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Foreword
The role ofmodern zoos continues to evolve. Beyond their traditional functions, zoos are
increasingly recognized as centres for animal welfare, conservation, education, and sci-
entific research. A sound understanding of animal behaviour is fundamental to achiev-
ing these objectives, as it provides the basis for evidence-based husbandry, welfare as-
sessment, enclosure design, environmental enrichment, and conservation management.

It was with this understanding that the Animal Behaviour Module of the Zoo Sci-
ence Course was conceived. Building upon the foundation established through the suc-
cessful Population Management Module conducted earlier in the year, this initiative
represents another important step towards strengthening the scientific and technical
capacity of zoo professionals across India.

Held from December 1-5, 2025 at Bannerughatta Biological Park, Bengaluru, the
course brought together zoo personnel from diverse institutions and backgrounds.
Through lectures, practical exercises, discussions, and field-based learning, participants
explored key concepts in animal behaviour, behavioural observation techniques, wel-
fare assessment, enrichment, positive reinforcement training, and the application of be-
havioural science in zoo management. The enthusiasm and engagement demonstrated
throughout the programme reaffirmed the growing recognition of behavioural science
as an essential component of modern zoo management.

This report documents the objectives, structure, and outcomes of the module
while reflecting the commitment of zoo professionals to advancing animal welfare and
evidence-based management practices. It is my sincere belief that initiatives such as the
Zoo Science Course will contribute significantly to building a skilled and collaborative
zoo community capable of addressing the challenges and opportunities of contemporary
zoo management.

On behalf of Bannerughatta Biological Park, I take this opportunity to thank the
Zoo Authority of Karnataka, the Karnataka Forest Department, the course faculty, and
all participants for their valuable contributions to the success of this programme. I look
forward to continued collaboration in strengthening professional capacity and advanc-
ing the role of zoos in conservation, animal welfare, and scientific management.

(Shri A V Surya Sen, IFS)
Executive Director,

Bannerughatta Biological Park.
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Executive summary
TheAnimal BehaviourModulewas conducted from 1–5December 2025 at Bannerughatta
Biological Park, Bengaluru, as the second module of the Zoo Science Course, a struc-
tured professional development initiative developed to strengthen scientific and tech-
nical capacity among zoo professionals in India. Building upon the Population Man-
agement Module conducted earlier in 2025, the programme aimed to equip participants
with the knowledge and practical skills required to incorporate behavioural science into
evidence-based zoo management.

Thefive-daymodule combined lectures, field observations, practical exercises, group
discussions, and computer-based analytical sessions to provide participants with a com-
prehensive introduction to behavioural science and its application in zoological collec-
tions. The curriculum covered the foundations of animal behaviour, behavioural ecol-
ogy, ethogram development, behavioural samplingmethods, study design, animal learn-
ing and husbandry training, abnormal behaviours, welfare assessment, social behaviour,
behavioural management of reptiles, and the use of behaviour to inform captive man-
agement. Practical sessions introduced participants to behavioural observations in the
field, behavioural data management and analysis using the R programming language,
digital behavioural monitoring tools, observer reliability, and statistical considerations
in behavioural research.

The programme emphasised that behaviour provides one of the most objective and
sensitive indicators of animal welfare, health, and management effectiveness. Partici-
pants were encouraged to adopt systematic behavioural monitoring as a routine com-
ponent of zoo management and to use behavioural evidence to evaluate husbandry
practices, enrichment programmes, enclosure design, social management, conserva-
tion breeding, and veterinary interventions. Throughout the module, strong emphasis
was placed on scientific study design, reproducible analytical workflows, and evidence-
based decision-making.

Pre-course assessments indicated that while participants recognised the importance
of animal behaviour in zoo management, most had limited experience with structured
behavioural sampling, ethogram development, behavioural data analysis, and digital
recording tools. Post-course evaluations demonstrated high levels of participant satis-
faction, increased confidence across all major learning domains, and a strong intention
to apply the knowledge and skills acquired during the programme within their respec-
tive institutions.

Overall, the Animal Behaviour Module successfully strengthened participants’ ca-
pacity to observe, measure, analyse, and interpret animal behaviour within a scientific
framework. By integrating behavioural ecology, welfare science, animal learning, and
quantitative analysis, the programme provided participants with practical tools that
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can be readily applied to everyday zoo management. The module also established be-
havioural science as a central theme underpinning the remaining components of the
Zoo Science Course, providing an important foundation for subsequent modules on Zoo
Animal Nutrition, Enclosure Design and Welfare, and Zoo Master Planning, thereby
promoting a coherent and integrated approach to modern, evidence-based zoo manage-
ment.
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1 Introduction
Modern zoos are increasingly recognized not only as spaces for public engagement, but
as institutions of conservation, research, education, and animal welfare. As the role of
zoos continues to evolve, there is growing recognition that understanding animal be-
haviour is fundamental to evidence-based husbandry, welfare assessment, conservation
breeding, enclosure design, and veterinary care. Behavioural science has therefore be-
come an integral component of modern zoo management, providing the knowledge and
tools needed to improve both animal welfare and conservation outcomes.

1.1 Zoo Science Course
The Zoo Science Course was conceived as India’s first structured professional develop-
ment programme tailored to the needs of zoo personnel. Developed with the support
of the Zoo Authority of Karnataka and hosted by Bannerughatta Biological Park, the
course is designed as a modular, recurring framework to build technical and strategic
capacity in zoo management. Its long-term vision is to address key thematic areas —
including population management, animal behaviour and welfare, zoo nutrition, enclo-
sure design, and master planning—through a blend of lectures, practical exercises, field
demonstrations, and peer learning.

Following the successful implementation of the inaugural Population Management

Module in June 2025, the Animal Behaviour Module was developed as the second com-
ponent of the Zoo Science Course. The module sought to strengthen the capacity of zoo
professionals to observe, interpret, and apply behavioural principles in the management
of captive wildlife, thereby promoting evidence-based decision-making and improved
standards of animal welfare.

This report documents the implementation of the Animal Behaviour Module held
from 1–5 December 2025 at Bannerughatta Biological Park, Bengaluru, and outlines its
rationale, structure, content, and outcomes.

