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Abstract

1. There is a vast and ever-accumulating amount of behavioural data on individually

recognised animals, an incredible resource to shed light on the ecological and
evolutionary drivers of variation in animal behaviour. Yet, the full potential of such
data lies in comparative research across taxa with distinct life histories and ecolo-
gies. Substantial challenges impede systematic comparisons, one of which is the

lack of persistent, accessible and standardised databases.

. Big-team approaches to building standardised databases offer a solution to fa-

cilitating reliable cross-species comparisons. By sharing both data and expertise
among researchers, these approaches ensure that valuable data, which might
otherwise go unused, become easier to discover, repurpose and synthesise.
Additionally, such large-scale collaborations promote a culture of sharing within
the research community, incentivising researchers to contribute their data by en-
suring their interests are considered through clear sharing guidelines. Active com-
munication with the data contributors during the standardisation process also
helps avoid misinterpretation of the data, ultimately improving the reliability of

comparative databases.

. Here, we introduce MacaqueNet, a global collaboration of over 100 research-

ers (https://macaquenet.github.io/) aimed at unlocking the wealth of cross-
species data for research on macaque social behaviour. The MacaqueNet
database encompasses data from 1981 to the present on 61 populations across
14 species and is the first publicly searchable and standardised database on af-
filiative and agonistic animal social behaviour. We describe the establishment
of MacaqueNet, from the steps we took to start a large-scale collective, to the
creation of a cross-species collaborative database and the implementation of

data entry and retrieval protocols.

. We share MacaqueNet's component resources: an R package for data standardi-

sation, website code, the relational database structure, a glossary and data shar-
ing terms of use. With all these components openly accessible, MacaqueNet can
act as a fully replicable template for future endeavours establishing large-scale

collaborative comparative databases.

KEYWORDS

team science

1 | INTRODUCTION

Comparative studies are fundamental in understanding the biolog-
ical basis of traits. They can reveal broad patterns in evolutionary
and developmental history, past and current selective pressures
and underlying mechanisms (Nunn, 2011; Tinbergen, 1963). Yet, a
major limitation to comparative research is reaching a sufficiently
large and diverse sample for reliable inference (Borries et al., 2016;
Schneider et al., 2019). Comparative studies therefore typically
rely on combining independent research on individual populations
(Lukas & Clutton-Brock, 2017).

comparative research, data sharing, database, Macaca, primates, repository, social networks,

Thereis avast and ever-accumulating amount of behavioural data
on individually recognised animals (Sheldon et al., 2022). This is an
incredible resource for comparative research, that can reveal funda-
mental principles on the ecological and evolutionary processes that
shape animal behaviour. However, combining these rich behavioural
data comes with substantial challenges (Pinter-Wollman et al., 2013).
The field of animal behaviour historically and currently still consists
of many independent research groups collecting and managing data
using similar yet slightly different methods (the ‘long tail’ of data:
many small datasets that together represent the vast majority of ex-
isting data; Wallis et al., 2013). Choices regarding which behaviours
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to observe, how those behaviours are defined, and which methods
are used to record them, result in a wide variation in behavioural
data types and definitions. This complicates the creation of stan-
dardised databases on behaviour, compared with existing databases
pooling relatively consistently defined and quantified data, such as
life history and demography, morphological and ecological traits,
population sizes and geographic ranges, social organisation and
measures of biodiversity (SPI-Birds: Culina et al., 2020; The Global
Biodiversity Information Facility: Edwards et al., 2000; Co-BreeD:
Mocha et al., 2024; panTHERIA: Jones et al., 2009; COMADRE:
Salguero-Gomez et al., 2016; The Primate Life History Database:
Strier et al., 2010; BIDDABA : Lebreton et al., 2010).

