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Abstract

Understanding animal movement is at the core of ecology, evolution, and conservation science.
Big data approaches for animal tracking have facilitated impactful synthesis research on spatial
biology and behavior in ecologically important and human-impacted regions. Similarly,
databases of animal traits (e.g., body size, limb length, locomotion method, lifespan) have been
used for a wide range of comparative questions, with emerging data being shared at the levels
of individuals and populations. Here, we argue that the proliferation of both types of publicly
available data creates exciting opportunities to unlock new avenues of research, such as spatial
planning and ecological forecasting, across a diverse range of species. We assessed the
feasibility of combining animal tracking and trait databases to develop and test hypotheses
across geographic, temporal, and biological allometric scales. We identified multiple research
questions addressing performance and distribution constraints that could be answered by
integrating trait and tracking data. For example, how do physiological (e.g., metabolic rates) and
biomechanical traits (e.g., limb length, locomotion form) influence migration distances? How
does habitat type influence movement metrics such as speed and energetic cost? We illustrate
the potential of our framework with three case studies that effectively integrate trait and tracking
data for comparative research. An important challenge ahead is the lack of taxonomic and
spatial overlap in trait and tracking databases. We identify critical next steps for future
integration of tracking and trait databases, with the most impactful being open and interlinked
individual-level data. Coordinated efforts to combine trait and tracking databases will accelerate
global ecological and evolutionary insights and inform conservation and management decisions

in our changing world.

Keywords: Biologging, integration, macroecology, repository, tracking data, trait data.

1. Introduction

Understanding the feedback loops between animal attributes and their movements can catalyze
the search for general laws in ecology, evolutionary, and conservation biology (7, 2). For
example, how does body size relate to maximum migration distances of species that walk,
swim, or fly? How do size, sex, and reproductive strategies modulate movement patterns?
Macroecology has relied on cross-species comparative analyses to address these questions at
a global scale (3). More recently, advancements in biologging technologies (i.e., instruments
attached to animals to monitor their behavior and physiology) have separately provided

unprecedented opportunities for research across biological scales, from individuals to
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ecosystems (4). Here, we propose that the integration of functional eco-physiology and
movement ecology offers a powerful framework towards fundamental and applied research
regarding the drivers and consequences of vertebrate movement across scales. We focus on
mammals and birds, because most datasets currently available in open-access repositories are

richest for these taxa (5, 6).

2. Trait Databases

Organisms can be described by a suite of traits - i.e., morphological, physiological,
phenological, behavioral, and life history characteristics - that influence their performance and
ecosystem effects (7, 8) (Figure 1). Organismal traits are often measured on museum
specimens or in field studies, and collections of these traits are published, either as manuscripts
with supplemental tables (e.g., (9—17)), stand-alone databases (e.g., (12—174)), or ‘meta-
databases’ (i.e., databases of databases, e.g., (15—17)). For example, COMBINE (a COalesced
Mammal dataBase of INtrinsic and Extrinsic traits, (75)) contains information on 54 traits for
6,234 extant and recently extinct mammal species, including information on morphology,
reproduction, diet, life habit, phenology, behavior, and home range. Most of these databases
contain data at the species level, typically presented as mean values derived from several
individuals or studies, with limited information on intraspecific variation or sample sizes.
However, databases such as iDigBio, VertNet, and FUTRES - which are collated exclusively
from museum specimens - contain traits linked to individuals (76). Trait databases such as
these are enabling researchers to address a vast array of questions at granular scales. For
example, intraspecific studies have provided insight into macro-scale spatiotemporal patterns of
variation in body size (718) and breeding phenology (719, 20). Likewise, interspecific studies have
discovered the drivers of litter size (27), lifespan (22), urban tolerance (23), and rates of
contemporary change (24), and underscored the importance of continuous multivariate trait data

at large scales (25).

3. Tracking Databases

A key trait of animals is their mobility, which drastically extends and shapes their interactions
with the abiotic and biotic environment (26, 27). Biologging and biotelemetry techniques—the
use of animal-borne sensors to monitor location, behavior, and performance over time and
space (28-30) are central to the field of movement ecology (7). Summaries of tracking data are
often published in supplemental tables (37) and, increasingly, raw data are made available in

data papers (32) or databases (33). For example, Movebank (34) is a global data platform for
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animal tracking that (as of March 2024) contains 6.3 billion location records, including 8,242
studies and 1,400 taxa. All data in Movebank are harmonized to a shared data model and

vocabulary (http://vocab.nerc.ac.uk/collection/MVB/current/). This vocabulary stores individual

location and sensor measurement records, including a timestamp and associated animal and
device identifiers, which can be used to calculate many key movement metrics (Figure 1).
These data expand our knowledge beyond geographic distribution (range/occurrence) by
including temporally explicit movement information that describes different types of movements
(i.e., natal dispersal, seasonal migrations, daily movements). Further, Movebank supports
storage of trait measurements commonly taken at the time of device attachment or retrieval.
Tracking databases have allowed for a suite of impactful research papers across disciplines and

levels of biological organization (35-38).

4. Interoperability between trait and tracking databases

Although trait and tracking bases have both matured rapidly in recent years, they are rarely
combined for macroecology research. The harmonization of tracking and trait databases could
be part of a much broader shift towards the full interoperability of databases in ecology (39).
Recent efforts in this direction have resulted in the examination of the influence of body size on
maximum migration distance and displacement from human disturbance (40-42). Other work
has suggested that trophic guild likely mediates global reductions in mammal movements in
high human density areas (43). Bird banding data have also been used to link natal dispersal
with wing shape, including wing aspect ratio (44) and hand-wing index (25), and the hand-wing
index has been used to address questions regarding the ecological processes linked to
dispersal ability variation at a global scale (45). Although banding data contain valuable
individual-level movement data, often paired with measured traits, here we focus instead on
tracking data because they provide valuable information on emigration and mortality events that

are not captured in banding data.

Integration of tracking data with trait data could enhance the generality of research in ecology
and evolution in mammals and birds (Figure 1). However, this vision will require overcoming
some key challenges associated with long-term, individual-level ecological datasets, including
harmonization of datasets, their own biases, and the expertise of researchers who develop and

curate them (46). Here, we detail these challenges and ways to address them.
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4.1. Disparities in data sharing nhorms

Trait data repositories commonly adopt open science principles (39), whereas sharing in
tracking data repositories has historically been more limited (47, 48). Making trait data publicly
available is becoming the norm (39), possibly because trait-based analyses rely so much on
synthesis and communal resources like museum collections (where reporting catalog numbers
alongside derivative data is a norm in publication and often a precondition of loaning collections)
or databases generated using decades of public investment (e.g., long-term banding
operations). As a result, researchers who publish trait measurements often provide full access
to the data. We are not aware of an assessment of the proportion of collected trait data that are
published or contributed to open trait databases. In contrast, while there is no available estimate
of the number of animals equipped with tracking devices globally (49), only a portion of tracking
data are publicly discoverable or available to date (50). Support for non-public tracking data is a
prerequisite for databases and collaborative projects to enhance use of data on endangered
species, real-time and legally restricted data, government data that require agency sharing

agreements for use, and data collection for ongoing studies that have not yet been published.

To better understand disparities in data sharing norms, we accessed trait databases that
contain data from only birds (AVONET(70)), only mammals (PHYLACINE (713), PanTHERIA
(74)), and both birds and mammals (AnAge (57, 52), EltonTraits (53)) along with tracking data
from both birds and mammals (Movebank (34)). Specifically, we extracted genus, species, and
adult body size information from all databases. These trait databases are designed to provide
open access to collected data, whereas Movebank, like most tracking databases, offers a suite
of services including open and controlled data sharing. In Movebank (34), likely the largest
tracking database, as of March 2024 13% (744 out of 5,659) of studies were available for open
access download, of which 11% (616 species) corresponded to mammals and birds (with
license types CC_BY =178, CC_BY_NC =96, CC_0 = 245, CUSTOM = 93) (Table S1). These

616 studies contained data from 28,105 individual tracking data deployments.

Many biologging repositories are designed for collaborative data collection (Ocean Tracking
Network (54)) or research syntheses (EuroMammals (55)), often with flexible sharing
requirements to promote participation. However, the lack of mandates on data publication also
presents challenges for data persistence and replicability. We argue that there are two possible
reasons for this difference in current data sharing norms between trait and tracking data: the

inevitable costs of collecting tracking data, and conservation concerns associated with publicly
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available tracking data. First, there are the financial costs and time investments to individual
researchers who collect and curate animal tracking data. Tracking data costs are substantially
higher (hundreds to thousands of dollars per animal in instruments) relative to the cost of
measuring animal traits from specimens that have already been collected and curated (tens to
hundreds of dollars per animal in equipment). Moreover, the costs of tracking data are
proportionally higher relative to resource availability in nations with limited research funding.
Another set of reasons for the lower accessibility of tracking data relative to trait data is the
conservation concerns related to high resolution tracking data of endangered species,
especially those with high site fidelity. One solution to the limited access to tracking data is for
funding agencies and journals to continue mandating open access to data, as has been done
with the specimens and other samples (56), but such mandates should carefully consider equity
and conservation concerns (56), including specific attribute fields (57, 58). A potential alternative
is for these entities to mandate discoverability of studies so data owners could be contacted to
discuss potential use. In addition, clear ownership and license agreements can maximize the
likelihood that proper credit is given when the data are used. For example, Movebank offers a
public data repository that supports dataset curation, citations licenses, and persistent identifiers
(DOls) (34), and government agencies have designed similar archiving efforts using
Movebank’s data format (e.g., (59)). Likewise, tracking databases could develop a community-

endorsed set of data standards to adopt, like those common in trait databases (60).

4.2. Disconnections in taxonomic keys

Another consideration for merging trait and tracking data is finding matching taxonomic keys
(e.g., common name, Latin name) across databases (67). Users can take advantage of the
existing wide functionality (e.g., the R package faxize (62)) to search over various taxonomic
data sources such as the Integrated Taxonomic Information System (ITIS) for scientific and
common species names, along with upstream taxonomic classifications (e.g., family, order).
Taxonomy crosswalks, or tables that show equivalent fields in multiple database schema, can
also be used to connect the data across different datasets (e.g., phylogeny and range maps
(70), or in our case, trait and tracking data). All databases that we examined had genus and
species formatted in a consistent manner, which allowed them to be used as the merging key. It
will also be important to establish norms in reporting which version of taxonomies have been

used to label trait and tracking data, so that taxonomic changes can be accounted for over time.
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4.3. Disconnections among levels of organization

Data format and complexity differ substantially between trait and tracking databases. In their
simplest form, trait databases associate trait values with an individual (e.g., (16)), population
(e.g., (63—65)) or species (e.g, (53)). Moreover, trait databases often exist in a more readily
usable form than spatiotemporal data from biologging sensors in tracking databases that must
be processed to obtain the metric of interest (e.g., migration distance). Another major challenge
of integrating trait and tracking databases is that most trait databases still hold data at the
species level (often without calculation methods, variance measures, or sample sizes), whereas
tracking databases hold data at the individual level. One possible solution for synthesis would
be to aggregate tracking data down to the species level and include associated sample size and
uncertainty. However, trait-based datasets should also consider reporting information at the
individual level, as substantial intraspecific variation exists in species traits (66). A key benefit of
aggregation is being able to match tracking data with trait data for the many species that are
only available at the species level. However, aggregation of tracking data can obscure important
intraspecific variation. An alternative to aggregation that may become more tenable soon is
using tracking data at the individual-level and pairing it with the more limited, but growing,
individual-level trait databases. This approach would make it possible to calculate covariation
between traits and tracking. Doing so substantially reduces available data in which tracking data
are accompanied by individual-level trait data (e.g., age, sex, body size); for example, only 24%
of tracking datasets were associated with individual trait data in our data download. Additionally,
it is often difficult to measure many individual-level traits while instrumenting living animals (i.e.,
during physical or chemical restraint) in the same way non-living animals can be measured.
While advanced methods are facilitating increased intra-specific trait sampling from museum
specimens (e.g., (67)), overlapping tracking and trait data are still elusive because the
specimens are unlikely to have historical tracking data, and resources to link representations of
individuals across data platforms are still in early stages (68). Therefore, for the foreseeable
future, the most likely path forward may be to generate and deposit individual-level data trait
data. We also expect that the emerging application of expert-trained artificial intelligence to
biological images such as camera trap photos will become more useful in generating estimates

of trait values.

4.4. Disparities across the Tree of Life
There are data for many more species in trait databases than in tracking databases. Trait

databases contain data for thousands of species (AVONET = 11,009 bird species, Amniote =
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14,183, AnAge = 593, COMBINE = 6,033, EltonTraits = 15,393, PHYLACINE = 5,831,
PanTHERIA = 3,542) whereas tracking databases include fewer species (e.g. Movebank =
1,400 species). Across all trait databases, data are available for 19,662 species of which only
1.8% (362 species) also have publicly available tracking data. This low overlap means that trait-
tracking integration efforts are currently possible for a remarkably low percentage of the Tree of
Life, thus greatly hindering our current potential for generality in macroecology. These 362
species (265 bird species and 96 mammal species) are from 240 genera and 35 orders (Figure
2, Figure S1, Figure S2). Clearly, the integration of trait and tracking databases will inevitably be
constrained by the number of species with movement data available in tracking databases.
However, trait databases do not have dense representation for all the species that are most
abundant in tracking databases, such as the largest mammals, and tracking data sometimes
come from a biased subset of populations. Asymmetric availability of trait data (69), tracking
data (70), and demographic data (5) is well-established. Given the limitations in the size of
tracking instruments and the important ethical considerations associated with tracking
instrument size relative to animal size (71), taxa in tracking databases are generally larger
bodied than those represented in trait databases (Figure 3). However, there is substantial
overlap in both size and species representation, which makes integration of trait and tracking
databases possible, and new methods for automated monitoring of smaller animals in the field

might further close this gap (72).

4.5. Disparities across geography and time

Trait and tracking data collection are often limited to a small portion of species ranges. As a
result, species-specific trait data are often pieced together from several geographically distant
sources (e.g., adult body mass from one continent, limb length, brain size or age at maturity
from another continent, etc.) or from several sources that lack georeferenced data. This
approach obscures potentially important geographical variation and trade-offs. Moreover, a
substantial fraction of long-term animal ecology datasets represent areas of the planet with low
biodiversity (73) or with limited vulnerability to climate change (46, 74). Therefore, piecing
together traits and tracking data from geographically or taxonomically biased sources can lead
to incomplete or even erroneous conclusions (75). Likewise, information about when the trait
measurements or specimens were collected is increasingly important for studies about biotic
responses to environmental change. Climate change is dramatically shaping traits and
movement patterns in animals. For example, some birds are becoming smaller (76), some

migrations are being threatened (77), and some geographic distributions are shifting (78). Thus,
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it may be problematic to integrate historic trait measurements with contemporary tracking data
(e.g., those from AVONET collected in the 1970s, when few animals were instrumented with
biologgers due to technological limitations (79)). When integrating trait and tracking databases,
researchers should note when and where measurements were made. To quantitatively assess
geographic distributions of trait and tracking measurements, we created a map of meta-data
from the three databases that contained geographic location data (Centroid Lat/Lon for
AVONET, Mid-Range Lat/Lon for PanTHERIA, and Deployment Lat/Lon for Movebank) (Figure
4). We found that available tracking data deployment locations are predominantly from the
United States and Europe, whereas trait data are much more widely available overall, and
reflect the much higher species diversity in Central and South America, Africa, and Asia. Similar
to the data sharing disparities (section 4.1), the disparities in geographic distribution of tracking
databases may be due to the large cost associated with tracking studies. However, note that

tracking data locations have a broader geographic distribution than deployment locations (80).