1.2 Background and rationale
India is home to nearly 150 recognized zoos, managing a remarkable diversity of native
and non-native species under a wide range of environmental and management condi-
tions. As zoos increasingly embrace their roles in conservation, education, research, and
animal welfare, there is growing recognition that animal behaviour is central to achiev-
ing these objectives. Behaviour provides one of the most direct and sensitive measures
of how animals interact with their environment and respond to husbandry practices,
making it indispensable for evidence-based zoo management.
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Despite this importance, behavioural monitoring and assessment remain under-
utilized in many Indian zoos. Routine observations are often informal and lack stan-
dardized recording methods, limiting their value for management and research. Conse-
quently, opportunities to evaluate animal welfare, identify behavioural abnormalities,
assess enclosure effectiveness, measure enrichment outcomes, or support husbandry
training are frequently missed. Developing the capacity of zoo personnel to systemati-
cally observe, record, analyse, and interpret behaviour is therefore essential for improv-
ing both animal welfare and management decisions.

The Animal Behaviour Module was developed to address this need by strengthen-
ing technical skills among zoo biologists, veterinarians, curators, educators, and other
personnel involved in animal management. The curriculum introduced participants to
the principles of animal behaviour, behavioural observation techniques, ethogram de-
velopment, behavioural researchmethods, animal learning, husbandry training, welfare
assessment, and the practical application of behavioural science in zoo management. By
equipping participants with these competencies, the module promotes evidence-based
husbandry, improved animal welfare, and informed decision-making across Indian zoos.

1.3 Animal behaviour in zoos
Animal behaviour forms the foundation of modern zoo management. The expression of
species-typical behaviours provides valuable insights into an animal’s health, welfare,
social relationships, and adaptation to captive environments. Systematic behavioural
observations enable zoo professionals to evaluate husbandry practices, measure the
effectiveness of environmental enrichment, monitor behavioural development, detect
early signs of stress or disease, and assess the outcomes of management interventions.

Modern zoo behavioural science extends beyond descriptive observations to include
standardized data collection, experimental design, statistical analysis, and evidence-
based application. Behavioural information is routinely used to guide enclosure design,
optimize feeding strategies, support positive reinforcement training, improve reproduc-
tive success, manage social groups, and evaluate welfare. As behavioural data become
increasingly integrated into daily husbandry, they provide an objective basis for adap-
tive management and continuous improvement.

To support these applications, the course emphasized:

i. Systematic behavioural observations using standardized recording methods.

ii. Development of ethograms and behavioural sampling protocols.

iii. Behavioural research design and data analysis.

iv. Application of behavioural science to welfare assessment, husbandry training,
enrichment, and management.
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Strengthening behavioural science capacity within Indian zoos enables institutions
to make informed management decisions while improving animal welfare, supporting
conservation breeding programmes, and promoting a culture of evidence-based zoo
management.

Sh. A V Surya Sen, IFS, Executive Director, Bannerughatta Biological Park, addressing
the participants during the inaugural session of the Animal Behaviour Module (Zoo
Science Course), December 1, 2025.

1.4 Course overview
TheAnimal BehaviourModulewas conducted from 1–5December 2025 at Bannerughatta
Biological Park, Bengaluru. The programme targeted zoo biologists and other technical
personnel responsible for animal management, behavioural monitoring, welfare assess-
ment, conservation breeding, research, and education.

Thefive-day course combined classroom instructionwith extensive field-based prac-
tical sessions, allowing participants to immediately apply behavioural observation tech-
niques in a zoo setting. The curriculum covered the complete behavioural study pro-
cess—from formulating research questions and developing ethograms to data collection,
analysis, interpretation, and application in husbandry and welfare management. Par-
ticipants were also introduced to concepts of animal learning, husbandry training, be-
havioural indicators of welfare, abnormal behaviours in captivity, and the integration
of behavioural science into routine zoo management.

The programme emphasized active participation through behavioural observations,
case studies, group discussions, and practical data analysis using R. By combining theo-
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retical foundations with applied learning, the module equipped participants with practi-
cal skills that can be readily incorporated into everyday zoo operations and established
a common framework for evidence-based behavioural management across Indian zoos.
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2 Module framework

2.1 Goal
To strengthen the capacity of Indian zoo professionals to apply behavioural science
in animal management by developing skills in behavioural observation, data collection,
analysis, interpretation, and evidence-based application, thereby improving animal wel-
fare, husbandry, conservation breeding, and management outcomes.

2.2 Objectives
The Animal Behaviour Module was designed to equip zoo personnel with foundational
knowledge and practical skills in the observation, analysis, and application of animal
behaviour in zoo management. Specifically, the module aimed to:

i. Build a conceptual understanding of animal behaviour and its relevance to zoo
management, conservation, and animal welfare.

ii. Develop practical skills in behavioural observation, ethogram development, be-
havioural sampling, and standardized data collection.

iii. Introduce participants to the design, analysis, and interpretation of behavioural
studies using open-source analytical tools.

iv. Demonstrate the application of behavioural science to welfare assessment, envi-
ronmental enrichment, husbandry training, enclosure evaluation, and manage-
ment decision-making.

v. Foster a culture of evidence-based practice by encouraging participants to inte-
grate behavioural monitoring into routine zoo operations.

2.3 Pedagogy and teaching approach
The module adopted a learner-centred pedagogy that combined classroom instruction
with extensive field-based practical sessions. Emphasiswas placed on experiential learn-
ing, enabling participants to directly observe animals, collect behavioural data, analyse
findings, and translate results into practical management recommendations.

The teaching approach emphasized:

i. Field-based behavioural observations using a range of zoo species.

ii. Hands-on development of ethograms and standardized behavioural sampling pro-
tocols.

iii. Behavioural data analysis and visualization using R.
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iv. Case studies and group discussions illustrating applications of behavioural sci-
ence in welfare assessment, enrichment, husbandry training, and captive man-
agement.

v. Reflection and collaborative learning through participant discussions, presenta-
tions, and problem-solving exercises.

This approach ensured that participants progressed through the complete behavioural
research cycle—from askingmeaningful questions and collecting reliable data to analysing
results and applying behavioural evidence to improve animal management and welfare.

2.4 Speakers and participants
The module brought together participants from zoos primarily located in the south-
ern region along with resource persons representing expertise in behavioural ecology,
animal welfare, zoo management, and applied behavioural research. Details of the par-
ticipants and speakers are provided in Appendix A.

