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Abstract

Understanding animal behaviour is central to predicting, understanding, and miti-
gating impacts of natural and anthropogenic changes on animal populations and
ecosystems. However, the challenges of acquiring and processing long-term, eco-
logically relevant data in wild settings have constrained the scope of behavioural
research. The increasing availability of Unmanned Aerial Vehicles (UAVs), cou-
pled with advances in machine learning, has opened new opportunities for wildlife
monitoring using aerial tracking. However, limited availability of datasets with
wild animals in natural habitats has hindered progress in automated computer
vision solutions for long-term animal tracking. Here we introduce BuckTales,
the first large-scale UAV dataset designed to solve multi-object tracking (MOT)
and re-identification (Re-ID) problem in wild animals, specifically the mating
behaviour (or lekking) of blackbuck antelopes. Collected in collaboration with
biologists, the MOT dataset includes over 1.2 million annotations including 680
tracks across 12 high-resolution (5.4K) videos, each averaging 66 seconds and
featuring 30 to 130 individuals. The Re-ID dataset includes 730 individuals cap-
tured with two UAVs simultaneously. The dataset is designed to drive scalable,
long-term animal behaviour tracking using multiple camera sensors. By providing
baseline performance with two detectors, and benchmarking several state-of-the-art
tracking methods, our dataset reflects the real-world challenges of tracking wild
animals in socially and ecologically relevant contexts. In making these data widely
available, we hope to catalyze progress in MOT and Re-ID for wild animals, foster-
ing insights into animal behaviour, conservation efforts, and ecosystem dynamics
through automated, long-term monitoring.

1 Introduction

In a rapidly changing world, behaviour is the most flexible tool in an animal’s toolkit to solve
problems and adapt to novel challenges. While numerous observational and automated sensor-based
techniques exist to study animal behaviour, the past decade has seen a significant increase in the
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use of animal tracking from camera-based technology [Couzin and Heins, 2023, Tuia et al., 2022].
The ability to record detailed movement and behavioural data of individual animals non-invasively,
and over extended periods, has facilitated a range of discoveries across various aspects of animal
lives—from the study of animal architecture [Smith et al., 2021] and the understanding of individual
and collective animal decision-making [Sridhar et al., 2021, Sampaio et al., 2024], to revealing the
mechanisms of social interactions that result in coordinated collective movement [Torney et al., 2018,
Sridhar et al., 2023] and anti-predatory strategies [Rosenthal et al., 2015, Sosna et al., 2019, Davidson
et al., 2021].

While insights gained from vision-based animal tracking are on the rise, a lot of this work is still
restricted to controlled laboratory settings [Naik et al., 2023]. To translate these methods for research
on animals in their natural habitats, biologists are beginning to leverage advances in aerial imagery
(through the use of Unmanned Aerial Vehicles or UAVs) and state-of-the-art techniques in computer
vision and machine learning to record and track freely-moving animals in the wild [Koger et al., 2023,
Price et al., 2023, Ozogány et al., 2023, Maeda et al., 2021]. However, the problem remains that most
publicly available datasets of animal monitoring from UAVs do not offer ground truth for movement
tracking problems. Furthermore, animals in the wild do not restrict their movement to specific areas
captured within field-of-view of a single UAV. Therefore, recording behaviours occurring in relatively
large spatial scales requires robust tracking solutions and the fusion of information from multiple
simultaneously-flying UAVs.

Here we present BuckTales, the first dataset designed to study the behaviour of wild animals (in this
case, blackbuck) in a large area using multiple simultaneously-flying UAVs. The dataset focuses on
the task of UAV-based multi-object tracking (MOT) and re-identification (Re-ID) of wild animals.
The MOT dataset contains 22.5K frames (12.5 min) in total with the longest video >3 min (5805
frames) and average of 75 individuals per video. The Re-ID dataset focuses on the task of merging
the tracking data from multiple UAVs and thus annotations are provided for each antelope moving
in the overlapping region of a UAV pair. These data are collected in collaboration with behavioural
biologists studying lekking–an extremely rare mating system observed in <2% of mammalian species.
Thus, our dataset presents a unique opportunity where results from algorithms trained here may have
cross-disciplinary and direct real-world applications.