4.6. Disconnections across disciplines.

Why are tracking and trait data not integrated more often? We argue that this disconnect is the
result of disciplinary silos including publication venues rather than a reflection of its potential.
Trait databases are often used to address evolutionary or community ecology questions,
whereas tracking data are often used to address questions related to behavioral ecology or
applied wildlife management and conservation. To test this hypothesis, we searched for papers
citing the foundational publication of four trait databases and one movement database in Web of
Science. We used the refsplitr package in R (87) to parse the references by journal name, and
tallied the number of times each database publication was referenced in each journal (Figure
S3). We also examined a measure of impact in each of the journals, the h5-index value from
Google Scholar, which represents the h-index for articles published in the last 5 complete years
(i.e., the largest number h such that h articles published in 2018-2022 have at least h citations
each). We found that the foundational Movebank publication (33) tends to be cited in different
journals (e.g. Ecology and Evolution, Ecography, Journal of Animal Ecology) which have lower
impact factors (Google Scholar h5-index range 61-67) as compared to the foundational trait
database publications (PHYLACINE (73), PanTHERIA (74), COMBINE (75), AVONET (70),
AnAge (52)) which tend to be cited in interdisciplinary journals such as Proceedings of the Royal
Society B and PLOS ONE with higher impact factors (h5-index range=83-212). This is not an

insurmountable problem, but requires proactive efforts to break down disciplinary silos.
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5. Case studies
Overlap in data availability suggests that integrating trait and tracking databases is possible.

Here, we provide three ideas for case studies to demonstrate the potential utility of integration.

5.1. Metabolics case study

In birds, computer simulations suggest that the relationship between behavior, environment, and
life history is fundamentally mediated by metabolism (82). However, disconnections between
biomechanics, bioenergetics, and ecology have resulted in major unanswered questions about
how the energetic costs of locomotion scale up to entire migrations. A major question in ecology
is: how much does movement explain deviations between field metabolic rate and body mass?
Theory has shown that the costs of migration are extensive, but nuanced energetic and
demographic trade-offs exist (83). Trait databases (9, 84) contain an enormous amount of field
metabolic rate and body mass data at the species level (Figure 5a). Variation around the
relationship between field metabolic rate and body mass may be explained with many metrics
derived from tracking data. For example, longer migration distances or increased daily
movement distance could contribute to both heightened basal and field metabolic costs. Theory
could be used as a starting point to determine which tracking and trait metrics are ripe for

integration.

5.2. Size-specific longevity case study

Ungulates vary in body mass from the approximately 1.5 kg Java mouse deer (Tragulus
Javanicus) to the approximately 1500 kg hippopotamus (Hippopotamus amphibius). Nearly half
of all extant ungulate species migrate (85) and some larger bodied ungulates undertake
extremely long migrations. For example, Caribou (Rangifer tarandus) have one of the longest
migrations of any terrestrial mammal (37). The evolution of longer migrations facilitated larger
body size (85); however, support for whether or not large body size facilitates longer migrations
is inconsistent (37, 86). In contrast, larger body size is suggested to increase longevity because
of the “live slow, die old” life history strategy that typifies most large species (87, 88). Although
large body size increases migration distance and longevity, trade-offs exist between migration
distance and longevity as migrations can increase survivorship by allowing individuals to exploit
productive foraging grounds but can also reduce survival due to factors such as energetic
constraints of travel and risk of predation or disturbances (89-917). Thus, understanding the
interactions between body size, migration distance, and longevity will help disentangle some of

the driving forces behind macroecological patterns and elucidate trade-offs between migration

10
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distance and longevity. Integration of existing species-level tracking and trait data could be used
to ask: Can migration distance help explain some of the variance in the longevity~body size
relationship, and can body size influence the migration distance~longevity relationship?
Potential hypotheses include: Ho migration distance is unrelated to longevity, and H1 animals
that migrate further have shorter longevity when controlling for body size. Researchers could
analyze individual-level tracking data (e.g., from (37) or Movebank or Euromammals) along with
species-level size and longevity data from other databases (e.g., from AnAge (52)) to identify
macroecological patterns across herbivores (Figure 5b) and other mammals. Currently, body
size (92), longevity (17, 52), and migration distance (37) data exist for 11 ungulate species;
however, expansion of this dataset will increase statistical power and allow for more robust
conclusions to be made. The analysis could also be applied to birds, which experience most of
their mortality during migrations (93) but seem to have higher annual adult survival with

increased migration distance (94).

5.3. Sexual niche divergence case study

Sexual size dimorphism and sexual niche partitioning are widespread phenomena amongst
vertebrates (717), and are thoroughly studied in ungulates (95). Hypothesized proximate and
ultimate causes of sexual niche partitioning include differential predation risk, foraging
strategies, and activity budgets. These hypotheses can be mechanistically tested by combining
biologging to quantify space use, movement behavior, and activity patterns, with trait
measurements such as sex, size, and metabolic rates at the individual level. Biologgers have
been attached to males and females in many species separately (96), but large comparative
analyses have yet to be done. For these questions, individual-based tracking data and trait
measurements are needed because they capture intraspecific variation, especially in metrics
such as migration distance and home range stability that often vary according to "movement
syndromes" (such as residents, migrants, and nomads) that exist within and between species
(97). The combination of tracking and trait data should allow for broader syntheses to elucidate

the causes and consequences of sexual segregation.

As a proof of concept, we downloaded a multi-species tracking dataset from Movebank (97),
retaining tracks from species where both adult males and females were instrumented.
Unfortunately, this yielded only six species: one bird (Gyps africanus), three mammals
(Antidorcas marsupials, Canis mesomelas, and Loxodonta africana), and two reptiles

(Chelonoidis hoodensis and C. porteri). The sexual size dimorphism of these six species range

11
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from the monomorphic Gyps africanus to the 2:1 male:female size ratio of Chelonoidis. We
tested whether sexual size dimorphism was associated with space use using a simple
approach: 1) estimating space use by each individual as the area of the convex hull containing
their track (minimum 90 days), and 2) calculating the log fold change of the mean convex hull
area between males and females (Figure 5c¢). We could increase analytical power with larger
sample sizes and more sophisticated estimates of home range size. However, major challenges
for this approach are data access limitations and heterogeneity in data characteristics and
structure (e.g., sampling rates, location accuracy), which demand substantial effort to

synthesize tracking studies for comparison to trait databases.

Together, these three case studies show that integrating trait and tracking databases is possible

and shows great promise.

6. Integration into the future

We are entering a new and data-rich era of possibilities for comparative work (46). The
transition of scientific journals from print to online publication has revolutionized the use of
supplemental data and living databases (98), and accelerated momentum toward open science
(99). It is now increasingly possible to combine trait and tracking databases to discover broad
patterns and make predictions, even about species whose traits or movement patterns cannot
yet be measured at scale. Future integration efforts can be accelerated in four ways. First,

higher discoverability and more open access to tracking data will be critical for expanding the

number and types of taxa in comparative studies. Rapid technological innovations including
Motus and ICARUS are making it possible to instrument progressively smaller animals, which
will increase the promise of trait-tracking integration in the future, but only if the data are openly
accessible and taxonomically and spatiotemporally indexed. Second, future research, especially

synthesis efforts, will benefit from measurements of more and different individual-level traits. For

example, bioenergetics and biomechanics traits are nearly absent from trait databases (e.g.,
muscle fiber anatomy, reaction speed, maneuverability, fuel carrying capacity, stride length, cost
of transport, body temperature ranges, fat stores). Measuring multiple traits per individual (e.qg.,
from museum specimens and biologged individuals) can fill in gaps for living individuals where
few traits are measured. Coordinated networks across scales of biological organization could be
used to measure linked traits (700). Third, researchers across both domains need to make

individual-level trait data available. As noted above, the majority of trait databases have

historically reported data at the species level, despite the importance of intraspecific variation

12
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(701). The impact of within-species variability (702) on ecological and evolutionary processes
can be important even if means are the same (27). Finally, future comparative efforts will benefit
from integration with other types of databases not discussed here, including population models
(e.g., matrix population models through COMADRE (64) , PADRINO (63), and MOSAIC (7103)),

other movement data (e.g., camera trap and ringing/banding/tagging data), environmental data

(e.g., remote sensing), and genomic data.

7. Conclusion

Data on animal traits and movement patterns have independently provided invaluable insights
because they each represent a critical link between phenotypic and behavioral characteristics of
organisms and their roles in populations, communities, and ecosystems (704). We believe that
harmonization of trait and tracking databases would facilitate major exploration and discovery,
including quantifying and predicting animal responses to climate change and landscape
fragmentation, explaining performance limits, and understanding demographic drivers.
Integration of trait and tracking data with other types of databases would also allow us to reflect
on sources of bias in our understanding of the natural world (e.g., how representative are
population model databases or tracking databases in terms of biomes, foraging strata, and
nocturnality vs. diurnality). This integration will require our research communities to continue

collection and deposition efforts strategically and openly.

Major remaining opportunities exist to improve geographic, taxonomic, and disciplinary overlap
between trait datasets and tracking datasets, especially at the individual level. A key challenge
is the inevitable trade-off between nuance and generalization in grouping data; species have
been used as sampling units for macroecological research (70) because variance in trait values
among species usually outweighs within-species variance (105) (but see (107)). Numerous
opportunities also exist to leverage artificial intelligence to bridge the traits-tracking gap,
including by training artificial intelligence to estimate traits of tracked individuals, either from
images such as camera trap photos or from regression-based approaches trained from other
datasets. As the pace of climate change accelerates, data-driven conservation efforts using
species traits and tracking patterns are needed (706, 107). We argue that the expansion of
publicly available animal tracking and trait databases make now an ideal time to combine the
two into a rich quantitative framework for developing and testing hypotheses in vertebrate

animals across geographic, temporal, and biological allometric scales.

13



428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459

8. Acknowledgements

The authors thank A. Wilson and A. Biewener, along with the Company of Biologists and the
Journal of Experimental Biology staff, for championing interdisciplinary integration. This
manuscript benefited from helpful discussions with A. Hedenstrém, R. Hetem, J. Shamoun-
Baranes, and other participants in the 2024 Journal of Experimental Biology Symposium on

Integrating Biomechanics, Energetics and Ecology in Locomotion.

Data availability statement
Reproducible, fully commented scripts and data are available on Dryad
(https://doi.org/10.5061/dryad.s4mw6m9dz), including DOls for all databases.

Competing interests

The authors declare no competing or financial interests.

Funding

RSB acknowledges support from the NSF 10S 2052497, the Office of Naval Research, the
David and Lucile Packard Foundation, the Arnold and Mabel Beckman Foundation, and the
Elysea Fund. AMK acknowledges support from the NSF DEB 1911853 and DEB-1717498. BSM
acknowledges support from the NSF DBI 2228385. RSG acknowledges support from a NERC
Pushing the Frontiers grant NE/X013766/1. BCW acknowledges support from the David and
Lucile Packard Foundation. CDS acknowledges support from the European Union (ERC,
BEAST, 101044740). Views and opinions expressed are those of the author(s) only and do not
necessarily reflect those of the European Union or the ERC Executive Agency. Neither the

European Union nor the granting authority can be held responsible for them.

References

1. R. Nathan, W. M. Getz, E. Revilla, M. Holyoak, R. Kadmon, D. Saltz, P. E. Smouse, A
movement ecology paradigm for unifying organismal movement research. Proc. Natl.
Acad. Sci. 105, 19052-19059 (2008).

2. W. J. Sutherland, R. P. Freckleton, H. C. J. Godfray, S. R. Beissinger, T. Benton, D. D.
Cameron, Y. Carmel, D. A. Coomes, T. Coulson, M. C. Emmerson, Identification of 100

fundamental ecological questions. J. Ecol. 101, 58-67 (2013).

14



460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493

10.

P. Pottier, D. W. A. Noble, F. Seebacher, N. C. Wu, S. Burke, M. Lagisz, L. E. Schwanz,
S. M. Drobniak, S. Nakagawa, New horizons for comparative studies and meta-analyses.
Trends Ecol. Evol., doi: 10.1016/j.tree.2023.12.004 (2024).

H. J. Williams, L. A. Taylor, S. Benhamou, A. |. Bijleveld, T. A. Clay, S. de Grissac, U.
Demsar, H. M. English, N. Franconi, A. Gomez-Laich, R. C. Griffiths, W. P. Kay, J. M.
Morales, J. R. Potts, K. F. Rogerson, C. Rutz, A. Spelt, A. M. Trevail, R. P. Wilson, L.
Borger, Optimizing the use of biologgers for movement ecology research. J. Anim. Ecol.
89, 186-206 (2020).

D. A. Conde, J. Staerk, F. Colchero, R. Da Silva, J. Schdley, H. M. Baden, L. Jouvet, J. E.
Fa, H. Syed, E. Jongejans, S. Meiri, J.-M. Gaillard, S. Chamberlain, J. Wilcken, O. R.
Jones, J. P. Dahlgren, U. K. Steiner, L. M. Bland, I. Gomez-Mestre, J.-D. Lebreton, J.
Gonzalez Vargas, N. Flesness, V. Canudas-Romo, R. Salguero-Gémez, O. Byers, T. B.
Berg, A. Scheuerlein, S. Devillard, D. S. Schigel, O. A. Ryder, H. P. Possingham, A.
Baudisch, J. W. Vaupel, Data gaps and opportunities for comparative and conservation
biology. Proc. Natl. Acad. Sci. 116, 9658—-9664 (2019).

J. Troudet, P. Grandcolas, A. Blin, R. Vignes-Lebbe, F. Legendre, Taxonomic bias in
biodiversity data and societal preferences. Sci. Rep. 7, 9132 (2017).

S. K. Dawson, C. P. Carmona, M. Gonzalez-Suarez, M. Jonsson, F. Chichorro, M.
Mallen-Cooper, Y. Melero, H. Moor, J. P. Simaika, A. B. Duthie, The traits of “trait
ecologists”: An analysis of the use of trait and functional trait terminology. Ecol. Evol. 11,
16434-16445 (2021).

R. P. Streit, D. R. Bellwood, To harness traits for ecology, let's abandon ‘functionality.’
Trends Ecol. Evol. 38, 402—411 (2023).

B. K. McNab, An analysis of the factors that influence the level and scaling of mammalian
BMR. Comp. Biochem. Physiol. A. Mol. Integr. Physiol. 151, 5-28 (2008).

J. A. Tobias, C. Sheard, A. L. Pigot, A. J. M. Devenish, J. Yang, F. Sayol, M. H. C. Neate-
Clegg, N. Alioravainen, T. L. Weeks, R. A. Barber, P. A. Walkden, H. E. A. MacGregor, S.
E. I. Jones, C. Vincent, A. G. Phillips, N. M. Marples, F. A. Montafio-Centellas, V.
Leandro-Silva, S. Claramunt, B. Darski, B. G. Freeman, T. P. Bregman, C. R. Cooney, E.
C. Hughes, E. J. R. Capp, Z. K. Varley, N. R. Friedman, H. Korntheuer, A. Corrales-
Vargas, C. H. Trisos, B. C. Weeks, D. M. Hanz, T. Tépfer, G. A. Bravo, V. Remes, L.
Nowak, L. S. Carneiro, A. J. Moncada R., B. Matysiokova, D. T. Baldassarre, A. Martinez-
Salinas, J. D. Wolfe, P. M. Chapman, B. G. Daly, M. C. Sorensen, A. Neu, M. A. Ford, R.
J. Mayhew, L. Fabio Silveira, D. J. Kelly, N. N. D. Annorbah, H. S. Pollock, A. M.

