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Abstract

Animal trait data are scattered across several datasets, making it challenging to com-
pile and compare trait information across different groups. For plants, the TRY data-
base has been an unwavering success for those ecologists interested in addressing
how plant traits influence a wide variety of processes and patterns, but the same is
not true for most animal taxonomic groups. Here, we introduce ZooTraits, a Shiny app
designed to help users explore and obtain animal trait data for research in ecology
and evolution. ZooTraits was developed to tackle the challenge of finding in a single
site information of multiple trait datasets and facilitating access to traits by provid-
ing an easy-to-use, open-source platform. This app combines datasets centralized in
the Open Trait Network, raw data from the AnimalTraits database, and trait informa-
tion for animals compiled by Goncalves-Souza et al. (2023, Ecology and Evolution 13,
€10016). Importantly, the ZooTraits app can be accessed freely and provides a user-
friendly interface through three functionalities that will allow users to easily visualize,
compare, download, and upload trait data across the animal tree of life—ExploreTrait,
FeedTrait, and GetTrait. By using ExploreTrait and GetTrait, users can explore, compare,
and extract 3954 trait records from 23,394 species centralized in the Open Traits
Network, and trait data for ~2000 species from the AnimalTraits database. The app
summarizes trait information for numerous taxonomic groups within the Animal
Kingdom, encompassing data from diverse aquatic and terrestrial ecosystems and
various geographic regions worldwide. Moreover, ZooTraits enables researchers to
upload trait information, serving as a hub for a continually expanding global trait data-
base. By promoting the centralization of trait datasets and offering a platform for data
sharing, ZooTraits is facilitating advancements in trait-based ecological and evolution-
ary studies. We hope that other trait databases will evolve to mirror the approach we
have outlined here.
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provided the original work is properly cited.
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1 | INTRODUCTION

The rapid growth of data availability in ecology and evolution has
opened up new opportunities for researchers to advance and im-
prove critical theoretical, conceptual, and applied aspects of both
disciplines. In recent decades, functional trait approaches have be-
come increasingly popular in various scientific disciplines due to their
ability to provide a more mechanistic understanding of communities
and their potential for generalization across different scales and sys-
tems (de Bello et al., 2021; Enquist et al., 2015; McGill et al., 2006;
Reich et al., 1997; Wright et al., 2004). These approaches involve
measuring functional traits, defined as characteristics of organisms
that influence their fitness (Arnold, 1983; Violle et al., 2007). While
most studies have primarily focused on plants (Green et al., 2022),
there has been a growing interest in expanding the use of func-
tional traits to animals and other organisms, incorporating new traits
that capture movement and behavior and their potential response
to environment or impacts on ecosystem functioning (e.g., Raffard
etal, 2017).

Over the years, researchers have accumulated vast amounts
of trait measurements, resulting in hundreds or even thousands
of records for multiple species across different systems. Scientists
have started compiling large databases to capitalize on this wealth
of information, such as the BIEN (Enquist et al., 2016; Maitner
et al., 2018) and TRY (Kattge et al., 2011) databases that are fo-
cused on plant traits. More recently, other initiatives such as
OpenTraits have compiled trait information on different organ-
isms like plants, animals, and fungi (https://opentraits.org, see
also Oliveira et al., 2017; Parr et al., 2017; Tobias et al., 2022;
Wilman et al., 2014). These databases have proven invaluable in
addressing questions at broad spatial scales, including trait-trait
relationships (Diaz et al., 2016), trait-environmental relationships
(Bruelheide et al., 2018), and the role of traits mediating compe-
tition (Kunstler et al., 2016). For example, since its origin in 2007,
the TRY database has gained a community of approximately 5000
users submitting over 1000 requests annually. Plant-related stud-
ies have benefited from these centralized trait hubs, which offer
advantages in trait selection (Kattge et al., 2020).