Group photograph of the participants, instructors, and organizers of the Animal Be-
haviourModule, Zoo Science Course, held at Bannerughatta Biological Park, Bengaluru,
from 1–5 December 2025.
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3 Module schedule
The Animal Behaviour Module was conducted over five days from 1–5 December 2025.
The programme combined classroom lectures with field-based practical sessions, allow-
ing participants to progressively develop competencies in behavioural observation, re-
search design, data collection, analysis, and application. Eachmorning (Days 2–5) began
with behavioural observations in the zoo, providing datasets that were subsequently
used during classroom exercises and discussions. The detailed schedule is presented
below.

Time Session

Day 1 – Monday, 1 December 2025: Foundations of animal behaviour

09:30–10:30 Inaugural
10:30–11:00 Introduction to the Zoo Science Course (L)
11:00–11:30 Break
11:30–12:30 Introduction to Animal Behaviour (L)
12:30–13:30 Animal Behaviour in the Zoo (L)
13:30–14:30 Lunch
14:30–15:30 Animal Behaviour in the Zoo (continued) (L)
15:30–17:00 Introduction to R for Behavioural Data Analysis (H)

Day 2 – Tuesday, 2 December 2025: Behavioural observations and study design

07:30–08:30 Field Behavioural Observations (H)
08:30–09:30 Break
09:30–11:30 Choosing a ResearchQuestion (L)
11:30–12:00 Break
12:00–13:30 Ethogram Development (H)
13:30–14:30 Lunch
14:30–16:30 Designing Behavioural Studies (H)
16:30–17:30 Behavioural Metrics, Recording Methods and Data Quality

(H)
Day 3 – Wednesday, 3 December 2025: Behavioural ecology and analysis

07:30–08:30 Field Behavioural Observations (H)
08:30–09:30 Break
09:30–10:30 BehaviouralMetrics, RecordingMethods andDataQuality (L)
10:30–11:30 Animal Learning and Husbandry Training (L)
11:30–13:30 Behavioural Development and Parental Care in Captive Ani-

mals (L)

Continued on next page
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Continued from previous page

Time Session

13:30–14:30 Lunch
14:30–17:30 Behavioural Research Data Analysis using R (H)

Day 4 –Thursday, 4 December 2025: Behaviour, welfare and management

07:30–08:30 Field Behavioural Observations (H)
08:30–09:30 Break
09:30–10:30 Abnormal Behaviours in Captivity (L)
10:30–11:30 Behaviour as an Indicator of Welfare – Case Study: Felids (L)
11:30–13:30 Integrating Social Behaviour into Captive Animal Manage-

ment (L)
13:30–14:30 Lunch
14:30–15:30 Behaviour as a Tool to Improve Captive Management of Rep-

tiles and Amphibians (L)
15:30–17:30 Behavioural Research Data Analysis using R (continued) (H)

Day 5 – Friday, 5 December 2025: Applications and synthesis

07:30–08:30 Field Behavioural Observations (H)
08:30–09:30 Break
09:30–11:30 Evaluating Husbandry Interventions (L)
11:30–12:30 Ethics and Welfare Considerations in Applied Behaviour Re-

search (L)
12:30–13:30 Behaviour and Captive Management – A Holistic Perspective

(L)
13:30–14:30 Lunch
14:30–16:00 Reflection and Participant Feedback
16:00–16:30 Valedictory
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4 Session details

4.1 Inaugural session
The inaugural session of the Animal Behaviour Module was held on 1 December 2025
at Bannerughatta Biological Park, Bengaluru. The session was presided over by Shri A.
V. Surya Sen, IFS, Executive Director of Bannerughatta Biological Park, who welcomed
participants and emphasised the importance of strengthening technical capacity in zoo
management through structured professional development initiatives. The technical
report of the previous module on population management was released.

Release of the technical report of the Population Management Module (Zoo Science
Course) by Shri A. V. Surya Sen, IFS, Executive Director, Bannerughatta Biological Park,
during the inaugural session of the Animal Behaviour Module, 1 December 2025.

4.2 Introduction to the Zoo Science Course
Speaker: Lakshminarasimha R

The opening session introduced participants to the vision, philosophy, and long-term
objectives of the Zoo Science Course, positioning it as India’s first structured profes-
sional development initiative dedicated to strengthening scientific capacity within the
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zoo community. The session highlighted the ongoing transition of Indian zoos from
traditional animal keeping towards evidence-based zoo management, emphasizing that
effective management requires an integrated understanding of species biology, ecology,
behaviour, nutrition, and husbandry. Zoo science was presented as the application of
biological, ecological, and management principles to improve animal care, welfare, con-
servation, and institutional effectiveness.

An overview of the current status of Indian zoos was presented, highlighting both
the opportunities and challenges facing the sector. While Indian zoos collectively man-
age a diverse collection of native and non-native species and have considerable poten-
tial to contribute to conservation, research, and education, the session identified the
absence of a structured and institutionalized training framework as a major limitation
to scientific zoomanagement. The Zoo Science Course was presented as a long-term ini-
tiative designed to address this gap by developing a national framework for continuous
professional development.

The vision, mission, and goals of the programmewere then outlined, with particular
emphasis on species-centred management, evidence-based decision-making, standard-
ization of professional training, collaboration among institutions, and the institutional-
ization of continuous learning. Participants were introduced to the modular structure
of the course, comprising Population Management, Animal Behaviour, Zoo Animal Nu-
trition, Enclosure Design and Welfare, and Long-term Planning. The Animal Behaviour
Module was positioned as the second module in this sequence, building upon the sci-
entific foundations established during the Population Management Module while pro-
viding behavioural tools that underpin nutrition, welfare assessment, enclosure design,
and conservation management.

The session concluded with an overview of the pedagogical approach of the Zoo
Science Course. Participants were encouraged to engage actively through lectures, field
observations, practical exercises, behavioural research, data analysis using R, collabora-
tive learning, and critical reflection. The intended outcome was to enable participants to
progress from observation to scientific interpretation and ultimately to evidence-based
management decisions that improve animal welfare and conservation outcomes.

4.3 Foundations of animal behaviour

4.3.1 Introduction to Animal Behaviour

Speaker: Prof. Maria Thaker

This session introduced participants to the foundations of animal behaviour and its rele-
vance to zoo science. The lecture traced the development of the field from early ethology,
which focused on describing what animals do, to behavioural ecology, which examines
how andwhy behaviours arise in relation to ecological conditions. Participants were en-
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couraged to view behaviour as a flexible trait shaped by both inherited predispositions
and environmental experience, rather than as a fixed or purely instinctive response.