15



494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526

11.

12.

13.

14.

15.

16.

Grabowska-Zhang, J. P. McEntee, J. Carlos T. Gonzalez, C. G. Meneses, M. C. Mufioz,
L. L. Powell, G. A. Jamie, T. J. Matthews, O. Johnson, G. R. R. Brito, K. Zyskowski, R.
Crates, M. G. Harvey, M. Jurado Zevallos, P. A. Hosner, T. Bradfer-Lawrence, J. M.
Maley, F. G. Stiles, H. S. Lima, K. L. Provost, M. Chibesa, M. Mashao, J. T. Howard, E.
Mlamba, M. A. H. Chua, B. Li, M. I. Gébmez, N. C. Garcia, M. Packert, J. Fuchs, J. R. Alj,
E. P. Derryberry, M. L. Carlson, R. C. Urriza, K. E. Brzeski, D. M. Prawiradilaga, M. J.
Rayner, E. T. Miller, R. C. K. Bowie, R.-M. Lafontaine, R. P. Scofield, Y. Lou, L.
Somarathna, D. Lepage, M. lllif, E. L. Neuschulz, M. Templin, D. M. Dehling, J. C.
Cooper, O. S. G. Pauwels, K. Analuddin, J. Fjeldsa, N. Seddon, P. R. Sweet, F. A. J.
DeClerck, L. N. Naka, J. D. Brawn, A. Aleixo, K. Béhning-Gaese, C. Rahbek, S. A. Fritz,
G. H. Thomas, M. Schleuning, AVONET: morphological, ecological and geographical
data for all birds. Ecol. Lett. 25, 581-597 (2022).

K. J. Tombak, S. B. S. W. Hex, D. |. Rubenstein, New estimates indicate that males are
not larger than females in most mammal species. Nat. Commun. 15, 1872 (2024).

A. M. Gainsbury, O. J. S. Tallowin, S. Meiri, An updated global data set for diet
preferences in terrestrial mammals: testing the validity of extrapolation. Mammal Rev. 48,
160-167 (2018).

S. Faurby, M. Davis, R. @. Pedersen, S. D. Schowanek, A. Antonelli, J.-C. Svenning,
PHYLACINE 1.2: the phylogenetic atlas of mammal macroecology. Ecology 99, 2626
(2018).

K. E. Jones, J. Bielby, M. Cardillo, S. A. Fritz, J. O’Dell, C. D. L. Orme, K. Safi, W.
Sechrest, E. H. Boakes, C. Carbone, PanTHERIA: a species-level database of life
history, ecology, and geography of extant and recently extinct mammals: Ecological
Archives E090-184. Ecology 90, 2648—2648 (2009).

C. D. Soria, M. Pacifici, M. Di Marco, S. M. Stephen, C. Rondinini, COMBINE: a
coalesced mammal database of intrinsic and extrinsic traits. Ecology 102, e03344 (2021).
M. A. Balk, J. Deck, K. F. Emery, R. L. Walls, D. Reuter, R. LaFrance, J. Arroyo-
Cabrales, P. Barrett, J. Blois, A. Boileau, L. Brenskelle, N. R. Cannarozzi, J. A. Cruz, L.
M. Davalos, N. U. De La Sancha, P. Gyawali, M. M. Hantak, S. Hopkins, B. Kohli, J. N.
King, M. S. Koo, A. M. Lawing, H. Machado, S. M. McCrane, B. McLean, M. E. Morgan,
S. Pilaar Birch, D. Reed, E. J. Reitz, N. Sewnath, N. S. Upham, A. Villasenor, L. Yohe, E.
B. Davis, R. P. Guralnick, A solution to the challenges of interdisciplinary aggregation and

use of specimen-level trait data. iScience 25, 105101 (2022).

16



527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

N. P. Myhrvold, E. Baldridge, B. Chan, D. Sivam, D. L. Freeman, S. K. M. Ernest, An
amniote life-history database to perform comparative analyses with birds, mammals, and
reptiles. Ecology 96, 3109-3109 (2015).

M. M. Hantak, B. S. McLean, D. Li, R. P. Guralnick, Mammalian body size is determined
by interactions between climate, urbanization, and ecological traits. Commun. Biol. 4, 972
(2021).

B. S. McLean, N. Barve, R. P. Guralnick, Sex-specific breeding phenologies in the North
American deer mouse (Peromyscus maniculatus). Ecosphere 13, e4327 (2022).

B. S. McLean, R. P. Guralnick, Digital biodiversity data sets reveal breeding phenology
and its drivers in a widespread North American mammal. Ecology 102, e03258 (2021).
A. K. Weller, O. S. Chapman, S. L. Gora, R. P. Guralnick, B. S. McLean, New insight into
drivers of mammalian litter size from individual-level traits. Ecography 2024, e06928
(2024).

K. Healy, T. Guillerme, S. Finlay, A. Kane, S. B. A. Kelly, D. McClean, D. J. Kelly, I.
Donohue, A. L. Jackson, N. Cooper, Ecology and mode-of-life explain lifespan variation in
birds and mammals. Proc. R. Soc. B Biol. Sci. 281, 20140298 (2014).

M. H. C. Neate-Clegg, B. A. Tonelli, C. Youngflesh, J. X. Wu, G. A. Montgomery, C. H.
Sekercioglu, M. W. Tingley, Traits shaping urban tolerance in birds differ around the
world. Curr. Biol. 33, 1677-1688.e6 (2023).

M. Zimova, B. C. Weeks, D. E. Willard, S. T. Giery, V. Jirinec, R. C. Burner, B. M. Winger,
Body size predicts the rate of contemporary morphological change in birds. Proc. Natl.
Acad. Sci. 120, e2206971120 (2023).

B. C. Weeks, B. K. O'Brien, J. J. Chu, S. Claramunt, C. Sheard, J. A. Tobias,
Morphological adaptations linked to flight efficiency and aerial lifestyle determine natal
dispersal distance in birds. Funct. Ecol. 36, 1681-1689 (2022).

C. M. Bryce, C. E. Dunford, A. M. Pagano, Y. Wang, B. L. Borg, S. M. Arthur, T. M.
Williams, Environmental correlates of activity and energetics in a wide-ranging social
carnivore. Anim. Biotelemetry 10, 1 (2022).

B. Abrahms, E. O. Aikens, J. B. Armstrong, W. W. Deacy, M. J. Kauffman, J. A. Merkle,
Emerging Perspectives on Resource Tracking and Animal Movement Ecology. Trends
Ecol. Evol. 36, 308-320 (2021).

Y. Y. Watanabe, Y. P. Papastamatiou, Biologging and Biotelemetry: Tools for
Understanding the Lives and Environments of Marine Animals. Annu. Rev. Anim. Biosci.
11, 247-267 (2023).

17



561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594

29.

30.

31.

32.

33.

34.

35.

S. J. Cooke, S. G. Hinch, M. Wikelski, R. D. Andrews, L. J. Kuchel, T. G. Wolcott, P. J.
Butler, Biotelemetry: a mechanistic approach to ecology. Trends Ecol. Evol. 19, 334-343
(2004).

C. Rutz, G. C. Hays, New frontiers in biologging science. Biol. Lett. 5, 289—-292 (2009).
K. Joly, E. Gurarie, M. S. Sorum, P. Kaczensky, M. D. Cameron, A. F. Jakes, B. L. Borg,
D. Nandintsetseg, J. G. C. Hopcraft, B. Buuveibaatar, P. F. Jones, T. Mueller, C. Walzer,
K. A. Olson, J. C. Payne, A. Yadamsuren, M. Hebblewhite, Longest terrestrial migrations
and movements around the world. Sci. Rep. 9, 15333 (2019).

Y. Ropert-Coudert, A. P. Van de Putte, R. R. Reisinger, H. Bornemann, J.-B. Charrassin,
D. P. Costa, B. Danis, L. A. Hickstadt, I. D. Jonsen, M.-A. Lea, D. Thompson, L. G.
Torres, P. N. Trathan, S. Wotherspoon, D. G. Ainley, R. Alderman, V. Andrews-Goff, B.
Arthur, G. Ballard, J. Bengtson, M. N. Bester, A. S. Blix, L. Boehme, C.-A. Bost, P.
Boveng, J. Cleeland, R. Constantine, R. J. M. Crawford, L. Dalla Rosa, P. J. Nico de
Bruyn, K. Delord, S. Descamps, M. Double, L. Emmerson, M. Fedak, A. Friedlaender, N.
Gales, M. Goebel, K. T. Goetz, C. Guinet, S. D. Goldsworthy, R. Harcourt, J. T. Hinke, K.
Jerosch, A. Kato, K. R. Kerry, R. Kirkwood, G. L. Kooyman, K. M. Kovacs, K. Lawton, A.
D. Lowther, C. Lydersen, P. O. Lyver, A. B. Makhado, M. E. I. Marquez, B. |. McDonald,
C. R. McMahon, M. Muelbert, D. Nachtsheim, K. W. Nicholls, E. S. Nordgay, S.
Olmastroni, R. A. Phillips, P. Pistorius, J. Pl6tz, K. Pltz, N. Ratcliffe, P. G. Ryan, M.
Santos, C. Southwell, I. Staniland, A. Takahashi, A. Tarroux, W. Trivelpiece, E.
Wakefield, H. Weimerskirch, B. Wienecke, J. C. Xavier, B. Raymond, M. A. Hindell, The
retrospective analysis of Antarctic tracking data project. Sci. Data 7, 94 (2020).

B. Kranstauber, A. Cameron, R. Weinzerl, T. Fountain, S. Tilak, M. Wikelski, R. Kays,
The Movebank data model for animal tracking. Environ. Model. Softw. 26, 834—835
(2011).

R. Kays, S. C. Davidson, M. Berger, G. Bohrer, W. Fiedler, A. Flack, J. Hirt, C. Hahn, D.
Gauggel, B. Russell, A. Kdlzsch, A. Lohr, J. Partecke, M. Quetting, K. Safi, A. Scharf, G.
Schneider, I. Lang, F. Schaeuffelhut, M. Landwehr, M. Storhas, L. van Schalkwyk, C.
Vinciguerra, R. Weinzierl, M. Wikelski, The Movebank system for studying global animal
movement and demography. Methods Ecol. Evol. 13, 419-431 (2022).

S. C. Davidson, G. Bohrer, E. Gurarie, S. LaPoint, P. J. Mahoney, N. T. Boelman, J. U. H.
Eitel, L. R. Prugh, L. A. Vierling, J. Jennewein, E. Grier, O. Couriot, A. P. Kelly, A. J. H.
Meddens, R. Y. Oliver, R. Kays, M. Wikelski, T. Aarvak, J. T. Ackerman, J. A. Alves, E.
Bayne, B. Bedrosian, J. L. Belant, A. M. Berdahl, A. M. Berlin, D. Berteaux, J. Béty, D.

18



595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628

36.

37.

38.

39.

Boiko, T. L. Booms, B. L. Borg, S. Boutin, W. S. Boyd, K. Brides, S. Brown, V. N. Bulyuk,
K. K. Burnham, D. Cabot, M. Casazza, K. Christie, E. H. Craig, S. E. Davis, T. Davison,
D. Demma, C. R. DeSorbo, A. Dixon, R. Domenech, G. Eichhorn, K. Elliott, J. R.
Evenson, K.-M. Exo, S. H. Ferguson, W. Fiedler, A. Fisk, J. Fort, A. Franke, M. R. Fuller,
S. Garthe, G. Gauthier, G. Gilchrist, P. Glazov, C. E. Gray, D. Grémillet, L. Griffin, M. T.
Hallworth, A.-L. Harrison, H. L. Hennin, J. M. Hipfner, J. Hodson, J. A. Johnson, K. Joly,
K. Jones, T. E. Katzner, J. W. Kidd, E. C. Knight, M. N. Kochert, A. Kdlzsch, H.
Kruckenberg, B. J. Lagassé, S. Lai, J.-F. Lamarre, R. B. Lanctot, N. C. Larter, A. D. M.
Latham, C. J. Latty, J. P. Lawler, D.-J. Léandri-Breton, H. Lee, S. B. Lewis, O. P. Love, J.
Madsen, M. Maftei, M. L. Mallory, B. Mangipane, M. Y. Markovets, P. P. Marra, R.
McGuire, C. L. Mclintyre, E. A. McKinnon, T. A. Miller, S. Moonen, T. Mu, G. J. D. M.
Muskens, J. Ng, K. L. Nicholson, I. J. @ien, C. Overton, P. A. Owen, A. Patterson, A.
Petersen, |. Pokrovsky, L. L. Powell, R. Prieto, P. Quillfeldt, J. Rausch, K. Russell, S. T.
Saalfeld, H. Schekkerman, J. A. Schmutz, P. Schwemmer, D. R. Seip, A. Shreading, M.
A. Silva, B. W. Smith, F. Smith, J. P. Smith, K. R. S. Snell, A. Sokolov, V. Sokolov, D. V.
Solovyeva, M. S. Sorum, G. Tertitski, J. F. Therrien, K. Thorup, T. L. Tibbitts, I. Tulp, B.
D. Uher-Koch, R. S. A. van Bemmelen, S. Van Wilgenburg, A. L. Von Duyke, J. L.
Watson, B. D. Watts, J. A. Williams, M. T. Wilson, J. R. Wright, M. A. Yates, D. J.
Yurkowski, R. Zydelis, M. Hebblewhite, Ecological insights from three decades of animal
movement tracking across a changing Arctic. Science 370, 712—-715 (2020).

M. A. Hindell, R. R. Reisinger, Y. Ropert-Coudert, L. A. Hiickstadt, P. N. Trathan, H.
Bornemann, J.-B. Charrassin, S. L. Chown, D. P. Costa, B. Danis, Tracking of marine
predators to protect Southern Ocean ecosystems. Nature 580, 87-92 (2020).

B. Abrahms, D. P. Seidel, E. Dougherty, E. L. Hazen, S. J. Bograd, A. M. Wilson, J.
Weldon McNutt, D. P. Costa, S. Blake, J. S. Brashares, W. M. Getz, Suite of simple
metrics reveals common movement syndromes across vertebrate taxa. Mov. Ecol. 5, 12
(2017).

R. Beltran, A. M. Kilpatrick, S. Picardi, B. Abrahms, G. Barrile, W. Oestreich, J. Smith, M.
Czapanskiy, A. Favilla, R. Reisinger, J. Kendall-Bar, A. Payne, M. Savoca, D. Palance, S.
Andrzejaczek, D. Shen, T. Adachi, D. Costa, N. Storm, C. Hale, P. Robinson, Biologging
for the future: how biologgers can help solve fundamental questions, from individuals to
ecosystems. [Preprint] (2024). https://doi.org/10.32942/X2TK66.

R. V. Gallagher, D. S. Falster, B. S. Maitner, R. Salguero-Gémez, V. Vandvik, W. D.
Pearse, F. D. Schneider, J. Kattge, J. H. Poelen, J. S. Madin, M. J. Ankenbrand, C.

19



629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661

40.

41.

42.

43.

