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ABSTRACT
Trait-based approaches are key to understanding eco-evolutionary processes but rarely account for animal behaviour despite its 
central role in ecosystem dynamics. We propose integrating behaviour into trait-based ecology through movement traits—stand-
ardised and comparable measures of animal movement derived from biologging data, such as daily displacements or range sizes. 
Accounting for animal behaviour will advance trait-based research on species interactions, community structure and ecosystem 
functioning. Importantly, movement traits allow for quantification of behavioural reaction norms, offering insights into species’ 
acclimation and adaptive capacity to environmental change. We outline a vision for a ‘living’ global movement trait database that 
enhances trait data curation by (1) continuously growing alongside shared biologging data, (2) calculating traits directly from 
individual-level data using standardised, consistent methodology and (3) providing information on multi-level (species, individ-
ual, within-individual) trait variation. We present a proof-of-concept ‘MoveTraits’ database with 52 mammal and 97 bird species, 
demonstrating calculation workflows for 5 traits across multiple timescales. Movement traits have significant potential to im-
prove trait-based global change predictions and contribute to global biodiversity assessments as Essential Biodiversity Variables. 
By making animal movement data more accessible and interpretable, this database could bridge the gap between movement 
ecology and biodiversity policy, facilitating evidence-based conservation.
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1   |   Introduction

Identifying the mechanisms underpinning organismal interac-
tions is key to move from a simple description of observed pat-
terns to predicting ecological and evolutionary processes (Funk 
et al. 2017). In this context, trait-based approaches have emerged 
as a promising tool, driving rapid progress over the last two de-
cades (Green et al. 2022; McGill et al. 2006; Violle et al. 2007). 
Instead of solely focusing on species identity, trait-based ecol-
ogy posits that an organism's ecological role and distribution 
in space and time can be understood through the combination 
and interaction of a suite of measurable traits (Lavorel and 
Garnier  2002; McGill et  al.  2006). Recognising that commu-
nity and ecosystem functions ultimately arise from the collec-
tive interactions of individual organisms, an emphasis on traits 
boosts our ability to identify generalisable principles governing 
eco-evolutionary processes across scales, for instance by facili-
tating macro-ecological and macro-evolutionary studies (Funk 
et al. 2017; Harfoot et al. 2014; Lavorel and Garnier 2002).

Initially, trait-based concepts, data collections, and insights 
into community assembly and ecosystem functioning focused 
almost entirely on plant traits (Kattge et al. 2020; Lavorel and 
Garnier  2002; McGill et  al.  2006; Suding et  al.  2008). Given 
animals' crucial role in ecosystem functioning, especially in 
linking trophic levels (Schleuning et al. 2023), attention has re-
cently turned to animal functional traits, leading to the cura-
tion of global-scale trait databases for various animal taxa, for 
example PanTHERIA (Jones et al. 2009), EltonTraits (Wilman 
et al. 2014), Amniote (Myhrvold et al. 2015), the SPI-Birds data 
hub (Culina et al. 2021), AnimalTraits (Herberstein et al. 2022), 
COMBINE (Soria et al. 2021), AVONET (Tobias et al. 2022) and 
FuTRES (Balk et  al.  2022). These databases fill an important 
data gap to facilitate the integration of animal and plant trait 
data, critical for a broader understanding of plant–animal in-
teractions as a fundamental pillar of ecological communities. 
While these global animal-trait databases have been influential 
(e.g., Newbold et al. 2015; Olival et al. 2017; Rigal et al. 2023; 
Tucker et  al.  2023), they remain mostly restricted to morpho-
logical traits (e.g., body or brain size) or general ecological traits 
(e.g., trophic guild, diet), which are relatively stable between 
and within individuals and are typically sourced from the lit-
erature and museum collections (Balk et al.  2022; Schleuning 
et al. 2023) (Box 1).

One key aspect that remains underrepresented in trait-based 
ecology is animal behaviour, despite its recognised impor-
tance for many ecological processes ranging from individu-
als' fitness to ecosystem-level functions (e.g., Nagelkerken and 
Munday  2016; Rahman and Candolin  2022; Réale et  al.  2007; 
Wilson et  al.  2020). This is a critical oversight, especially in 
the context of global change studies (Buchholz et  al.  2019; 
Marske et  al.  2023), where behavioural responses can signifi-
cantly mediate species' abilities to cope with changing envi-
ronments (see, e.g., Hall and Chalfoun 2019; Mason et al. 2014; 
Mathewson et al. 2017). Evidence of human impacts on animal 
behaviour (e.g., Suraci et  al.  2019; Tucker et  al.  2018; Wong 
and Candolin  2015), and animals' behavioural adjustments to 
environmental change (e.g., Abrahms et  al.  2018; Johansson 
et  al.  2024; Wong and Candolin  2015) is abundant. Such be-
havioural changes can trigger cascading effects on population 

dynamics, species interactions, community structure and eco-
system function (Marske et  al.  2023; Wilson et  al.  2020). Yet, 
these insights are often not incorporated into broader trait-based 
analyses. A primary impediment to integrating behaviour is the 
limited availability of standardised and comparable behavioural 
trait data collected from wild animals (Box 2).

BOX 1    |    Glossary.

Trait: A well-defined, measurable property of organisms, 
usually measured at the individual level and used compara-
tively across species (Dawson et al. 2021; McGill et al. 2006). 
Common categories are morphological, physiological, phe-
nological, life history or behavioural traits; see Figure 2.
Functional trait: Traits that influence the organism's per-
formance under different environmental conditions and/or 
its effect on ecosystem processes (e.g., seed dispersal, nutri-
ent cycling) (Dawson et al. 2021; McGill et al. 2006; but see 
Sobral 2021).
Trait-based ecology: An ecological discipline, focus-
ing on the role of traits in shaping ecological interactions, 
species distribution and abundance, patterns of biodiver-
sity and ecosystem functioning (Garnier et al. 2015; Green 
et al.  2022). Compared to species-based approaches which 
focus on the identity of a given organism, trait-based ap-
proaches use traits to derive information about an organ-
ism's performance, its functions and the functions of higher 
levels of organisation such as populations, communities and 
ecosystems (Zakharova et al. 2019).
Animal biologging: The use of miniaturised animal-
attached tags (‘biologgers’) for recording data about an 
animal's movements, behaviour, physiology and/or environ-
ment (Rutz and Hays 2009). Traditionally, biologging (tags 
logging data in memory) is distinguished from biotelemetry 
(tags transmitting data to a receiver or satellite) (Watanabe 
and Papastamatiou  2023). However, due to the emergence 
of hybrid devices and the increasing complementary use of 
both device types, this distinction is increasingly fading in 
practice. Here, we collectively refer to both approaches as 
biologging.
Animal movement: In movement ecology, animal move-
ment is typically defined as the change in the spatial lo-
cation of an individual in time (Nathan et al. 2008). It is a 
fundamental aspect of animal behaviour, operating across 
multiple scales—from fine-scale local movements to long-
distance migrations. With animal biologging, additional 
dimensions of movement can be quantified, such as wing 
flaps, head movements or lying versus standing. For this ar-
ticle, we focus on animal movements as location changes in 
geographic space.
Movement metric: A quantitative measure to describe and 
analyse the patterns of animal movement in space and time, 
inferred from biologgers. Typically, metrics either charac-
terise an animal's path (focussing on the one-dimensional 
aspects of movement trajectories, such as displacement or 
speed) or space use (focussing on the two-dimensional pat-
terns, incl. home range size or utilisation distribution).
Movement trait: An agreed-upon movement metric that is 
calculated at the individual level and in a comparable and 
standardised way across many taxa and therefore complies 
with operational trait definitions. We consider movement 
traits to be a subcategory of behavioural traits (see Figure 2).
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A key facet of animal behaviour that can be quantified for wild 
animals is movement. Animal movements (see Glossary) rep-
resent the way animals interact with their biotic and abiotic 
environment. Their influence on individuals' survival and re-
production, as well as ecological interactions within and across 
trophic levels, make them ecologically and evolutionarily rele-
vant (Cagnacci et al. 2010; Jeltsch et al. 2013). Using bio-logging 
technologies, movement can be recorded in  situ for an ever-
growing number of species and individuals (Hussey et al. 2015; 
Kays et al. 2015; Nathan et al. 2022). However, even though a 
wealth of animal movement data is available and partly har-
monised in shared databases (Davidson et  al.  2025; Harcourt 
et al. 2019), animal movement is still rarely directly integrated 
into trait-based approaches. This is due to the fact that the bil-
lions of animal location records cannot be readily used as traits 
in their initial form but need to be processed into informative 
metrics first. In the past, comparative work mostly relied on 
sourcing such processed movement metrics from the literature 
(Tucker et al. 2014, but see e.g., Huang et al. 2021). A major short-
coming of this approach is that these estimates are derived using 

varying methodologies and calculated at different levels (e.g., 
individual versus species). In addition, they are based on data 
collected with varying sampling intervals, which may introduce 
error and bias as most methods for deriving metrics from ani-
mal movement data are sensitive to sampling rates (Calabrese 
et  al.  2016). Therefore, a significant obstacle that remains is 
the lack of a comprehensive database assembling standardised 
movement metrics that represent comparable movement traits 
(see Glossary). This step is essential for animal movement data 
to be usable in trait-based approaches.

Given the lack of standardised and comparable movement trait 
data, the relevance of animal mobility to ecosystem dynamics 
is often indirectly acknowledged in trait-based studies by incor-
porating animal movement behaviour via other types of traits. 
These are usually morphological or general ecological traits 
(hereafter referred to as ‘proxy traits’), available from the re-
cently developed animal-focussed trait databases (Figure 1). For 
example, animals' capacity to disperse seeds is commonly ap-
proximated via body size or mass due to a suggested allometric 
scaling of dispersal movements (Jenkins et  al.  2007; Sorensen 
et  al.  2020; Stevens et  al.  2014) and daily distance travelled 
(Carbone et al. 2005). While proxy traits may represent simple 
categorisations of or scale allometrically with species' average 
movement behaviour (Sheard et  al.  2020; Tucker et  al.  2014), 
they may overlook critical movement variation by (1) discount-
ing behavioural variation between species with similar proxy 
traits, (2) not adequately reflecting behavioural variation within 
species, (3) disregarding spatio-temporal patterns of animal 
movement and behaviour and/or (4) not accounting for animals' 
behavioural plasticity in responding to fluctuating biotic and 
abiotic conditions (Figure 1). Hence, while proxy traits might ex-
plain some patterns (e.g., average home range size across mam-
mals with large differences in body size; Tucker et al. 2014) and 
approximate a species’ movement ‘potential’, they may omit key 
information on the variability and context-dependence of trait 
effects that are critical to improve our understanding of species 
interactions, community structure and ecosystem functioning.

