 2021. Ninety- nine percent 
of the records have information on the year of the observation, 95% on the year and 
month, while 94% have a complete date. In the case of seven sub- datasets, exact 
dates can be retrieved upon communication with the data contributors.
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1  |  INTRODUC TION

Freshwater ecosystems account for less than 0.01% of the Earth's 
surface, yet they play a vital role in the survival of people and wild-
life (Gleick, 1998). Besides supporting the various human needs for 
freshwater use, freshwater bodies consist of numerous habitats nat-
urally exchanging organisms, matter and resources, while hosting 
approximately 10% of the world's biodiversity. However, persistent 
and ever- increasing anthropogenic disturbance has placed them 
among the most endangered habitats in an ongoing global fresh-
water biodiversity crisis (IPBES, 2019; Living Planet Report, 2022; 
Tickner et al., 2020). The need for mitigation and conservation ef-
forts focusing on inland waters and their biodiversity is thus becom-
ing increasingly urgent (Maasri et al., 2022; Reid et al., 2019; Tickner 
et al., 2020; van Rees et al., 2021).

Knowledge of the spatio- temporal distributions of aquatic insects is 
vital for assessing water quality and overall ecosystem health (Bonada 
et al., 2006; Eriksen et al., 2021). In particular, given that the aquatic life 
stages of mayflies (Ephemeroptera), stoneflies (Plecoptera), caddisflies 
(Trichoptera), as well as dragon-  and damselflies (Odonata), hereafter 
referred to as EPTO, have different sensitivities to water pollution and 
habitat degradation (Schmidt- Kloiber & Hering, 2015), the occurrence of 
these orders in an ecosystem is commonly used as an indicator of over-
all water quality and, therefore, can also be considered relevant for con-
servation planning (Bonada et al., 2006; Eriksen et al., 2021). In addition, 
these groups are useful surrogates for whole macroinvertebrate assem-
blages in terms of species richness estimates (Brito et al., 2018; Martins 
et al., 2022). Many EPTO feed on algae and/or decaying organic matter, 
while some species are predators. Moreover, they are prey to other or-
ganisms, such as fish and birds. They occupy multiple positions in food 
webs, and through leaf litter decomposition, contribute to nutrient trans-
port between habitats (Macadam & Stockan, 2015; Schmidt- Kloiber & 
Hering, 2015; Wallace & Webster, 1996). Consequently, changes in the 
diversity and abundances of aquatic insects affect both terrestrial and 
other aquatic organisms (Sullivan & Manning, 2019). Moreover, these 
insect orders highly contribute to freshwater taxonomic, phylogenetic 

and functional biodiversity as they are among the most diverse in terms 
of number of species and functional trait variation (Dijkstra et al., 2014). 
However, 33% of known EPTO species are characterized as threatened 
according to International Union for Conservation of Nature (IUCN) 
criteria due to global change, while the extinction rate (i.e., percent of 
species not observed in over 50 years) is estimated to be around 9% (see 
table 1 in Sánchez- Bayo & Wyckhuys, 2019). The conflicting evidence 
on the spatio- temporal patterns of their populations at the global scale 
(Jähnig et al., 2021; van Klink et al., 2020; van Klink et al., 2021) calls for 
additional efforts in assessing their distributions worldwide that could 
effectively guide the implementation of conservation strategies (Maasri 
et al., 2022).

An inventory of EPTO observation records at the global scale 
is of high importance, as it would enable further analyses on bio-
diversity patterns from both theoretical and applied perspectives 
(Collen et al., 2014). In previous years, considerable efforts have 
been made towards this aim with, for example, the Distribution Atlas 
of European Trichoptera (DAET; Neu et al., 2018; Schmidt- Kloiber 
et al., 2017), the CONUS database for the contiguous United States 
(Twardochleb et al., 2021) and Macro- MED for macroinvertebrates 
of mediterranean countries (Blanco- Garrido et al., 2013), as well as 
online repositories such as Odonata Central (https://www.odona 
tacen tral.org/; Abbott, 2018) the Atlas of Living Australia (ALA; 
http://www.ala.org.au) and the Global Biodiversity Information 
Facility (GBIF.org, 2020). However, these are either focused on one 
taxonomic order (e.g., DAET for caddisflies, Odonata Central for 
dragon-  and damselflies) or cover subcontinental and continental 
scales (e.g., DAET in Europe, CONUS in the USA, ALA in Australia).