Compounding this challenge, most comparative studies in ani-
mal behaviour typically consist of one-off comparative research
projects, spearheaded by an individual research team and focused
on a specific question. The generated databases are usually not
conceived for general use, making them difficult to find or repur-
pose for future studies (O'Dea et al., 2021). For instance, data are
often summarised into a single datapoint per species, according to
the definitions and decisions of the research team and project. As
such, the painstaking effort of searching the literature for suitable
data, acquiring such data, and standardising the data and metadata
across datasets needs to be repeated for each new comparative
study (Poisot et al., 2019). A far more sustainable approach is to
create enduring and reusable databases, with well-defined proto-
cols for (meta)data standardisation, archiving and accessing (Culina
et al., 2020; Urbano & Cagnacci, 2021). Clear and concise guide-
lines for such databases are provided by the Findable, Accessible,
Interoperable and Reusable (FAIR) guiding principles to ensure data
are ‘FAIR’ (Wilkinson et al., 2016). The development of such data-
bases has become a priority for many scientific fields and has led to
the creation of big-team science initiatives, bringing together scien-
tists ‘across labs, institutions, disciplines, cultures, and continents’
(Forscher et al., 2022, p. 2). The aim of these collaborations is to en-
able large teams of researchers to collaborate more effectively and
to accelerate scientific discoveries by making it easier to integrate
and compare data from different sources.

Many of these team-science endeavours follow the ‘Many Labs’
approach (Klein et al.,, 2014; e.g. ManyPrimates: ManyPrimates
et al,, 2019; ManyBabies: Visser et al., 2022), where research teams
collaborate to each contribute data collected according to a stan-
dardised protocol to maximise comparability. This is a promising ap-
proach, and one that ideally should be adopted more broadly across
long-term research sites to allow for the identification of broad pat-
terns across sites and study systems (Rubenstein & Abbot, 2017).
Yet, it would be a waste not to use the 70+years' worth of be-
havioural data that already exist (Purgar et al., 2022; Sheldon
et al., 2022). Although complex, there is great potential in standard-
ising existing data and making them usable for comparative research
(Pinter-Wollman et al., 2013).

Two big-team initiatives on animal spatial data, Euromammals and
Movebank, demonstrate the strength of collaborative efforts in stan-
dardising and centralising animal behaviour data. Since their inception
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in 2007 and 2008, respectively, these initiatives have grown into key
repositories for thousands of animal movement datasets, supporting
collaborative research and resulting in numerous publications (Kays
et al,, 2021; Kranstauber et al.,, 2011; Urbano & Cagnacci, 2021).
More recently, similar initiatives have emerged to aggregate social
behavioural data. The Animal Social Network Repository (ASNR)
was the first comprehensive effort to consolidate social behaviour
data across different animal species using FAIR principles (Sah
et al., 2019). Since its publication, the ASNR database has been used
for several comparative studies across a broad taxonomic range (e.g.
Collier et al., 2022; Gagliardi et al., 2023), demonstrating the value of
such databases for the scientific community. However, the ASNR da-
tabase's diversity also presents challenges for comparative research
as it contains unstandardised social data collected in various ways,
with substantial variation in observation effort and capturing funda-
mentally distinct aspects of sociality. A second, recently developed
database is DomArchive, which focuses on dominance interactions
within groups of various taxa (Strauss et al., 2022). Social dominance
is conceptually similar and measured fairly consistently across taxa
(Strauss et al., 2022), and therefore lends itself well to comparative
questions. However, a comprehensive understanding of social be-
haviour necessitates data on both affiliative and agonistic social in-
teractions. Both types of interactions play crucial but distinct roles
in shaping the dynamics and complexity of social systems. In con-
trast to dominance interactions, affiliative interactions are typically
more varied in terms of both the types of behaviours and methods
used to measure them, making it more complex to build a database
of truly comparable data (De Moor et al., 2024; Ellis et al., 2019). One
approach to overcoming this challenge is to collate data for taxa in
which the observed behaviours and recording protocols are relatively
uniform. These databases can then be integrated into an archive of
databases, such as the EcoEvo data source catalogue (https://ckan-
ecoevo.d4science.org/, Culina et al., 2018), to ultimately create a
comprehensive FAIR database of social behaviour.