To overcome these limitations, we outline a vision for the de-
velopment of a movement trait repository as a ‘living’ database, 
continuously updated and growing alongside biologging da-
tabases. We suggest that such a database would provide a new 
approach for curating trait databases by (1) directly building 
on individual-level data and (2) facilitating trait calculation in 
a standardised workflow with consistent methodology. In addi-
tion, we propose a way to (3) provide information on multi-level 
(species, between-individual, within-individual) trait variation 
thus far lacking from existing trait databases. We believe that 
this approach will achieve more comparable measures and 
therefore more generality in the inferred ecological insight, 
which is crucial for effective biodiversity conservation and envi-
ronmental management. Demonstrating the practical workflow 
from biologging data to trait calculation, we present a first proof-
of-concept animal movement trait dataset based on standardised 
analysis of biologging data and illustrate how these movement 
traits can fill critical trait data gaps. We conclude by discussing 
how such a movement trait database will unlock the potential of 
biologging data to integrate animal behaviour into trait-based 
ecology, global change prediction, environmental monitoring, 
and global biodiversity assessments, with the potential to inform 

BOX 2    |    Trait-based approaches in behavioural ecology.

Behavioural ecology aims to understand the ecological and 
evolutionary basis of animal behaviour, and—like trait-
based approaches in general—concentrates on the individ-
ual as the focal unit of analysis (Carter et al. 2013). While 
in trait-based ecology, traits are often used to capture dif-
ferences between species, in behavioural ecology, the use 
of traits has mainly focused on behavioural differences be-
tween individuals of the same species that are repeatable 
over time and across situations (i.e., animal temperament 
or personality, Réale et  al.  2007). Analogue to the ‘big 5’ 
temperament traits in human psychological research, ini-
tial work focused on quantifying individuals’ aggressive-
ness, boldness, activity, exploration, and sociability (Réale 
et al. 2007), using experimental tests in the lab or controlled 
setups in the wild (Carter et al. 2013). While standardised 
test setups control for environmental confounds, they are 
impractical to quantify behavioural differences across a 
wide range of species, causing a gap of comparable be-
havioural trait studies in the wild. More recently, an alter-
native approach has emerged to study behavioural traits, 
purely based on statistical partitioning of behavioural vari-
ation into its environmental, among- and within-individual 
sources (Dall and Griffith  2014; Dingemanse et  al.  2010; 
Dingemanse and Dochtermann 2013). This ‘statistical’ ap-
proach is not limited to the five major personality traits 
but is instead founded on the notion that individuals can 
differ in their average expression of any kind of behaviour 
(Dall and Griffith 2014; Dingemanse et al. 2010). Between-
individual behavioural variation is quantified by repeatedly 
measuring individual behaviour across different biological 
contexts (Dingemanse et  al.  2010). Using this approach, 
intrinsic individual variation (i.e., an individual's average 
behaviour) can be discerned from reversible behavioural 
plasticity. Because behaviour is at least partially heritable 
(Dochtermann et al. 2019), between-individual behavioural 
variation is the substrate for natural selection and can speed 
up adaptation to environmental change (Réale et al. 2007; 
Wolf and Weissing 2012).
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Essential Biodiversity Variables (EBVs) and bridge the gap be-
tween movement ecology research and biodiversity policy.

2   |   Conceptual Alignment: Animal Movement 
Reflects Key Behavioural Traits

Traits are morphological, physiological, phenological, life his-
tory or behavioural properties of organisms (Figure  2), mea-
sured at the individual level and often averaged per species for 
comparative cross-species studies (Dawson et al. 2021; McGill 
et  al.  2006; see Glossary). The term ‘functional trait’ refers to 
traits that influence the organism's performance under dif-
ferent environmental conditions (Dawson et  al.  2021; Garnier 
et al. 2015) and/or its effect on ecosystem processes (e.g., seed dis-
persal, nutrient cycling) (Dawson et al. 2021; McGill et al. 2006; 
but see Sobral 2021). Although traits are defined without refer-
ence to the environment, measured trait values need to be as-
sociated with spatially and temporally explicit environmental 
conditions (annotated) to facilitate the interpretation of ecolog-
ical and evolutionary significance (Dawson et al. 2021; Garnier 
et  al.  2015). Generally, traits, including behavioural traits, are 
assumed to be heritable to some degree, and thus under natural 
selection (Dochtermann et al. 2019, see Box 2).

Metrics inferred from animal movement data can comply with 
these commonly used operational definitions of traits and 

have the potential to be useful in comparative approaches (see 
Glossary): Biologging-derived animal movement data are al-
ways collected at the individual level and usually recorded au-
tomatically and repeatedly at regular time intervals and without 
observer bias (Figure 1). The inferred metrics are, in principle, 
precisely defined and clearly measurable. However, only those 
movement metrics that can be calculated in a standardised way 
and that can be averaged and compared across a number of 
species (Joly et al. 2019; Tucker et al. 2018) can serve as useful 
movement traits. As the recorded locations are spatio-temporally 
explicit, their annotation with environmental context is feasi-
ble. Recent studies demonstrate a genetic basis (i.e., heritabil-
ity) for movement traits such as migration direction or habitat 
preferences (Bonar et al. 2022; Gervais et al. 2020), indicating 
the potential for evolution and adaptive responses to selective 
pressures. Given the importance of animal mobility for indi-
vidual fitness and ecological processes, most movement traits 
would qualify as functional traits: Animal movement is a criti-
cal determinant of individual fitness, for instance by determin-
ing success in resource acquisition and risk avoidance (DeMars 
and Boutin 2018; Gaillard et al. 2010; McLoughlin et al. 2006; 
Mitchell and Lima 2002). Likewise, it underpins key ecological 
processes of importance for (meta-)community dynamics and 
ecosystem functioning (Nathan et al. 2008; Schlägel et al. 2020). 
These include, for instance, seed dispersal (Graf et al. 2024; Kays 
et al. 2011), nutrient transfer (Doughty et al. 2016; McLoughlin 
et  al.  2016), disease dynamics (Manlove et  al.  2022; Scherer 

FIGURE 1    |    Conceptual advances provided by movement traits. (A) In trait-based ecological studies, animal movement behaviour is often in-
corporated via ‘proxy traits’—typically morphological and ecological traits, such as body size/mass, wing morphology or trophic guild, which are 
typically derived from museum collections and measured only once per individual. This technically allows for quantification of within-species trait 
variation, although most trait databases typically only contain trait values averaged at the species level, often without reporting the underlying trait 
measurements, variance measures, or sample sizes. (B) Biologging devices measure behavioural information repeatedly for the same individual in 
its natural environment and over ecologically meaningful time periods. Building on these repeated individual-level raw data, movement traits can be 
calculated in a standardised workflow with consistent methodology, achieving (1) more comparable measures including variance estimates and sam-
ple sizes, and (2) quantification of both between-species, between-individual and within-individual trait variation. (C) Finally, animals may display 
considerable plasticity in behavioural reactions to their encountered abiotic and biotic environment. Individual measures of movement traits along 
environmental gradients facilitate incorporation of behavioural reaction norms, combining consistent between-individual differences in behaviour 
independent of context (different intercepts) with within-individual behavioural plasticity (individuals adjusting behaviour adaptively to changing 
conditions; non-zero slopes). Accounting for behavioural reaction norms should enable better predictions of community dynamics and ecosystem 
processes under global change. Panel C adapted from Hertel et al. (2020). Animal silhouettes from PhyloPic.org: Rangifer tarandus by T. Michael 
Keesey, Corvus corax by Andy Wilson (both CC0 1.0 Universal)
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et  al.  2020), spread of invasive species (Reynolds et  al.  2015) 
and trophic interactions (DeMars and Boutin  2018; Mitchell 
and Lima  2002). Consequently, animal movement provides 
critical ecosystem services and Nature Contributions to People 
(Kremen et al. 2007).

Given this conceptual alignment, we posit that movement data 
are an under-used source of trait information, that is, can serve 
as movement traits to quantify animal behaviour for integration 
into trait-based ecology. We suggest that such movement traits 
are a subcategory of behavioural traits (Figure 2), as movement 
is always a reflection of behaviour (e.g., foraging, territoriality, 
exploration) but not all behaviour is necessarily expressed via 
movements that result in a change of the individuals' spatial 
location (e.g., sociability or aggressiveness expressed through 
facial expressions or other body language). We note, however, 
that there is considerable overlap between some trait catego-
ries. For instance, while migration distance is a movement 
trait (Figure 2), the timing of migration is a phenological trait. 
Similarly, sprint performance or stamina would be a physiologi-
cal, rather than a movement trait per se. We suggest a pragmatic 
approach to such trait classifications.

A particular property of behavioural traits, including move-
ment, is that they are labile traits, meaning that their ex-
pression may change from measurement to measurement 
(Blomberg et  al.  2003; Scheiner  1993). Morphological traits, 

like structural size, tarsus or wing length, are usually more 
static both between and within individuals outside of ontog-
eny or organism growth periods. This property has several 
implications for trait measurements and the eco-evolutionary 
insights they afford: (1) Behavioural traits should always be 
based on repeated measures to approximate their centrality 
(e.g., mean or median) and should be accompanied by mea-
sures of variability (e.g., variance or standard deviation) 
(Niemelä and Dingemanse  2017). (2) If repeated individual 
measures are recorded, they also allow for the partitioning 
of behavioural variability into between-individual and envi-
ronmental sources (Dingemanse and Dochtermann  2013). 
Between-individual variation in movement traits is gener-
ally high (Stuber et al. 2022) and enables natural selection on 
existing trait variation, facilitating faster adaptation to en-
vironmental change as compared to evolution via genetic mu-
tation (Barrett and Schluter  2008; Wolf and Weissing  2012). 
Species with greater heritable between-individual variation 
therefore likely have a greater adaptive capacity to fast-
paced environmental change. (3) Animals are able to adjust 
behaviour more readily than morphology to their environ-
mental context, and this trait lability can support individual-
level acclimation via reversible behavioural plasticity (Beever 
et al. 2017; Dingemanse et al. 2010). Repeated measurements 
of individual-level labile traits like movement allow the quan-
tification of changes in behavioural expression along biotic or 
abiotic environmental gradients, a concept called ‘behavioural 

FIGURE 2    |    Trait-based approaches have been used in various ecological disciplines, leading to a plethora of trait concepts, definitions, and cat-
egories (Violle et al. 2007). Here, we suggest a ‘taxonomy of traits’ with movement traits as a subcategory of behavioural traits, as movement always 
reflects behaviour, but not all behaviour is expressed via movement. However, we note that there can be considerable overlap between trait categories 
and suggest a pragmatic approach to such classifications.
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reaction norm’ (Figure 1; Dingemanse et al. 2010). Importantly, 
individuals can differ in their plasticity (i.e., their reaction 
norm slope) to experienced environmental gradients—a sce-
nario under which plasticity can be selected and hence evolve. 
The ability to quantify between-individual variation in plas-
ticity is therefore likewise critical to predict a population's 
adaptive capacity to environmental change by offering a lens 
into the acclimation potential of the species to environmen-
tal shifts outside the currently experienced range (Johansson 
et al. 2024; Nussey et al. 2007). As biologging devices measure 
behavioural information repeatedly for the same individual 
in its natural environment and over ecologically meaningful 
time periods (Figure  1; Hertel et  al.  2020), movement traits 
thus provide a powerful opportunity for trait-based research 
to investigate the adaptive capacity and acclimation potential 
of different populations or species to environmental change 
via (a) the amount of between-individual trait variability, and 
(b) the degree of between-individual variation in behavioural 
plasticity to environmental change (Hertel et al. 2020, 2021).