A central theme of the session was adaptation. Behaviour was presented as a trait
shaped by natural selection, individual learning, and, in some cases, social learning.
The lecture emphasized that animals may alter their behaviour when their environment
changes, including in captivity, where the ecological conditions differ substantially from
the wild. This provided an important framework for zoo management: before interpret-
ing captive behaviour, managers must ask what has changed in the animal’s environ-
ment and how the animal may be responding to those changes.

The session also introduced Tinbergen’s four questions as a framework for study-
ing behaviour: mechanism, development, adaptive function, and evolutionary history.
Using examples such as bird song, participants were shown that the same behaviour
can be explained at different levels of analysis, and that clearly defining the type of
question being asked is essential for meaningful behavioural research. The lecture also
cautioned against anthropomorphism and against assuming that behaviours evolve “for
the good of the group”; instead, behavioural explanations should be grounded in fitness,
selection, and individual-level costs and benefits.

Applied examples from research on lizards in urban and rural environments illus-
trated how behaviour can change under altered ecological conditions. Urbanization was
presented as a useful analogue for captivity because both involve shifts in microhabi-
tat, resource availability, sensory environments, risk, and selection pressures. Examples
related to perch choice, refuge use, cognition, colour signalling, courtship, stress, and
coping styles demonstrated how animals may adjust behaviourally and physiologically
to modified environments.

For zoo management, the key message was that behaviour must be interpreted in
relation to environmental context. Captive animals may differ from their wild coun-
terparts because their surroundings, risks, opportunities, social conditions, and sen-
sory environments have changed. Participants were encouraged to adopt a system-
atic approach: identify how the captive environment differs from the wild, define spe-
cific behavioural questions, develop species-informed ethograms, collect objective data,
and use behavioural evidence to guide husbandry, enrichment, welfare assessment, and
management interventions.

Key takeaways

• Behaviour is shaped by both evolutionary history and environmental experience.

• Captive behaviour should be interpreted in relation to the ecological and social
context in which it occurs.

• Tinbergen’s four questions provide a useful framework for defining behavioural
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research questions.

• Behavioural explanations should avoid anthropomorphism and should be grounded
in costs, benefits, fitness, and adaptation.

• Zoo management should use systematic behavioural observation to understand
how animals respond to captive environments.

Further reading
• Tinbergen, N. (1963). “On aims and methods of ethology.” Zeitschrift für Tierpsy-
chologie, 20, 410-433.

• Alcock, J. (2013). Animal Behavior: An Evolutionary Approach (10th ed.). Sin-
auer Associates.

• Davies, N. B., Krebs, J. R., & West, S. A. (2012). An Introduction to Behavioural
Ecology (4th ed.). Wiley-Blackwell.

4.3.2 Animal Behaviour in the zoo

Speaker: Lakshminarasimha R

This session examined the central role of animal behaviour in modern zoo management
and demonstrated how behavioural science provides the foundation for evidence-based
husbandry, welfare assessment, enclosure design, conservation breeding, and species
recovery. Behaviour was presented not merely as something animals exhibit, but as a
measurable biological response that links animal biology with management decisions
and conservation outcomes. Participants were introduced to the concept of “behaviour
as data”, emphasizing that behavioural observations must be objectively defined, sys-
tematically recorded, and analysed using standardized and repeatable methods before
they can inform management decisions.

The session traced the evolution of zoo biology from a discipline primarily con-
cerned with maintaining animals in captivity to one focused on understanding species
through their ecology, natural history, and behaviour. Modern zoos were described as
biology-driven institutions in which the primary objective is not merely the survival
of animals, but the maintenance of behavioural competence—the capacity of animals to
express species-typical behaviours, respond appropriately to environmental challenges,
and retain the skills necessary for welfare, reproduction, and, where relevant, reintro-
duction into the wild. The successful recovery programme for the Golden Lion Tamarin
was presented as a case study illustrating how behavioural competence can determine
the success or failure of conservation translocations. Early reintroduction attempts suf-
fered high mortality because captive-born animals lacked essential behavioural skills;
subsequent modifications to pre-release training and the release of younger individuals
substantially improved post-release survival.
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Participants were introduced to several theoretical frameworks that provide ecolog-
ical context for understanding behaviour in captivity. The concepts of species-typical
behaviour, behavioural diversity, and ethogramswere discussed as essential tools for be-
havioural assessment. Behaviour was presented as an adaptive trait shaped by a species’
evolutionary history, ecological niche, and environmental conditions. Using Eisenberg’s
analytical model, the session demonstrated how diet and substrate use influence move-
ment patterns, activity budgets, cognition, social organisation, and enclosure require-
ments. Behavioural syndromes were introduced to illustrate that behaviours occur as
integrated suites of traits rather than as isolated actions, highlighting the importance
of understanding the ecological niche of a species before interpreting or managing its
behaviour.

The lecture further explored how animals make decisions across multiple spatial
and temporal scales using Holling’s decision hierarchy. In natural environments, ani-
malsmake nested decisions regarding habitat selection, patch choice, resource selection,
and resource use. Captivity often restricts these opportunities, limiting exploration,
choice, and problem-solving. Consequently, effective enclosure design should not focus
solely on increasing enclosure size, but on recreating opportunities for animals to make
ecologically meaningful decisions through habitat complexity, environmental hetero-
geneity, refuge provision, and appropriate spatial organisation. Participants were en-
couraged to view enrichment as only one component of a broader strategy aimed at
restoring behavioural opportunities across multiple ecological scales.

The session concluded by highlighting the implications of behavioural science for
animal welfare and conservation. Captive environments impose novel developmental
and evolutionary pressures that may alter behaviour over an individual’s lifetime and,
over successive generations, lead to divergence from wild populations. Maintaining
natural behavioural repertoires, facilitating appropriate social and developmental ex-
periences, and preventing unintended behavioural change are therefore essential not
only for ensuring high standards of welfare but also for sustaining the long-term con-
servation value of ex situ populations. Participants were encouraged to integrate be-
havioural observations into routine husbandry, welfare assessment, enclosure evalu-
ation, and conservation planning, thereby moving from intuition-based management
towards objective, evidence-based decision-making.