Despite the growing ubiquity of these databases in macroeco-
logical research—including studies that examine trait-environment,
trait-ecosystem, or trait-trait relationships—collecting and assessing
trait information has some acknowledged limitations (Herberstein
et al., 2022; Keller et al., 2023). For example, many datasets have
a limited taxonomic scope or focus solely on species from specific
geographical regions. In some instances, the raw data are accessible

animal trait database, Open Science, Raunkizran shortfall, trait-based ecology

TAXONOMY CLASSIFICATION
Biodiversity ecology, Community ecology, Ecophysiology, Functional ecology, Global change

only through meticulous searches into the supporting materials from
published papers (Keller et al., 2023). This task becomes even more
laborious for studies involving multiple taxonomic groups, as there
is often a wide array of traits used among these groups (Goncalves-
Souza et al.,, 2023). Consequently, researchers face difficulties in
navigating and using these datasets effectively, highlighting the need
for a solution. Additionally, finding suitable datasets is challenging
when they are not centralized for a certain taxonomic group (e.g.,
Tobias et al., 2022 for birds) or in a central trait hub (Herberstein
et al., 2022; Keller et al., 2023).

To overcome the above limitations, we have developed a user-
friendly shiny app called ZooTraits. This app serves as a tool to
summarize information on traits across several animal taxonomic
groups, ecosystems, and geographic regions to integrate multi-
ple datasets centralized in the Open Trait Network to facilitate
both the use of trait and contribution of trait data. The ZooTraits
app provides: (i) access to species-level trait data accessible for
over 23,000 species from 20 datasets included in the Open Trait
Network, and raw data for ~2000 species from the AnimalTraits
(Herberstein et al., 2022), (ii) a possibility to continuously update
the dataset with newly published research that will stimulate the
development of a global list of traits used in several taxonomic
groups, (iii) a global overview of traits used in animal ecology
based on a dataset compiled by Goncalves-Souza et al. (2023).
This tool can help researchers explore a wide range of traits and
identify traits with a wide coverage in terms of number of groups
and distribution of this information across ecosystems and geo-
graphical areas. Importantly, ZooTraits is not a data aggregator
(e.g., unlike TRY, BIEN, or GBIF) but a metadata aggregator: it pro-
vides information about datasets and a pathway to accessing data
from some, but does not necessarily provide access to all data-
sets, as many are under embargo or are not open access. Thus,
by focusing on metadata, we require less storage space, allow
data providers greater control over their datasets, and can include
datasets which cannot be accessed due to licensing restrictions.
We hope this tool not only fosters comparisons within and across
taxonomic groups that help to identify general patterns of trait
variation but also contributes to increased transparency and wid-
ening the accessibility to trait information. Importantly, as this app
only streamlines the process of acquiring trait information, trait
selection must be linked to best practices recommended by previ-
ous studies (e.g., Goncalves-Souza et al., 2023; Keller et al., 2023;
Palacio et al., 2022), which suggest that trait selection should be
mainly driven by biological hypotheses rather than solely relying
on the data that are available.
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2 | DATA SOURCES AND COLLECTION
METHODS

The ZooTraits app integrates different functionalities to explore,
visualize, and download animal trait information. The data sources
used to support the app were obtained from the Open Trait
Network, the AnimalTraits (Herberstein et al., 2022), and a sys-
tematic review performed by Goncalves-Souza et al. (2023). These
data sources used different collection methods and provided dis-
tinct trait information that were used to support the functionali-
ties presented below.

The Open Trait Network (https://opentraits.org) is a global
community of volunteer researchers that has centralized a trait
hub with 20 datasets as of March 2024. Currently, it provides
species-level information on 3954 trait records from 23,394 spe-
cies of invertebrates and vertebrates (Table 1). This information is
not the actual trait data for a given species. Instead, the Open Trait
Network offers trait names associated with these species (when
available in the original dataset) and a URL containing all neces-
sary information, which allows users to download the raw data for
the selected species.