3   |   MoveTraits v 0.1—A First Proof-of-Concept 
Movement Trait Database

To demonstrate the practical implementation of movement trait 
calculation, we provide a first proof-of-concept movement trait 
database (MoveTraits v 0.1) derived from movement data har-
monised and publicly available on Movebank (https://​www.​
moveb​ank.​org/​; 212 studies, effective March 2025, see Table S3) 
and open access data published by Tucker et al. (2023) (46 stud-
ies, Table  S3). We focused on GPS tracking data due to their 

spatial accuracy as well as temporal regularity and resolution. 
This initial version of the MoveTraits database includes move-
ment traits from 97 bird and 52 mammal species, represented by 
5873 individuals (3294 birds, 2579 mammals).

Animal movement trajectories can be partitioned temporally 
at scales of steps, daily and seasonal routes, life-history level 
(e.g., home range), or even lifetime tracks (Kays et  al.  2015; 
Nathan et  al.  2008). To this end, a variety of movement met-
rics have been developed, facilitating direct comparisons of 
movements across individuals, populations and species. For 
example, Abrahms et  al.  (2017) identified several movement 
metrics useful for classifying broad-scale movement patterns for 
large marine and terrestrial vertebrate species (e.g., migratory 
versus range-resident). Similarly, metrics deployed by Tucker 
et  al.  (2018) proved insightful in determining movement re-
sponses to human activity across terrestrial mammal species, 
and Joly et al. (2019) provided simple, comparable and repeatable 
metrics for quantifying annual migratory movement distances 
for terrestrial mammals. For our first proof-of-concept version of 
MoveTraits, we decided on an initial suite of simple movement 
traits (Table 1) that we consider to (1) provide complementary 
insights on animals' movement behaviour, (2) be relevant and 
comparable across a diverse range of taxa, movement modes and 
environmental contexts and (3) be relatively straightforward to 
infer from commonly collected animal movement data. This 
suite is not meant to be a static final set, does not apply to all 
taxonomic groups and we hope will be expanded in the future.

First, we resampled the GPS data (available from open-access 
Movebank studies and Tucker et  al.  (2023), see above) to 

TABLE 1    |    Initial suite of movement trait metrics estimated at the individual level and for different time scales. Metrics were calculated and 
summarised at the individual level using the entire tracking period of that individual (excluding data gaps) assuming that enough data were recorded 
to estimate the traits' centrality and uncertainty (Table S1).

Movement trait Time scales Definition/Calculation
Ecological 

significance

Displacement distance [m] Hourly (1 h), daily (24 h) Straight-line Euclidean distance 
between subsequent locations

Realised movement 
distances at different 

time scales

Maximum displacement 
distance [m]

Daily (24 h), weekly (7 day) Maximum distance observed 
across all pairwise distances 

in a given period

Long-distance 
movement capacity

Range size [km2] Daily, weekly, monthly, annual 95% minimum convex 
polygon (MCP)

Overall space 
requirements

Intensity of area use Daily, monthly Ratio between total movement 
distance (cumulative sum 
of consecutive distances), 

divided by the square root of 
the range size (95% MCP)

Summarising linear 
and area-based extent 
of movement; lower 
values indicate more 
straight movements 

(e.g., migrations), 
higher values more 

clustered movements

Diurnality index [−1 to 1] Entire tracking period The relative activity during the 
day conditional on day length

Indicates whether 
movement occurs 

primarily during the 
day (1) or night (−1)
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regular time intervals of 1 h (‘hourly’), 24 h (‘daily’) and 7 days 
(‘weekly’). Then, we used the resampled data to derive move-
ment metrics at different timescales: We calculated hourly and 
daily step length, that is, the straight-line distance between 
locations. We also quantified daily, weekly and annual maxi-
mum displacement distances as the maximum of all pairwise 
(i.e., not consecutive) distances within the sampling period. 
To summarise individuals’ space requirements, we delineated 
range size from the 95% Minimum Convex Polygon of all GPS 
locations at a daily, weekly, monthly and annual timescale. 
In addition, we also calculated Intensity of Use, a metric 
that summarises the spread of movement from more linear 
to more clustered movement patterns (Almeida et  al.  2010). 
Finally, we calculated a diurnality index, indicating whether 
movement (based on hourly steps) occurs mostly during the 
local night or day (Hoogenboom et al. 1984). For more details 
on data requirements and trait calculations, see Table S1 and 
Supplementary Methods S1.

MoveTraits v 0.1 provides the movement trait data at three hi-
erarchical levels (Figures  1 and 4; Box  3): (1) summarised at 
the species level, facilitating interoperability with other species-
level trait databases, (2) summarised at the individual level for 
studies on between-individual variation and (3) the underly-
ing repeated movement trait estimates for each individual over 
time to allow for research questions at the within-individual 
level. We summarised the underlying repeated movement trait 
estimates at the individual level as mean, median, coefficient 
of variation and 5th as well as 95th percentile and provided 
species means of centrality and variance (e.g., the mean species 
95th percentile summarised from individual 95th percentiles 
for a given trait), facilitating different ecological inquiries. For 
example, the mean daily displacement distance may signify an 
individual's daily routine movements, while the 95th percen-
tile represents an individual's occasional daily long-distance 
movements. Each metric was only estimated for individuals 
with sufficient repeated measures to allow for meaningful 
measures of centrality and variance (Table S1). For instance, 
we only summarised daily displacement distance (Table 1) for 
individuals with at least 30 days of data. Therefore, not all traits 
are calculated for every individual. We annotated each indi-
vidual's trait summary with mean coordinates (to allow spatial 
annotation with environmental data), tracking period (length, 
start and end date; for temporal annotation with environmen-
tal data), species name and common name, taxonomic class 
(mammal, bird), movement mode (walk, fly, swim), individual 

BOX 3    |    Examples of mammal movement traits at the species, 
individual and within-individual level.

To showcase the utility of movement traits summarised at 
the three hierarchical levels, we present three examples 
(Figure 3).
Example 1 (species level): Morphological traits are com-
monly used as proxies to account for species movement ca-
pacity in trait-based studies. Animal movements, such as 
home range size or maximum dispersal distances (Stevens 
et  al.  2014), have been shown to allometrically scale with 
body mass in terrestrial animals. For example, body size 
alone has been reported to explain 52% of the variance in 
home range size of terrestrial mammals (Tucker et al. 2014). 
Similarly, the hand-wing index, a metric of bird wing mor-
phology linked to the wing aspect ratio, has been shown to 
correlate with flight efficiency, dispersal distance and long-
distance movements in birds (Lockwood et al. 1998; Sheard 
et al. 2020). To test how closely empirically derived move-
ment traits relate to proxy traits, we linked the species-mean 
range size trait to the species-mean body mass trait from 
the PanTHERIA mammal trait database, for all terrestrial 
mammal species with at least one individual with 14 days of 
daily location data (n = 41; Table S1). While the general pos-
itive relationship between body mass and range size holds, 
it explains limited variance (R2 = 0.20), and substantial un-
certainty remains around the trend line (Figure 3A, see also 
Figure  S1 for a correlation between hand-wing index and 
flight distance). Accounting for movement capacity directly, 
when possible, instead of via proxy traits will thus allow re-
finement of trait-based studies.
Example 2 (individual level): Trait-based studies tradition-
ally rely on species-averaged traits. However, between-
individual variation can be substantial and is typically not 
accounted for. Importantly, between-individual variation 
may not be the same across species and is generally expected 
to increase with the trait mean. Using daily displacement 
distances summarised at the individual level from terrestrial 
mammal species with at least 10 unique individuals (n = 27; 
Table  S1), we find great variation among species in their 
between-individual variance (Figure  3B). These findings 
imply that species averages may reflect the movement ca-
pacity of some species (e.g., moose, Figure 3B), while for oth-
ers, these averages do not capture the breadth of behavioural 
diversity (e.g., blue wildebeest or mule deer, Figure 3B,C). 
Disregarding between-individual variance may therefore 
impede correct ecological inference.
Example 3 (within-individual level): As movement data 
are collected at the individual level and repeatedly through 
time, they facilitate the observation of individual phenotypic 
expression of movement traits in response to the environ-
ment, that is, individual phenotypic plasticity. The reaction 
norm framework enables the quantification of between-
individual variation in phenotypic plasticity via random 
slopes. We here highlight the movement responses of two 
non-migratory mule deer along a gradient of human distur-
bance in the western United States (Utah and Wyoming), 
measured as Human Footprint Index (Figure 3D). The mean 
daily location information that is provided at the within-
individual level for repeated measurements of the trait ‘daily 
displacement distance’ allows for the annotation of move-
ment traits with environmental covariates. In our example, 
the two individuals vary in their baseline daily displacement 

distance in undisturbed landscapes (420 m vs. 1600 m at HFI 
6) as well as in their responsiveness to human disturbance, 
with one individual decreasing daily displacements while 
the other one does not adjust displacements. While reduc-
tions in mammalian movements to human disturbance 
have been shown globally (Tucker et al. 2018), our example 
demonstrates the importance and potential of studying indi-
vidual responses via repeated trait measures.
See Figure  S1 for corresponding relationships for bird 
species.

BOX 3    |   Continued
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information such as sex, age and body mass (if available) and 
details of the data owner (see also Table S2).