Here, we introduce MacaqueNet (https://macaquenet.github.
io/), a global grassroots collaboration that provides a platform for
big-team social behavioural research on macaque monkeys (Macaca
spp.), and the MacaqueNet database, a cross-species collaborative
FAIR database, facilitating synthetic comparative research (Borries
et al., 2016; Coles et al., 2022). To pave the way for future collabo-
rative initiatives in comparative behavioural research, we describe
how we initiated MacaqueNet, compiled and standardised data to
create a relational database, implemented data sharing protocols
and built a global community of collaborating researchers. With all
core components openly accessible, MacaqueNet can act as a fully
replicable template for other researchers interested in setting up
collaborative cross-species databases.

2 | METHODS AND RESULTS

MacaqueNet connects researchers studying the social behaviour of
macaques in diverse settings. The aim of MacaqueNet is twofold: to
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encourage and facilitate grassroots collaboration between independ-
ent research teams and to provide a lasting central platform for data
archiving, standardising and accession. Here, we describe the estab-
lishment of MacaqueNet, from starting a large-scale collective to the
creation of a cross-species collaborative database and the implemen-
tation of data entry and retrieval protocols. First, however, we illus-
trate the exceptional suitability of macaques as a taxon to initiate the

construction of cross-species databases of social behavioural data.

2.1 | Why the genus Macaca lends itself
to the creation of a comparative database of social
behaviour

With 25 currently recognised extant species, Macaca is the most
widely geographically distributed non-human primate genus (Roos
et al., 2019). Macaques are one of the most versatile and adaptable
primates, exploiting very different environments, from the temper-
ate, mountainous habitats of Morocco and Japan to the tropical for-
ests of Southeast Asia (Thierry, 2007). Throughout this range, they
live in areas of varying anthropogenic impact, from cities over natu-
ral habitats coming under increasing tourist and agricultural pres-
sure, to pristine forests (Radhakrishna et al., 2012). This variation
in habitats and climates is reflected in the species' ecology, mating
system and social structure (the content, quality and patterning of
social relationships between individuals belonging to the same so-
cial unit; Cords, 2012; Kappeler et al., 2019). Macaques are primarily
frugivorous, range from being arboreal to semiterrestrial and en-
counter different levels of predation (Fleagle, 2013). Mating is po-
lygynandrous and reproduction can be seasonal or year-round, with
substantial variation in male reproductive skew (biased distribution
of offspring sired towards a few, usually high-ranking, males) across
species (Schiilke & Ostner, 2008).

Despite this variation, macaques have a rather conserved social
organisation (the size and composition of a social unit; Kappeler
et al., 2019). They typically live in relatively large multi-male multi-
female groups of approximately ten to a hundred individuals in the
wild and up to several hundred in urban or provisioned populations
(Cords, 2012). Females are philopatric and form the core of the
group, clustered into multigenerational matrilines. Males typically
disperse from their birth group around puberty to breed elsewhere
and may even change groups several times in their life (De Moor
et al., 2020). Both male and female macaques exhibit a wide range
of social behaviours, many of which are shared across all species
(Thierry, 2007). While social relationships tend to be kin biased and
hierarchical to some extent, macaques show substantial variation
in the patterns of affiliative and agonistic interactions. This remark-
able diversity within unity makes macaques a compelling taxon for
establishing a cross-species database aimed at investigating the
ecological and evolutionary processes underlying this variability
(Balasubramaniam et al., 2018; Thierry, 2007).