The AnimalTraits is a curated trait database that includes 2032
species from different taxonomic groups, including arthropods, mol-
lusks, and tetrapods (Herberstein et al., 2022). Unlike the Open Trait
Network, the raw data are directly available and, thus, can be di-

rectly downloaded from the ZooTraits app.

TABLE 1 Summary of the number of traits and species per
phylum available from the Open Traits Network.

Phylum Number of traits Number of species
Chordata 1484 19,707
Arthropoda 745 1907
Cnidaria 229 1203
Mollusca 701 437
Echinodermata 125 42
Annelida 217 36
Platyhelminthes 90 14
Bryozoa 80 13
Ctenophora 45 10
Nematoda 37 5
Porifera 6 5
Brachiopoda 20 3
Tardigrada 21 3
Nemertea 40 2
Phoronida 22 2
Rotifera 27 2
Chaetognatha 25 1
Gastrotricha 19 1
Xenacoelomorpha 21 1

Note: By using the GetTrait capability, ZooTraits users may get the links
to access the raw data for all taxonomic groups or a specific subset.
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Lastly, we used the results from Goncalves-Souza et al. (2023),
who compiled trait information from 1655 manuscripts that used
functional traits in animal ecology. Different from the first two
databases (i.e., Open Trait Network and AnimalTraits), that review
paper provided a general overview of traits used in ecological stud-
ies across the Animal Kingdom including Vertebrata, Ecdysozoa,
Protostomia, Spiralia, and Echinodermata from all continents and
most marine biogeographical realms. Specifically, it summarized
the following aspects: (i) the taxonomic level (e.g., species or genus
level) used to collect trait information, which can be retrieved by
downloading the raw data from the required taxonomic group; (ii)
trait type (response or effect trait) and existence of intraspecific
trait variation (yes or no); (iii) trait (or niche) dimension (defined
by Winemiller et al., 2015): trophic, life history, habitat, defense,
metabolic, other (undefined traits not included in the previous di-
mensions) or undetermined morphological traits (i.e., those morpho-
logical traits obtained by the authors of the primary papers but not
included as relevant for any niche dimension); (iv) ecosystem type:
terrestrial, freshwater or marine; and (v) geographical extent (local,
regional, or global) and region (zoogeographical or marine biogeo-
graphical realm).

Taken together, these three data sources (i.e., Open Trait
Network, AnimalTraits, and Goncalves-Souza et al., 2023) provide
complementary information about trait use in animals and they will
be used to support different functionalities of the ZooTraits app, as

described below.

3 | OVERVIEW OF THE SHINY APP FOR
EXPLORING ANIMAL TRAIT DATA

Shiny is a framework that creates interactive web tools using R
(Wickham, 2021). ZooTraits is an open-source project (available on
a GitHub repository at: https://github.com/thiago-goncalves-souza/
zootraits), and it was organized based on three different functionali-
ties that will allow users to display, visualize, access, and contribute
with new trait information for animals:

1. ExploreTrait: Through this functionality, users can explore distri-
bution and abundance/coverage of trait data information from
almost ~1700 journal articles (at present, more later). This al-
lows for investigating trends in trait variation and distribution
across regions/taxonomic /habitats, etc. groups and identifying
gaps in traits used across several animal taxonomic groups
(reviewed in Goncalves-Souza et al., 2023). The app facilitates
users to filter, sort, and analyze data by taxonomic groups,
traits, habitats, ecosystems, scale, and geographical regions.

2. FeedTrait: through this functionality, users can upload/enter in-
formation associated with trait data, such as taxonomic level, trait
type, etc. (see section 2), while supplying data to the ExploreTrait
function. The upload of information is a continuous and neces-
sary process that will keep the database updated. Data quality will
be revised following a workflow (Figure S1) that will ensure data
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quality. The different versions (when new datasets are uploaded)
will be preserved on GitHub and users will have the ability to ob-
tain data from specific versions if needed.

3. GetTrait: through this functionality, users can access two openly
available trait datasets as of March 2024, the Open Trait Network
and the AnimalTraits (Herberstein et al., 2022).