This multi-level approach is novel: most trait databases only contain 
trait values averaged at the species level (but see Balk et al. 2022), 

reported without the underlying individual-level trait measure-
ments, variance measures or sample sizes (Balk et al. 2022; Beltran 
et al. 2025; Moran et al. 2016). Therefore, information critical for 
interpreting species-level trait values is usually missing, compli-
cating error tracing, preventing discoverability, replicability and 

FIGURE 3    |    Examples showcasing the utility of movement traits at the species, individual, and within-individual level, extracted from our first 
proof-of-concept MoveTraits database. (A) Log-transformed species mean body mass against log-transformed monthly range size for 41 terrestrial 
mammal species for which monthly range size could be calculated. (B) Between-individual variation in mean daily displacement distance for 27 
mammal species for which daily displacements were available. Individual means are indicated with black lines and their overall distribution at the 
species level with density ridges, with species means indicated by white vertical lines. (C) Within-individual variation in daily displacement distances 
of five non-migratory mule deer (Odocoileus hemionus). (D) Illustrative example for a behavioural reaction norm: Daily displacement distances of two 
non-migratory mule deer (Odocoileus hemionus) measured along a gradient of human disturbance in the central United States (Utah & Wyoming), 
quantified by the Human Footprint Index. A significant interaction between individuals and HFI (F(1, 2229679) = 4.863, p = 0.029) suggests that the 
two individuals adjust movement differently to HFI. Data for panel C and D were collected between March and May 2019 by Matthew Kauffman and 
Julie Young and were sourced from the Tucker et al. (2023) open-access dataset. Silhouette of Odocoileus hemionus by Gabriela Palomo-Munoz, from 
Phylo​Pic.​org, licensed under CC BY-NC 3.0 (https://​creat​iveco​mmons.​org/​licen​ses/​by-​nc/3.​0/​).
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interoperability of trait data and limiting ecological insight (Balk 
et al. 2022; Bartomeus et al. 2016; Moran et al. 2016). Our multi-
scale approach explicitly avoids such a reduction to species-mean 
values, while still facilitating easy interoperability with existing 
species-mean trait databases. The individual-level trait data and 
metadata ensure user flexibility, enabling aggregation to any de-
sired organisational level (e.g., population).

4   |   Towards a Global ‘Living’ MoveTraits Database

4.1   |   Envisioned Implementation

Ultimately, we envision an open, ‘living’ movement trait da-
tabase established as an extension to one or several of the ex-
isting biologging databases. Many biologging databases exist 
(Davidson et  al.  2025; Harcourt et  al.  2019) with different re-
gional, taxonomic (e.g., Urbano et al. 2021), or data/device type 

foci (e.g., Iverson et al. 2018). Combined, they store billions of 
animal locations and serve as ‘digital collections’ of animal 
movement behaviour (Kays et  al.  2022; Wikelski et  al.  2024). 
Automating the calculation of movement traits from these dig-
ital collections in a standardised workflow (Figure  4) is the 
logical next step. Over time, the movement trait database could 
thus grow alongside these databases in terms of regions, spe-
cies, number of individuals covered and trait metrics extracted, 
advancing trait databases from relying on published reports to 
updating dynamically with incoming data. It could also extend 
trait calculations to additional dimensions of behaviour that 
can be captured by biologging, for example through measure-
ments of acceleration, body temperature and heart rate (Hussey 
et  al.  2015; Kays et  al.  2015). This automated trait curation 
process can be supported by parallel developments of data and 
metadata standards, and ‘stewardship’ for biologging data man-
agement (Davidson et al. 2025). Leveraging existing infrastruc-
ture and data to create and share movement traits will accelerate 

FIGURE 4    |    Envisioned standardised workflow from (1) animal biologging data import and organisation in a biologging data repository, to (2) 
standardised and metric-specific data cleaning and quality control, trait metric calculation, summary and annotation, to (3) trait data archiving in a 
connected movement trait data repository (‘MoveTraits’ database). All workflow steps are automated and stored in a workflow repository as open-
source code. While data access in the biologging data repository is user-controlled (with embargo and access restriction options to protect research 
agendas and ensure compliance with conservation requirements), all movement trait data is published fully open access, following the FAIR princi-
ples (Wilkinson et al. 2016) to improve the findability, accessibility, interoperability and reuse of data.
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research in fields ranging from conservation biology to global 
change ecology, connecting researchers across fields.

Currently, the lack of publicly available movement data is a 
key obstacle to achieve the promising integration of move-
ment and trait data: While trait databases include data 
across almost 20,000 species, only 1.8% of these species 
also have publicly available movement data in Movebank 
(Beltran et  al.  2025). Of all the discoverable studies stored 
in the main community biologging databases, only 12% are 
currently available for public download; access to a large 
majority of data remains restricted, for example to support 
storage of real-time and sensitive species locations (Davidson 
et  al.  2025). However, databases support restricted sharing, 
thus facilitating participation by owners of restricted-access 
data in biologging databases, who could choose to allow trait 
calculation from their tracked individuals without making 
their underlying biologging data public. For trait data calcu-
lated from restricted-access biologging data, annotation with 
spatio-temporally explicit environmental conditions would be 
enabled through the reporting of the study period and ‘spa-
tially diffused’ coordinates on a standardised spatial grid, for 
example, at a 1, 100, or 10,000 km2 grid cell resolution (for de-
tails, see Supplementary Methods S2). This way, individuals' 
exact locations are protected, while critical information about 
the general spatial context of the individuals' movements can 
nonetheless be retrieved. Facilitating environmental data an-
notation is critical for movement traits, in particular because 
animals adjust movement first and foremost to the environ-
ment (Nathan et al. 2008).

Movebank is currently the largest animal movement database 
and provides a suite of tools for data cleaning, annotation, visu-
alisation and automated analysis workflows (Kays et al. 2022; 
Kölzsch et al.  2022). Its MoveApps platform supports no-code 
analysis using open-source modules, creating a possibility for 
MoveTraits to be based on repeatable trait calculation proce-
dures that are open for contribution by other researchers. We 
therefore suggest Movebank as the initial basis for MoveTraits 
v 0.1 and propose integrating the calculation and storage of 
movement trait data as an extension to the Movebank ‘ecosys-
tem’. However, as interoperability between biologging databases 
grows (Davidson et al. 2025; Sequeira et al. 2021), MoveTraits 
should ultimately be expanded to extract traits across databases 
and be hosted independently.

4.2   |   Implementation Challenges

The integration of movement traits into trait-based ecology 
faces several challenges. Foremost among these are size-based 
constraints of biologging technology, which have led to a sig-
nificant data bias towards larger species (Beltran et  al.  2025; 
Kays et  al.  2015). This gap currently hampers cross-taxa gen-
eralisations but is expected to narrow as the miniaturisation of 
tags expands the range of trackable species. In addition, high-
resolution 3D path reconstruction for small species is increas-
ingly facilitated through the development of novel non-attached 
remote sensing devices, such as image-based data collection 
capturing fine-scale movements with sonar and video camera 

arrays (e.g., videography of flying insects, Vo-Doan et al. 2024), 
or high-frequency imaging sonar and automated object detec-
tion for fish (Handegard et al. 2012; Lopez-Marcano et al. 2021). 
Integrating such data sources into the automated movement 
trait calculation would be an important future implementation 
step to incorporate small animals' movements at much smaller 
spatio-temporal scales.

Another challenge is the scale-sensitivity of movement metrics. 
Most methods for deriving metrics from animal movement data 
are sensitive to sampling rate and sampling duration (Calabrese 
et al. 2016). This scale-sensitivity stems from interacting biases 
related to sampling frequency (De Solla et al. 1999), movement 
path tortuosity (Rowcliffe et al. 2012), tracking device measure-
ment error (Ranacher et al. 2016) and multi-scale autocorrelation 
inherent in movement data (Fleming et al. 2014). Consequently, 
current discrete-time approaches risk reflecting sampling sched-
ules rather than underlying movement processes. Here, novel 
continuous-time approaches offer promising solutions for scale-
insensitive estimations (Calabrese et al. 2016), which should be 
adopted in future implementations.

Finally, biologging databases have been designed primarily to 
manage data for individual projects. Steps are needed to prepare 
these data for contribution to aggregate products like MoveTraits 
(Figure 4; Davidson et al. 2025; Sequeira et al. 2021). For exam-
ple, data owners may need incentives to make their data fit for 
use by providing sufficient metadata (e.g., on sex, developmental 
stage/age) in a standardised way (Davidson et al. 2025; Schneider 
et  al.  2019), applying study-specific data cleaning and quality 
control, and uniquely identifying individuals across projects 
and databases (Wikelski et al. 2024). These steps are critical to 
avoid misinterpretation of data and wrong inference. In addition, 
to garner long-lasting support and data contributions from the 
community, MoveTraits will rely on approaches to incorporate 
the expertise of contributors and credit them in ways that are 
recognised by citation trackers, employers and funding agencies.

4.3   |   Novel Research Avenues

A comprehensive database with movement traits provided 
at distinct hierarchical levels, interoperable with other trait 
databases, opens up new opportunities to address key eco-
evolutionary questions (Beltran et  al.  2025; Box  4) and to im-
prove global change predictions. Firstly, MoveTraits will enable 
comparative studies to understand the patterns and causes of 
variation in movement traits, that is, whether there are gener-
alisable patterns between animal movement and other traits, 
and to which degree these relationships depend on the geo-
graphic setting and ecological context. For instance, it could 
facilitate studies investigating the existence of common cross-
taxa behavioural syndromes (Abrahms et al. 2017; Vander Wal 
et al. 2022) or exploring the role of learning and memory in ani-
mal movement behaviour (Fagan et al. 2013; Lewis et al. 2021). 
In particular, MoveTraits could serve as an important data basis 
for the recently proposed field of macrobehaviour which aims to 
integrate behavioural ecology and macroecology to investigate 
behavioural variation across space, time and taxa (Brehm and 
Orrock 2024; Keith et al. 2023).
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Secondly, MoveTraits will improve our ability to study the 
ecological consequences of movement trait variation by pro-
viding rich data to (a) map ecological interactions in space 
and time and (b) investigate how variation in movement af-
fects ecosystem functioning. This will afford novel insights 
into crucial processes such as seed dispersal, predator–prey 
dynamics, pollination, nutrient transfer or disease transmis-
sion across landscapes, linking individual-level behaviours to 
ecosystem-level processes (e.g., Graf et al.  2024) and animal 
species to ecosystem services (e.g., Savoca et al. 2021). Work 
on animal-mediated seed dispersal highlights this potential: 
biologging data provide fine-scale insights into the spatio-
temporal patterns of animal movement behaviour (e.g., diel 
patterns of seed dispersal) typically masked in species-level 
(proxy) traits and offer new insights into seed dispersal ker-
nels and the coevolution of plants and their dispersers (Kays 
et  al.  2011). In addition, it shows that between-individual 
variation in animal movement impacts seed dispersal, with 
critical implications for plant species colonisation and habitat 
recovery (Graf et  al.  2024; Russo et  al.  2024). Another case 

in point is wildlife diseases, where MoveTraits could help 
harness biologging data to enhance outbreak detection, track 
spatiotemporal transmission dynamics, assess ecological im-
pacts, and guide interventions by providing data to establish 
behavioural baselines, identify infection-driven behavioural 
changes and reveal contact networks and shared resource use 
(Lopes et al. 2021; Talmon et al. 2025).