The majority of studies on the macroecology of freshwater insects 
has focused on regional or continental scales (Altermatt et al., 2013; 
Boyero et al., 2014; Grigoropoulou et al., 2022; Heino, 2011; Kaelin 
& Altermatt, 2016; Simaika et al., 2013), while worldwide macroeco-
logical assessments and meta- analyses remain scarce (but see Heino 
et al., 2015). Moreover, global analyses have been mainly based on 
compiled data drawn from individual publications, constantly high-
lighting the need for more detailed information on invertebrate species 

pesquisa Ministério da Ciência, Tecnologia 
e Inovações (INPA/MCTI); Programa 
Peixe Vivo of the Companhia Energética 
de Minas Gerais, Grant/Award Number: 
P&D Aneel- Cemig GT 599, and GT 
611; Rutherford Discovery Fellowship 
administered by the Royal Society Te 
Apārangi, Grant/Award Number: RDF- 18- 
UOC- 007; Tertiary Education Commission; 
São Paulo Research Foundation (FAPESP), 
Grant/Award Number: 2021/13299- 0; 
Foundation for Science and Technology, 
Grant/Award Number: UIDB/04292/2020 
and UIDP/04292/2020; Associate 
Laboratory ARNET, Grant/Award Number: 
LA/P/0069/2020; Principal Investigator 
CEEC

Handling Editor: Ines Martins

Major taxa and level of measurement: Ephemeroptera, Plecoptera, Trichoptera and 
Odonata, standardized at the genus taxonomic level. We provide species names for 
7,727,980 (93%) records without further taxonomic verification.
Software format: The entire tab- separated value (.csv) database can be downloaded 
and visualized at https://glowa bio.org/proje ct/epto_datab ase/. Fifty individual data-
sets are also available at https://fred.igb- berlin.de, while six datasets have restricted 
access. For the latter, we share metadata and the contact details of the authors.

K E Y W O R D S
aquatic insects, biodiversity, Ephemeroptera, freshwater ecosystems, global dataset, 
observation records, Odonata, Plecoptera, species distributions, Trichoptera
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distributions (Collen et al., 2014; Vinson & Hawkins, 2003). Species 
distribution models are now increasingly used to predict aquatic mac-
roinvertebrate distributions at regional scales (Bush et al., 2014; Dias- 
Silva et al., 2021; Domisch et al., 2013; Kaelin & Altermatt, 2016; Nieto 
et al., 2017). These could greatly benefit from more occurrence records 
and larger- scale data, as manifested in Sánchez- Fernández et al. (2011) 
over a decade ago, not least to decrease geographic and environmental 
sampling biases. Overall, the Global EPTO Database aims to fill these 
gaps, assisting future studies to disentangle broad- scale spatial pat-
terns and determinants of insect distributions and detect biodiversity 
hot-  and coldspots across the world.

2  |  METHODS

2.1  |  Data acquisition

The Global EPTO Database is a comprehensive compilation of hetero-
geneous data sources. As well as the 93 co- authors who contributed 
with occurrence records via personal communication up to the end 
of 2021, our database has also been supported by many researchers 
and taxonomists who contributed to parts of databases, such as the 
DAET (Neu et al., 2018; Schmidt- Kloiber et al., 2017), the CONUS 
database covering the contiguous USA (Twardochleb et al., 2021), 
Mayflies of South America (Dos Santos et al., 2018; Molineri 
et al., 2020), and Macro- MED (Blanco- Garrido et al., 2013), as well 
as the public databases GBIF (2020) and ALA (http://www.ala.org.
au). Overall, we collated an initial number of 10,069,801 occurrence 
records, comprising any georeferenced data on EPTO records that 
had been made available until December 2021.