Penone, X. Feng, V. M. Adams, J. Alroy, S. C. Andrew, M. A. Balk, L. M. Bland, B. L.
Boyle, C. H. Bravo-Avila, |. Brennan, A. J. R. Carthey, R. Catullo, B. R. Cavazos, D. A.
Conde, S. L. Chown, B. Fadrique, H. Gibb, A. H. Halbritter, J. Hammock, J. A. Hogan, H.
Holewa, M. Hope, C. M. Iversen, M. Jochum, M. Kearney, A. Keller, P. Mabee, P.
Manning, L. McCormack, S. T. Michaletz, D. S. Park, T. M. Perez, S. Pineda-Munoz, C.
A. Ray, M. Rossetto, H. Sauquet, B. Sparrow, M. J. Spasojevic, R. J. Telford, J. A.
Tobias, C. Violle, R. Walls, K. C. B. Weiss, M. Westoby, I. J. Wright, B. J. Enquist, Open
Science principles for accelerating trait-based science across the Tree of Life. Nat. Ecol.
Evol. 4, 294-303 (2020).

C. R. White, D. J. Marshall, How and Why Does Metabolism Scale with Body Mass?
Physiology 38, 266—-274 (2023).

A. M. Hein, C. Hou, J. F. Gillooly, Energetic and biomechanical constraints on animal
migration distance. Ecol. Lett. 15, 104—110 (2012).

T. S. Doherty, G. C. Hays, D. A. Driscoll, Human disturbance causes widespread
disruption of animal movement. Nat. Ecol. Evol. 5, 513-519 (2021).

M. A. Tucker, K. Béhning-Gaese, W. F. Fagan, J. M. Fryxell, B. Van Moorter, S. C.
Alberts, A. H. Ali, A. M. Allen, N. Attias, T. Avgar, H. Bartlam-Brooks, B. Bayarbaatar, J.
L. Belant, A. Bertassoni, D. Beyer, L. Bidner, F. M. van Beest, S. Blake, N. Blaum, C.
Bracis, D. Brown, P. J. N. de Bruyn, F. Cagnacci, J. M. Calabrese, C. Camilo-Alves, S.
Chamaillé-dJammes, A. Chiaradia, S. C. Davidson, T. Dennis, S. DeStefano, D.
Diefenbach, |. Douglas-Hamilton, J. Fennessy, C. Fichtel, W. Fiedler, C. Fischer, I.
Fischhoff, C. H. Fleming, A. T. Ford, S. A. Fritz, B. Gehr, J. R. Goheen, E. Gurarie, M.
Hebblewhite, M. Heurich, A. J. M. Hewison, C. Hof, E. Hurme, L. A. Isbell, R. Janssen, F.
Jeltsch, P. Kaczensky, A. Kane, P. M. Kappeler, M. Kauffman, R. Kays, D. Kimuyu, F.
Koch, B. Kranstauber, S. LaPoint, P. Leimgruber, J. D. C. Linnell, P. Lépez-Lépez, A. C.
Markham, J. Mattisson, E. P. Medici, U. Mellone, E. Merrill, G. de Miranda Mourao, R. G.
Morato, N. Morellet, T. A. Morrison, S. L. Diaz-Mufioz, A. Mysterud, D. Nandintsetseg, R.
Nathan, A. Niamir, J. Odden, R. B. O’Hara, L. G. R. Oliveira-Santos, K. A. Olson, B. D.
Patterson, R. Cunha de Paula, L. Pedrotti, B. Reineking, M. Rimmler, T. L. Rogers, C. M.
Rolandsen, C. S. Rosenberry, D. I. Rubenstein, K. Safi, S. Said, N. Sapir, H. Sawyer, N.
M. Schmidt, N. Selva, A. Sergiel, E. Shiilegdamba, J. P. Silva, N. Singh, E. J. Solberg, O.
Spiegel, O. Strand, S. Sundaresan, W. Ullmann, U. Voigt, J. Wall, D. Wattles, M.
Wikelski, C. C. Wilmers, J. W. Wilson, G. Wittemyer, F. Zieba, T. Zwijacz-Kozica, T.

20



662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695

44,

45.

46.

47.

48.

49.

50.

51.

52.

Mueller, Moving in the Anthropocene: Global reductions in terrestrial mammalian
movements. Science 359, 466—469 (2018).

S. Claramunt, Flight efficiency explains differences in natal dispersal distances in birds.
Ecology 102, e03442 (2021).

C. Sheard, M. H. C. Neate-Clegg, N. Alioravainen, S. E. |. Jones, C. Vincent, H. E. A.
MacGregor, T. P. Bregman, S. Claramunt, J. A. Tobias, Ecological drivers of global
gradients in avian dispersal inferred from wing morphology. Nat. Commun. 11, 2463
(2020).

R. Salguero-Gémez, J. Jackson, S. J. L. Gascoigne, Four key challenges in the open-
data revolution. J. Anim. Ecol. 90, 2000—-2004 (2021).

H. A. Campbell, F. Urbano, S. Davidson, H. Dettki, F. Cagnacci, A plea for standards in
reporting data collected by animal-borne electronic devices. Anim. Biotelemetry 4, 1
(2016).

A. M. M. Sequeira, M. O'Toole, T. R. Keates, L. H. McDonnell, C. D. Braun, X. Hoenner,
F. R. A. Jaine, |. D. Jonsen, P. Newman, J. Pye, S. J. Bograd, G. C. Hays, E. L. Hazen,
M. Holland, V. M. Tsontos, C. Blight, F. Cagnacci, S. C. Davidson, H. Dettki, C. M.
Duarte, D. C. Dunn, V. M. Eguiluz, M. Fedak, A. C. Gleiss, N. Hammerschlag, M. A.
Hindell, K. Holland, I. Janekovic, M. K. McKinzie, M. M. C. Muelbert, C. Pattiaratchi, C.
Rutz, D. W. Sims, S. E. Simmons, B. Townsend, F. Whoriskey, B. Woodward, D. P.
Costa, M. R. Heupel, C. R. McMahon, R. Harcourt, M. Weise, A standardisation
framework for bio-logging data to advance ecological research and conservation.
Methods Ecol. Evol. 12, 996-1007 (2021).

C. Rutz, Register animal-tracking tags to boost conservation. Nature 609, 221-221
(2022).

H. A. Campbell, H. L. Beyer, T. E. Dennis, R. G. Dwyer, J. D. Forester, Y. Fukuda, C.
Lynch, M. A. Hindell, N. Menke, J. M. Morales, C. Richardson, E. Rodgers, G. Taylor, M.
E. Watts, D. A. Westcott, Finding our way: On the sharing and reuse of animal telemetry
data in Australasia. Sci. Total Environ. 534, 79-84 (2015).

R. Tacutu, T. Craig, A. Budovsky, D. Wuttke, G. Lehmann, D. Taranukha, J. Costa, V. E.
Fraifeld, J. P. de Magalhaes, Human Ageing Genomic Resources: Integrated databases
and tools for the biology and genetics of ageing. Nucleic Acids Res. 41, D1027-D1033
(2013).

J. P. De Magalhaes, J. Costa, A database of vertebrate longevity records and their
relation to other life-history traits. J. Evol. Biol. 22, 1770-1774 (2009).

21



696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
7
718
719
720
721
722
723
724
725
726
727
728

53.

54.

55.

56.

57.

58.

59.

60.

61.

H. Wilman, J. Belmaker, J. Simpson, C. de la Rosa, M. M. Rivadeneira, W. Jetz,
EltonTraits 1.0: Species-level foraging attributes of the world’s birds and mammails.
Ecology 95, 2027-2027 (2014).

S. J. lverson, A. T. Fisk, S. G. Hinch, J. Mills Flemming, S. J. Cooke, F. G. Whoriskey,
The Ocean Tracking Network: Advancing frontiers in aquatic science and management.
Ocean Track. Netw. Adv. Aquat. Res. Manag. 01, 1041-1051 (2018).

F. Urbano, F. Cagnacci, E. C. Initiative, Data Management and Sharing for Collaborative
Science: Lessons Learnt From the Euromammals Initiative. Front. Ecol. Evol. 9 (2021).
J. P. Colella, R. B. Stephens, M. L. Campbell, B. A. Kohli, D. J. Parsons, B. S. Mclean,
The Open-Specimen Movement. BioScience 71, 405-414 (2021).

S. J. L. Gascoigne, S. Rolph, D. Sankey, N. Nidadavolu, A. S. Stell Pi€man, C. M.
Hernandez, M. E. R. Philpott, A. Salam, C. Bernard, E. Fenollosa, Y. J. Lee, J. McLean,
S. Hetti Achchige Perera, O. G. Spacey, M. Kajin, A. C. Vinton, C. R. Archer, J. H. Burns,
D. L. Buss, H. Caswell, J. P. Che-Castaldo, D. Z. Childs, P. Capdevila, A. Compagnoni,
E. Crone, T. H. G. Ezard, D. Hodgson, T. M. Knight, O. R. Jones, E. Jongejans, J.
McDonald, B. Tenhumberg, C. C. Thomas, A. J. Tyre, S. Ramula, I. Stott, R. L. Tremblay,
P. Wilson, J. W. Vaupel, R. Salguero-Gémez, A standard protocol to report discrete
stage-structured demographic information. Methods Ecol. Evol. 14, 2065-2083 (2023).
J. Wieczorek, D. Bloom, R. Guralnick, S. Blum, M. Déring, R. Giovanni, T. Robertson, D.
Vieglais, Darwin Core: an evolving community-developed biodiversity data standard. PloS
One 7, €29715 (2012).

H.-J. van der Kolk, P. Desmet, K. Oosterbeek, A. M. Allen, M. J. Baptist, R. A. Bom, S. C.
Davidson, J. de Jong, H. de Kroon, B. Dijkstra, R. Dillerop, A. M. Dokter, M. Frauendorf,
T. Miloti¢, E. Rakhimberdiev, J. Shamoun-Baranes, G. Spanoghe, M. van de Pol, G. V.
Ryckegem, J. Vanoverbeke, E. Jongejans, B. J. Ens, GPS tracking data of Eurasian
oystercatchers (Haematopus ostralegus) from the Netherlands and Belgium. ZooKeys
1123, 31-45 (2022).

F. D. Schneider, D. Fichtmueller, M. M. Gossner, A. Guntsch, M. Jochum, B. Kénig-Ries,
G. Le Provost, P. Manning, A. Ostrowski, C. Penone, N. K. Simons, Towards an
ecological trait-data standard. Methods Ecol. Evol. 10, 2006—2019 (2019).

M. Grenié, E. Berti, J. Carvajal-Quintero, G. M. L. Dadlow, A. Sagouis, M. Winter,
Harmonizing taxon names in biodiversity data: A review of tools, databases and best
practices. Methods Ecol. Evol. 14, 12-25 (2023).

22



729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

S. A. Chamberlain, E. Szdcs, taxize: taxonomic search and retrieval in R. F1000Research
2 (2013).

S. C. Levin, S. Evers, T. Potter, M. P. Guerrero, D. Z. Childs, A. Compagnoni, T. M.
Knight, R. Salguero-Gémez, Rpadrino: An R package to access and use PADRINO, an
open access database of Integral Projection Models. Methods Ecol. Evol. 13, 1923-1929
(2022).

R. Salguero-Gémez, O. R. Jones, C. R. Archer, C. Bein, H. de Buhr, C. Farack, F.
Gottschalk, A. Hartmann, A. Henning, G. Hoppe, G. Rémer, T. Ruoff, V. Sommer, J.
Wille, J. Voigt, S. Zeh, D. Vieregg, Y. M. Buckley, J. Che-Castaldo, D. Hodgson, A.
Scheuerlein, H. Caswell, J. W. Vaupel, COMADRE: a global data base of animal
demography. J. Anim. Ecol. 85, 371-384 (2016).

L. Santini, N. J. B. Isaac, G. F. Ficetola, TetraDENSITY: A database of population density
estimates in terrestrial vertebrates. Glob. Ecol. Biogeogr. 27, 787-791 (2018).

S. Zheng, J. Hu, Z. Ma, D. Lindenmayer, J. Liu, Increases in intraspecific body size
variation are common among North American mammals and birds between 1880 and
2020. Nat. Ecol. Evol. 7, 347-354 (2023).

B. C. Weeks, Z. Zhou, B. K. O’Brien, R. Darling, M. Dean, T. Dias, G. Hassena, M.
Zhang, D. F. Fouhey, A deep neural network for high-throughput measurement of
functional traits on museum skeletal specimens. Methods Ecol. Evol. 14, 347-359 (2023).
A. R. Hardisty, E. R. Ellwood, G. Nelson, B. Zimkus, J. Buschbom, W. Addink, R. K.
Rabeler, J. Bates, A. Bentley, J. A. B. Fortes, S. Hansen, J. A. Macklin, A. R. Mast, J. T.
Miller, A. K. Monfils, D. L. Paul, E. Wallis, M. Webster, Digital Extended Specimens:
Enabling an Extensible Network of Biodiversity Data Records as Integrated Digital
Objects on the Internet. BioScience 72, 978987 (2022).

A. Etard, S. Morrill, T. Newbold, Global gaps in trait data for terrestrial vertebrates. Glob.
Ecol. Biogeogr. 29, 2143—-2158 (2020).

E. L. Hazen, S. M. Maxwell, H. Bailey, S. J. Bograd, M. Hamann, P. Gaspar, B. J. Godley,
G. L. Shillinger, Ontogeny in marine tagging and tracking science: technologies and data
gaps. Mar. Ecol. Prog. Ser. 457, 221-240 (2012).

A. Payne, C. Hale, J. Kendall-Bar, R. S. Beltran, Minimum reporting standards can
promote animal welfare and data quality in biologging research. (2024).

H. Bohner, E. F. Kleiven, R. A. Ims, E. M. Soininen, A semi-automatic workflow to

process images from small mammal camera traps. Ecol. Inform. 76, 102150 (2023).

23



762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
7
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795

73.

74.

75.

76.

77.
78.

79.

80.

81.

82.

83.

84.

M. A. Titley, J. L. Snaddon, E. C. Turner, Scientific research on animal biodiversity is
systematically biased towards vertebrates and temperate regions. PLOS ONE 12,
e0189577 (2017).

M. Paniw, T. D. James, C. Ruth Archer, G. Rémer, S. Levin, A. Compagnoni, J. Che-
Castaldo, J. M. Bennett, A. Mooney, D. Z. Childs, A. Ozgul, O. R. Jones, J. H. Burns, A.
P. Beckerman, A. Patwary, N. Sanchez-Gassen, T. M. Knight, R. Salguero-Gémez, The
myriad of complex demographic responses of terrestrial mammals to climate change and
gaps of knowledge: A global analysis. J. Anim. Ecol. 90, 1398—-1407 (2021).

M. J. Trimble, R. J. van Aarde, Geographical and taxonomic biases in research on
biodiversity in human-modified landscapes. Ecosphere 3, art119 (2012).

B. C. Weeks, D. E. Willard, M. Zimova, A. A. Ellis, M. L. Witynski, M. Hennen, B. M.
Winger, Shared morphological consequences of global warming in North American
migratory birds. Ecol. Lett. 23, 316—-325 (2020).

M. Gross, Migratory species in danger. Curr. Biol. 34, R217-R219 (2024).

P. M. Martins, M. J. Anderson, W. L. Sweatman, A. J. Punnett, Significant shifts in
latitudinal optima of North American birds. Proc. Natl. Acad. Sci. 121, e2307525121
(2024).

G. L. Kooyman, Genesis and evolution of bio-logging devices: 1963-2002. Mem. Natl. Inst.
Polar Res. Spec. Issue 58, 15-22 (2004).