Thirdly, MoveTraits will improve our capability to assess the 
evolutionary origins and consequences of movement trait vari-
ation. Combining movement trait data with species ecology 
and evolutionary history provides us with unique possibilities 
to examine the evolutionary origins of animal movement, and 
how movement traits have evolved over space and time. For 
example, we can examine which biotic or abiotic factors have 
triggered evolutionary events and the diversification of move-
ment traits (Abraham et al. 2022). In addition, MoveTraits will 
open up new avenues to predict the adaptive evolutionary po-
tential of movement traits and animal behaviour by quantify-
ing between-individual variation in mean behaviour as well as 

BOX 4    |    Key eco-evolutionary questions to be addressed with the MoveTraits database.

We foresee exciting research questions along four main themes that could be addressed with MoveTraits. We highlight a few 
examples below:

1.	 Understanding patterns and causes of variation in animal movement
a.	Are some species more consistent in their movement trait expression while others show greater variability, akin to move-

ment specialists and generalists?
b.	To what degree are species movement patterns shaped by other species traits (such as longevity, social behaviour, trophic 

level, breeding strategy) and/or by geographic and ecological context (e.g., climatic variation, trophic complexity)?
c.	Is between-individual variation in movement trait expression linked to variation in fitness (i.e., survival, reproductive suc-

cess) and consequently leading to shifts in trait composition over time?
d.	How do movement traits develop during ontogeny? Do species with complex ontogeny exhibit greater within-individual 

variation in movement traits?
e.	How do environmental stressors, pollutants, infections, and anthropogenic disturbances affect movement and behavioural 

patterns?

2.	 Ecological consequences of movement trait variation
a.	How does movement trait expression affect species interactions, such as trophic, competitive, or mutualistic interactions?
b.	Can movement traits capture species' roles in ecological communities and contributions to ecosystem functioning?
c.	How does variation in movement behaviour contribute to biogeographic patterns of species distributions, biodiversity and 

ecosystem functioning?
d.	How does individual behaviour affect individual contributions to ecosystem functions? How can this be accounted for in 

assessments of ecosystem functioning?
e.	How do infection-related behavioural changes influence spatiotemporal disease outbreak dynamics? Do ‘superspreaders’ 

differ in their movement behaviour?

3.	 Evolutionary origins and consequences of movement trait variation
a.	What are the evolutionary origins of movement traits?
b.	Has the diversity of movement traits increased or decreased over time and why?
c.	Are species that display greater within- or between-individual behavioural variance more likely to acclimate/adapt to rapid 

environmental changes than species with less variance?
d.	What are the fitness consequences of divergent behavioural strategies and how stable are such strategies through time or 

across distinct populations?

4.	 Integrating animal behaviour into global change predictions
a.	Can incorporating animal movement behaviour into predictive models help to better understand individual, population, 

community and ecosystem responses to environmental change?
b.	Which environmental and anthropogenic stressors have the most profound impacts on movement traits and their associ-

ated ecological processes and ecosystem functions?
c.	Can the degree of movement specialisation predict whether a species can persist or alter its range under scenarios of global 

change?
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behavioural plasticity (Hertel et  al.  2020, 2021). For instance, 
while Devarajan et al. (2025) found diel activity to be highly plas-
tic at the species level (often contradicting classifications from 
the reference literature), their extensive global camera trapping 
dataset cannot resolve between- or within-individual plasticity. 
Diel activity patterns are of high eco-evolutionary importance, 
for example as a mechanism to adjust to increased human ac-
tivity and through their impact on species interactions. As the 
first database to provide methodologically consistent, empirical 
estimates of multi-scale variation in diel activity, MoveTraits 
will expand our possibilities to investigate the extent, drivers, 
and eco-evolutionary implications of circadian plasticity across 
scales and taxa.

Finally, MoveTraits will facilitate the integration of animal 
behaviour into global change prediction. While changes in 
species abundance, distribution, physiology, morphology, and 
phenology in response to global change have been widely doc-
umented, the role of animal behaviour as a mechanism for 
acclimation and adaptation remains underexplored (Beever 
et al. 2017; Buchholz et al. 2019). This oversight is problematic 
as it neglects a key pathway through which animals can react 
to rapidly changing conditions. Therefore, incorporating ani-
mal behaviour into predictive models is essential for anticipat-
ing individual, population, and community responses under 
future environmental change scenarios (Gil et al. 2020; Mason 
et al. 2014; Mathewson et al. 2017). Especially, the ability to 
account for individual behavioural reaction norms will boost 
a more mechanistic understanding—critical to robust pre-
dictions of altered dynamics under novel conditions (Moran 
et al. 2016).

4.4   |   Relevance for Global Biodiversity 
Assessments and Biodiversity Policy

Movement traits derived from biologging data have signifi-
cant potential to strengthen global biodiversity assessments. 
For example, MoveTraits could aid the monitoring of move-
ment diversity as an aspect of biodiversity (Russo et al. 2025). 
Specific traits, such as migration distances, home range 
sizes, or daily movement rates, could form the basis for new 
Essential Biodiversity Variables (EBVs) or indicators of biodi-
versity health, making movement data more policy-relevant 
(Jetz et  al.  2019; Kissling et  al.  2018; Pereira et  al.  2013). 
Movement is already listed as an EBV under ‘species traits’ 
(https://​geobon.​org/​ebvs/​what-​are-​ebvs/​), but without clear 
definition and ignoring within-species variation. MoveTraits 
could address this gap by quantitatively characterising move-
ment at multiple scales. Since all traits at the individual- and 
within-individual level are time-annotated, monitoring these 
variables could provide crucial information about species’ 
responses to environmental changes, habitat fragmentation 
or human disturbances (Ellis Soto et al. 2025). For instance, 
changes in migration patterns or home range sizes across pop-
ulations or species could serve as early warning indicators of 
ecosystem stress or biodiversity loss; altered daily movement 
rates might indicate changes in habitat quality or resource 
availability. Such movement-based EBVs would complement 
existing biodiversity indicators, offering a more comprehen-
sive picture of ecosystem health and functioning.

Moreover, standardised movement traits could enhance the as-
sessment of ecosystem services and Nature Contributions to 
People that depend on animal movement (Kremen et  al.  2007), 
providing invaluable information for conservation planning and 
sustainable resource management. By making movement data 
more accessible and interpretable, MoveTraits can help bridge the 
gap between movement ecology research and biodiversity policy 
(Jeltsch et al. 2013). It would provide policymakers with robust and 
comparable quantitative metrics of animal behaviour and ecosys-
tem functioning, facilitating evidence-based decision-making and 
success monitoring in conservation and species management.

5   |   Conclusion

The creation of a movement trait database provides a unique 
opportunity to unlock a valuable and rapidly growing pool of 
standardised behavioural information for trait-based ecology. 
Our proposed database outlines a novel pathway to trait data 
curation that allows for semi-automated, continuous growth 
instead of one-off static summaries, enables greater data shar-
ing by allowing data owners to contribute open-access trait 
data while restricting access to the underlying biologging data 
and fosters an open-source collaborative development of re-
producible and standardised trait calculation workflows. The 
integration of movement behaviour into trait-based ecology 
represents a significant step towards a more comprehensive 
understanding of community and ecosystem dynamics. By 
providing standardised, comparable measures of animal move-
ment behaviour, movement traits will enrich eco-evolutionary 
research and enhance our ability to predict ecosystem re-
sponses to global change. The new possibility to integrate in-
dividual plastic responses via behavioural reaction norms into 
trait-based global change ecology constitutes a major concep-
tual advance and an effective link between the fields of trait-
based and behavioural ecology. Furthermore, the relevance of 
these movement traits extends beyond academic research into 
global biodiversity assessments and policy. As potential EBVs 
and indicators of ecosystem health, MoveTraits will make bi-
ologging data more accessible and meaningful to policymakers 
and conservation practitioners.

In an era of rapid environmental change, the ability to quan-
tify and predict animal responses across scales—from indi-
vidual behaviour to ecosystem functioning—is crucial. Our 
proposed movement trait database promises to be a valuable 
tool in this endeavour, representing a significant step towards 
a more mechanistic understanding of ecological systems, cru-
cial for effective biodiversity conservation and environmental 
management.

Author Contributions

Larissa T. Beumer, Anne G. Hertel, Raphaël Royauté, Marlee A. Tucker 
and Thomas Mueller conceived the idea. Anne G. Hertel led the devel-
opment of the MoveTraits database with help from Anne K. Scharf and 
additional input from Larissa T. Beumer, Kamran Safi, Andrea Kölzsch, 
Sarah C. Davidson and Thomas Mueller. Larissa T. Beumer and Anne 
G. Hertel created the figures. Larissa T. Beumer wrote the manuscript 
with support from Anne G. Hertel and Thomas Mueller. All authors re-
viewed and edited the manuscript.

 14610248, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ele.70297 by Francesca C

agnacci - Fondazione E
dm

und M
ach , W

iley O
nline L

ibrary on [25/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://geobon.org/ebvs/what-are-ebvs/


13 of 16Ecology Letters, 2026

Acknowledgements

Anne G. Hertel has received funding from the German Research 
Foundation (HE 8857/1-1). Larissa T. Beumer and Thomas Mueller 
were funded by the Hessian Ministry of Science and Research, Arts 
and Culture, Germany, as part of the LOEWE priority project Nature 
4.0—Sensing Biodiversity. Thomas Mueller and Nandintsetseg Dejid 
received funding from the German Federal Ministry for Research, 
Technology and Aeronautics (BMFTR, 01LC2320A) through the 
project MoreStep. Eike Lena Neuschulz has received funding from 
the German Research Foundation (NE 1863/2-2). Sarah C. Davidson 
has received funding from NASA's Ecological Forecasting Program 
(80NSSC21K1182). Anne K. Scharf and Kamran Safi acknowledge 
support from the EU's Horizon Europe research and innovation pro-
gramme (E4Warning; Grant Agreement 101086640). We are grateful 
to the editor as well as Mike Gil and two anonymous reviewers for 
their very constructive feedback that helped to improve this article. 
We also want to thank all data owners who allowed us to include 
their valuable data in the MoveTraits v 0.1 database. We emphasise 
that without these open-access datasets, we would not have been 
able to derive this first proof-of-concept database. In particular, 
we thank Matthew Kauffman and Julie Young for providing the 
data of two mule deer used in the illustrative example in Figure 3D 
(data sourced from the open access dataset published in Tucker 
et  al.  2023) and Wolfgang Fiedler and Daniel Schmidt-Rothmund 
for allowing us to use their Eurasian griffon vulture data for the 
illustrative example in Figure S1C (Movebank study ‘Raptors NABU 
Moessingen public’, Study ID 186178781). We also greatly appreciate 
the help of Kevin Frac, Nilanjan Chatterjee and Wenjing Xu with 
database cleaning.

Funding

This work was supported by the Hessian Ministry of Science and 
Research, Arts and Culture, LOEWE priority project Nature 4.0—Sensing 
Biodiversity. NASA's Ecological Forecasting Program, 80NSSC21K1182. 
HORIZON EUROPE Research and Innovation Programme, 101086640. 
German Federal Ministry for Research, Technology and Aeronautics, 
01LC2320A. Deutsche Forschungsgemeinschaft, HE 8857/1-1, NE 
1863/2-2.