This article is written for both biologists and computer scientists. Therefore, we provide details for
creating such datasets and the relevant code base for biologists to replicate our process. Similarly, for
the computer science community, we offer baseline experiments with commonly known detection
and tracking methods to demonstrate limitations of state-of-the-art methods. An added contribution
of our dataset is that it is accompanied by specific analyses that highlight its suitability to becoming a
benchmark dataset for solving large scale animal tracking with multiple camera sensors.

2 State of the Art

It is hard to capture videos of detailed animal behaviour in the wild. Readying a dataset that captures
diverse animal behaviours requires extensive planning, logistical and financial support, and sizable
human effort to record and annotate massive amounts of images and videos. With that in mind,
computer scientists often turn to annotating images and videos widely available on the internet
[Chen et al., 2023]). While models trained on these datasets have greatly furthered our ability to
detect animals under diverse backgrounds and environments, the methods themselves have limited
portability to solve problems encountered by biologists. On the other hand, biologists capture large
scale datasets of wild animals in ecologically relevant settings but invest little to create annotated
datasets to facilitate method development by computer scientists. The lack of collaboration between
the two fields has led to a dearth of high-quality datasets, resulting in few researchers working on
challenging computer vision problems relevant to wildlife. In this section, we showcase the scarcity
of datasets by highlighting the state-of-the-art datasets involving wild animals captured with UAVs in
context of multi-object tracking (MOT) and re-identification (Re-ID). Additionally, we also point out
relevant contributions of this paper.

2.1 Multi-object tracking with UAVs

Creating a good multi-object tracking dataset with wild animals is challenging. There are no standards
for knowing what comprises a good MOT dataset. Various aspects like i) having long annotated
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Figure 1: A schematic of the data collection strategy and dataset details. The image in the top displays
top-down view of a blackbuck lek from a single drone with male territories marked. The close-ups on
the right show an example male and female. The bottom �gure is a simpli�ed data collection scheme,
shown here with two drones (note that the actual collection scheme involved three drones). Three
types of annotations are made available with the manuscript: object detection, multi-object tracking
and re-identi�cation.

sequences with multiple moving targets, ii) capturing variation in animal movement and behavioural
characteristics, and iii) encompassing varied proximity to neighbours during different types of social
interactions, all appear to be important. With that in mind, scraping videos off the internet is far from
optimal as it does not guarantee that the dataset will account for the above-mentioned diversities
essential for a good MOT dataset.

A predominant approach to the MOT problem is tracking by detection. Perhaps, this is why most
UAV datasets of wild animals largely focus on the object detection problem (see Table 2). Even
within the biological literature, researchers have proposed tracking by detection to track wild animals
with UAVs [Koger et al., 2023, Rathore et al., 2023b]. The problem however persists that these (and
other) approaches can not be evaluated for their tracking accuracy due to the lack of a benchmark
dataset for multi-object tracking of animals in the wild. [Price et al., 2023] recently offered a fast
method for annotating datasets for the task of automated behaviour recognition. The method makes
use of multi-object tracking to �nd individuals in videos but the authors do not provide datasets with
annotations for the MOT problem. [Bonetto and Ahmad, 2023] presented a novel idea using synthetic
data to improve animal detection, thus reducing the need for large real-world datasets. However,
such synthetic models for animal movement cannot re�ect real movements of animals and thus have
limited contribution towards the MOT problem.