Key takeaways

• Behaviour provides an objective and measurable basis for evidence-based zoo
management, linking welfare, husbandry, enclosure design, veterinary care, and
conservation outcomes.

• Modern zoo biology aims to maintain behavioural competence, ensuring that cap-
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tive animals retain species-typical behaviours necessary for welfare, reproduc-
tion, and, where relevant, survival in the wild.

• Behaviour must be interpreted within the ecological and evolutionary context of
a species, using natural history as the foundation for management decisions.

• Effective enclosure design extends beyond providing space to creating opportu-
nities for animals tomake ecologically meaningful choices across multiple spatial
and temporal scales.

• Standardized behavioural observations, ethograms, and systematic data collec-
tion are essential for evaluating husbandry practices and guiding adaptive man-
agement.

Further reading

• Hediger, H. (1950). Wild Animals in Captivity. Butterworths Scientific Publica-
tions.

• Rees, P. A. (2021). An Introduction to Zoo Biology and Management (2nd ed.).
Wiley-Blackwell.

• Hosey, G., Melfi, V., & Pankhurst, S. (2013). Zoo Animals: Behaviour, Management,

and Welfare (2nd ed.). Oxford University Press.

• Maple, T. L., & Perdue, B. M. (2013). Zoo Animal Welfare. Springer.

• Dawkins, M. S. (1988). Behavioural deprivation: A central problem in animal
welfare. Applied Animal Behaviour Science, 20, 209–225.

• Eisenberg, J. F. (1981). The Mammalian Radiations: An Analysis of Trends in Evo-

lution, Adaptation, and Behavior. University of Chicago Press.

• Holling, C. S. (1992). Cross-scalemorphology, geometry, and dynamics of ecosys-
tems. Ecological Monographs, 62(4), 447–502.

4.4 Behavioural observations and study design

4.4.1 Choosing and framing meaningful research questions

Speaker: Lakshminarasimha R

This session introduced participants to the process of developing rigorous, management-
oriented research questions in behavioural biology. The discussion emphasized that the
quality of a behavioural study is determined not only by the methods used, but fun-
damentally by the clarity of the research question being addressed. Participants were
encouraged to move beyond descriptive observations and frame questions that are bio-
logically meaningful, testable, and capable of informing zoo management decisions.
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The session began with an overview of the scientific process, discussing the nature
of scientific evidence, the hierarchy of evidence, and the importance of reproducibility in
behavioural research. Using zoo-based examples, participants explored howweak study
designs, inadequate replication, and poorly framed questions can lead to false positive
and false negative conclusions, potentially resulting in inappropriate management de-
cisions. Particular emphasis was placed on the importance of baseline observations,
standardized protocols, statistical power, and replication when evaluating husbandry
interventions and animal welfare.

Building upon the concepts introduced in the previous lecture, Tinbergen’s four
questions were revisited as a framework for formulating behavioural research ques-
tions. Participants examined how the same behaviour can be investigated from the
perspectives of mechanism, development, function, or evolutionary history, and how
this understanding helps determine appropriate study design and interpretation. The
lecture also compared different approaches to studying behaviour—including psychol-
ogy, ethology, behavioural ecology, and sociobiology—and highlighted howmodern be-
havioural biology integrates these complementary perspectives.

The practical aspects of behavioural research design were then discussed, including
selecting appropriate study species, defining observation periods, minimizing observer
bias, and avoiding anthropomorphic interpretations of animal behaviour. Participants
were encouraged to conduct preliminary observations before formal data collection in
order to understand behavioural patterns, refine research questions, and develop ap-
propriate behavioural categories and sampling protocols. The distinction between ex-
ploratory and confirmatory research was also discussed, emphasizing that exploratory
observations generate hypotheses, whereas confirmatory studies rigorously test prede-
fined predictions.

The session concluded by introducing a structured workflow for behavioural re-
search, beginning with identifying a management problem, conducting preliminary
observations, developing hypotheses and predictions, selecting appropriate sampling
methods, collecting and analysing data, and finally interpreting results within a biologi-
cal and management context. Through zoo-based case studies involving environmental
modifications and behavioural interventions, participants gained practical experience
in translating everyday husbandry challenges into scientifically testable research ques-
tions that could guide evidence-based management.

Key takeaways
• Strong behavioural studies begin with clear, biologically meaningful, and man-
agement - relevant research questions.

• Preliminary observations are essential for refining questions, defining behaviours,
and selecting appropriate methods.
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• Behavioural studies should distinguish exploratory observations from confirma-
tory hypothesis testing.

• Research questions, hypotheses, predictions, sampling design, and statistical anal-
yses should form an integrated framework.

• Behavioural research should ultimately support evidence-based husbandry, wel-
fare assessment, and adaptive zoo management.

Further reading

• Martin, P., & Bateson, P. (2007). Measuring Behaviour: An Introductory Guide (3rd
ed.). Cambridge University Press.

• Sutherland, W. J. (Ed.). (2006). Ecological Census Techniques (2nd ed.). Cambridge
University Press.

• Platt, J. R. (1964). Strong inference. Science, 146(3642), 347–353.

4.4.2 Behaviour Measurement: Ethograms, Behavioural metrics and
Recording methods

Speaker: Paul Rose
This session introduced participants to the principles and methodologies used to mea-
sure animal behaviour objectively and systematically. Behavioural observations form
the foundation of behavioural research, welfare assessment, husbandry evaluation, and
adaptive management. However, observations only become scientifically useful when
behaviours are clearly defined, consistently recorded, and analysed using standardized
methods. The session therefore focused on developing the skills required to transform
routine observations into reproducible behavioural data suitable for scientific analysis
and management decision-making.

The session began with the concept of the ethogram, the fundamental tool used in
behavioural studies. Participants learned that an ethogram is a comprehensive cata-
logue of all behaviours exhibited by a species, with each behaviour accompanied by a
clear operational definition. Rather than relying on subjective interpretations or anthro-
pomorphic descriptions, behaviours should be described in terms of directly observable
actions. For example, an animal should not be recorded as ”happy” or ”aggressive”, but
instead by objectively describing measurable actions such as locomotion, vocalization,
body posture, or physical interactions. The importance of developing species-specific
ethograms through preliminary observations and refinement before commencing for-
mal studies was emphasised, together with the need for standardized terminology to
facilitate comparisons among observers, institutions, and studies.
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Building upon the ethogram, participants were introduced to the quantitative mea-
surement of behaviour. The session distinguished between behavioural events, which
occur instantaneously (e.g., vocalizations or aggressive interactions), and behavioural
states, which persist over a period of time (e.g., resting, feeding, or grooming). Appro-
priate behavioural metrics—including frequency, duration, latency, intensity, and rates
of occurrence—were discussed, together with their biological interpretation and practi-
cal applications. Emphasis was placed on selecting behavioural variables that directly
address the research question, as incorrectly chosen metrics may result in misleading
conclusions or overlook biologically important patterns.