Data Availability Statement

The data and R code that support the findings of this study are openly 
available in the OpenScience Framework at https://​osf.​io/​sp8z6/​​ (DOI 
10.17605/OSF.IO/SP8Z6). Future updates to the database code can 
be found under the MoveTraits developmental version on GitHub 
https://​github.​com/​annes​charf/​​MoveT​raits​Datab​ase/​relea​ses/​tag/​v0.​1. 
Important: The MoveTraits database will be updated regularly. If you 
want to use MoveTraits, please download the most updated version 
from https://​doi.​org/​10.​6084/​m9.​figsh​are.​28611890 (Hertel et al. 2025).

References

Abraham, J. O., N. S. Upham, A. Damian-Serrano, and B. R. Jesmer. 
2022. “Evolutionary Causes and Consequences of Ungulate Migration.” 
Nature Ecology & Evolution 6: 998–1006.

Abrahms, B., E. L. Hazen, S. J. Bograd, et al. 2018. “Climate Mediates 
the Success of Migration Strategies in a Marine Predator.” Ecology 
Letters 21: 63–71.

Abrahms, B., D. P. Seidel, E. Dougherty, et  al. 2017. “Suite of Simple 
Metrics Reveals Common Movement Syndromes Across Vertebrate 
Taxa.” Movement Ecology 5: 12.

Almeida, P. J. A. L., M. V. Vieira, M. Kajin, G. Forero-Medina, and 
R. Cerqueira. 2010. “Indices of Movement Behaviour: Conceptual 
Background, Effects of Scale and Location Errors.” Zoologia 27: 
674–680.

Balk, M. A., J. Deck, K. F. Emery, et  al. 2022. “A Solution to the 
Challenges of Interdisciplinary Aggregation and Use of Specimen-Level 
Trait Data.” iScience 25: 105101.

Barrett, R. D. H., and D. Schluter. 2008. “Adaptation From Standing 
Genetic Variation.” Trends in Ecology & Evolution 23: 38–44.

Bartomeus, I., D. Gravel, J. M. Tylianakis, M. A. Aizen, I. A. Dickie, 
and M. Bernard-Verdier. 2016. “A Common Framework for Identifying 
Linkage Rules Across Different Types of Interactions.” Functional 
Ecology 30: 1894–1903.

Beever, E. A., L. E. Hall, J. Varner, et al. 2017. “Behavioural Flexibility 
as a Mechanism for Coping With Climate Change.” Frontiers in Ecology 
and the Environment 15: 299–308.

Beltran, R. S., A. M. Kilpatrick, S. K. Adamczak, et al. 2025. “Integrating 
Animal Tracking and Trait Data to Facilitate Global Ecological 
Discoveries.” Journal of Experimental Biology 228: JEB247981.

Blomberg, S. P., J. R. T. Garland, A. R. Ives, et  al. 2003. “Testing for 
Phylogenetic Signal in Comparative Data: Behavioural Traits Are More 
Labile.” Evolution 57: 717–745.

Bonar, M., S. J. Anderson, C. R. Anderson, G. Wittemyer, J. M. Northrup, 
and A. B. A. Shafer. 2022. “Genomic Correlates for Migratory Direction 
in a Free-Ranging Cervid.” Proceedings of the Royal Society B: Biological 
Sciences 289: 20221969.

Brehm, A. M., and J. L. Orrock. 2024. “Suggestions for Optimizing a 
Global Behavioural Trait Database.” Trends in Ecology & Evolution 39: 
607–608.

Buchholz, R., J. D. Banusiewicz, S. Burgess, S. Crocker-Buta, L. 
Eveland, and L. Fuller. 2019. “Behavioural Research Priorities for the 
Study of Animal Response to Climate Change.” Animal Behaviour 150: 
127–137.

Cagnacci, F., L. Boitani, R. A. Powell, and M. S. Boyce. 2010. “Animal 
Ecology Meets GPS-Based Radiotelemetry: A Perfect Storm of 
Opportunities and Challenges.” Philosophical Transactions of the Royal 
Society, B: Biological Sciences 365: 2157–2162.

Calabrese, J. M., C. H. Fleming, and E. Gurarie. 2016. “ctmm: An R 
Package For analyzing Animal Relocation Data as a Continuous-Time 
Stochastic Process.” Methods in Ecology and Evolution 7: 1124–1132.

Carbone, C., G. Cowlishaw, N. J. B. Isaac, and J. M. Rowcliffe. 2005. 
“How Far Do Animals Go? Determinants of Day Range in Mammals.” 
American Naturalist 165: 290–297.

Carter, A. J., W. E. Feeney, H. H. Marshall, G. Cowlishaw, and R. 
Heinsohn. 2013. “Animal Personality: What Are Behavioural Ecologists 
Measuring?” Biological Reviews 88: 465–475.

Culina, A., F. Adriaensen, L. D. Bailey, et al. 2021. “Connecting the Data 
Landscape of Long-Term Ecological Studies: The SPI-Birds Data Hub.” 
Journal of Animal Ecology 90: 2147–2160.

Dall, S. R. X., and S. C. Griffith. 2014. “An Empiricist Guide to Animal 
Personality Variation in Ecology and Evolution.” Frontiers in Ecology 
and Evolution 2: 3.

Davidson, S. C., F. Cagnacci, P. Newman, et  al. 2025. “Establishing 
Bio-Logging Data Collections as Dynamic Archives of Animal Life on 
EARTH.” Nature Ecology & Evolution 9: 204–213.

Dawson, S. K., C. P. Carmona, M. González-Suárez, et al. 2021. “The 
Traits of “Trait Ecologists”: An Analysis of the Use of Trait and 
Functional Trait Terminology.” Ecology and Evolution 11: 16434–16445.

De Solla, S. R., R. Bonduriansky, and R. J. Brooks. 1999. “Eliminating 
Autocorrelation Reduces Biological Relevance of Home Range 
Estimates.” Journal of Animal Ecology 68: 221–234.

DeMars, C. A., and S. Boutin. 2018. “Nowhere to Hide: Effects of Linear 
Features on Predator–Prey Dynamics in a Large Mammal System.” 
Journal of Animal Ecology 87: 274–284.

 14610248, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ele.70297 by Francesca C

agnacci - Fondazione E
dm

und M
ach , W

iley O
nline L

ibrary on [25/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://osf.io/sp8z6/
https://doi.org/10.17605/OSF.IO/SP8Z6
https://github.com/annescharf/MoveTraitsDatabase/releases/tag/v0.1
https://doi.org/10.6084/m9.figshare.28611890


14 of 16 Ecology Letters, 2026

Devarajan, K., M. Fidino, Z. J. Farris, et  al. 2025. “When the Wild 
Things Are: Defining Mammalian Diel Activity and Plasticity.” Science 
Advances 11: eado3843.

Dingemanse, N. J., and N. A. Dochtermann. 2013. “Quantifying 
Individual Variation in Behaviour: Mixed-Effect Modelling 
Approaches.” Journal of Animal Ecology 82: 39–54.

Dingemanse, N. J., A. J. N. Kazem, D. Réale, and J. Wright. 2010. 
“Behavioural Reaction Norms: Animal Personality Meets Individual 
Plasticity.” Trends in Ecology & Evolution 25: 81–89.

Dochtermann, N. A., T. Schwab, M. Anderson Berdal, J. Dalos, and R. 
Royauté. 2019. “The Heritability of Behavior: A Meta-Analysis.” Journal 
of Heredity 110: 403–410.

Doughty, C. E., J. Roman, S. Faurby, et  al. 2016. “Global Nutrient 
Transport in a World of Giants.” Proceedings of the National Academy 
of Sciences 113: 868–873.

Ellis Soto, D., A. Flack, A. Strandburg-Peshkin, T. Wild, H. Williams, 
and T. O'Mara. 2025. “From Biologging to Conservation: Tracking 
Individual Performance in Changing Environments.” Proceedings of the 
National Academy of Sciences 122: e2410947122.

Fagan, W. F., M. A. Lewis, M. Auger-Méthé, et al. 2013. “Spatial Memory 
and Animal Movement.” Ecology Letters 16: 1316–1329.

Fleming, C. H., J. M. Calabrese, T. Mueller, K. A. Olson, P. Leimgruber, 
and W. F. Fagan. 2014. “From Fine-Scale Foraging to Home Ranges: 
A Semivariance Approach to Identifying Movement Modes Across 
Spatiotemporal Scales.” American Naturalist 183: E154–E167.

Funk, J. L., J. E. Larson, G. M. Ames, et  al. 2017. “Revisiting the 
Holy Grail: Using Plant Functional Traits to Understand Ecological 
Processes.” Biological Reviews 92: 1156–1173.

Gaillard, J.-M., M. Hebblewhite, A. Loison, et  al. 2010. “Habitat–
Performance Relationships: Finding the Right Metric at a Given Spatial 
Scale.” Philosophical Transactions of the Royal Society, B: Biological 
Sciences 365: 2255–2265.

Garnier, E., M.-L. Navas, and K. Grigulis. 2015. “Trait-Based Ecology: 
Definitions, Methods, and a Conceptual Framework.” In Plant Functional 
Diversity: Organism Traits, Community Structure, and Ecosystem Properties, 
edited by E. Garnier, M.-L. Navas, and K. Grigulis. Oxford University Press.

Gervais, L., A. J. M. Hewison, N. Morellet, et al. 2020. “Pedigree-Free 
Quantitative Genetic Approach Provides Evidence for Heritability of 
Movement Tactics in Wild Roe Deer.” Journal of Evolutionary Biology 
33: 595–607.

Gil, M. A., M. L. Baskett, S. B. Munch, and A. M. Hein. 2020. “Fast 
Behavioural Feedbacks Make Ecosystems Sensitive to Pace and Not Just 
Magnitude of Anthropogenic Environmental Change.” Proceedings of 
the National Academy of Sciences 117: 25580–25589.

Graf, V., T. Müller, M. U. Grüebler, et al. 2024. “Individual Behaviour 
Shapes Patterns of Bird-Mediated Seed Dispersal.” Functional Ecology 
38: 1032–1043.

Green, S. J., C. B. Brookson, N. A. Hardy, and L. B. Crowder. 2022. 
“Trait-Based Approaches to Global Change Ecology: Moving From 
Description to Prediction.” Proceedings of the Royal Society B: Biological 
Sciences 289: 20220071.

Hall, L. E., and A. D. Chalfoun. 2019. “Behavioural Plasticity Modulates 
Temperature-Related Constraints on Foraging Time for a Montane 
Mammal.” Journal of Animal Ecology 88: 363–375.