Macaques are also excellent as a starting point to address the
challenge of cross-species behavioural databases. Many species of

macaques have been extensively studied in the wild or naturalistic
semi-free ranging settings for years or even decades, with observed
behaviours and recording protocols being relatively uniform across
research sites, facilitating comparison (Macaca assamensis, Ostner &
Schiilke, 2018; Macaca fascicularis, Van Noordwijk & Van Schaik, 1985;
Macaca fuscata, Nakagawa et al., 2010; Macaca leonina, Albert
et al., 2013; Macaca maura, Okamoto et al., 2000; Riley et al., 2014;
Macaca mulatta, Cooper et al., 2022; Macaca nemestrina, Ruppert
et al., 2018; Macaca nigra, Duboscq & Micheletta, 2023; Macaca ra-
diata, Sinha, 2005; Macaca sinica, Dittus, 1975; Macaca sylvanus,
McFarland & Majolo, 2013; Macaca thibetana, Li et al., 2020). Japanese
macaques (Macaca fuscata) were one of the first species for which re-
searchers recognised and followed subjects individually, generating
unprecedented levels of detail on their behaviour. The first published
record on macaque behaviour dates back to 1956 (Kawamura, 1956).
Since then, a body of research has leveraged macaque behavioural
data, including comparative research across macaque species
(Balasubramaniam et al., 2012, 2020; De Waal & Luttrell, 1989; Sueur
et al., 2011; Thierry et al. 2000; Thierry, 2021), to greatly contrib-
ute to answering fundamental questions on the evolution, selective
pressures and adaptive functions of social behaviour. For instance,
macaque research has shed light on the evolutionary drivers and con-
sequences of dominance hierarchies (Balasubramaniam et al., 2012,
2018; Bernstein & Sharpe, 1966; Neumann & Fischer, 2023; Simons
et al., 2022; Van Noordwijk & Van Schaik, 1985), the influence of kin-
ship on social structure (Berman & Thierry, 2010; Brent et al., 2017,
De Moor et al., 2020; Schiilke & Ostner, 2008; Widdig et al., 2016;
Yamada, 1963), patterns of social ageing (Almeling et al., 2016;
Sadoughi et al., 2024; Siracusa et al., 2022), the ultimate function of
social relationships (Campbell et al. 2018; Ellis et al., 2019; McFarland
& Majolo, 2013; Micheletta et al., 2012; Riley et al., 2014; Schilke
et al., 2010; Singh et al., 2010; Young et al., 2014) and the impact
of anthropogenic challenges on social structure (Balasubramaniam
et al., 2020; Holzner et al., 2019; Kaburu et al., 2019; Morrow
et al,, 2019; Testard et al., 2021). Building on these strong founda-
tions, MacaqueNet aims to further promote collaborative and com-

parative research on macaque social behaviour.

2.2 | Creating MacaqueNet

MacaqueNet originated in 2017 as a small-scale collaborative pro-
posal for one specific study. From there, MacaqueNet developed
and expanded to become a global grassroots network of macaque
researchers. To mitigate the inherent bias towards researchers from
Europe and the United States, and to facilitate the involvement of
scientists from macaque-range nations and historically underrep-
resented research communities we identified further potential col-
laborators through word of mouth and a literature search on Google
Scholar. An initial email was sent to all first and last authors of papers
that contained or pointed to the existence of social behavioural data
on macaques, inviting them to contribute their data to a collabora-
tive database. We asked the contacted researchers to forward the
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invitation to their relevant collaborators and to list those collabora-
tors as co-contributors of the data shared with MacaqueNet, ensur-
ing everyone received proper credit. We also encouraged them to
suggest other researchers who might be interested in joining the
consortium. This inclusive approach allowed us to engage a broader
community of researchers. As a result, the MacaqueNet community
currently consists of 106 researchers based at 58 institutes across
five continents. Beyond our data contributors, MacaqueNet is open
to any interested researcher, regardless of whether they have con-
tributed data. All members receive a quarterly newsletter, can join
meetings, request data and propose new research directions.

2.3 | The MacaqueNet relational database

We brought together social behavioural data from independent
research teams into a standardised cross-species database. The
MacaqueNet database currently contains social interaction data
from 1981 to the present for 14 of the 25 recognised species of
macaques (Figure 1). At the time of writing, the data have been
collected on 21 wild, 22 captive and 18 free-ranging populations
(some of which have been observed for several study periods) at a
total of 61 field sites, zoos and research centres (Figure 2), result-
ing in a total of 3972 individual behavioural datapoints (Figure 1).