R. Kays, W. J. McShea, M. Wikelski, Born-digital biodiversity data: Millions and billions.
Divers. Distrib. 26, 644—648 (2020).

A. Fournier, M. Boone, F. Stevens, E. Bruna, refsplitr: Author name disambiguation,
author georeferencing, and mapping of coauthorship networks with Web of Science data.
J. Open Source Softw. 5, 2028 (2020).

A. K. Pierce, S. W. Yanco, M. B. Wunder, Seasonal migration alters energetic trade-off
optimization and shapes life history. Ecol. Lett. 27, e14392 (2024).

J. M. Brown, W. Bouten, K. C. J. Camphuysen, B. A. Nolet, J. Shamoun-Baranes,
Energetic and behavioral consequences of migration: an empirical evaluation in the
context of the full annual cycle. Sci. Rep. 13, 1210 (2023).

M. E. Herberstein, D. J. McLean, E. Lowe, J. O. Wolff, M. K. Khan, K. Smith, A. P. Allen,
M. Bulbert, B. A. Buzatto, M. D. B. Eldridge, D. Falster, L. Fernandez Winzer, S. C.
Griffith, J. S. Madin, A. Narendra, M. Westoby, M. J. Whiting, I. J. Wright, A. J. R.
Carthey, AnimalTraits - a curated animal trait database for body mass, metabolic rate and
brain size | Scientific Data. Sci. Data 9, 265 (2022).

24



796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

J. O. Abraham, N. S. Upham, A. Damian-Serrano, B. R. Jesmer, Evolutionary causes and
consequences of ungulate migration. Nat. Ecol. Evol. 6, 998—1006 (2022).

C. S. Teitelbaum, W. F. Fagan, C. H. Fleming, G. Dressler, J. M. Calabrese, P.
Leimgruber, T. Mueller, How far to go? Determinants of migration distance in land
mammals. Ecol. Lett. 18, 545-552 (2015).

J.-M. Gaillard, A. Loison, M. Festa-Bianchet, N. G. Yoccoz, E. Solberg, Ecological
Correlates of Life Span in Populations of Large Herbivorous Mammals. Popul. Dev. Rev.
29, 39-56 (2003).

S. L. Lindstedt, W. A. Calder, Body Size, Physiological Time, and Longevity of
Homeothermic Animals. Q. Rev. Biol. 56, 1-16 (1981).

H. Sawyer, C. W. LeBeau, T. L. McDonald, W. Xu, A. D. Middleton, All routes are not
created equal: An ungulate’s choice of migration route can influence its survival. J. Appl.
Ecol. 56, 1860-1869 (2019).

G. Passoni, T. Coulson, N. Ranc, A. Corradini, A. J. M. Hewison, S. Ciuti, B. Gehr, M.
Heurich, F. Brieger, R. Sandfort, A. Mysterud, N. Balkenhol, F. Cagnacci, Roads
constrain movement across behavioural processes in a partially migratory ungulate. Mov.
Ecol. 9, 57 (2021).

R. Kentie, J. Morgan Brown, K. C. J. Camphuysen, J. Shamoun-Baranes, Distance
doesn’t matter: migration strategy in a seabird has no effect on survival or reproduction.
Proc. R. Soc. B Biol. Sci. 290, 20222408 (2023).

F. A. Smith, S. K. Lyons, S. K. M. Ernest, K. E. Jones, D. M. Kaufman, T. Dayan, P. A.
Marquet, J. H. Brown, J. P. Haskell, Body Mass of Late Quaternary Mammals. Ecology
84, 3403-3403 (2003).

T. S. Sillett, R. T. Holmes, Variation in survivorship of a migratory songbird throughout its
annual cycle. J. Anim. Ecol. 71, 296-308 (2002).

B. M. Winger, T. M. Pegan, Migration distance is a fundamental axis of the slow-fast
continuum of life history in boreal birds. Ornithology 138, ukab043 (2021).

K. E. Ruckstuhl, P. Neuhaus, Sexual segregation in ungulates: a new approach.
Behaviour 137, 361-377 (2000).

G. A. Breed, W. Bowen, J. McMillan, M. L. Leonard, Sexual segregation of seasonal
foraging habitats in a non-migratory marine mammal. Proc. R. Soc. B Biol. Sci. 273,
2319-2326 (2006).

25



828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861

97.

98.

99.

100.

101.

102.

103.

R. Kays, B. Hirsch, D. Caillaud, R. Mares, S. Alavi, R. W. Havmgller, M. Crofoot, Multi-
scale movement syndromes for comparative analyses of animal movement patterns.
Mov. Ecol. 11, 61 (2023).

A. Odlyzko, The rapid evolution of scholarly communication. Learn. Publ. 15, 7-19
(2002).

R. Ramachandran, K. Bugbee, K. Murphy, From Open Data to Open Science. Earth
Space Sci. 8, e2020EA001562 (2021).

A. Culina, F. Adriaensen, L. D. Bailey, M. D. Burgess, A. Charmantier, E. F. Cole, T.
Eeva, E. Matthysen, C. R. Nater, B. C. Sheldon, B.-E. Saether, S. J. G. Vriend, Z.
Zajkova, P. Adamik, L. M. Aplin, E. Angulo, A. Artemyev, E. Barba, S. Barisi¢, E. Belda,
C. C. Bilgin, J. Bleu, C. Both, S. Bouwhuis, C. J. Branston, J. Broggi, T. Burke, A.
Bushuev, C. Camacho, D. Campobello, D. Canal, A. Cantarero, S. P. Caro, M. Cauchoix,
A. Chaine, M. Cichon, D. Cikovi¢, C. A. Cusimano, C. Deimel, A. A. Dhondt, N. J.
Dingemanse, B. Doligez, D. M. Dominoni, C. Doutrelant, S. M. Drobniak, A. Dubiec, M.
Eens, K. Einar Erikstad, S. Espin, D. R. Farine, J. Figuerola, P. Kavak Gllbeyaz, A.
Grégoire, |. R. Hartley, M. Hau, G. Hegyi, S. Hille, C. A. Hinde, B. Holtmann, T. llyina, C.
Isaksson, A. Iserbyt, E. lvankina, W. Kania, B. Kempenaers, A. Kerimov, J. Komdeur, P.
Korsten, M. Kral, M. Krist, M. Lambrechts, C. E. Lara, A. Leivits, A. Liker, J. Lodjak, M.
Magi, M. C. Mainwaring, R. Mand, B. Massa, S. Massemin, J. Martinez-Padilla, T. D.
Mazgajski, A. Mennerat, J. Moreno, A. Mouchet, S. Nakagawa, J.-A. Nilsson, J. F.
Nilsson, A. Claudia Norte, K. van Oers, M. Orell, J. Potti, J. L. Quinn, D. Réale, T. Kristin
Reiertsen, B. Rosivall, A. F. Russell, S. Rytkénen, P. Sanchez-Virosta, E. S. A. Santos, J.
Schroeder, J. C. Senar, G. Seress, T. Slagsvold, M. Szulkin, C. Teplitsky, V. Tilgar, A.
Tolstoguzov, J. Térok, M. Valcu, E. Vatka, S. Verhulst, H. Watson, T. Yuta, J. M. Zamora-
Marin, M. E. Visser, Connecting the data landscape of long-term ecological studies: The
SPI-Birds data hub. J. Anim. Ecol. 90, 2147-2160 (2021).

S. Des Roches, D. M. Post, N. E. Turley, J. K. Bailey, A. P. Hendry, M. T. Kinnison, J. A.
Schweitzer, E. P. Palkovacs, The ecological importance of intraspecific variation. Nat.
Ecol. Evol. 2, 57-64 (2018).

C. Violle, M.-L. Navas, D. Vile, E. Kazakou, C. Fortunel, I. Hummel, E. Garnier, Let the
concept of trait be functional! Oikos 116, 882—892 (2007).

C. Bernard, G. S. Santos, J. A. Deere, R. Rodriguez-Caro, P. Capdevila, E. Kusch, S. J.
L. Gascoigne, J. Jackson, R. Salguero-Gémez, MOSAIC - A Unified Trait Database to
Complement Structured Population Models. Sci. Data 10, 335 (2023).

26



862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877

104.

105.

106.

107.

108.

R. Guralnick, P. Zermoglio, J. Wieczorek, R. LaFrance, D. Bloom, L. Russell, The
importance of digitized biocollections as a source of trait data and a new VertNet
resource. Database 2016, baw158 (2016).

A. L. Pigot, C. Sheard, E. T. Miller, T. P. Bregman, B. G. Freeman, U. Roll, N. Seddon, C.
H. Trisos, B. C. Weeks, J. A. Tobias, Macroevolutionary convergence connects
morphological form to ecological function in birds. Nat. Ecol. Evol. 4, 230-239 (2020).
W. Jetz, M. A. McGeoch, R. Guralnick, S. Ferrier, J. Beck, M. J. Costello, M. Fernandez,
G. N. Geller, P. Keil, C. Merow, C. Meyer, F. E. Muller-Karger, H. M. Pereira, E. C.
Regan, D. S. Schmeller, E. Turak, Essential biodiversity variables for mapping and
monitoring species populations. Nat. Ecol. Evol. 3, 539-551 (2019).

Guralnick, Traits as essential biodiversity variables. Biodivers. Inf. Sci. Stand. 1, €20295
(2017).

S. A. Fritz, A. Purvis, Selectivity in mammalian extinction risk and threat types: a new
measure of phylogenetic signal strength in binary traits. Conserv. Biol. J. Soc. Conserv.
Biol. 24, 1042-1051 (2010).

27



878
879

880
881
882

[Movement data\

Space Use
Home Range
Migration Distance
Max/Min Latitude
Max/Min Longitude
Migration Direction
Phenology
Max Transit Speed
Migration Propensity
Survival
Reproductive Success
Feeding Rates

Prey Capture Success \’2
Movement History J QU ESTIONS

(U

How physiological and biomechanical traits (

How do migration distance and migration duration influence
How do , metabolic rate, and

How do traits (e.g.
Do partially migrating species have different
How does phenotypic plasticity in metabolically-related traits (e.g.
across seasons?

How do responses to climate change (timing or spatial extent of movement) relate to traits (

How do responses to climate change (indexed by northern range bounds across years) relate to

How do species and performance limits (maximum transit speed) constrain life history timing in movement/migration?
Which drive an individual’s propensity to migrate in partially migrating species?
How do traits ( ) contribute to utilization of specific migration routes or conservation corridors?
How does relate to the degree of phenological compensation (moderating speed based on distance)?
How does the relate to , and movement distance?
How does relate to phenology for migrating species?
How does relate to migration distance/location/direction?
Do "lucky" foraging strategies (feeding rate variance) slow down the pace of life history ( )?

How do experimentally-induced impact the timing of life history events including migration?

Trait data

Bird Bill Dimensions
Bird Wing Dimensions
Leg Length
Body Size
Brain Size
Tooth Size
Metabolic Rate
Thermal Tolerance
Transport Modality
Diet %

Diet Specialization
Social System
Breeding System
Female maturity age
Litter/Clutch Size
Longevity
Gestation Duration
Inter-Birth Interval

)?

?

) relate to migration distances?

?

scale up to total migration costs?

) relate to home range size and daily movements?

than obligate migrators?
) change daily movements and home range

Figure 1. Tracking databases and trait databases contain extensive information about global

patterns; their integration could enable researchers to answer key questions about ecological

and evolutionary processes. Note that some metrics (e.g., demographic traits) can be

represented in both trait databases (e.g., lifespan) and tracking data (e.g., mortality signal).
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Figure 2. Mammal and bird phylogenetic representation of 240 genera for which both tracking
and trait data are available. Based on the D-statistic (708), there is extensive phylogenetic
clustering of available trait and tracking data (D=0.7971523 for mammals, D=0.6573673 for

birds). A subset of 173 genera with available phylopic silhouettes are shown.
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891  Figure 3. Publicly available trait and tracking datasets overlap in their representation of animal

892  sizes (body masses).
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Figure 4. Geographic distribution of publicly available data from trait and tracking databases.
Whereas trait data are globally distributed, reflecting increased species richness near the
tropics, publicly available tracking data are predominantly collected in the United States and
Europe. Note that tracking database points are deployment locations (i.e., 1 point per
deployment), not recovery locations or tracking data. Data are only shown for the 33% of
available studies (163 studies with 9,640 deployments) that provided deployment location data.
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904

905 Figure 5. Three case studies showing the potential utility of integrating trait and tracking

-2

906 databases. (a) Metabolics case study: field metabolic rate plotted against body mass for 95
907  species of eutherian and marsupial mammals. Integration of trait and tracking data (e.g.,

908 migratory status, daily movement distance) could be used to explain deviations from this line.
909 (b) Migration distance case study: the hypothetical relationship between body size, migration
910 distance, and longevity for herbivores. Tracking and trait data are available for dozens of

911  species and could be used to test this hypothesized relationship (¢) Sexual niche segregation
912  case study: data from trait and tracking data were combined to test whether sexual size

913  dimorphism is related to differences in movement patterns.

914
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Fulmarus Gallinago Garrulus Gavia Grus Gypaetus Gyps Haematopus Haliaeetus Halichoerus. Hirundo Homo Lanius. Larus Leopardus Lepus

Didelphis Diomedea Egretta Elaenia Elephas Emberiza Equus Erithacus Eudocimus Eudyptes Euphagus Falco Felis Fratercula Fregata Fulica

Cerdocyon Cerorhinca Cervus Charadrius Ciconia Circaetus Circus. Clangula Coceyzus Columba Connochaetes Coragyps Corvus Cygnus Dasyprocta  Dendrocygna
Balaenoptera Bison Bos Brachyramphus Branta Bubo Buceros Buteo Calidris Canis Capra Capreolus Caracal Cathartes Catharus Cebus

Accipiter Acinonyx Aegypius Alces Anas Anser Antidorcas Antilocapra  Aptenodytes Aquila Ardea Arenaria Asio Ateles Aythya Balaena

915
916  Supplemental Figure 1. Birds and mammals from 240 genera have both tracking and trait data

917 available. A subset of 173 genera with available phylopic silhouettes are shown here in

918 alphabetical order by genus.
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Supplemental Figure 2. Orders represented by each database, using the taxizedb package in
R to assign each genus and species to an order (based on ITIS). Note that all orders have trait
data available (from Amniote and EltonTraits databases) but not all orders have tracking data

available (from the Movebank database).
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Supplemental Figure 3. Peer-reviewed publications that cite the foundational trait and tracking
database papers are published in various journals. Only journals with >30 citations across the

foundational publications are shown.
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928 Supplemental Table 1. Table of the 616 publicly available animal tracking studies from Movebank as of April 2024. Each study is
929 referenced as a DOI for the dataset where available, or else as a published paper or report cited in the study where available, and
930 otherwise by the Movebank study name. A study can be viewed by appending the study ID to the following URL:

931  https://www.movebank.org/cms/webapp?gwt_fragment=page=studies,path=study

932

Study ID License type [Reference Reference type

80479 CC_0 https://doi.org/10.5441/001/1.hp37j8cb Dataset DOl (Movebank)

82207 CC_0 Movebank study 'BCI Agouti GPS', accessed March 2024 Movebank study

82684 CC_BY https://doi.org/10.1098/rspb.2010.2383 Paper DOI or PURL

123413 CC 0 https://doi.org/10.5441/001/1.pb653nk3 Dataset DOI (Movebank)

125221 CC_0 Movebank study 'Marc Bechard Hawks ', accessed March 2024 Movebank study

204253 CUSTOM https://doi.org/10.1525/cond.2011.090243 Paper DOI or PURL

220229 CC_BY Movebank study "Tsavo Lion Study', accessed March 2024 Movebank study

230394 CC_BY Movebank study 'NYSDEC Indiana Bats', accessed March 2024 Movebank study

236023 CC 0 https://doi.org/10.5441/001/1.56pf8220 Dataset DOI (Movebank)

433126 CC_0 https://doi.org/10.5441/001/1.td71sn54 Dataset DOI (Movebank)
Hirsch BT. 2007. Within-group spatial position in ring-tailed coatis (Nasua nasua): balancing

433318 CUSTOM predation, feeding success, and social competition [dissertation]. [Stonybrook (NY)]: State Article or report with no DOI
University of New York at Stonybrook. 328 p.