2.2  |  Quality control

2.2.1  |  Taxonomy

We standardized the database at the genus level. We validated and 
complemented the taxonomic classification of the occurrence re-
cords using the package “taxize” v.0.9.99 in R (R Core Team, 2020), 
which interacts with the Integrated Taxonomic Information System 
(ITIS) and the National Center for Biotechnology Information (NCBI) 
databases to verify genus names and correct spelling, as well as 
to obtain taxonomic hierarchies (Chamberlain & Szöcs, 2013). For 
cases in which names were not found in these databases because 
of misspellings or database deficiencies, we manually verified 
them through online sources, such as the Catalogue of Life (Bánki 
et al., 2022), Zootaxa (http://www.biota xa.org), the Encyclopedia 
of Life (https://eol.org/), and primary publications. We also provide 
the binomial nomenclature regarding species names, available for 
7,727,980 (93%) records, without further taxonomic verification 
because of heterogenous country- level checklists. Overall, we dis-
carded 837,603 records of non- EPTO orders and records lacking 
genus names.

2.2.2  |  Dates

We included records taken between 1951 and 2021 in the database 
and harmonized the sampling dates to the yyyymmdd format in R, 
split into separate columns of year, month and day. We removed re-
cords with a date format that impeded the differentiation between 
month and day (e.g., 03082000) or with a year later than 2021. 
Additionally, we removed records lacking year information, with the 
exception of the dataset “Mayflies of South America” (Nieto et al., 
2022), for which we kept the year range 1970– 2019. In total, we dis-
carded 331,585 records with inconsistent date information.

2.2.3  |  Coordinate treatment

We transformed all coordinates to the World Geodetic System 
1984 (WGS84) coordinate reference system using the package 
“sp” in R (Bivand et al., 2013). We approximated the spatial preci-
sion of records using the number of decimal digits of the coordi-
nates. We counted the decimal digits using the function “format.
info” in R, taking 10 digits into account. Subsequently, we evalu-
ated the validity of the records' coordinates through the package 
“CoordinateCleaner” by using geographic gazetteers to identify 
possibly erroneous sets of coordinates or imprecise records, which 
are common in biological collections (Zizka et al., 2019). We dis-
carded records with zero or equal latitude and longitude coordinate 
attributes and coordinates assigned to the location of biodiversity 
institutions or universities, instead of exact sampling locations. We 
fixed swapped coordinates manually. In contrast, we flagged coor-
dinates that were assigned to country centroids, capitals as well as 
cases of coordinate– country mismatches with the value “1” in the 
corresponding columns cen_fl (centroid), cap_fl (capital), coun_fl 
(country), else we assigned the value “0” in these columns. Finally, 
we treated coordinates located in the sea following the procedure 
described in Section 2.3. Overall, we discarded 504,607 records 
with invalid coordinates.

2.3  |  Integration with the Hydrography90m dataset

We attributed the EPTO occurrence records to their correspond-
ing hydrographic units at two spatial scales, namely the drainage 
basin and sub- catchment, as delineated in the Hydrography90m 
dataset (https://hydro graphy.org/hydro graph y90m/hydro graph 
y90m_layer s/; Amatulli et al., 2022). In Hydrography90m, a drain-
age basin is defined as any area of land where precipitation is col-
lected and drained into a common outlet, either into the sea or into 
an inland depression. Further, every basin is divided into smaller 
sub- catchments, each of them representing the land area between 
two stream segment nodes that contributes to the local flow ac-
cumulation of a given stream segment (Amatulli et al., 2022). 
Every drainage basin and sub- catchment worldwide holds a sepa-
rate, unique ID. By combining the Global EPTO Database with the 
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Hydrography90m dataset, we aimed to yield global statistics re-
garding the number of observation records and unique genera per 
drainage basin.

Moreover, we acquired the elevation value of every record's lo-
cation based on the Multi- Error- Removed Improved- Terrain DEM 
(MERIT) Hydro digital elevation model (DEM), which is the most 
accurate, globally seamless, 3 arc- second resolution (~90 m at the 
equator) DEM to date (Yamazaki et al., 2019).

For cases in which sea coordinates were located within a 10- km 
radius off the coast or of an island, we attributed/snapped them 
to the closest sub- catchment using the function “r.stream.snap” in 
Geographic Resources Analysis Support System (GRASS GIS) ver-
sion 7.8 (GRASS Development Team, 2008), or else we discarded the 
record. We snapped 62,498 points in total.