(a) (b)
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The full extent of the data available can be explored using the
search tool on the MacaqueNet website: https://macaquenet.
github.io/database/.

The core of the database consists of sociometric matrices that
represent the two primary axes of animal social structure: dyadic
affiliative and dyadic agonistic behaviour between individuals, ag-
gregated by study period (Figure 3). The behavioural data comprise
three categories of affiliative behaviour—grooming, spending time
in body contact and spending time in close spatial proximity—and
two categories of agonistic behaviour—contact and non-contact
aggression. These data represent the most common behavioural
interactions expressed in macaques (Thierry, 2007), forming the
backbone of affiliative and dominance relationships, and are there-
fore collected by most researchers studying macaques. Data have
been collected observing one focal individual or (part of a) group
at a time, using continuous recording or discrete sampling of dy-
adic behaviours, recorded as counts or durations (see glossary at
https://macaquenet.github.io/documentation/ for definitions).
Each set of sociometric matrices for a particular group-period (i.e.
a given study period for a given group) is accompanied by a sub-
ject data file, which contains individual attributes on sex, age and
observation effort (Figure 3).

In addition to the behavioural data, the database includes rich
metadata on methodology, study populations and research teams.

network density
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FIGURE 1 Summary of database content at the time of publication. (a) The MacaqueNet database currently contains data for 14 out

of 25 recognised macaque species (note that the depicted phylogenetic tree (Arnold, Matthews & Nunn, 2010) does not include relatively
newly described species: Macaca selai, Macaca leucogenys and Macaca siberu). (b) Overview of the number of group-periods (i.e. a given study
period for a given group), individuals and sociometric matrices for aggressive and affiliative behaviours for each species. As some individuals
have been observed over multiple group-periods, the number of individuals represents the number of unique individual datapoints but not
necessarily the number of unique individuals. The dot plot on the right illustrates grooming network densities (the proportion of dyads that
were observed grooming at least once), with each dot representing the density for one grooming sociometric matrix.

85UB017 SUOWIWIOD dA 8.0 3ol dde 8Ly Aq peusenoh a2 ool O ‘8sN JO S9InJ 10} Aiq1T8UlUO A8]IAA U (SUOIPUOD-pUe-SWLBIW00" A8 1M Aeq | Ul |uo//Sdiy) SUORIPUOD pue swie | au18eS *[6202/S0/6T] U0 ArlqiTauluo oI 1l pueIyo0D Aq £22¢T'9592-G9E T/TTTT 0T/I0P/WO0 A8 |im Afeld jpul [0S euIno saqy//sdny Wwoj pepeojumod v ‘5202 ‘9592S98T


https://macaquenet.github.io/database/
https://macaquenet.github.io/database/
https://macaquenet.github.io/documentation/

DE MOOR ET AL.

524 BRITSH .
Eggg,tg;,lw Journal of Animal Ecology

J e

MacaqUeNét A

species

O fuscata

@ nigra

@ tonkeana
@ maura

@ silenus

© nemestrina
O leonina

O fascicularis

O sylvanus
© assamensis <&
O radiata ‘ s
@ arctoides # group—periods L
@ mulatta 9 p P -

© thibetana -

living condition
Acaptive A
freeranging ( 0 o

1 A A A

wild N

FIGURE 2 Geographical distribution of research sites in which the data currently present in the MacaqueNet database have been
collected. Populations in America and Europe (with the exception of Gibraltar) have been introduced. Living conditions are classified as wild,
free-ranging or captive (see glossary at https://macaquenet.github.io/documentation/ for definitions). Group-periods represent the total

number of study periods for all groups at a given research site.

The data and metadata are organised as a relational database
(Figure 4), with clear definitions for each variable outlined in a glos-
sary (both the relational database structure and the glossary are
available at https://macaquenet.github.io/documentation/).