446487 CC_BY https://doi.org/10.1007/s10336-010-0492-1 Paper DOI or PURL

446571 CC_BY Movebank study '"MPIAB Griffon Vulture Argos', accessed March 2024 Movebank study

446575 CC 0 Movebank study '"MPIAB Lake Constance Ducks Argos', accessed March 2024 Movebank study

446579 CC_BY https://doi.org/10.1016/j.anbehav.2016.02.026 Paper DOl or PURL

446603 CC_BY http://www.jstor.org/stable/1522237 Paper DOl or PURL

446635 CC_BY Movebank study '"MPIAB Trumpeter Hornbill Argos', accessed March 2024 Movebank study

446659 CC_BY Movebank study '"MPIAB White Stork Greece Argos', accessed March 2024 Movebank study

446663 CC_BY Movebank study '"MPIAB White Stork Oriental Argos', accessed March 2024 Movebank study

446667 CC_BY Movebank study 'MPIAB White Stork South African Population Argos', accessed March 2024 [Movebank study




481458 CC_BY https://doi.org/10.5441/001/1.f3qt46r2 Dataset DOl (Movebank)
Bauer H-G, Fiedler W, Heine G, Seier |. 2011. Bestandsdynamik, Verbreitung und
978749 CC_BY Brutbiologie der Rostgans Tadorna ferruginea am Bodensee und Hochrhein: negative Article or report with no DOI
Auswirkungen auf einheimische Vogelarten? Ornithologische Jahreshefte Baden-
Wirttemberg. 27:103-121.
1481243 CC 0 https://doi.org/10.5441/001/1.2k536j54 Dataset DOI (Movebank)
1495582 CC_BY https://pubs.er.usgs.gov/publication/70134558 Paper DOI or PURL
1518377 CC_BY https://pubs.er.usgs.gov/publication/70134558 Paper DOl or PURL
1760349 CC_0 https://doi.org/10.1111/j.1365-2664.2008.01589.x Paper DOI or PURL
1764627 CC 0 https://doi.org/10.5441/001/1.j900f88t Dataset DOI (Movebank)
1818825 CC_BY Movebank study 'Forest Elephant Telemetry Programme’, accessed March 2024 Movebank study
1823143 CUSTOM Movebank study 'White-faced capuchin, GPS Crofoot Barro Colorado Island, Panama', Movebank study
accessed March 2024
1898591 CC_BY Movebank study '"MPIAB White Stork Prinzesschen', accessed March 2024 Movebank study
1902221 CC_BY Movebank study 'Collared Peccary on BCI', accessed March 2024 Movebank study
1918503 CUSTOM https://doi.org/10.1111/j.1469-1795.2011.00454 .x Paper DOI or PURL
2147218 CC_0 https://doi.org/10.1016/j.biocon.2010.03.041 Paper DOI or PURL
Reid N, Harrison AT. 2010. Post-release GPS tracking of hand-reared Irish hare Lepus
2151381 CUSTOM timidus hibernicus leverets, Slemish, Co. Antrim, Northern Ireland. Conserv Evidence. 7:32- |Article or report with no DOI
38.
Eichhorn G. 2008. Tracking migratory geese. In: Eichhorn G, editor. Travels in a changing
2231619 CC_BY world: flexibility and constraints in migration and breeding of the barnacle goose [thesis]. Article or report with no DOI
[Groningen (NL)]: University of Groningen. p. 25-31.
2760899 CUSTOM Movebank study 'Frigatebirds breeding at Iguana Island, Panama', accessed March 2024 Movebank study
2911040 CC_0 https://doi.org/10.5441/001/1.3hp3s250 Dataset DOl (Movebank)
2919708 CC 0 https://doi.org/10.5441/001/1.mf903197 Dataset DOI (Movebank)
2923486 CC 0 https://doi.org/10.5441/001/1.41076dq1 Dataset DOI (Movebank)
2927282 CC_BY Movebank study 'Lake Constance Ducks', accessed March 2024 Movebank study
2930072 CC_0O https://doi.org/10.5441/001/1.35fs26kq Dataset DOl (Movebank)




2931895 CC_0O https://doi.org/10.5441/001/1.f32gn841 Dataset DOl (Movebank)
2935351 CUSTOM Movebank study 'NPA HUJ MPIAB White Pelican E-Obs', accessed March 2024 Movebank study
2943485 CC 0 https://doi.org/10.5441/001/1.s65950j0 Dataset DOI (Movebank)
2950149 CC 0 https://doi.org/10.5441/001/1.41076dq1 Dataset DOI (Movebank)
2988309 CC_BY Movebank study 'Great Cormorant Lake Constance MPIAB', accessed March 2024 Movebank study
2988321 CC_BY Movebank study 'MPIAB Great Egret', accessed March 2024 Movebank study
2988333 CC 0 https://doi.org/10.5441/001/1.q986rc29 Dataset DOI (Movebank)
3109235 CC_BY_NC |ttps://doi.org/10.1098/rsos.150633 Paper DOI or PURL
3615655 CC_0O https://doi.org/10.5441/001/1.s6t84pb5 Dataset DOl (Movebank)
3780829 CC_BY Movebank study 'Eagle owl Reinhard Vohwinkel MPIAB', accessed March 2024 Movebank study
3850406 CUSTOM https://doi.org/10.5441/001/1.2sr7mm39 Dataset DOI (Movebank)
4846927 CC_BY_NC |ttps://doi.org/10.3356/JRR-08-43.1 Paper DOI or PURL
5666500 CC_BY_NC |https://doi.org/10.17433/6.2016.50153395.253-261 Paper DOI or PURL
6250087 CC_BY_NC |Movebank study 'Short-eared Owl & Northern Harrier - NYSDEC', accessed March 2024 Movebank study
6459871 CC_BY_NC |Movebank study 'Peregrine Falcon - NYSDEC', accessed March 2024 Movebank study
6770990 CC_BY Movebank study '"MPIAB PNIC hurricane frigate tracking', accessed March 2024 Movebank study
6981683 CC_BY_NC |ttps://doi.org/10.5441/001/1.ct8sk835 Dataset DOI (Movebank)
7002955 CC_BY Movebank study 'HUJ MPIAB White Stork GSM E-Obs', accessed March 2024 Movebank study
7023252 CC_0 https://doi.org/10.5441/001/1.3q213195 Dataset DOl (Movebank)
7073245 CUSTOM https://doi.org/10.1111/jav.02629 Paper DOI or PURL
7249090 CC 0 https://doi.org/10.5441/001/1.b3b511d2 Dataset DOI (Movebank)
7423317 CUSTOM https://doi.org/10.3356/JRR-15-81.1 Paper DOI or PURL
7431347 CC_BY https://doi.org/10.5441/001/1.k29d81dh Dataset DOI (Movebank)
7895692 CC_BY https://doi.org/10.5441/001/1.rj5sc2bk Dataset DOI (Movebank)
8008999 CC_BY Movebank study 'LifeTrack White Stork South Africa’, accessed March 2024 Movebank study
8019591 CC_BY Movebank study 'Missouri Bison Tracking Project', accessed March 2024 Movebank study
8191213 CC_BY https://doi.org/10.1111/j.1744-7429.2012.00888.x Paper DOI or PURL
6317873 cC_BY Movebank study 'Common/King Eiders; Nuuk/Disko Bay/Upernavik, Greenland; Movebank study

Mosbech/Merkel; 2002 and 2003', accessed March 2024




8849813 CC_0 https://doi.org/10.1675/063.044.0309 Paper DOI or PURL
8863543 CC_BY Movebank study 'HUJ MPIAB White Stork E-Obs', accessed March 2024 Movebank study
8868155 CUSTOM Movebank study 'Osprey Bierregaard North and South America', accessed March 2024 Movebank study
8927992 CC_BY Movebank study 'LifeTrack - Evros Delta', accessed March 2024 Movebank study
9480191 CUSTOM https://doi.org/10.1111/j.1600-0706.2011.19441.x Paper DOI or PURL
9493881 CC_BY Movebank study 'LifeTrack White Stork Uzbekistan', accessed March 2024 Movebank study
9651291 CC_BY https://doi.org/10.5441/001/1.385gk270 Dataset DOI (Movebank)
10006517 ce o Movebank study 'Thick-billed Murres; Gilchrist; Digges Island, Canada’, accessed March Movebank study
- 2024

10157679 CC_BY https://doi.org/10.1126/sciadv.1500931 Paper DOl or PURL
10204361 CC 0 Movebank study 'Pandion haliaetus Osprey - SouthEast Michigan', accessed March 2024 Movebank study
10236270 CC_BY https://doi.org/10.1111/2041-210X.13767 Paper DOI or PURL
10449318 CC_BY Movebank study 'LifeTrack White Stork Loburg', accessed March 2024 Movebank study
10449535 CC_BY https://doi.org/10.1111/2041-210X.13767 Paper DOI or PURL
10449698 CC_BY Movebank study '"HUJ MPIAB White Stork GSM 2013', accessed March 2024 Movebank study
10511147 CUSTOM https://doi.org/10.5441/001/1.nf80477p Dataset DOI (Movebank)
10596067 CC_BY https://doi.org/10.1111/2041-210X.13767 Paper DOI or PURL
10763606 CC_BY https://doi.org/10.1126/sciadv.1500931 Paper DOl or PURL
10857031 CC_0 https://doi.org/10.5441/001/1.bg0v5531 Dataset DOI (Movebank)
11017705 CUSTOM https://doi.org/10.5441/001/1.8dcOv84m Dataset DOI (Movebank)
11223924 CC_BY Movebank study 'Bean Goose Anser fabalis Finnmark.', accessed March 2024 Movebank study
11468393 CUSTOM https://doi.org/10.5441/001/1.5jd56s8h Dataset DOl (Movebank)
11815535 CC_0 https://doi.org/10.5441/001/1.1r1s4v8d Dataset DOI (Movebank)
11948467 CC 0 Movebank study 'NCSU Mammalogy Campus Carnivores', accessed March 2024 Movebank study
12112706 CC_BY https://doi.org/10.1111/jav.01707 Paper DOI or PURL
12170798 CC_0 https://doi.org/10.5441/001/1.8764q39q Dataset DOl (Movebank)
13978569 CC_BY Movebank study 'Striated Caracara Falkland Islands', accessed March 2024 Movebank study
14261492 CC_BY_NC [Movebank study 'Brown bear Slovenia 1993-1999', accessed March 2024 Movebank study
14288429 CC_BY_NC [Movebank study 'Khulan Mongolia GPS-ARGOS 2002-2008', accessed March 2024 Movebank study




14291019 CC_BY_NC |Movebank study "Wolves Mongolia 2003-2005', accessed March 2024 Movebank study
14381504 CC_BY Movebank study 'TBMUCOMU.GastonMontevecchi.NWAtlantic', accessed March 2024 Movebank study
14512695 CC_BY https://doi.org/10.5441/001/1.250 Dataset DOI (Movebank)
14671003 CC_BY Movebank study 'Hooded Vulture Africa’, accessed March 2024 Movebank study
14703885 CC_BY Movebank study 'Levant Sparrowhawk Armenia', accessed March 2024 Movebank study
15661938 CC_BY https://doi.org/10.5441/001/1.44cb3946 Dataset DOl (Movebank)
16557786 CUSTOM Movebank study 'Pet Cat Germany MPIAB', accessed March 2024 Movebank study
16748598 CC 0 https://doi.org/10.5441/001/1.62s17b4v Dataset DOI (Movebank)
16880941 CC_ 0 https://doi.org/10.5441/001/1.46ft1k05 Dataset DOI (Movebank)
16924201 CUSTOM Movebank study 'Eurasian Griffon Vultures 1 Hz HUJ (Israel)', accessed March 2024 Movebank study
17196801 CC_BY_NC |Movebank study 'False Killer Whales - Hawaiian Islands- PIFSC', accessed March 2024 Movebank study
17469219 CC_BY_NC |Movebank study 'Egrets & Herons', accessed March 2024 Movebank study
17471653 CUSTOM https://doi.org/10.5441/001/1.33159h1h Dataset DOI (Movebank)
18993393 CC_0O https://doi.org/10.1371/journal.pone.0109097 Paper DOl or PURL
19148474 CUSTOM https://doi.org/10.5441/001/1.f01815nq Dataset DOI (Movebank)
19411459 CC 0 https://doi.org/10.5441/001/1.3c4fvOm4 Dataset DOI (Movebank)
20202974 CC_BY https://doi.org/10.5441/001/1.4n25015 Dataset DOI (Movebank)
20873986 CC_0O Movebank study 'LifeTrack Bald Eagle', accessed March 2024 Movebank study
21231406 CC_BY https://doi.org/10.5441/001/1.ck04mn78 Dataset DOl (Movebank)
21897548 CUSTOM https://doi.org/10.5441/001/1.fh860r2f Dataset DOI (Movebank)
24442409 CC_BY https://doi.org/10.5441/001/1.v1cs4nn0 Dataset DOI (Movebank)
25166516 CC_BY https://doi.org/10.1111/2041-210X.13767 Paper DOI or PURL
25558387 CUSTOM Movebank study 'Lesser Kestrel Rehab Ramat Hanadiv', accessed March 2024 Movebank study
8691134 CC_BY Movebank study 'Broad-winged Hawk habitat use, range, and movement ecology', accessed Movebank study
March 2024

29799425 CC_0 https://doi.org/10.5441/001/1.ps244r11 Dataset DOl (Movebank)
31888520 CUSTOM https://doi.org/10.5441/001/1.5k6b 1364 Dataset DOl (Movebank)
31987083 CUSTOM https://doi.org/10.5441/001/1.5d3f0664 Dataset DOI (Movebank)




Movebank study "Thick-billed Murres; Gilchrist; Cape Graham Moore, Canada', accessed