The ZooTraits app will give users the option to download and/
or upload raw data as *.csv file, as well as the ability to combine in-
formation from other publicly available trait datasets that let users
download trait information for numerous animal taxonomic groups.

3.1 | Installation

The ZooTraits shiny app does not require installation. The user can
connect to the address https://ecofun.shinyapps.io/zootraits/ to use
all functionalities. However, it is necessary to have an internet con-

nection to use the app.

(a) Filters to select the required information
Filter

Taxonomic group Ecosystem

Nothing selected e

Trait type Trait dimension

Effect, Response, Response And Effect, Undefined ¢

Search

(b) Number of papers per taxonomic group

Taxonomic groups

Number of papers published - Most frequent taxonomic groups 17 ]
-O- Araneae -O- Aves -O- Bee -O- Coleoptera -O- Fish ~O- Formicidae -O- Insecta

O
300

Cumulative sum of papers
@
2

: A

oo P
1959 2003 2007 2011 2015 2019
Year
& Download data

Freshwater, Marine, Terrestrial

Defense, Habitat, Life history, Metabolic, Trophic, Unde ¥

3.2 | ExploreTrait: Exploring animal functional
trait data

The default display of the ExploreTrait app enables users to visualize
and contrast the key findings from every taxonomic group provided
in Gongalves-Souza et al. (2023). The app will regularly update trait-
associated information using data contributed by users from newly
published articles (details in section 3.3). Basically, its primary func-
tion is to filter, sort, and analyze data by taxonomic groups, traits,
habitats, ecosystems, scale, and geographical regions.

Upon opening the app, the default display allows users to access
basic descriptive trait information that can be filtered using different
criteria in the ‘Data Exploration’ tab (Figure 1). These filters include
(1) taxonomic group, (2) ecosystem (freshwater, marine, and terres-
trial), (3) study scale (local, regional, and global), trait type (studies
that used response and/or effect traits, or studies that did not define
which trait type was used), (4) trait dimension (trophic, life history,
habitat, defense, metabolic, other undefined traits not included in

the previous dimensions or undetermined morphological traits), (5)

Study Scale

v Global, Local, Regional v

Intraspecific data

No, Yes 7

(c) Number of papers using a given trait dimension

Trait dimensions

Most frequent trait dimensions found in the review N

Trophic
Habitat
Undetermined

morphological
traits

Life history

Trait dimension

Metabolic

Defense

0 200 400 600 800 1,000 1,200

Number of papers

& Download data

FIGURE 1 Screenshots of the Zoo App website, ExploreTrait functionality. (a) Filters that facilitate the selection of desired subset
datasets based on taxonomic group, ecosystem, study scale, trait type and dimension, and/or intraspecific trait variation studies. Upon
applying these filters, bar plots will be generated to summarize the number of papers (b) per taxonomic group and year, and (c) the most

frequent trait dimensions.
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and whether the study included or not intraspecific variability when
measuring species traits.

The ExploreTrait functionality accommodates various research
needs. For example, users can retrieve information about the vari-
ety and frequency of traits used for a particular taxonomic group in
the tab “Taxonomic group” and then select one or multiple groups
listed in the options (Figure 1a). As a result, the app will display
the number of papers per taxonomic group by year (Figure 1b), the
most used trait dimensions (Figure 1c), a map with studies aggre-
gated by continent (Figure 2a), and a treemap listing trait names
and their frequencies (Figure 2b). Additionally, users have the
option to download a list of the references and trait information
for all studies within the selected filter by going to the “Dataset

download” at the bottom of the Data Exploration window. To select
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a subset of the dataset, the user should click on the first floating
panel (Figure 1a) and select one or several taxonomic groups. The
user can also select a specific ecosystem, trait dimension, or study
scale. After filtering the required subset, the user will be able to
visualize four figures (insets in Figures 1 and 2) and download raw
data in the “Dataset download”. The functionality also allows easy
navigation on the map and access to linked DOI for each published
study. Furthermore, we provided a “Metadata” tab to describe all
variables in the dataset.