Recognising that individuals within a population often differ in their behavioural
repertoires, the session also addressed methods for individual identification and the
importance of accounting for individual variation during study design and analysis.
Participants discussed factors contributing to behavioural variation, including age, sex,
reproductive status, personality, social relationships, and environmental influences. The
need to evaluate observer reliability and establish consistent scoring among observers
prior to formal data collection was highlighted as an essential step in reducing measure-
ment error and improving data quality.

The latter part of the session focused on behavioural sampling and recording meth-
ods commonly employed in zoo research. Participants compared the strengths and lim-
itations of focal animal sampling, scan sampling, behaviour sampling, and ad libitum
observations, together with continuous recording, instantaneous sampling, and one-
zero sampling techniques. Rather than identifying a single ”best” method, the session
emphasised that the choice of sampling strategy depends on the biological question
being addressed, the characteristics of the behaviour of interest, species ecology, enclo-
sure conditions, and logistical constraints. Examples from zoo-based studies illustrated
how different sampling approaches influence estimates of activity budgets, behavioural
frequencies, and social interactions.

The session concluded by integrating these concepts into a complete behavioural
study workflow. Participants were encouraged to begin with preliminary observations,
develop a robust species-specific ethogram, define objective behavioural metrics, select
appropriate sampling methods, and establish observer reliability before commencing
systematic data collection. This structured approach provides the foundation for pro-
ducing high-quality behavioural datasets that can support welfare assessments, enrich-
ment evaluations, husbandry interventions, behavioural research, and evidence-based
zoo management.

Key takeaways

• Behavioural observations become scientifically useful only when behaviours are
defined objectively using standardized ethograms.
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• Operational definitions minimise observer bias and improve reproducibility.

• Different behaviours require different behavioural metrics, including latency, fre-
quency, duration, and intensity.

• The choice of sampling and recording methods should be determined by the re-
search question and the characteristics of the behaviour being studied.

• Standardized behavioural measurement forms the basis for reliable welfare as-
sessment, behavioural research, and evidence-based zoo management.

Further reading

• Martin, P., & Bateson, P. (2007). Measuring Behaviour: An Introductory Guide (3rd
ed.). Cambridge University Press.

• Lehner, P. N. (1996). Handbook of Ethological Methods (2nd ed.). Cambridge Uni-
versity Press.

• Altmann, J. (1974). Observational study of behaviour: Sampling methods. Be-

haviour, 49(3–4), 227–267.

• McFarland, D. (2006). Oxford Dictionary of Animal Behaviour (2nd ed.). Oxford
University Press.

• Immelmann, K., & Beer, C. (1989). A Dictionary of Ethology. Harvard University
Press.

4.4.3 Data quality and reproducibility in behavioural research

Speaker: Lakshminarasimha R

This session focused on the quality of behavioural measurements and the importance
of ensuring that behavioural data are both reliable and biologically meaningful. Par-
ticipants were introduced to the concepts of reliability, validity, and independence of
observations, and their implications for behavioural research, welfare assessment, and
evidence-based zoo management. The session emphasized that management decisions
are only as sound as the quality of the data upon which they are based, making rigorous
study design and quality control essential components of behavioural research.

The distinction between reliability and validity formed the central theme of the ses-
sion. Reliability was described as the consistency or repeatability of a behavioural mea-
surement, whereas validity refers to whether a measurement accurately represents the
biological phenomenon of interest. Through practical examples, participants explored
situations in which measurements may be highly reliable but biologically irrelevant, il-
lustrating that precise observations do not necessarily produce meaningful conclusions.
Factors affecting measurement reliability, including observer experience, behavioural
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definitions, observer fatigue, and environmental distractions, were discussed together
with approaches for improving observer consistency through standardized protocols
and training.

The session also highlighted common sources of bias and error encountered dur-
ing behavioural studies. Participants learned the importance of refining operational
definitions, improving observer calibration, and combining behaviour categories only
when biologically justified. The discussion reinforced that behavioural measurements
should prioritize biological relevance rather than convenience, and that imperfect mea-
surements of biologically important behaviours are often preferable to highly precise
measurements of irrelevant variables.

A further component of the lecture examined the statistical concept of indepen-
dence in behavioural datasets. Participants were introduced to common problems such
as repeated measurements from the same individual, non-independence among group
members, mathematically related behavioural variables, mutually exclusive behaviour
categories, and shared environmental effects. Using practical zoo examples, the session
demonstrated how these issues can inflate sample sizes, bias statistical analyses, and
lead to incorrect biological inferences. Strategies for minimizing these problems during
study design and data analysis were discussed, including the use of repeated-measures
approaches, group-level analyses where appropriate, and careful selection of indepen-
dent behavioural variables.

The session concluded by emphasizing that producing high-quality behavioural
data requires careful planning throughout the entire research process—from defining
behaviours and training observers to selecting appropriate measurements, maintaining
observer reliability, and ensuring valid statistical inference. These principles provide the
foundation for robust behavioural research and for translating behavioural observations
into reliable management recommendations.

Key takeaways

• Reliable measurements are consistent, whereas valid measurements accurately
represent the biological phenomenon being studied.

• Behavioural definitions, observer training, and standardized protocols are essen-
tial for improving data quality.

• Biological relevance should take precedence overmeasurement conveniencewhen
selecting behavioural variables.

• Behavioural datasets must satisfy assumptions of independence to support valid
statistical analyses.

• High-quality behavioural data provide the foundation for reliable welfare assess-
ments and evidence-based zoo management.
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Further reading

• Martin, P., & Bateson, P. (2007). Measuring Behaviour: An Introductory Guide (3rd
ed.). Cambridge University Press.

• Lehner, P. N. (1996). Handbook of Ethological Methods (2nd ed.). Cambridge Uni-
versity Press.