To ensure that the data and metadata are comparable across
studies, we set up a standardisation pipeline through which all con-
tributed data (‘primary data’) is run before it enters the database.
Figure 5 provides an overview of the workflow from primary data
submission, over the data checks and standardisation pipeline to
data requests.

In a nutshell, for each dataset contributed to MacaqueNet, we
extract the sociometric matrices for each behaviour, the subject
data and the metadata on the study population, observational meth-
ods and research team. We perform standard data checks on the
extracted sociometric matrices and subject data to ensure there
are no missing or unexpected values. Next, we standardise the data
by establishing uniform units of measurement and clearly defined
categories for metadata on the populations and observation pro-
tocols. For instance, we classify observational methods based on
three descriptors (see glossary at https://macaquenet.github.io/
documentation/ for full definitions): ‘focal_data’ (whether the data
are collected focusing on one individual or a group of individuals),
‘sampling_method’ (whether the data are recorded continuously or
at set time intervals) and ‘data_type’ (whether the data are collected
as counts or as durations). Similarly, we classify groups based on four
descriptors (see glossary for full definitions): ‘range_management’
(the extent to which a group's range is managed), ‘medical_interven-
tion’ (whether a group receives medical interventions as part of the

population's management plan), ‘food_provisioned’ (whether a group
is routinely provided with food) and ‘human_contact’ (whether a
group is in regular contact with non-researcher humans). This clas-
sification process is essential because terms describing observation
methods and population settings often have multiple inconsistent
definitions (e.g. ‘focal sampling’ or ‘free-ranging’). Our collabora-
tive approach to building the database was particularly powerful
in this regard, as it allowed us to standardise data through direct
communication with contributors, thus avoiding misinterpretations.
The resulting standardisation ensures consistency across datasets,
simplifies filtering for data users based on their specific needs and
facilitates accurate comparison and analysis.

Both the primary data and the standardised database are cur-
rently stored and managed in GitHub. The data standardisation pipe-
line is available as an R package https://github.com/MacaqueNet/
macaquenetpipeline), which provides examples and code for how
contributed data are processed before entering the database. The
available data can be explored and requested using the search tool
on the MacaqueNet website (https://macaquenet.github.io/datab
ase/), which also provides a version history documenting changes

and updates to the database.
2.4 | MacaqueNetis a community that facilitates
comparative research

MacaqueNet makes macaque data FAIR (Wilkinson et al., 2016),
in four main ways. First, by identifying, accessing and bringing
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FIGURE 3 Example of the data of one dataset as stored in the MacaqueNet database. Top left: A sociometric matrix documenting
pairwise interactions in a given group-period. For directed matrices, the actors—the individuals who initiate the behaviour—are listed in the
rows, while the receivers—the individuals towards whom the behaviour is directed—are listed in the columns. The matrix entries represent
either the total number of times (counts, as depicted here) or the total duration (in seconds) for which an individual in the row performed
the behaviour towards the individual in the column for a given study period. Depicted here: Counts of dyadic grooming events in a group

of Barbary macaques (Macaca sylvanus) from La Montagne des Singes in 2017. Top right: A subject table listing all individuals observed in a
given group-period, along with individual attributes: Sex, age and observation effort, here duration of observation (in hours). Bottom left: An
illustration of the network representing the data in the sociometric matrix. Each blue circle represents a subject, green lines between circles
represent dyadic affiliation strength, here quantified as the dyadic rate of grooming. Bottom right: A picture of Barbary macaques grooming
(photo credit: Anthony Poynton).

together data from multiple sources into one centralised place this approach consolidates the original data itself and creates a
https://macaquenet.github.io/database/. Instead of creating a more flexible resource for future use. Moreover, with several spe-
database of summarised traits with one data point per species, cies represented by multiple populations and/or study periods,
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FIGURE 4 Set-up of the relational MacaqueNet database. All variables are defined in the glossary (available at https://macaquenet.
github.io/documentation/). Arrows indicate how each table is linked to at least one other table in the database through unique identifiers
(the “-id’ columns in each table). Each entry in the ‘datakey’ table links to a sociometric matrix with all instances of a specific behaviour
category for one group period (as depicted in Figure 3 top left). Part of the ‘datakey’ table is only relevant for the data import pipeline. This

figure was made using dbdiagram (https://www.dbdiagram.io/).