A relevant aspect of this app is the potential to extract data for
different taxonomic groups. This capability can prove invaluable for
future studies involving multiple organisms, helping researchers to
select potential traits based on their (dis)similarities, frequency, dis-

tribution, and availability.

(a) Maps of the locations (country or ocean) of the selected studies

Map

Most of the studies are grouped by country.
NORTH

+ '
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‘ .
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\USTRALIA

| ® ESRI World Topo Map
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ASTA O ESRI World Imagery
10 (O Open Street Map
25
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85 Pacific
Ocean
8 Pacific
19 A Ocean
& Indian 2
Ocean ausSlivia

Leaflet | Tiles © Esri — Esri, DeLorme, NAVTEQ, TomTom, Intermap, iPC, USGS, FAO, NPS, NRCAN, GeoBase, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), and the GIS User Community

(b) Frequency of trait used in the selected studies

Traits

Number of papers where each trait appeared in the review
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Feeding Guild
Trophic Level

Reproductive Demogr...
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Reproductive ...

(S

Activity Period
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Reproductive... Respi..

Reproductive... Hogeot

Reproductive... Abioti...

Feedin...

Feeding Habitat

& Download data

FIGURE 2 Screenshots of the ExploreTrait functionality after applying the filters (Figure 1a) showing (a) a map displaying the number of
studies per nation or ocean and (b) a treemap displaying the frequency of traits in the chosen studies.
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3.3 | FeedTrait: Upload animal functional trait
to the ExploreTrait functionality

As described above, at present, the ExploreTrait functionality directly
relies on data obtained from Goncalves-Souza et al. (2023) to display
and allow downloads of trait information. To complement this func-
tion, the FeedTrait functionality facilitates regular updates to the
data displayed in the ExploreTrait function/tool.

To contribute data to FeedTrait, users can easily upload data
using online form or a spreadsheet template (in a *.csv format) con-
taining the following information: (1) DOI of the published study,
(2) taxonomic group, (3) geographical region(s) and ecosystem(s), (4)
trait type and dimension, and whether intraspecific trait data were
considered or not (Figure 3). Each new row in the dataset should
represent a newly published article, and the columns will provide a
range of selectable options. This design ensures that data entry is ef-
ficient and minimizes the potential for input errors. For studies with
multiple taxonomic groups, each row should represent a taxonomic
group from that study.

The FeedTrait functionality is intended to foster a global network
of open data to maintain a comprehensive registry of animal traits
used in ecological and evolutionary studies across different regions
and ecosystems. Therefore, FeedTrait is a repository for collabo-
ration that welcomes participation of scientists around the world.
Further, ZooTraits improves data discoverability, potentially making
registered datasets more likely to be cited and thereby benefiting
researchers who contribute.

We will ensure data quality by using a workflow connecting users
and the ZooTraits team (Figure S1). This quality assurance/quality
control (QA/QC) will follow user data enter — ZooTraits team qual-
ity control — ZooTraits app updates and version control on GitHub.
Because of these data quality curation steps, we ensure data quality
by asking (if necessary) for corrections in the databases before feed-
ing the app. This is a particularly relevant process for those users
that upload data by submitting a *.csv file.

(@) (b)
Information about the study
Paper metadata
Where
Title
(egF 1 of fish assembl.

in  highly regulated Med fiver system None

x Study Scale

Dol
Jobattle
(e.g.'hitps://doi.org/10.1016/jscitotenv.2020.138989') ‘
None
https://doi.org

Ecosystem

Alternative URL Wht s the pedominant ecosystem i which the study was conducte

(e.g. 'https://www.sciencedirect.com/science/article/abs/pii/S0048969720325067") .