2.4  |  Integration with the Freshwater 
Ecoregions of the World and the World Protected 
Areas datasets

We assigned the ID of the corresponding freshwater ecoregion 
to each record using the Freshwater Ecoregions of the World 
dataset (FEOW, Abell et al., 2008), after rasterizing the layer to a 
90- m resolution using the function “gdal_rasterize” (GDAL/OGR 
Contributors, 2021). This allows quick filtering of the records based 
on the biogeographic realm. We included the IDs of all the freshwa-
ter ecoregions present in each dataset in its metadata file.

Moreover, we included information regarding the overlap of the 
point record and protected areas using the latest layer (November 
2022) of the Protected Planet WDPA WD- OECM dataset 
[Protected Planet: World Database on Protected Areas (WDPA) 
and World Database on Other Effective Area- based Conservation 
Measures (WD- OECM), UNEP- WCMC and IUCN, 2022]. We 
downloaded the layer using the “wdpa_fetch” function of the 
“wdpar” package in R (Hanson, 2022) and filtered the global file 
based on the protection status, using the function “ogr2ogr” 
(GDAL/OGR contributors, 2021). We retained “Designated”, 
“Inscribed” and “Established” protected areas to ensure that those 
that are not currently implemented are excluded (e.g., proposed 
protected areas). We rasterized the layer to a 90- m resolution and 
extracted the information of the “Status Year” (STATUS_YR) field, 
which identifies the year in which a site's current status was im-
plemented. We assigned each record a value of “0” if it was not 
located in a protected area, “1” if it was in a protected site on the 
date of the observation, or “2”, in the case that the location was 
protected after the observation event (Table 1, “WDPA_protec-
tion_status” column). Information regarding the past protection 
status of an area was not available.

We used the function “gdallocationinfo” in the Geospatial Data 
Abstraction Library (GDAL), version number 3.1.0 (GDAL/OGR con-
tributors, 2021) for all spatial extractions at point level at a global 
extent.

3  |  RESULTS AND DISCUSSION

3.1  |  Database formatting

The database comprises the entire table including 8,319,689 pub-
licly available WGS84 geo- referenced records of EPTO genera 
globally, from 50 individual datasets, for download at https://doi.
org/10.18728/ igb- fred- 811.0 and https://glowa bio.org/proje ct/
epto_datab ase/. In addition, we provide the metadata and authors' 
contact details for six datasets that have restricted access, com-
prising 48,728 records, which can be found in the metadata file 
(Supporting Information Table S1).

All data are organized in tables (i.e., tab separated .csv format; 
see Supporting Information Table S1 for the URLs to the individual 
datasets). Within the dataset tables, each row corresponds to one 
observation record defined as the presence of an individual of a 
given genus observed at a particular location on a given date, while 
the 28 columns include a variety of taxonomic, geographic and ad-
ditional site- specific information (Table 1). Duplicate observation 
records, possibly derived from overlapping data sources, were col-
lapsed to one. The metadata of each dataset include information on 
the availability of abundances derived from the sampling itself and 
site- specific information regarding physicochemical, hydrological or 
land cover characteristics of the sampling location.

3.2  |  Database completeness

3.2.1  |  Spatial coverage and precision

The Global EPTO Database includes 8,368,467 occurrence records, 
covering 1,505,302 unique locations worldwide and 39,584 out of 
1.6 million drainage basins of the Hydrography90m dataset (Table 2; 
Amatulli et al., 2022). The records are spread across 417 out of 426 
Freshwater Ecoregions of the World (FEOW, Abell et al., 2008), 
while 20% of them occur in protected areas. We mapped the num-
ber of observations of the whole database on a 10- km regular grid 
and per drainage basin (Figure 1a,c, respectively) and the numbers 
of observation records of each order individually per drainage basin 
(Figure 1e). The spatial patterns arising from the maps of Figure 1a 
and the respective strong peaks in the marginal plots reveal a major 
sampling bias towards North America, central Europe, and Oceania.

To further explore the spatial distribution of the records, we 
plotted the number of observation records within elevational bands 
of 500 m (Figure 2a). Records cover an elevation range of more than 
4,000 m, although the majority is concentrated in lower altitudes 
of up to 500 m. The distribution of the data across the elevational 
gradient follows the global pattern of declining species richness as 
altitude increases (Gaston, 2000). However, there is contrasting ev-
idence suggesting that taxon richness might well increase along an 
elevation gradient (Chiu et al., 2020). Therefore, increasing sampling 
effort at higher altitudes is crucial, especially because headwater 
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streams and springs harbour high levels of biodiversity (Clarke 
et al., 2006; Heino et al., 2013).