33622846 CC 0 Movebank study
March 2024
33643212 CC 0 https://doi.org/10.5441/001/1.8c56f72s Dataset DOI (Movebank)
34551859 CUSTOM https://doi.org/10.5441/001/1.c698353q Dataset DOI (Movebank)
36121409 CUSTOM https://doi.org/10.5441/001/1.82652t83 Dataset DOI (Movebank)
37350671 CC_0 https://doi.org/10.5441/001/1.14sm8k1d Dataset DOI (Movebank)
Movebank study 'Black-legged Kittiwakes; Mallory/Gaston/Akearok, Prince Leopold Island,
40008075 CC_BY Movebank study
Nunavut, Canada', accessed March 2024
Movebank study 'Thick-billed Murres; Gaston/Akearok, Prince Leopold Island, Nunavut,
40012605 CC_BY Movebank study
Canada', accessed March 2024
40906102 CC 0 http://hdl.handle.net/2286/R.A.93648 Paper DOI or PURL
Movebank study 'Long-billed Curlew Migration from the Intermountain West', accessed March
42451582 CC_BY_NC Movebank study
2024
Movebank study 'Common/King Eiders; East Bay Island, Nunavut; Gilchrist/Mosbech/Sonne
43747715 CC_BY Movebank study
2001 and 2003', accessed March 2024
45989874 CUSTOM Movebank study 'Bald eagle / Haliaeetus leucocephalus / Bullis', accessed March 2024 Movebank study
47430992 CUSTOM https://doi.org/10.5441/001/1.f7j8vt43 Dataset DOI (Movebank)
47449884 CC 0 https://doi.org/10.5441/001/1.8q8m8q2f Dataset DOI (Movebank)
49520609 CC 0 https://doi.org/10.5441/001/1.38f467s7 Dataset DOI (Movebank)
49535504 CUSTOM https://doi.org/10.5441/001/1.s9s86319 Dataset DOl (Movebank)
49904341 CC_0 https://doi.org/10.1098/rspb.2008.1202 Paper DOI or PURL
53460105 CC_BY https://doi.org/10.5441/001/1.kn0816jn Dataset DOI (Movebank)
54108884 CUSTOM https://doi.org/10.5441/001/1.32rf091b Dataset DOI (Movebank)
56232621 CUSTOM Movebank study 'Elephants Java FZG MPIAB DAMN', accessed March 2024 Movebank study
58672150 CC_BY https://doi.org/10.5441/001/1.nn55rh75 Dataset DOI (Movebank)
62400821 CUSTOM https://doi.org/10.5441/001/1.s528h83q Dataset DOI (Movebank)
63770020 CUSTOM Movebank study 'pteropus alecto Sunshine Coast', accessed March 2024 Movebank study
64283289 CC 0 https://doi.org/10.5441/001/1.289p5s77 Dataset DOI (Movebank)
66480086 CC_0 https://doi.org/10.5441/001/1.m3b75054 Dataset DOI (Movebank)




67281010 CC_BY Movebank study 'NC Wood Stork Tracking', accessed March 2024 Movebank study
68964337 CC_BY_NC |ttps://doi.org/10.5441/001/1.4rr97k10 Dataset DOI (Movebank)
69142590 CUSTOM https://doi.org/10.5441/001/1.bc72jg61 Dataset DOI (Movebank)
69724677 CC 0 Movebank study 'FTZ Geese Wadden Sea', accessed March 2024 Movebank study
71961236 CUSTOM https://doi.org/10.5441/001/1.tc769560 Dataset DOl (Movebank)
72289508 CC_BY_NC |ttps://doi.org/10.1371/journal.pone.0092277 Paper DOl or PURL
74496970 CC_BY https://doi.org/10.5441/001/1.78152p3q Dataset DOI (Movebank)
76367850 CC_BY https://doi.org/10.5441/001/1.4192t2j4 Dataset DOI (Movebank)
77253173 CC_BY_NC |https://doi.org/10.1676/1559-4491-132.1.1 Paper DOI or PURL
78970444 CUSTOM Movebank study 'Painted Bunting ABM 2015, accessed March 2024 Movebank study
79094631 CUSTOM Movebank study 'Sperm whale CRC NW Atlantic', accessed March 2024 Movebank study
79206236 CC_BY https://doi.org/10.5441/001/1.4v8q16qf Dataset DOI (Movebank)
83912796 CC 0 https://doi.org/10.5441/001/1.1n4d187p Dataset DOI (Movebank)
92261778 CC_BY Movebank study 'LifeTrack Whooper Swan Latvia', accessed March 2024 Movebank study
99265106 CC_0 https://doi.org/10.5441/001/1.vk36vq82 Dataset DOl (Movebank)
101348064 |CUSTOM Movebank study 'Jaguar Conservation in the Caatinga Biome', accessed March 2024 Movebank study
108322181 |CUSTOM https://doi.org/10.5441/001/1.td50n8q0 Dataset DOI (Movebank)
108619038 |CUSTOM Movebank study 'Osprey Bierregaard North and South America (2007-2013)", accessed Movebank study
March 2024

110074874 |CUSTOM Movebank study 'Birds of prey Lithuania GPS 2014', accessed March 2024 Movebank study
113636867 |CUSTOM Movebank study 'Kittiwakes2015', accessed March 2024 Movebank study
121041109 |CC_BY https://doi.org/10.5441/001/1.9206rm6b Dataset DOl (Movebank)
122281720 |CC_BY https://doi.org/10.5441/001/1.k5v5539n Dataset DOI (Movebank)
126103076 |CC_BY_NC |https://doi.org/10.5441/001/1.bs0s09c8 Dataset DOI (Movebank)
126313959 |CC_BY https://doi.org/10.5441/001/1.jb182ng4 Dataset DOI (Movebank)
128184877 |CUSTOM Movebank study 'White Stork Bulgaria', accessed March 2024 Movebank study
129159787 |CUSTOM https://doi.org/10.1371/journal.pone.0156688 Paper DOl or PURL
133992043 |CC_BY https://doi.org/10.5441/001/1.31c2v92f Dataset DOI (Movebank)
136461320 |CC_BY Movebank study 'The Leap of the Cat', accessed March 2024 Movebank study




136953438 |CC_0O https://doi.org/10.1088/1748-9326/ab71a0 Paper DOI or PURL
140391801 |CUSTOM https://doi.org/10.5441/001/1.1rc3hj8d Dataset DOl (Movebank)
145038719 |CC_BY https://doi.org/10.5441/001/1.282 Dataset DOI (Movebank)
146932094 |CUSTOM Movebank study 'Common Crane Lithuania GPS, 2015-2016', accessed March 2024 Movebank study
150597370  |CC_BY NC Movebank study 'Northern Bald Ibis - Konrad Lorenz Research Station 2015', accessed Movebank study
March 2024

150764908 |CUSTOM Movebank study 'Hybrid Spotted Eagles Lithuania GPS 2015-2021', accessed March 2024  [Movebank study
152496827 |CUSTOM Movebank study 'Caspian Terns, Columbia Plateau, WA, 2016', accessed March 2024 Movebank study
154820583 ||CC_BY Movebank study 'LifeTrack Griffon Vulture Croatia', accessed March 2024 Movebank study
157278223 |[CC_0O https://doi.org/10.5441/001/1.3gc013f3 Dataset DOl (Movebank)
163020445 |CC_0 https://doi.org/10.5441/001/1.7tp81b7b Dataset DOI (Movebank)
164144882 |CUSTOM https://doi.org/10.5441/001/1.6p427t2f Dataset DOI (Movebank)
171287018 |[CC_O https://doi.org/10.5441/001/1.95r77m9k Dataset DOl (Movebank)
172255794 |CC_O Movebank study 'Lifetrack Oilbirds Costa Rica', accessed March 2024 Movebank study
173641633 |CC_BY https://doi.org/10.5441/001/1.71r7pp6q Dataset DOI (Movebank)
175720577 |CC_BY https://doi.org/10.5441/001/1.s367rd3k Dataset DOI (Movebank)
175963833 |CUSTOM https://doi.org/10.5441/001/1.721tr877 Dataset DOl (Movebank)
176207818 |CC_BY Movebank study 'Stray Dogs Prishtina', accessed March 2024 Movebank study
176770813 |CC_BY https://doi.org/10.5441/001/1.3pt25757 Dataset DOI (Movebank)
177002088 |CC_0O https://doi.org/10.5441/001/1.t2212r18 Dataset DOI (Movebank)
177841261 |CC_0 https://doi.org/10.5441/001/1.kq7t609j Dataset DOI (Movebank)
178797918 |CC_BY https://doi.org/10.5441/001/1.406327g0 Dataset DOI (Movebank)
178979729 |CC_BY_NC |ttps://doi.org/10.5441/001/1.7vr1k987 Dataset DOI (Movebank)
178994931 |CC_BY https://doi.org/10.1111/j.1600-0587.2012.07733.x Paper DOI or PURL
180290122 |CC_BY https://doi.org/10.5441/001/1.g4gn4q56 Dataset DOI (Movebank)
182459847 |CC_BY https://doi.org/10.5441/001/1.f89984gn Dataset DOI (Movebank)
182746263 |[CC_O https://doi.org/10.5441/001/1.143v2p2k Dataset DOl (Movebank)
183209639 |CC_BY_NC |https://doi.org/10.5441/001/1.nk286sc0 Dataset DOI (Movebank)
183770262 |CC_0 https://doi.org/10.5441/001/1.44183438 Dataset DOI (Movebank)




184555533 |CC_BY_NC |https://doi.org/10.7717/peerj.3534 Paper DOI or PURL
185780950 |CC_BY NG Movebank study 'Northern Bald Ibis - Konrad Lorenz Research Station 2016', accessed Movebank study
March 2024

186171846 |CUSTOM https://doi.org/10.5441/001/1.595gn84d Dataset DOI (Movebank)
186178781 |CC_BY Movebank study 'Raptors NABU Moessingen public', accessed March 2024 Movebank study
193545363 |CC_0O https://doi.org/10.5441/001/1.7d8301h2 Dataset DOI (Movebank)
193984609 |CUSTOM Movebank study 'Waitati HSIMC WK1 and WK2', accessed March 2024 Movebank study
194626601 |CUSTOM Movebank study 'Purakaunui HSIMC WK1 and WK2', accessed March 2024 Movebank study
194854525 |CUSTOM Movebank study 'Karitane HSIMC WK1 and WK2', accessed March 2024 Movebank study
195130114 |CUSTOM Movebank study 'Port Chalmers HSIMC WK1 and WK2', accessed March 2024 Movebank study
195375760 |CUSTOM Movebank study 'Common Crane Lithuania GPS, 2016', accessed March 2024 Movebank study
196932952 |CC_0 https://doi.org/10.5441/001/1.15pq1m81 Dataset DOI (Movebank)
205765709 |CUSTOM https://doi.org/10.1002/ece3.3170 Paper DOI or PURL
208092450 |CC_BY https://doi.org/10.5441/001/1.73h2s043 Dataset DOI (Movebank)
208413731 |CC_BY https://doi.org/10.5441/001/1.h0t27719 Dataset DOI (Movebank)
208672795 |CC_0 https://doi.org/10.5441/001/1.c745vb70 Dataset DOI (Movebank)
209824313 |CC_BY https://doi.org/10.1111/j.1365-2664.2008.01466.x Paper DOI or PURL
212096177 |CC_BY https://doi.org/10.5441/001/1.c42j3js7 Dataset DOl (Movebank)
213511247 |CC_BY_NC |https://doi.org/10.1111/ibi.12217 Paper DOI or PURL
215137383 |CC_BY_NC |ttps://doi.org/10.18194/ws.00048 Paper DOI or PURL
216040785 |CC_BY https://doi.org/10.5441/001/1.p5bn656k Dataset DOI (Movebank)
217784323 |CC_BY https://doi.org/10.5441/001/1.37r2b884 Dataset DOI (Movebank)
220078181 |CC_BY_NC |https://doi.org/10.5441/001/1.694p666h Dataset DOI (Movebank)
225376313 |CC_0 https://doi.org/10.5441/001/1.32m2335q Dataset DOI (Movebank)
227843945 |CC_BY https://doi.org/10.5441/001/1.rj857167 Dataset DOI (Movebank)
229457444 |CC_BY https://doi.org/10.3354/esr00239 Paper DOI or PURL
236953686 |CC_O Movebank study 'LifeTrack Ducks Lake Constance', accessed March 2024 Movebank study
242477586 |CC_BY https://doi.org/10.5441/001/1.rt00m81v Dataset DOI (Movebank)
243688044 |CUSTOM https://doi.org/10.5441/001/1.b0g6rq1t Dataset DOI (Movebank)




245174184 |CUSTOM Movebank study 'Mongolian Gazelle Mongolia WSCC', accessed March 2024 Movebank study
247850178 |CUSTOM Movebank study 'ACR Heron and Egret telemetry project', accessed March 2024 Movebank study
248994009 |CC_0 Movebank study 'Thick-billed murre Elliott Coats 2010', accessed March 2024 Movebank study
249266943 |CC_0 Movebank study 'Thick-billed murre Elliott Coats 2011', accessed March 2024 Movebank study
249737372 |CC_0 Movebank study 'Thick-billed murre Gilchrist and Elliott Digges 2016', accessed March 2024 |Movebank study
252807846 |CC_O https://doi.org/10.1007/s10336-017-1490-3 Paper DOI or PURL
259966228 |CUSTOM https://doi.org/10.5441/001/1.hm5nk220 Dataset DOI (Movebank)
268904527 |CC_0 https://doi.org/10.5441/001/1.6ss053tn Dataset DOI (Movebank)
»70079388  [CC.0 Movebank study 'Thick-billed murre Gilchrist Cape Graham Moore 2016', accessed March Movebank study
2024
274355544 |CC_BY Movebank study 'Bill Cochran Peregrine falcon migration 1973-75', accessed March 2024 Movebank study
277815715 |CC_BY_NC |Movebank study 'Ichthyaetus audouinii Corsica’, accessed March 2024 Movebank study
287187244 |CC_O Movebank study 'Thick-billed murre Gilchrist and Elliott Coats 2016', accessed March 2024  |Movebank study
288396691 |CUSTOM https://doi.org/10.5441/001/1.67f77j31 Dataset DOl (Movebank)
90656283  |CUSTOM Movebank study 'Golden Snub-Nosed Monkeys (Rhinopithecus roxellana) in Baihe Nature Movebank study
Reserve, Sichuan, China', accessed March 2024
294524920 |CC_O https://doi.org/10.5441/001/1.923p 1184 Dataset DOl (Movebank)
295134472 |CC_BY_NC [Movebank study 'Plains zebra ChamaillV®©-Jammes Hwange NP', accessed March 2024 Movebank study
296027617 |CUSTOM https://doi.org/10.5441/001/1.7856r086 Dataset DOI (Movebank)
300222057 |CC_0 https://doi.org/10.5441/001/1.pf315732 Dataset DOI (Movebank)
302664172 [CC_BY NC Bohm H, Neilson E, de la Mare C, Boutin S. 2014. Wildlife habitat effectiveness and Article or report with no DOI
connectivity: moose ecology project summary report 2010-2012: Final report.
304527187 |CC_BY Movebank study 'Sabine's Gulls in the Juan de Fuca Eddy', accessed March 2024 Movebank study
304875150 |CUSTOM https://doi.org/10.5441/001/1.n1r7ds5r Dataset DOI (Movebank)
305974507 |CUSTOM https://doi.org/10.5441/001/1.30r98tb3 Dataset DOl (Movebank)
Movebank study 'African elephant (Migration) ChamaillN©-Jammes Hwange NP', accessed
307786785 |CC_BY_NC March 2024 Movebank study
312057662 |CC_0 https://doi.org/10.5441/001/1.52nn82r9 Dataset DOI (Movebank)
312267867 |CC_0 Movebank study 'Solovki Larus Track', accessed March 2024 Movebank study
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317481491 |CUSTOM https://doi.org/10.5441/001/1.c741t5b6 Dataset DOl (Movebank)
318843635 |CUSTOM https://doi.org/10.5441/001/1.8b3k178b Dataset DOl (Movebank)
326568799 |[CC_BY Movebank study 'Griffon Vulture Albstadt Salzburg (Gypsi)', accessed March 2024 Movebank study
329155299 NA Movebank study 'ChicagoGooseProject (Ornitela)', accessed March 2024 Movebank study
332044860 [CC_BY https://doi.org/10.5441/001/1.bj96m274 Dataset DOI (Movebank)
334874110 |CUSTOM Movebank study 'Unlocking Curious Minds 2017: Cat tracking', accessed March 2024 Movebank study
348283339 |[CC_BY_NC |ttps://doi.org/10.5441/001/1.c6b47s0r Dataset DOI (Movebank)
348687678 |CUSTOM https://doi.org/10.1073/pnas.0707711105 Paper DOI or PURL
358865092 |CC_0 Movebank study '"Thick-billed murre Gilchrist and Elliott Digges 2015', accessed March 2024 |Movebank study
360546360 |CUSTOM https://doi.org/10.5441/001/1.4h490c02 Dataset DOl (Movebank)
363865056 |[CUSTOM https://doi.org/10.5441/001/1.66n12c36 Dataset DOI (Movebank)
369184377 |CC_BY_NC |ttps://doi.org/10.5441/001/1.04qr5q47 Dataset DOI (Movebank)
374990463 |CUSTOM https://doi.org/10.5441/001/1.b800b7c3 Dataset DOI (Movebank)
376145741 |CC_0 Movebank study 'Thick-billed murre Elliott Coats 2013', accessed March 2024 Movebank study
377236888 |CC_0 Movebank study 'Snail Kite Brazil', accessed March 2024 Movebank study
384172482 |CC_BY https://doi.org/10.5441/001/1.sv6335t3 Dataset DOI (Movebank)
384868221 |CC_BY_NC [Movebank study 'White-tailed Eagle Poland.', accessed March 2024 Movebank study
384882516 |CC_BY_NC [Movebank study 'Spotted eagles NE Poland', accessed March 2024 Movebank study
394802766 [CC_BY https://doi.org/10.1111/gcb.15497 Paper DOI or PURL
395654442 |CC_0 Movebank study 'Plumbeous Pigeon Brazil', accessed March 2024 Movebank study
399246220 |CC_BY_NC |ttps://doi.org/10.5441/001/1.618969g63 Dataset DOI (Movebank)
399353330 |CC_BY_NC |ttps://doi.org/10.1111/ecog.05111 Paper DOI or PURL
404275330 |CUSTOM Movebank study 'Siberian crane Grus Mongolia', accessed March 2024 Movebank study
404939825 |CC_0 https://doi.org/10.5441/001/1.k8n02jn8 Dataset DOI (Movebank)
406811869 |CC_BY_NC |https://doi.org/10.5441/001/1.pk5ps1r3 Dataset DOI (Movebank)
412206724 |CC_BY_NC |https://doi.org/10.5441/001/1.j682ds56 Dataset DOI (Movebank)
416289710 |CC_BY https://doi.org/10.1098/rstb.2017.0385 Paper DOI or PURL
430263960  lCUSTOM Movebank study 'Bald Eagle (Haliaeetus leucocephalus) in the Pacific Northwest', accessed Movebank study