both between-species and within-species variation are captured
(Mocha et al., 2024; Sinha, 2005). The latter is often overlooked
in comparative analyses but can be a significant source of error if
not accounted for (Sandel et al., 2016; Schradin, 2013). Second,
by developing a common vocabulary for the data and metadata
in the MacaqueNet database, with openly accessible definitions
(Borries et al., 2016; Urbano & Cagnacci, 2021). Third, by stand-
ardising data across studies and research sites together with the
data contributors who understand the intricacies and subtleties
of the data (Schneider et al., 2019; Urbano & Cagnacci, 2021).
Fourth, by providing transparent and replicable annotation of
how primary data were processed so that the original data can
always be recovered and processed in different ways if future re-
searchers want to make other decisions (Schneider et al., 2019;
Urbano & Cagnacci, 2021). As a result, MacaqueNet provides
a meticulously curated database with data readily available
for future comparative studies (Borries et al., 2016; Gomes
et al,, 2022).

MacaqueNet extends beyond mere data sharing. By linking
researchers across different research groups and institutions,
MacaqueNet facilitates a global exchange of ideas and fosters the
development of new research projects. To provide an opportunity
for all the current data contributors to meet, discuss their research
and learn about ongoing projects, we organised a virtual global
symposium ‘Weaving the MacaqueNet’ in November 2021. During

the symposium, future directions for MacaqueNet were discussed
and agreed on. As a first step in the establishment of an infrastruc-
ture that permits researchers to communicate and coordinate their
research, we set up a website (https://macaquenet.github.io), a
mailing list and a group messaging channel on Slack. The second
‘Weaving the MacaqueNet’ symposium was held in August 2023
at the Joint Conference of the International Primatological Society
and Malaysian Primatological Society, where the MacaqueNet
community got the opportunity to meet in person. At that meet-
ing, we discussed the expansion of MacaqueNet to include more
types of data, thereby increasing MacaqueNet's ability to address
a range of questions on social evolution. As a result, efforts are
currently underway to include ecological, life history and genetic
data to complement the existing behavioural data. To promote
transparency, we also agreed to make all meetings associated with
MacaqueNet open to all MacaqueNet members, in addition to
disseminating a quarterly newsletter outlining new projects and
discussion points.

New projects can be easily proposed, and data requested with a
brief project proposal via the website (https://macaquenet.github.
io/database/). The proposal is forwarded to the data contributors,
who assess whether they can provide their data for the proposed
project and determine their usage terms (see MacaqueNet terms
of use at https://macaquenet.github.io/documentation/). New
types of data to be added to the database can also be suggested
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FIGURE 5 Overview of the workflow from primary data submission, over the data checks and standardisation pipeline to data requests.
All contributed data contain several sociometric matrices along with corresponding subject data and metadata for at least one group-period
for a specific species.
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on the website. These ideas and their potential implementation are
discussed at each MacaqueNet symposium.

The code for the website, the glossary, the relational database
structure, the workflow and the terms of use are openly accessible
in a GitHub repository (https://github.com/MacaqueNet). Together,
these resources provide a fully replicable model for the develop-

ment of cross-species collaborative databases.