One of the only animal MOT datasets with UAVs consists of cows grazing on a farmland [Barrios
et al., 2024]. The dataset offers a total of 106 seconds of annotated data split into 7 video sequences.
Here, the main intention was to develop a method for tracking cattle with thermal cameras and the
dataset contains relatively short segments which are not ideal for evaluating tracking performance
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over longer periods of time. Other MOT datasets include, terrestrial cameras in outdoor setting such
as AnimalTrack [Zhang et al., 2023], semi-controlled [Waldmann et al., 2024] or controlled settings
[Naik et al., 2023]. Generic MOT datasets such as TAO dataset ([Bai et al., 2021]) and GMOT-40
[Dave et al., 2020] do contain some sequences with animals but arguably, the challenges of solving
MOT from an aerial view are different and require specialised datasets that address this niche.

Finally, it should be noted that MOT datasets with UAVs designed for tracking humans or man-made
objects in urban areas are also scarce [Zhu et al., 2021]. We provide some of the longest annotated
sequences (>3 min) at the highest resolution (5.4K) and show (with further analysis) that longer
trajectories allow greater opportunities to evaluate the robustness of tracking as multiple individuals
interact with each other. Our dataset contains tracking challenges which directly contribute towards
improving existing MOT solutions irrespective of the target object.

2.2 Re-identi�cation with UAVs

The problem of identity tracking is highly relevant in the context of long-term monitoring of animals.
Re-identi�cation is largely pursued with the intention of monitoring the same individuals between
different days or even years. Image-based individual identi�cation between multiple days is success-
fully demonstrated with some animals [Wahltinez and Wahltinez, 2024] in the wild but it is largely
practiced in controlled environment such as lab studies [Romero-Ferrero et al., 2019, Walter and
Couzin, 2021]. Re-identi�cation algorithms use unique body patterns (whales [Berger-Wolf et al.,
2017],tigers [Li et al., 2019], cow [Li et al., 2022]) or face recognition like algorithms to assign
identities e.g. chimps [Scho�eld et al., 2019, Paulet et al., 2024].

More recently, UAVs are also being deployed for individual identi�cation in animal behaviour
research [Ozogány et al., 2023, Maeda et al., 2021]. To the best of our knowledge, only two datasets
are available for Re-ID of animals using UAV images. The �rst is a datasets with 88,000 images
of 139 crocodiles [Desai et al., 2022] and the second is 706 images of 10 cows [Mücher et al.,
2022]. Animals like blackbucks do not exhibit visibly unique patterns and thus creating a ground
truth with human annotators is extremely challenging, even with terrestrial cameras (e.g. camera
traps). In this paper, we de�ne the problem of re-identi�cation as a problem of identifying the same
individual recorded at the same time (Fig 2) with two separate UAVs. This approach does not require
human annotators to identify individuals speci�cally and ground truth can be created by establishing
identities between simultaneously recorded videos (see Sec. 3.3.3). A similar approach was used
for Re-ID of cars by [Wang et al., 2019] for the purpose aerial surveillance using multiple UAVs but
such datasets do not exist for monitoring wild animals.

Our dataset is the �rst to tackle the Re-ID problem for a large group of animals using multiple UAVs
and the �rst to provide video annotations for the Re-ID problem. We have de�ned the Re-ID problem
in context of combining tracking data obtained from multiple sensors and this approach paves the
way for solving large scale monitoring with a �eet of automated UAVs in the wild.

3 BuckTales dataset

This section contains details about the conceptualization of the dataset, the data collection protocol
and the structure of the dataset. First, we inform the reader about lekking behaviour of blackbuck.
Then we offer information about our data collection scheme which establishes relevance to the
multi-object tracking and the Re-ID problem. The �nal section provides structure of the dataset along
with the annotation scheme used for preparing the dataset.

3.1 Behaviour

Lekking is a relatively rare mating system in which males aggregate in closely clustered territories
that females visit to �nd mates [Rathore et al., 2023a]. Both the aggregation, and the site of its
occurrence, are known as leks. Fig 1 shows an aerial image and a schematic of a lek. The circular
spots seen in the lek are territorial markings of males. Males often engage in agonistic interactions,
including ritualistic displays, �ghts and chases, with their neighbours. When females visit a territory,
their interactions with the territory-owner can vary from courtship displays to mounting in a few
seconds to several hours. Females also move across territories assessing different males while being
chased, displayed to, and courted. With a wide array of social interactions in an ecologically and
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evolutionarily relevant context, leks serve as an excellent case study to address with multi-object
tracking (MOT).