‘Taxonomic group

More inclusve taxonomic g1oup used (Arachnida, Aranese, Mammalia, etc..) you can rfer 1o u

None
Authors Journal Name Year

(e:g. 'Sénchez Pérez et al) (e:3."Science of The Total Environment’)  (e.g."2020' ‘Taxonomic unit

3.4 | GetTrait: Centralized tool to retrieve trait
information from open-access databases

The GetTrait functionality directly accesses freely available trait in-
formation in several open databases centralized in the Open Trait
Network (OTN, https://opentraits.org/). The OTN currently in-
cludes 20 open datasets from several taxonomic groups within the
Animalia Kingdom, such as Chordata, Arthropoda, Cnidaria, Porifera,
and Rotifera (Table 1). As described earlier, AnimalTraits is a trait da-
tabase including arthropods, mollusks, and tetrapods (Herberstein
et al., 2022). While users can directly access the raw data from
AnimalTraits, they will only be able to access links to datasets cen-
tralized in the OTN. Due to this distinction, the initial choice a user
will make is the selection of the dataset.

After selecting the dataset, the user can search for data using
Phylum, Class, and Order to select all available trait datasets for a spe-
cific taxonomic group. For example, if you are interested in studying
spiders, you need to select the Phylum Arthropoda, Class Arachnida,
and the Order Araneae in the “Filter” tab and then click on the “Search”
tab. This command will retrieve a table with all spider species and traits
available in the app. The user can download a *.csv file containing infor-
mation on the family, genus, species, trait, and two links, one to taxo-
nomic information from the catalog of life and the other to the original
raw data (column ‘Dataset’). This column will redirect the user to the
metadata of the specific dataset where that trait information can be
retrieved, which includes links to the original paper and raw dataset.
Moreover, the AnimalTraits database provides the actual trait value for

different traits (e.g., body mass, brain size) and species.

3.5 | Future capabilities

There are numerous capabilities that can be easily implemented
in future versions of this app: (1) Direct access to raw trait infor-
mation from several sources. Instead of redirecting users to the

()
Information about the study - Approximate Location

Ifthe study scale is Regional or Global, add the location that is more representative of the study.

Latitude (in Decimal Degrees) Longitude (in Decimal Degrees)

- ] = '] w0
———— T | ——— IR

You can use this website to convert the latitude and longitude of the study site to decimals degrees.

Click on the map to mark the study location:

% x 2021

None

FIGURE 3 The FeedTrait functionality allows the user to upload trait information in two distinct forms. This screenshot depicts a user-
friendly option in which users can manually add information for a specific taxonomic group using the same metadata (manuscript title, DOI,
first author, journal name, year, location, study scale, ecosystem, taxonomic group, trait type, trait dimension, and others) as the ExploreTrait.
For studies performed in several locations, the user can upload a *.csv file with the same dataset as the manual method and the ExploreTrait.

Required information is represented by fields in red.
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source datasets (e.g., AVONET, Tobias et al., 2022) by using the
GetTrait, the user will be able to type the taxonomic group of in-
terest and download a *.csv file containing all known species and
their traits from the databases associated with that taxonomic
group. (2) A potential FeedTrait 2.0 will allow users to add traits
from individual species, which can feed not only the ExploreTrait
(current version) but also the GetTrait functionality. (3) We plan to
translate versions of the ZooTraits into other languages in order
to decrease the barrier to submission for users who cannot read
or write English. (4) Al tools will be used in QA/QC to improve the
interaction between user-supplied data, quality control, and app
updates.

4 | DISCUSSION AND CONCLUSION

The ZooTraits app is an open-source ShinyApp with three functional-
ities that will let users visualize, compare, contribute, and download
trait data for various taxonomic groups in the Animal Kingdom. This
app is a user-friendly web interface that integrates author-provided
datasets (FeedTrait) and global trait information (through the
ExploreTrait and GetTrait). As of March, 2024, it extracts trait infor-
mation from 1790 datasets (Goncalves-Souza et al., 2023), and 3954
trait records from 23,394 species (centralized in the Open Traits
Network) of Chordata, Ecdysozoa, Protostomia, Spiralia, Cnidaria,
Porifera, Echinodermata, Ctenophora, and other Phylum, and ~2000
species from the AnimalTraits database. The ZooTraits app allows
comparisons of traits (e.g., trait type, trait niche dimension) used
within and across taxonomic groups, geographical regions, and eco-
systems. We posit that there are some benefits for ecological and
evolutionary studies using traits accessed in this fashion. We also
provided guidance on trait selection and the future directions we
envision for trait-based approaches.