3.2.2  |  Taxonomic representation

The observation records include 1,473 genera and 142 families 
(Table 2). Sixty- two percent of all occurrence records correspond to 

observations of Odonata, which is probably related to their being 
considered as charismatic, not least because their specimens are 
easily observable due to their size, colour patterns, and flying style 
(Vorster et al., 2020). The database includes more than 15 records 
for most genera of each order for which we have occurrence data 
(216 genera of Ephemeroptera out of 310 have at least 15 records, 
Plecoptera: 138/199, Trichoptera: 281/391, Odonata: 422/573 
genera, Figure 2b). Although the number of presence observations 

TA B L E  1  Column names of the individual dataset tables available in the Global EPTO Database and their explanations.

Column name Column content

order_ID One of the E, P, T, O

dataset_ID Unique ID of the dataset of a given data source, e.g., 003

occurrence_ID Unique ID of the individual occurrence record, e.g., 000423769

species Species name (not taxonomically verified)

genus Genus name

family Family name

order Order name

longitude Longitude in decimal degrees, in WGS84

latitude Latitude in decimal degrees, in WGS84

no_decimals_published Number of decimal points of the coordinates that are published

no_decimals_available Number of decimal points of the coordinates that are available upon communication with the authors (could 
include more detailed coordinates)

location_river Locality or river of the observation record

country Country of the observation record

sampling_day Day of the observation

month Month of the observation

year Year of the observation

source Data source (e.g., name or DOI of the original database)

FRED_link- DOI Dataset link to FRED, where all metadata are available, including dataset authors' names

notes Dataset authors' notes

cen_fl Centroid flag, Boolean. If “1”, then the coordinates represent the centroid of a country instead of the exact location 
of the observation

cap_fl Capital flag, Boolean. If “1”, then the coordinates belong to the capital of a country instead of the exact location of 
the observation

coun_fl Country flag, Boolean. If “1”, then the coordinates of the record do not match with the assigned country

snapped Boolean. If “1”, then the original coordinates of the record, that fell into the sea, have been snapped to the closest 
sub- catchment

subcatchment_Idy9 Unique ID of the sub- catchment where the record is located, based on the Hydrography90m dataset (Amatulli 
et al., 2022)

basin_ID Unique ID of the drainage basin where the record is located, based on the Hydrography90m dataset (Amatulli 
et al., 2022)

elevation Elevation of the point of the record, in metres, based on the MERIT Hydro DEM (Yamazaki et al., 2019)

WDPA_protection_status Status of the record's location based on the Protected Planet WDPA WD- OECM dataset, updated in November 
2022 (UNEP- WCMC and IUCN, 2022). If “0”, the record was not located in a protected area. If “1”, the record 
was in a protected site. If “2”, the record's location was protected on a date following the observation

FEOW_ID Freshwater Ecoregions of the World ID (Abell et al., 2008)

Note: DEM = digital elevation model; EPTO = Ephemeroptera, Plecoptera, Trichoptera and Odonata; FRED = IGB Freshwater Research and 
Environmental Database; MERIT = Multi- Error- Removed Improved- Terrain DEM; WD- OECM = World Database on Other Effective Area- based 
Conservation Measures; WDPA = World Database on Protected Areas; WGS84 = World Geodetic System 1984. The FRED link of each specific 
dataset is only included in the comprehensive table of all orders.
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required for building robust predictive models, such as species dis-
tribution models (SDMs), may vary depending on the prevalence and 
spatial representativeness of each taxon (van Proosdij et al., 2016), it 
has been proposed that 15 presence observations may be enough to 
capture the general response of species to important environmen-
tal gradients (Mateo et al., 2010; Støa et al., 2019). Following this 
guideline, the Global EPTO Database provides enough occurrences 
for modelling spatial patterns and their underlying mechanisms of 
most EPTO genera.