Handegard, N. O., K. M. Boswell, C. C. Ioannou, S. P. Leblanc, D. B. 
Tjøstheim, and I. D. Couzin. 2012. “The Dynamics of Coordinated 
Group Hunting and Collective Information Transfer Among Schooling 
Prey.” Current Biology 22: 1213–1217.

Harcourt, R., A. M. M. Sequeira, X. Zhang, et al. 2019. “Animal-Borne 
Telemetry: An Integral Component of the Ocean Observing Toolkit.” 
Frontiers in Marine Science 6: 436861.

Harfoot, M. B. J., T. Newbold, D. P. Tittensor, et  al. 2014. “Emergent 
Global Patterns of Ecosystem Structure and Function From a 
Mechanistic General Ecosystem Model.” PLoS Biology 12: e1001841.

Herberstein, M. E., D. J. McLean, E. Lowe, et al. 2022. “AnimalTraits—A 
Curated Animal Trait Database for Body Mass, Metabolic Rate and 
Brain Size.” Scientific Data 9: 265.

Hertel, A., L. T. Beumer, R. Royaute, et al. 2025. “MoveTraits Database.” 
https://​doi.​org/​10.​6084/​m9.​figsh​are.​28611890.

Hertel, A. G., P. T. Niemelä, N. J. Dingemanse, and T. Mueller. 2020. 
“A Guide for Studying Among-Individual Behavioural Variation From 
Movement Data in the Wild.” Movement Ecology 8: 30.

Hertel, A. G., R. Royauté, A. Zedrosser, and T. Mueller. 2021. “Biologging 
Reveals Individual Variation in Behavioural Predictability in the Wild.” 
Journal of Animal Ecology 90: 723–737.

Hoogenboom, I., S. Daan, J. H. Dallinga, and M. Schoenmakers. 1984. 
“Seasonal Change in the Daily Timing of Behaviour of the Common 
Vole, Microtus arvalis.” Oecologia 61: 18–31.

Huang, S., M. A. Tucker, A. G. Hertel, A. Eyres, and J. Albrecht. 2021. 
“Scale-Dependent Effects of Niche Specialisation: The Disconnect 
Between Individual and Species Ranges.” Ecology Letters 24: 1408–1419.

Hussey, N. E., S. T. Kessel, K. Aarestrup, et al. 2015. “Aquatic Animal 
Telemetry: A Panoramic Window Into the Underwater World.” Science 
348: 1255642.

Iverson, S. J., A. T. Fisk, S. G. Hinch, J. Mills Flemming, S. J. Cooke, 
and F. G. Whoriskey. 2018. “The Ocean Tracking Network: Advang 
Frontiers in Aquatic Science and Management.” Canandian Journal of 
Fisheries and Aquatic Sciences 76: 1041–1051.

Jeltsch, F., D. Bonte, G. Pe'er, et al. 2013. “Integrating Movement Ecology 
With Biodiversity Research—Exploring New Avenues to Address 
Spatiotemporal Biodiversity Dynamics.” Movement Ecology 1: 6.

Jenkins, D. G., C. R. Brescacin, C. V. Duxbury, et al. 2007. “Does Size 
Matter for Dispersal Distance?” Global Ecology and Biogeography 16: 
415–425.

Jetz, W., M. A. McGeoch, R. Guralnick, et al. 2019. “Essential Biodiversity 
Variables for Mapping and Monitoring Species Populations.” Nature 
Ecology & Evolution 3: 539–551.

Johansson, E., P. D. Boersma, T. Jones, and B. Abrahms. 2024. 
“Plasticity Syndromes in Wild Vertebrates: Patterns and Consequences 
of Individual Variation in Plasticity Across Multiple Behaviours.” 
Ecology Letters 27: e14473.

Joly, K., E. Gurarie, M. S. Sorum, et  al. 2019. “Longest Terrestrial 
Migrations and Movements Around the World.” Scientific Reports 9: 333.

Jones, K. E., J. Bielby, M. Cardillo, et al. 2009. “PanTHERIA: A Species-
Level Database of Life History, Ecology, and Geography of Extant and 
Recently Extinct Mammals.” Ecology 90: 2648.

Kattge, J., G. Bönisch, S. Díaz, et al. 2020. “TRY Plant Trait Database—
Enhanced Coverage and Open Access.” Global Change Biology 26: 
119–188.

Kays, R., M. C. Crofoot, W. Jetz, and M. Wikelski. 2015. “Terrestrial 
Animal Tracking as an Eye on Life and Planet.” Science 348: aaa2478.

Kays, R., S. C. Davidson, M. Berger, et al. 2022. “The Movebank System 
for Studying Global Animal Movement and Demography.” Methods in 
Ecology and Evolution 13: 419–431.

Kays, R., P. A. Jansen, E. M. H. Knecht, R. Vohwinkel, and M. Wikelski. 
2011. “The Effect of Feeding Time on Dispersal of Virola Seeds by 
Toucans Determined From GPS Tracking and Accelerometers.” Acta 
Oecologica 37: 625–631.

Keith, S. A., J. P. Drury, B. J. McGill, and G. F. Grether. 2023. 
“Macrobehaviour: Behavioural Variation Across Space, Time, and 
Taxa.” Trends in Ecology & Evolution 38: 1177–1188.

 14610248, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ele.70297 by Francesca C

agnacci - Fondazione E
dm

und M
ach , W

iley O
nline L

ibrary on [25/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.6084/m9.figshare.28611890


15 of 16Ecology Letters, 2026

Kissling, W. D., R. Walls, A. Bowser, et al. 2018. “Towards Global Data 
Products of Essential Biodiversity Variables on Species Traits.” Nature 
Ecology & Evolution 2: 1531–1540.

Kölzsch, A., S. C. Davidson, D. Gauggel, et  al. 2022. “MoveApps: A 
Serverless No-Code Analysis Platform for Animal Tracking Data.” 
Movement Ecology 10: 30.

Kremen, C., N. M. Williams, M. A. Aizen, et  al. 2007. “Pollination 
and Other Ecosystem Services Produced by Mobile Organisms: A 
Conceptual Framework for the Effects of Land-Use Change.” Ecology 
Letters 10: 299–314.

Lavorel, S., and E. Garnier. 2002. “Predicting Changes in Community 
Composition and Ecosystem Functioning From Plant Traits: Revisiting 
the Holy Grail.” Functional Ecology 16: 545–556.

Lewis, M. A., W. F. Fagan, M. Auger-Méthé, et al. 2021. “Learning and 
Animal Movement.” Frontiers in Ecology and Evolution 9: 681704.

Lockwood, R., J. P. Swaddle, and J. M. V. Rayner. 1998. “Avian Wingtip 
Shape Reconsidered: Wingtip Shape Indices and Morphological 
Adaptations to Migration.” Journal of Avian Biology 29: 273–292.

Lopes, P. C., S. S. French, D. C. Woodhams, and S. A. Binning. 2021. 
“Sickness Behaviors Across Vertebrate Taxa: Proximate and Ultimate 
Mechanisms.” Journal of Experimental Biology 224: jeb225847.

Lopez-Marcano, S., E. Jinks, C. A. Buelow, et  al. 2021. “Automatic 
Detection of Fish and Tracking of Movement for Ecology.” Ecology and 
Evolution 11: 8254–8263.

Manlove, K., M. Wilber, L. White, et  al. 2022. “Defining an 
Epidemiological Landscape That Connects Movement Ecology 
to Pathogen Transmission and Pace-of-Life.” Ecology Letters 25: 
1760–1782.

Marske, K. A., H. C. Lanier, C. D. Siler, A. H. Rowe, and L. R. Stein. 
2023. “Integrating Biogeography and Behavioural Ecology to Rapidly 
Address Biodiversity Loss.” Proceedings of the National Academy of 
Sciences 120: e2110866120.

Mason, T. H. E., P. A. Stephens, M. Apollonio, and S. G. Willis. 2014. 
“Predicting Potential Responses to Future Climate in an Alpine 
Ungulate: Interspecific Interactions Exceed Climate Effects.” Global 
Change Biology 20: 3872–3882.

Mathewson, P. D., L. Moyer-Horner, E. A. Beever, et  al. 2017. 
“Mechanistic Variables Can Enhance Predictive Models of Endotherm 
Distributions: The American Pika Under Current, Past, and Future 
Climates.” Global Change Biology 23: 1048–1064.

McGill, B. J., B. J. Enquist, E. Weiher, and M. Westoby. 2006. “Rebuilding 
Community Ecology From Functional Traits.” Trends in Ecology & 
Evolution 21: 178–185.

McLoughlin, P. D., M. S. Boyce, T. Coulson, and T. Clutton-Brock. 2006. 
“Lifetime Reproductive Success and Density-Dependent, Multi-Variable 
Resource Selection.” Proceedings of the Royal Society B: Biological 
Sciences 273: 1449–1454.

McLoughlin, P. D., K. Lysak, L. Debeffe, T. Perry, and K. A. Hobson. 
2016. “Density-Dependent Resource Selection by a Terrestrial Herbivore 
in Response to Sea-to-Land Nutrient Transfer by Seals.” Ecology 97: 
1929–1937.

Mitchell, W. A., and S. L. Lima. 2002. “Predator–Prey Shell Games: 
Large-Scale Movement and Its Implications for Decision-Making by 
Prey.” Oikos 99: 249–259.

Moran, E. V., F. Hartig, and D. M. Bell. 2016. “Intraspecific Trait 
Variation Across Scales: Implications for Understanding Global Change 
Responses.” Global Change Biology 22: 137–150.

Myhrvold, N. P., E. Baldridge, B. Chan, D. Sivam, D. L. Freeman, and 
S. K. M. Ernest. 2015. “An Amniote Life-History Database to Perform 
Comparative Analyses With Birds, Mammals, and Reptiles.” Ecology 
96: 3109.

Nagelkerken, I., and P. L. Munday. 2016. “Animal Behaviour Shapes the 
Ecological Effects of Ocean Acidification and Warming: Moving From 
Individual to Community-Level Responses.” Global Change Biology 22: 
974–989.

Nathan, R., W. M. Getz, E. Revilla, et al. 2008. “A Movement Ecology 
Paradigm for Unifying Organismal Movement Research.” Proceedings 
of the National Academy of Sciences 105: 19052–19059.

Nathan, R., C. T. Monk, R. Arlinghaus, et  al. 2022. “Big-Data 
Approaches Lead to an Increased Understanding of the Ecology of 
Animal Movement.” Science 375: eabg1780.

Newbold, T., L. N. Hudson, S. L. L. Hill, et al. 2015. “Global Effects of 
Land Use on Local Terrestrial Biodiversity.” Nature 520: 45–50.

Niemelä, P. T., and N. J. Dingemanse. 2017. “Individual Versus Pseudo-
Repeatability in Behaviour: Lessons From Translocation Experiments 
in a Wild Insect.” Journal of Animal Ecology 86: 1033–1043.