First, the ZooTraits app serves as a tool for detecting trends,
gaps, and biases in the selection of traits within and across various
taxonomic groups, geographical regions, ecosystems, and trait di-
mensions. For example, if you are interested in understanding the
global drivers of functional diversity in birds, you can use two differ-
ent functionalities of the ZooTraits. The ExploreTrait functionality
allows you to get trait information performed on all continents. By
combining the visual exploration from the Data Exploration tab and
the detailed information from the Table tab, you could detect that
there are: geographical biases in the published literature on func-
tional traits in birds, mostly focused in Europe and Americas; most
studies focused on habitat and trophic dimensions, as well as mor-
phological characteristics, but other dimensions, such as metabolic
and defense traits, were overlooked. Furthermore, one can see the
most used trait names in these studies, which can help identify the
traits that could be easily compared across geographic regions, or
taxonomic groups.

Additional benefits of this app included: it can identify the traits
used at different scales, geographical regions, and ecosystems,
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and determine if certain traits are consistently employed across
studies (Goncalves-Souza et al., 2023). This can be beneficial for
studies of specific taxonomic groups seeking to standardize trait
use and selection. Furthermore, it may act as a catalyst for stim-
ulating future studies by identifying gaps in where studies of an-
imal traits have been conducted for a given taxonomic group or
trait dimension in a specific region (see, e.g., Maitner et al., 2023).
Users can then combine this app-extracted information with ex-
isting protocols (e.g., Moretti et al., 2017; Palacio et al., 2022;
Tobias et al., 2022) to develop a reproducible methodology for
trait selection. This app promotes data sharing, as users can ac-
cess information of the compiled datasets for numerous species
and traits from all world regions, and share their own data to facil-
itate the growth of this app. ZooTraits app will be an open-source
tool, simplifying the integration of existing databases (e.g., Open
Trait Network, AnimalTraits), a task that is currently challenging
(Keller et al., 2023). Lastly, the app can be utilized in field courses
as a tool to expedite trait collection to support student in-field
projects that test ecological hypotheses. Furthermore, it can serve
as a helpful guide for in-class activities in thematic areas such as
functional ecology, biodiversity and ecosystem functioning, and
global change biology.

Importantly, any reuse of trait data obtained from the app
should be driven by the ecological/evolutionary question at
hand (Goncalves-Souza et al., 2023; Keller et al., 2023; Palacio
et al., 2022; see Figure 4). That is, ZooTraits users will be able to
integrate the information retrieved from the app with their re-
search questions/objectives to decide the best traits to use. For
example, the user may ask the following questions to guide trait
selection (Figure 4): which traits and trait dimensions are relevant
and broadly used across taxonomic groups, ecosystems, and geo-
graphical regions? What are the drivers of trait variation and the
scale in which the selected traits are relevant? We recommend
that users of the ZooTraits app integrate trait selection with
guidance from either taxon-specific (Moretti et al., 2017; Tobias
etal., 2022) or general frameworks (Damour et al., 2018; Gallagher
et al.,, 2021; Kattge et al., 2020; Keller et al.,, 2023; Rosado
et al., 2013, 2016; Weiss & Ray, 2019). This integration is needed
to advance trait-based ecology, especially for understudied taxo-
nomic groups, since the selection of traits can significantly influ-
ence study conclusions (Lefcheck et al., 2015; Zhu et al., 2017).
We provide guidance (Figure 4) for integrating prior recommen-
dations (Goncalves-Souza et al., 2023; Keller et al., 2023) with the
ZooTraits app to improve trait selection and data sharing for the
future of global trait databases. One important clarification about
the app is that it does not track changes in nomenclature, so we
suggest users use tools and websites available to verify taxonomic
names before using our app. We offered a non-exhaustive list in
Table S1 (see also Grenié et al., 2023).