4.5 Behavioural ecology and analysis

4.5.1 Behavioral development and parental care in primates

Speaker: Prof. Sindhu Radhakrishna

This session explored the behavioural ecology of primate development, with particular
emphasis on the evolutionary basis of parental care, social development, and life-history
strategies. Participants were introduced to the relationship between brain evolution,
prolonged development, and complex social systems, highlighting that primates invest
heavily in learning and social interactions throughout infancy and juvenile stages. The
discussion illustrated how behavioural development represents a dynamic interaction
between inherited predispositions and environmental influences, with social learning
playing a central role in shaping adult behaviour.

The lecture examined the diversity of reproductive and parental care strategies ob-
served across primates. Participants learned how body size, litter size, developmen-
tal rate, and maternal investment are closely linked, resulting in extended periods of
dependency in many species. Maternal care was discussed as a major determinant
of behavioural development, with examples illustrating infant parking, mother-infant
communication through ultrasonic vocalisations, and the ecological factors influenc-
ing different parental care strategies. Maternal, paternal, and alloparental care were
compared, demonstrating how parental investment varies according to species ecology,
mating systems, and the certainty of parentage.

The influence of social organisation on behavioural development formed another
major component of the session. Female philopatry, sex-biased dispersal, dominance hi-
erarchies, maternal rank, and individual differences in maternal style were discussed as
important determinants of offspring behaviour, social status, and lifetime reproductive
success. The lecture highlighted how maternal rank can influence access to resources,
developmental opportunities, and social integration, while habitat fragmentation and
restricted dispersal may disrupt natural social processes and increase the risk of in-
breeding in fragmented populations.

Drawing upon examples from both wild and captive primates, the session empha-
sised that successful management requires an understanding of species-specific devel-
opmental trajectories and social systems. The participants were encouraged to con-
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sider the behavioural consequences of nursery practices, hand-rearing, social grouping,
enclosure design, and environmental disturbance on behavioural development. Main-
taining opportunities for normal parent-offspring interactions and social learning was
presented as essential for promoting behavioural competence, animal welfare, and long-
term conservation breeding success.

Key takeaways

• Primate behavioural development is strongly influenced by prolonged parental
care and social learning.

• Maternal investment, social organisation, and dominance relationships shape be-
havioural development and lifetime fitness.

• Species differ considerably in maternal, paternal, and alloparental care strategies,
reflecting their ecology and evolutionary history.

• Captive management should support natural developmental processes and op-
portunities for normal social interactions.

• Knowledge of primate behavioural ecology is fundamental to breeding manage-
ment, infant care, social housing, and conservation programmes.

Further reading

• Campbell, C. J., Fuentes, A., MacKinnon, K. C., Panger, M., & Bearder, S. K. (Eds.).
(2020). Primate Behavioral Ecology. Routledge.

• Clutton-Brock, T. H. (1991). The Evolution of Parental Care. Princeton University
Press.

• Thierry, B. (2007). Unity in diversity: Lessons from macaque societies. Evolution-
ary Anthropology, 16, 224–238.

4.5.2 Behaviour as a tool for improving themanagement of reptiles in
captivity

Speaker: Gowri Mallapur

This session explored the application of behavioural ecology to the management of rep-
tiles in zoological collections. Participants were introduced to the growing body of ev-
idence demonstrating that reptiles possess a far greater diversity of behavioural and
cognitive abilities than was traditionally recognised. Rather than viewing reptiles as
behaviourally simple animals, the session highlighted their capacity for learning, social
interactions, parental care, communication, and problem-solving. Participants were en-
couraged to move beyond mammal-centred interpretations of behaviour and instead

23



understand reptilian behaviour within the context of their unique physiology, sensory
biology, and evolutionary history.

A central theme of the lecture was the importance of thermoregulation in shaping
reptilian behaviour. As ectotherms, reptiles depend on behaviouralmechanisms to regu-
late body temperature, and consequently many aspects of their daily activity—including
movement, feeding, reproduction, digestion, and predator avoidance—are closely linked
to thermal conditions. Participants examined behaviours such as basking site selection,
postural adjustments, microhabitat choice, and seasonal activity cycles, illustrating how
reptiles actively exploit environmental heterogeneity to maintain preferred body tem-
peratures. The implications for zoomanagementwere emphasised, particularly the need
to provide diverse thermal environments, appropriate basking opportunities, and refuge
areas that allow animals to thermoregulate without disturbance from visitors or con-
specifics.

The lecture also explored behavioural adaptations associated with seasonal cycles
and reproduction. Participants discussed the distinction between brumation in ectotherms
and hibernation in mammals, together with the environmental cues that regulate repro-
ductive activity in many reptile species. Temperature, rainfall, humidity, and photope-
riod were presented as critical environmental signals influencing courtship, nesting,
incubation, and hatching. Examples from crocodilians, turtles, lizards, and amphibians
demonstrated how reproducing these seasonal cues under captive conditions can sub-
stantially improve breeding success.

Another major component of the session examined the sensory ecology of rep-
tiles. Participants were introduced to behavioural adaptations associated with chemore-
ception, thermoreception, mechanoreception, acoustic communication, and colour sig-
nalling. Examples included the use of Jacobson’s organ for chemical communication,
integumentary sensory organs in crocodilians for detecting water movements, infrared-
sensitive pit organs in snakes for prey detection, and species-specific vocalisations used
during territorial interactions and parental care. These examples demonstrated that rep-
tiles perceive and respond to their environment through sensory pathways that often
differ fundamentally from those of mammals and birds, reinforcing the need to consider
species-specific sensory ecology when designing captive environments.

The session concluded by emphasising that behavioural observations provide an ef-
fective tool for evaluating enclosure suitability and husbandry practices in reptiles. By
understanding the ecological drivers of thermoregulation, habitat selection, communi-
cation, and seasonal behaviour, zoo professionals can design environments that enable
species-appropriate behavioural expression, improve reproductive success, and pro-
mote positive welfare outcomes. The lecture reinforced that behavioural ecology should
form an integral component of reptile conservation, captive breeding, and evidence-
based zoo management.
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Key takeaways

• Reptiles exhibit complex behavioural repertoires and should be studied within
the context of their own ecology rather than through mammalian behavioural
models.

• Thermoregulation is a primary driver of reptilian behaviour and should be a cen-
tral consideration in enclosure design and husbandry.