3 | DISCUSSION

In this paper, we advocate for the collaborative building of FAIR
cross-species databases as a novel and promising tool in compara-
tive research. Understanding the ecological and evolutionary driv-
ers of variation in social behaviour requires comparing taxa with
distinct life histories, ecology and interlinked evolutionary histories
(Kappeler et al., 2019; Lukas & Clutton-Brock, 2018; Pinter-Wollman
et al., 2013). Yet, despite decades worth of social behavioural data
(Sheldon et al., 2022), substantial challenges have impeded system-
atic comparative research (Albery et al., 2024; De Moor et al., 2024),
one of which is the creation of truly comparable databases (Borries
et al., 2016). We propose that large-scale collaborative efforts,
where data and expertise are shared among researchers, can pro-
vide a solution to this issue and help facilitate reliable cross-species
comparisons. To inspire and facilitate more collaborative efforts
in behavioural research, we share our experience in developing
MacaqueNet and its cross-species database.

Building on the foundations of previous big-team projects
that have been instrumental in shaping MacaqueNet (including
but not restricted to SPI-Birds: Culina et al., 2020; ManyPrimates:
ManyPrimates et al., 2019), we highlight three substantial advan-
tages for the scientific community to join forces and pool their data
into FAIR databases.

First, by creating an enduring infrastructure for collaboration,
big-team science efforts represent a crucial interface linking existing
data and data users (Culina et al., 2020; Urbano & Cagnacci, 2021).
They ensure that valuable data, which might have otherwise re-
mained largely unused, are easier to discover, repurpose, and syn-
thesise (Gonzalez & Peres-Neto, 2015; Purgar et al., 2022; Wallis
et al., 2013) and help pinpoint areas that would benefit most from
additional data collection. Moreover, rather than summarising the
data into single datapoints, building a database that brings the stan-
dardised original data together creates a much more flexible re-
source. Such a database represents variation at different biological
levels, can easily keep growing to include more data as they become
available, and can be subset and summarised tailored to specific re-
search questions.

Second, much of the existing social behaviour data are the result
of years of effort and funding acquisition to set up the necessary
logistics and to collect data on often wild and endangered animals.
Big-team science can set up guidelines and regulations to ensure that
sharing is done in such a way that it considers individual researchers'
interests, and their ability to acquire funding to keep collecting new

data. Transparent but controlled accessibility, where data contribu-
tors retain full ownership of their data, best balances benefits to the
scientific community while protecting data contributors, as proven
successful in other big-team science endeavours (Culina et al., 2020;
Strier et al., 2010; Urbano & Cagnacci, 2021). Creating a community
rather than just a database also offers data contributors networking
opportunities and access to others' data, fostering collaborative re-
search possibilities (Urbano & Cagnacci, 2021).

Third, social behavioural data are particularly complex, with
many researcher degrees of freedom involved in how the data
are defined and what methods of observation are used (Borries
et al., 2016). Taking a collaborative approach to building com-
parative databases allows for data standardisation to be done
through direct interaction with data contributors, thus ensuring
clarity around the intricacies of the data and averting inadvertent
misinterpretations (Mocha et al., 2024; Schradin, 2017; Urbano &
Cagnacci, 2021). This process is essential for providing database
users with the necessary information to determine which data are
comparable for their specific research questions and how to appro-
priately account for differences when conducting comparisons (De
Moor et al., 2024).

The rise of collaborative databases in a variety of fields is a testa-
ment to the enthusiasm of researchers to join forces and share data
and resources to facilitate comparative and interdisciplinary science,
an emerging and promising way of doing research (Coles et al., 2022).
Large-scale collaborative endeavours like MacaqueNet allow for the
exploration of innovative and comparative questions no single re-
search group could address individually, make testing the reproduc-
ibility of research findings across contexts possible, and make data
access more equitable by setting up FAIR (Wilkinson et al., 2016) and
transparent data sharing policies. Sustaining such initiatives necessi-
tates continual financial and personnel support for database storage
and maintenance as well as community engagement. This under-
scores the importance for funding agencies and the broader aca-
demic system to prioritise and fund these endeavours accordingly
(Gomes et al., 2022). While the creation of databases on behavioural
data comes with substantial challenges, we truly believe this is the
way forward to harness the incredible comparative potential of the
wealth of existing behavioural data. We hope that MacaqueNet,
along with similar endeavours, can catalyse large-scale collaborative
research on animal behaviour.
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