The use of open-source ShinyApps has seen significant growth
in stimulating teaching and research activities in the fields of ecol-

ogy and evolution in the past 5years (Kass et al., 2023; McGuire
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Open Access,

1. Which traits?

- Are you able to define response or effect traits? Is this necessary?
- Do you want to explore the multivariate nature of trait distribution and collect new
trait types or dimensions for unstudied groups or regions?

2.What are the drivers and scale?

- What are the environmental drivers affecting trait variation?
- Are the known traits relevant at the study scale?
- Are the selected traits linked with the specified ecosystem function?

3. Trait dimension?

- What is the trait dimension you are interested with?
- How do these dimensions relate to your drivers and/or ecosystem functions?
- Are there any gaps in a specific trait dimension you want to advance?

4. Retrieving or collecting trait data

- Check Open Acess datasets and list potential traits.
- Create a new list with candidate traits based on the steps 1 to 3.

5. Check, describe, and cite

- Check data collection and describe the protocols used to measure trait information.
- Describe how and why you obtained new new trait information.

- Cite original sources and protocols to make trait collection transparent.

—]—"_—]—]—]

D 6. Fill the gaps and contributed with trait databases
- Are you able to collect new trait information?
- Are you able to collect intraspecific trait information?
- Are there Open Access databases to contribute with?
- Are you able to upload trait information in the ZooTraits app?

et al., 2022; Segrestin et al., 2021; Weigelt et al., 2022). However,
when it comes to trait-based ecology, a key challenge lies in the
knowledge shortfalls that hinder our ability to select appropri-
ate traits or access information for certain taxonomic groups
or geographical regions (Goncalves-Souza et al., 2023; Maitner
et al., 2023). Furthermore, previous authors argued that it is criti-
cal to investigate multiple trait dimensions since studies on animals
and plants have mostly concentrated on a restricted number of di-
mensions (Goncalves-Souza et al., 2023; Maitner et al., 2023). The
ZooTraits could serve as an entry point for identifying these gaps,
thereby stimulating new avenues for enhancing trait data collection.
Nonetheless, the support of open-source apps and centralized hubs,
such as the Open Trait Network, has the potential to transform trait-
based ecology. We encourage users to contribute with trait infor-
mation via the FeedTrait functionality, as it will enable us to build a
global community to freely and effectively share trait information
for multiple taxonomic groups within the Animal Kingdom.

In conclusion, we hope that the ZooTraits app will become a valu-
able and dynamic resource for ecology and evolution. The capability
of exploring and comparing trait data across the animal kingdom pro-
vides researchers with a tool that will facilitate generalizations across
groups and regions. Furthermore, by encouraging users to contrib-
ute trait information, ZooTraits seeks to bridge knowledge gaps and
foster a global community of scientists to advance trait-based ecol-
ogy. As we move forward, the continued integration of this app with
established frameworks (Damour et al., 2018; Gallagher et al., 2021;
Goncalves-Souza et al., 2023; Keller et al., 2023; Palacio et al., 2022;
Rosado et al., 2013, 2016; Weiss & Ray, 2019) will contribute to a
more predictive trait-based animal ecology.

o— FIGURE 4 Framework to connect

o ExploreTraits best practices in trait collection and
the ZooTraits app. Each square can be

o checked by users to help explore all

o— alternatives to a best trait sampling
O ExploreTraits strategy.
O
O

o—
O ExploreTraits
O
O

ExploreTraits

O GetTraits

- Download the candidate traits or measure them in the sampled individuals / species. [7]

ExploreTraits
ﬁ GetTraits
ob—
FeedTraits

O
O
O
O
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