3.2 Data collection scheme

Videos of the lek were obtained at resolution of 5.4K and a frame rate of 30 fps with all UAVs �ying
at an altitude of 80 metres. This recording altitude was chosen based on previous UAV-based studies
on blackbuck [Rathore et al., 2023b] as it provides a balance between a broad �eld of view and the
number of pixels per animal. Given the size of the lek (� 250 m x 300 m), we employed three DJI Air
2S drones simultaneously to cover a majority of the lekking arena. All recordings were obtained with
the cameras pointing at -90°(directly downward) to minimise occlusions. Fig 1 shows a schematic
representation of our data collection strategy.

In total, we collected� 10 TB of data, consisting of video sequences lasting between 30 and 120
minutes. These extended-duration recordings were achieved using a relay technique [Koger et al.,
2023], detailed in the supplementary material. The dataset does not include images of blackbuck
outside the lekking area, nor does it capture blackbuck herds, as the species typically moves in groups
within the same habitat. Additionally, seasonal variations in coat color—such as the lighter coloration
males exhibit outside the breeding season—are not re�ected in the dataset. Due to these factors, we
do not anticipate the misuse of our dataset in contexts like hunting or poaching.

3.3 Dataset structure and annotation process

We divided the dataset in three parts to focus on three different problems separately (See Fig 1). The
�rst part consists of annotated images for object detection, the second part contains annotated videos
for multi-object tracking, and the third part includes 11 pairs of videos from two simultaneously
�ying drones (with an overlap) for addressing the Re-ID problem.

3.3.1 Object detection dataset

Object detection is a necessary prerequisite for designing successful tracking algorithms, especially
for the tracking by detection approach. However, videos with annotations for the MOT do not re�ect
suf�cient variation in images across different days of lek and thus are not representative of the entire
behavioural dataset. Therefore we prepared a separate dataset to build a reliable blackbuck detection
algorithm. The intention is to use the same algorithm on the entire dataset collected for behavioural
studies and the detection models trained on this dataset are used for evaluating different trackers on
the MOT dataset (see Sec. 3.3.2). The detection dataset consists of 320 images selected from nine
different days and a total of 18.4K annotations of male and female blackbuck (details supplementary).
We use Labelbox to annotate the images with bounding boxes. The images are selected with careful
consideration of factors such as time of the day (sunrise/sunset), the presence of shadows of the
animals, the lighting conditions (weather) and most importantly, the presence of males and females
on the lek.

3.3.2 Multi-object tracking (MOT) dataset

The MOT dataset focuses on the tracking of two class categories: blackbuck males and blackbuck
females. All individuals are marked with a class label and unique individual IDs using the DarkLabel
tool 2. Each individual is manually selected in the �rst frame and DarkLabel automatically propagates
the annotations to the next frame. The tool assigns a new bounding box to the individual while
maintaining the identity and class information. A team of domain experts then veri�ed the propagated
annotations. We also wrote additional scripts to identify manual errors in the annotations e.g. ID
duplications or missing class assignments (see supplementary). These scripts are provided with the
dataset and will bene�t others biologists who wish to replicate our approach.

We selected videos based on the variation in lekking activity. The MOT dataset includes 12 video
sequences annotated with a total number of 1.2 million bounding boxes and they consist an average
60 tracks per video. Our longest video is 193 seconds (>5800 frames) and consists of 127 individuals.
We highlight that continuous annotations of such magnitude are not available with any existing MOT
datasets including captive or wild animals. Sec 4 contains more information on the quality of the

2https://github.com/darkpgmr/DarkLabel
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