Nussey, D. H., A. J. Wilson, and J. E. Brommer. 2007. “The Evolutionary 
Ecology of Individual Phenotypic Plasticity in Wild Populations.” 
Journal of Evolutionary Biology 20: 831–844.

Olival, K. J., P. R. Hosseini, C. Zambrana-Torrelio, N. Ross, T. L. Bogich, 
and P. Daszak. 2017. “Host and Viral Traits Predict Zoonotic Spillover 
From Mammals.” Nature 546: 646–650.

Pereira, H. M., S. Ferrier, M. Walters, et al. 2013. “Essential Biodiversity 
Variables.” Science 339: 277–278.

Rahman, T., and U. Candolin. 2022. “Linking Animal Behavior to 
Ecosystem Change in Disturbed Environments.” Frontiers in Ecology 
and Evolution 10: 893453.

Ranacher, P., R. Brunauer, W. Trutschnig, S. Van der Spek, and S. Reich. 
2016. “Why GPS Makes Distances Bigger Than They Are.” International 
Journal of Geographical Information Science 30: 316–333.

Réale, D., S. M. Reader, D. Sol, P. T. McDougall, and N. J. Dingemanse. 
2007. “Integrating Animal Temperament Within Ecology and 
Evolution.” Biological Reviews 82: 291–318.

Reynolds, C., N. A. F. Miranda, and G. S. Cumming. 2015. “The Role 
of Waterbirds in the Dispersal of Aquatic Alien and Invasive Species.” 
Diversity and Distributions 21: 744–754.

Rigal, S., V. Dakos, H. Alonso, et  al. 2023. “Farmland Practices Are 
Driving Bird Population Decline Across Europe.” Proceedings of the 
National Academy of Sciences 120: e2216573120.

Rowcliffe, M. J., C. Carbone, R. Kays, B. Kranstauber, and P. A. Jansen. 
2012. “Bias in Estimating Animal Travel Distance: The Effect of 
Sampling Frequency.” Methods in Ecology and Evolution 3: 653–662.

Russo, N., K. Gahm, M. Zuercher, et  al. 2025. “Monitoring Animal 
Movement Diversity as a Component of Biodiversity.” https://​doi.​org/​
10.​32942/​​X2DD0G.

Russo, N. J., D. L. Nshom, A. Ferraz, et al. 2024. “Three-Dimensional 
Vegetation Structure Drives Patterns of Seed Dispersal by African 
Hornbills.” Journal of Animal Ecology 93: 1935–1946.

Rutz, C., and G. C. Hays. 2009. “New Frontiers in Biologging Science.” 
Biology Letters 5: 289–292.

Savoca, M. S., M. F. Czapanskiy, S. R. Kahane-Rapport, et  al. 2021. 
“Baleen Whale Prey Consumption Based on High-Resolution Foraging 
Measurements.” Nature 599: 85–90.

Scheiner, S. M. 1993. “Genetics and Evolution of Phenotypic Plasticity.” 
Annual Review of Ecology and Systematics 24: 35–68.

Scherer, C., V. Radchuk, M. Franz, et  al. 2020. “Moving Infections: 
Individual Movement Decisions Drive Disease Persistence in Spatially 
Structured Landscapes.” Oikos 129: 651–667.

Schlägel, U. E., V. Grimm, N. Blaum, et al. 2020. “Movement-Mediated 
Community Assembly and Coexistence.” Biological Reviews 95: 
1073–1096.

 14610248, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ele.70297 by Francesca C

agnacci - Fondazione E
dm

und M
ach , W

iley O
nline L

ibrary on [25/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.32942/X2DD0G
https://doi.org/10.32942/X2DD0G


16 of 16 Ecology Letters, 2026

Schleuning, M., D. García, and J. A. Tobias. 2023. “Animal Functional 
Traits: Towards a Trait-Based Ecology for Whole Ecosystems.” 
Functional Ecology 37: 4–12.

Schneider, F. D., D. Fichtmueller, M. M. Gossner, et al. 2019. “Towards 
an Ecological Trait-Data Standard.” Methods in Ecology and Evolution 
10: 2006–2019.

Sequeira, A. M. M., M. O'Toole, T. R. Keates, et al. 2021. “A Standardisation 
Framework for Bio-Logging Data to Advance Ecological Research and 
Conservation.” Methods in Ecology and Evolution 12: 996–1007.

Sheard, C., M. H. C. Neate-Clegg, N. Alioravainen, et  al. 2020. 
“Ecological Drivers of Global Gradients in Avian Dispersal Inferred 
From Wing Morphology.” Nature Communications 11: 2463.

Sobral, M. 2021. “All Traits Are Functional: An Evolutionary 
Viewpoint.” Trends in Plant Science 26: 674–676.

Sorensen, M. C., I. Donoso, E. L. Neuschulz, M. Schleuning, and T. 
Mueller. 2020. “Community-Wide Seed Dispersal Distances Peak at 
Low Levels of Specialisation in Size-Structured Networks.” Oikos 129: 
1727–1738.

Soria, C. D., M. Pacifici, M. Di Marco, S. M. Stephen, and C. Rondinini. 
2021. “COMBINE: A Coalesced Mammal Database of Intrinsic and 
Extrinsic Traits.” Ecology 102: e03344.

Stevens, V. M., S. Whitmee, J.-F. Le Galliard, et al. 2014. “A Comparative 
Analysis of Dispersal Syndromes in Terrestrial and Semi-Terrestrial 
Animals.” Ecology Letters 17: 1039–1052.

Stuber, E. F., B. S. Carlson, and B. R. Jesmer. 2022. “Spatial Personalities: 
A Meta-Analysis of Consistent Individual Differences in Spatial 
Behavior.” Behavioural Ecology 33: 477–486.

Suding, K. N., S. Lavorel, F. S. Chapin Iii, et  al. 2008. “Scaling 
Environmental Change Through the Community-Level: A Trait-Based 
Response-and-Effect Framework for Plants.” Global Change Biology 14: 
1125–1140.

Suraci, J. P., L. G. Frank, A. Oriol-Cotterill, S. Ekwanga, T. M. Williams, 
and C. C. Wilmers. 2019. “Behavior-Specific Habitat Selection by 
African Lions May Promote Their Persistence in a Human-Dominated 
Landscape.” Ecology 100: e02644.

Talmon, I., S. Pekarsky, Y. Bartan, et  al. 2025. “Using Wild-Animal 
Tracking for Detecting and Managing Disease Outbreaks.” Trends in 
Ecology & Evolution 40: 760–771.

Tobias, J. A., C. Sheard, A. L. Pigot, et al. 2022. “AVONET: Morphological, 
Ecological and Geographical Data for All Birds.” Ecology Letters 25: 
581–597.

Tucker, M., A. Schipper, T. Adams, et al. 2023. “Behavioural Responses 
of Terrestrial Mammals to COVID-19 Lockdowns.” Science 380: 
1059–1064.

Tucker, M. A., K. Böhning-Gaese, W. F. Fagan, et  al. 2018. “Moving 
in the Anthropocene: Global Reductions in Terrestrial Mammalian 
Movements.” Science 359: 466–469.

Tucker, M. A., T. J. Ord, and T. L. Rogers. 2014. “Evolutionary 
Predictors of Mammalian Home Range Size: Body Mass, Diet and the 
Environment.” Global Ecology and Biogeography 23: 1105–1114.

Urbano, F., F. Cagnacci, and E. C. Initiative. 2021. “Data Management 
and Sharing for Collaborative Science: Lessons Learnt From the 
Euromammals Initiative.” Frontiers in Ecology and Evolution 9: 727023.

Vander Wal, E., Q. M. R. Webber, M. P. Laforge, et al. 2022. “Repeatability 
is the First Step in a Broader Hypothesis Test: A Comment on STUBER.” 
Behavioural Ecology 33: 487–488.

Violle, C., M.-L. Navas, D. Vile, et al. 2007. “Let the Concept of Trait be 
Functional!” Oikos 116: 882–892.

Vo-Doan, T. T., V. V. Titov, M. J. M. Harrap, S. Lochner, and A. D. Straw. 
2024. “High-Resolution Outdoor Videography of Insects Using Fast 
Lock-on Tracking.” Science Robotics 9: eadm7689.

Watanabe, Y. Y., and Y. P. Papastamatiou. 2023. “Biologging and 
Biotelemetry: Tools for Understanding the Lives and Environments of 
Marine Animals.” Annual Review of Animal Biosciences 11: 247–267.

Wikelski, M., M. Quetting, J. Bates, et al. 2024. “Introducing a Unique 
Animal ID and Digital Life History Museum for Wildlife Metadata.” 
Methods in Ecology and Evolution 15: 1777–1788.

Wilkinson, M. D., M. Dumontier, I. J. Aalbersberg, et al. 2016. “The FAIR 
Guiding Principles for Scientific Data Management and Stewardship.” 
Scientific Data 3: 160018.

Wilman, H., J. Belmaker, J. Simpson, C. de la Rosa, M. M. Rivadeneira, 
and W. Jetz. 2014. “EltonTraits 1.0: Species-Level Foraging Attributes of 
the World's Birds and Mammals.” Ecology 95: 2027.

Wilson, M. W., A. D. Ridlon, K. M. Gaynor, S. D. Gaines, A. C. Stier, and 
B. S. Halpern. 2020. “Ecological Impacts of Human-Induced Animal 
Behaviour Change.” Ecology Letters 23: 1522–1536.

Wolf, M., and F. J. Weissing. 2012. “Animal Personalities: Consequences 
for Ecology and Evolution.” Trends in Ecology & Evolution 27: 452–461.

Wong, B. B. M., and U. Candolin. 2015. “Behavioural Responses to 
Changing Environments.” Behavioural Ecology 26: 665–673.

Zakharova, L., K. M. Meyer, and M. Seifan. 2019. “Trait-Based Modelling 
in Ecology: A Review of Two Decades of Research.” Ecological Modelling 
407: 703.

Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Appendix S1: ele70297-sup-0001-
AppendixS1.pdf. Appendix S2: ele70297-sup-0002-AppendixS2.pdf. 

 14610248, 2026, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ele.70297 by Francesca C

agnacci - Fondazione E
dm

und M
ach , W

iley O
nline L

ibrary on [25/01/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


	MoveTraits—A Database for Integrating Animal Behaviour Into Trait-Based Ecology
	ABSTRACT
	1   |   Introduction
	2   |   Conceptual Alignment: Animal Movement Reflects Key Behavioural Traits
	3   |   MoveTraits v 0.1—A First Proof-of-Concept Movement Trait Database
	4   |   Towards a Global ‘Living’ MoveTraits Database
	4.1   |   Envisioned Implementation
	4.2   |   Implementation Challenges
	4.3   |   Novel Research Avenues
	4.4   |   Relevance for Global Biodiversity Assessments and Biodiversity Policy

	5   |   Conclusion
	Author Contributions
	Acknowledgements
	Funding
	Data Availability Statement
	References