We mapped the number of EPTO genera for the whole data-
base and for each order individually in a similar way as for the 
number of occurrence records (Figure 1b,f). The apparent lack of 
congruence between the number of observations and the number 
of genera per basin (Figure 1a,c,e and b,d,f, respectively) highlights 
the fact that some of the richest areas in terms of taxonomic diver-
sity are being overlooked regarding sampling and/or data digitali-
zation/mobilization (e.g., the Amazon basin, or basins in Africa and 
south- western Asia). Likewise, due to the spatial sampling bias, 
genera from under- sampled areas may be missing (Figure 1, grey 
areas in the maps).

3.2.3  |  Time frame

All records are accompanied by information on the year of observa-
tion, with 95 and 94% also having information on the month and day 
of the observation, respectively (Table 2). The dated occurrences 
can serve in defining EPTO distributions at a given time using spe-
cies distribution modelling and therefore serve in conservation plan-
ning. The increase in record numbers after the year 2000 follows 
the development of GIS technology and data digitization (Figure 2c). 
The steeper increase in the number of records for Odonata is due to 

a strong increase in the number of observations submitted by citizen 
scientists, especially in North America and western Europe. Given 
the lack of a consistent sampling effort through time, the database is 
generally unsuitable for investigating temporal trends at the global 
scale. However, we encourage users to explore the data according 
to their needs, as this trend might change at local scales in the best 
sampled areas.

4  |  CONCLUSIONS

By integrating heterogeneous data sources of EPTO occurrence 
records, we attempted to respond to the priority need for a com-
prehensive compilation of biological data, as recently suggested by 
Maasri et al. (2022). As a result, the Global EPTO Database is easily 
accessible and developed according to the FAIR principles regard-
ing Findability, Accessibility, Interoperability and Reusability of data 
(Wilkinson, 2016). At the same time, it highlights the spatial patterns 
of sampling efforts and/or data digitization and mobilization world-
wide, which are mostly concentrated in the Northern Hemisphere, 
in accordance with the findings of Meyer et al. (2015) for vertebrate 
species and Murphy et al. (2019) for aquatic plants. It has been 
shown that gaps in inventories exist in most countries of the Global 
South, while species data are mainly limited by distance to research-
ers, available research funding for a given region and participation in 
data- sharing networks (Meyer et al., 2015). Moreover, the notably 
higher number of Odonata observations, in contrast to EPT orders, 
leads to a taxonomic bias in available inventories. These geographic 
or taxonomic gaps need to be tackled by guiding future sampling 
campaigns towards under- represented areas, opening up previously 
inaccessible repositories and enhancing taxonomic research, espe-
cially on EPT (Balian et al., 2008).

TA B L E  2  Summary statistics of the Global EPTO Database for the number of records, drainage basins and sub- catchments, the geographic 
location and precision as well as the temporal precision of the samplings.

Ephemeroptera Plecoptera Trichoptera Odonata EPTO

Observation records 933,070 538,236 1,640,723 5,256,438 8,368,467

Genera 310 199 391 573 1,473

Described genera 442 313 632 694 2,081

Families 41 17 46 38 142

Described families 42 17 63 45 167

Occurrence locations 114,711 58,939 164,985 1,328,255 1,505,302

Sub- catchments covered 89,521 42,182 129,658 593,135 702,409

Drainage basins covered 5,220 3,318 8,343 36,623 39,584

% of records in protected areas 12 10 16 22 20

% of coordinates with ≥ 4 decimal digits 95 95 91 82 86

% of records including sampling year 99 99 99 100 99

% of records including sampling month 93 95 88 97 95

% of records including sampling day 92 94 86 96 94

Note: Information on the numbers of the described extant genera and families of Ephemeroptera, Plecoptera, Trichoptera, and Odonata (EPTO) was 
retrieved from Barber- James et al. (2013), DeWalt et al. (2021), Morse (2022) and Paulson et al. (2022), respectively.
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In the light of the ongoing global freshwater biodiversity decline 
(Reid et al., 2019), mobilizing and openly sharing existing data will be 
crucial for advancing biodiversity and conservation research. More 
detailed species level and trait information (Sarremejane et al., 2020; 
Schmidt- Kloiber & Hering, 2015) is required for more in- depth anal-
yses and informed decision- making (Maasri et al., 2022). The Global 
EPTO Database in combination with the Hydrography90m dataset 
aim to provide a solid, open- source information base for freshwater 
macroecological analyses and species distribution modelling on a 
high spatial resolution.
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years included).
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