March 2024
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Movebank study 'GPS tracking of Snares penguins during egg incubation 2003', accessed

434277141 |CUSTOM Movebank study

March 2024
438644854 |CC_0 https://www.fws.gov/uploadedFiles/Migration and Wintering Areas of American Bitterns.pdf  [Paper DOI or PURL
439735878 |CC_BY https://doi.org/10.1371/journal.pone.0223139 Paper DOI or PURL
444539014 |CUSTOM https://doi.org/10.5441/001/1.72hh609t Dataset DOl (Movebank)
446053425 |CC_0 https://doi.org/10.5066/P9KBR79C Dataset DOI
450192766 |CC_BY_NC |https://doi.org/10.5441/001/1.qr133162 Dataset DOI (Movebank)
452187673 |CC_BY https://doi.org/10.5441/001/1.65h5s5p2 Dataset DOI (Movebank)
462476569 |CC_0 https://doi.org/10.5441/001/1.7n747m19 Dataset DOI (Movebank)
463520202 |CUSTOM https://doi.org/10.5441/001/1.1j802v05 Dataset DOI (Movebank)
466196195 |CUSTOM https://doi.org/10.5441/001/1.pk8g6s2h Dataset DOI (Movebank)
467005392 |CUSTOM https://doi.org/10.5441/001/1.46t5141d Dataset DOI (Movebank)
467031755 |CC_O https://doi.org/10.1038/s41598-020-76071-9 Paper DOI or PURL
467034665 |CC_O https://doi.org/10.1038/s41598-020-76071-9 Paper DOI or PURL
467037497 |CC_0 https://doi.org/10.1002/1438-390X.12008 Paper DOI or PURL
467038889 |CC_0 https://doi.org/10.1139/as-2019-0042 Paper DOI or PURL
467107447 |CC_BY https://doi.org/10.5441/001/1.kk38017f Dataset DOI (Movebank)
468460067 |CC_BY https://doi.org/10.5441/001/1.295 Dataset DOI (Movebank)
475878514 |CC_BY_NC |https://doi.org/10.1016/j.biocon.2020.108930 Paper DOI or PURL
492444603 |CC_0 https://doi.org/10.1371/journal.pone.0205742 Paper DOI or PURL
494680989 |CUSTOM https://doi.org/10.5441/001/1.3pk82706 Dataset DOI (Movebank)
500843885 |CUSTOM Movebank study 'Royal Norfolk Show', accessed March 2024 Movebank study
501787846 [CC_BY_NC ttps://doi.org/10.1016/j.biocon.2020.108930 Paper DOI or PURL
501903109 |CUSTOM Movebank study 'Red Kite MPI-AB Baden-Wuerttemberg', accessed March 2024 Movebank study
505156776 |CC_BY_NC [Movebank study 'Graugans Zugverhalten Neusiedler See', accessed March 2024 Movebank study
506722909 |CC_0 https://doi.org/10.5066/F7 TH8KVH Dataset DOI
506737915 [CC_0 https://doi.org/10.5066/POUKHJ22 Dataset DOI
510147801 |CUSTOM https://doi.org/10.5441/001/1.dn1b937k Dataset DOI (Movebank)
532621861 |[CC_BY https://doi.org/10.1126/science.abb7080 Paper DOI or PURL
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533427629 |[CC_O https://doi.org/10.5441/001/1.7mf48770 Dataset DOI (Movebank)
533575900 |CC_BY_NC |https://doi.org/10.5441/001/1.vv0ft02m Dataset DOI (Movebank)
547404600 [CC_O https://doi.org/10.5066/PONORY48 Dataset DOI
560041066 |[CC_BY https://doi.org/10.5441/001/1.v8d24552 Dataset DOI (Movebank)
565467203 |CC_BY Movebank study 'Arctic shorebird migration tracking study - Dunlin', accessed March 2024 Movebank study
577905925 [CC_BY https://doi.org/10.1111/1365-2656.13339 Paper DOI or PURL
581719332 |CC_BY_NC [Movebank study 'Brown Pelican Raccoon Island LA 2014-2017', accessed March 2024 Movebank study
604806671 |CC_0 https://doi.org/10.5281/zenodo.6567022 Dataset DOI
605129389 |CUSTOM https://doi.org/10.5441/001/1.3nj3qj45 Dataset DOl (Movebank)
606508137 (CC_BY Movebank study 'Arctic shorebird migration tracking study - Semipalmated Sandpiper’, Movebank study

accessed March 2024
613824346 |CC_BY_NC |ttps://doi.org/10.1098/rspb.2020.3164 Paper DOI or PURL
613825248  [CC_BY Movebank study 'MCP Rusty Blackbird Alberta, Alaska & New Hampshire', accessed March Movebank study

2024
618423679 |CUSTOM https://doi.org/10.5441/001/1.5jp8mq2v Dataset DOI (Movebank)
621703893 |CC_BY_NC |https://doi.org/10.5441/001/1.212g53s7 Dataset DOI (Movebank)
630478736 |CC_BY https://doi.org/10.5441/001/1.649s6f21 Dataset DOl (Movebank)
643943383 |CUSTOM Movebank study 'Griffon vulture [fdimes.gr]', accessed March 2024 Movebank study
650188969 |CC_BY https://doi.org/10.5441/001/1.5ph88fk2 Dataset DOI (Movebank)
654043458 |CUSTOM https://doi.org/10.5441/001/1.m7j2263r Dataset DOI (Movebank)
657674643 |CC_BY https://doi.org/10.5441/001/1.ct72m82n Dataset DOI (Movebank)
657965212 |CC_BY https://doi.org/10.5441/001/1.46b0mg21 Dataset DOl (Movebank)
658518884 |CUSTOM Movebank study 'Eastern Wild Turkey_Margadant', accessed March 2024 Movebank study
672882373 |CC_BY_NC |Movebank study 'Milvus_milvus_atlantismarcuard'’, accessed March 2024 Movebank study
673728219 |CC_BY http://purl.access.gpo.gov/GPO/LPS64886 Paper DOI or PURL
681056756 |CC_0 https://doi.org/10.5441/001/1.j25661td Dataset DOI (Movebank)
714362126 [CC_BY https://doi.org/10.1186/s12898-020-00299-2 Paper DOI or PURL
727170503 |CC_BY_NC [Movebank study 'MCP Arctic Tern North America’, accessed March 2024 Movebank study
732458683 |[CC_0 https://doi.org/10.5441/001/1.d95m633h Dataset DOI (Movebank)
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736029750 |[CC_BY_NC |ttps://doi.org/10.5441/001/1.403h24q5 Dataset DOl (Movebank)
746910348 |CC_BY https://doi.org/10.5441/001/1.0786vv78 Dataset DOI (Movebank)
788381694 |CC_BY_NC |ttps://doi.org/10.1111/1365-2656.13036 Paper DOI or PURL
797650867 |CUSTOM https://doi.org/10.5441/001/1.kk3bg2f4 Dataset DOI (Movebank)
849807214 |CC_O https://doi.org/10.5441/001/1.f01v7r80 Dataset DOI (Movebank)
854852176 |CC_0 https://doi.org/10.5066/P978PX2X Dataset DOI

861839307 |CC_0 https://doi.org/10.5066/POLUFGEF Dataset DOI

887332716 |CC_0 https://doi.org/10.5441/001/1.d5d912c4 Dataset DOI (Movebank)
890556697 |CC_0 https://doi.org/10.5441/001/1.j71640kh Dataset DOI (Movebank)
893458555 |CUSTOM Movebank study 'LifeTrack Vultures South Africa’, accessed March 2024 Movebank study
897981076 |CC_0 https://doi.org/10.5441/001/1.5g4h5t6¢c Dataset DOI (Movebank)
909521569 |CC_BY_NC |ttps://doi.org/10.1098/rsbl.2019.0797 Paper DOI or PURL
913538699 |[CC_BY https://doi.org/10.5441/001/1.j0d889f0 Dataset DOI (Movebank)
914913822 |CC_0 https://doi.org/10.5441/001/1.hs79pk45 Dataset DOl (Movebank)
915037836 |[CC_0 https://doi.org/10.5441/001/1.3833b9n1 Dataset DOI (Movebank)
915166703 [CC_O https://doi.org/10.5441/001/1.n0m7gd47 Dataset DOI (Movebank)
917901503 |[CC_0 https://doi.org/10.5441/001/1.v81b20p9 Dataset DOI (Movebank)
917906795 |CC_0 https://doi.org/10.5441/001/1.qv4p2cg7 Dataset DOl (Movebank)
920007556 |CC_0 https://doi.org/10.1038/s41598-020-76071-9 Paper DOI or PURL
920008781 [CC_0 https://doi.org/10.1111/ddi. 12860 Paper DOI or PURL
922263102 [CC_0 https://doi.org/10.5281/zenodo.3552507 Dataset DOI

924418031 |CC_0 Movebank study 'Common Snipe GPS-GSM logger Poland-Russia', accessed March 2024  [Movebank study
027024278 [CC_0 https://doi.org/10.5066/P90AGHW3 Dataset DOI

927364554 |CC_BY https://doi.org/10.5441/001/1.271 Dataset DOI (Movebank)
930926243 [CC_0 https://doi.org/10.1525/auk.2013.13010 Paper DOI or PURL
032384583 [CC_0 https://doi.org/10.5066/POMMVP9I Dataset DOI

933711994 [CC_BY https://doi.org/10.5441/001/1.j484vk24 Dataset DOl (Movebank)
938783961 |[CC_0 https://doi.org/10.5281/zenodo.3550093 Dataset DOI

942509734 |CC_BY https://irma.nps.gov/Datastore/DownloadFile/583612 Paper DOI or PURL
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942774711 |CC_O https://doi.org/10.5441/001/1.3gg33bd4 Dataset DOl (Movebank)
943122207 |[CC_BY https://doi.org/10.1016/j.cub.2017.11.009 Paper DOI or PURL
943824007 |CC_BY https://doi.org/10.5441/001/1.47h576f2 Dataset DOI (Movebank)
944655375 |CC_BY Movebank study 'Rough-legged Buzzard in variable environment', accessed March 2024 Movebank study
958302149 [CC_0 https://doi.org/10.5441/001/1.6v110sv8 Dataset DOI (Movebank)
958426706 |CC_BY_NC |https://doi.org/10.5441/001/1.c45f2p05 Dataset DOI (Movebank)
959756713 |CC_0 https://doi.org/10.1002/ecy.2651 Paper DOI or PURL
961039869 |CUSTOM https://doi.org/10.5441/001/1.k20j58qt Dataset DOI (Movebank)
965936538 |CC_0 https://doi.org/10.5441/001/1.4c7h5d1g Dataset DOI (Movebank)
085143423 |[CC_0 https://doi.org/10.5281/zenodo.3540799 Dataset DOI

986040562 |[CC_0 https://doi.org/10.5281/zenodo.3541811 Dataset DOI
1007425032 |CC_0 https://doi.org/10.5441/001/1.6v5¢c77t3 Dataset DOI (Movebank)
1007794443 |CC_BY_NC |https://doi.org/10.5441/001/1.ht5jf68h Dataset DOI (Movebank)
1009590724 |CC_0O https://doi.org/10.1515/ami-2018-0004 Paper DOI or PURL
1023074898 |CC_0O https://doi.org/10.5066/P93EF3TH Dataset DOI
1026666852 |CC_BY_NC |https://doi.org/10.5441/001/1.md069588 Dataset DOI (Movebank)
1027467132 |CC_BY https://doi.org/10.1186/s40317-020-00207-x Paper DOI or PURL
1030734949 |CC_0O https://doi.org/10.5441/001/1.8ms7mm80 Dataset DOI (Movebank)
1031414292 |CUSTOM https://doi.org/10.5441/001/1.8ms50757 Dataset DOI (Movebank)
1035523816 |CUSTOM Movebank study 'Honey Buzzard Pernis apivorus NE Poland ', accessed March 2024 Movebank study
1042359945 |CC_BY https://doi.org/10.5441/001/1.6m6h9s33 Dataset DOI (Movebank)
1049685237 |CC_0O https://doi.org/10.5441/001/1.ms87s2m6 Dataset DOI (Movebank)
1049826825 [CC_0O https://doi.org/10.5441/001/1.r9g07dr8 Dataset DOl (Movebank)
1071101052 |CC_0O https://doi.org/10.5441/001/1.t5n4s456 Dataset DOI (Movebank)
1071134107 |CC_0 https://doi.org/10.5441/001/1.282vr7kd Dataset DOI (Movebank)
1073231887 |CC_BY https://doi.org/10.3356/jrr-14-54.1 Paper DOI or PURL
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