• Seasonal environmental cues are critical for regulating activity, reproduction,
and developmental processes in many reptile species.

• Reptiles rely on diverse sensory systems, including chemical, thermal, mechan-
ical, and acoustic cues, which should be considered when managing captive en-
vironments.

• Behavioural observations provide valuable indicators for evaluating welfare, en-
closure design, and the effectiveness of husbandry interventions in reptiles.

Further reading

• Burghardt, G. M. (2013). Environmental enrichment and cognitive complexity in

reptiles and amphibians: Concepts, review, and implications for captive populations.
Applied Animal Behaviour Science, 147, 286–298.

• Warwick, C., Arena, P., Lindley, S., Jessop, M., & Steedman, C. (2013). Assessing
reptile welfare using behavioural criteria. In Practice, 35, 123–131.

• Bels, V. L., & Russell, A. P. (Eds.). (2019). Behavior of Lizards: Evolutionary and

Mechanistic Perspectives. CRC Press.

• Campbell, H. A., & Dwyer, R. G. (2023). Crocodilian Biology and Evolution. CSIRO
Publishing.

4.5.3 Social behaviour and its importance in captive management

Speaker:Prof. Divya Uma

This session examined the diversity of social systems observed across the animal king-
dom and highlighted their significance for captive animal management. Using examples
ranging from social spiders and insects to birds, mammals, and primates, the lecture il-
lustrated that social organisation is an evolutionary adaptation shaped by ecological
pressures such as resource availability, predation risk, reproduction, and parental care.
Participants were encouraged to recognise that sociality exists along a continuum, with
species exhibiting solitary, pair-living, fission–fusion, cooperative breeding, or highly
social group structures, each associated with distinct behavioural and management re-
quirements.
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The lecture emphasised that species differ not only in whether they are social, but
also in how they interact with conspecifics. Group size, dominance hierarchies, kin-
ship, dispersal patterns, territoriality, communication, and reproductive strategies all
influence social relationships within a population. Consequently, successful captive
management requires an understanding of the natural social organisation of a species
rather than assuming that animals can be grouped or separated without behavioural
consequences.

Examples from a variety of taxa demonstrated that inappropriate social manage-
ment may result in chronic stress, abnormal behaviours, aggression, reproductive fail-
ure, or social instability. Conversely, maintaining compatible social groups, preserving
established social relationships, and providing opportunities for natural social interac-
tions contribute to improved welfare and breeding success. Participants discussed the
importance of considering factors such as age, sex, relatedness, individual personality,
and previous social experience when making decisions regarding animal introductions,
transfers, group restructuring, or separation.

The session also highlighted thatmanagement decisions should reflect species-specific
behavioural ecology. Solitary species should not be housed socially simply because
space permits, while highly social species require opportunities for stable social inter-
actions and the expression of natural social behaviours. Particular emphasis was placed
on primates, where disruption of established groups, inappropriate grouping of unfa-
miliar individuals, or unnecessary separation of related animals may have profound
behavioural and welfare consequences.

The session concluded by reinforcing that social behaviour should be regarded as a
fundamental component of species biology rather than an optional aspect of husbandry.
Understanding natural social systems enables zoo professionals to make informed de-
cisions regarding enclosure design, breeding programmes, animal transfers, introduc-
tions, and long-term population management, thereby promoting both animal welfare
and conservation outcomes.

Key takeaways

• Social organisation is an evolutionary adaptation shaped by species ecology and
life history.

• Species differ widely in their social systems, and captive management should
reflect these natural differences.

• Group composition should consider age, sex, kinship, personality, dominance
relationships, and previous social experience.

• Maintaining appropriate social environments improves welfare, behavioural sta-
bility, and reproductive success.
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• Social behaviour should be integrated into enclosure design, husbandry plan-
ning, and conservation breeding programmes.

Further reading

• Wilson, E. O. (1975). Sociobiology: The New Synthesis. Harvard University Press.

• Krause, J., & Ruxton, G. D. (2002). Living in Groups. Oxford University Press.

• Silk, J. B. (2007). The adaptive value of sociality in mammalian groups. Philosoph-
ical Transactions of the Royal Society B, 362, 539–559.

• Campbell, C. J., Fuentes, A., MacKinnon, K. C., Panger, M., & Bearder, S. K. (Eds.).
(2020). Primate Behavioral Ecology. Routledge.

4.6 Behaviour, welfare andmanagement: Applications and
Synthesis

4.6.1 Animal learning and husbandry training

Speaker: Lakshminarasimha R

This session introduced the principles of animal learning and their application to mod-
ern husbandry training in zoos. Participants explored how learning theory has trans-
formed zoo management from traditional approaches based on restraint and control
towards voluntary cooperation between animals and keepers. Modern husbandry train-
ing was presented as a scientific process that improves animal welfare, facilitates veteri-
nary care, enhances keeper safety, and provides cognitive stimulation, while reducing
the need for stressful capture and physical restraint.

The lecture began with an overview of the development of learning theory, tracing
the contributions of Edward Thorndike, Ivan Pavlov, and B. F. Skinner to our under-
standing of how animals acquire new behaviours. Participants examined the princi-
ples of classical conditioning, operant conditioning, habituation, and social learning,
recognising that learning occurs through interactions between animals and their envi-
ronment. Particular emphasis was placed on operant conditioning, where the conse-
quences of a behaviour determine whether it is repeated, making it the foundation of
contemporary husbandry training programmes.

Participants were then introduced to the practical application of learning theory in
zoo settings. Concepts including positive and negative reinforcement, punishment, con-
ditioned reinforcers, shaping through successive approximations, reinforcement sched-
ules, and motivation were discussed using examples from a variety of zoo species. The
lecture emphasised that positive reinforcement should form the basis of husbandry
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training, as it promotes voluntary participation, strengthens keeper–animal relation-
ships, and improves welfare outcomes. Punishment, by contrast, was presented as un-
desirable because it can increase fear, aggression, and unpredictability while compro-
mising trust between animals and keepers.

A major theme throughout the session was that successful training depends on un-
derstanding species biology rather than simply applying generic techniques. Partici-
pants explored how evolutionary history, natural behaviour, sensory ecology, motiva-
tion, and individual life history influence an animal’s ability to learn. Concepts such as
biological preparedness, instinctive drift, species-specific sensory worlds (Umwelt), and
individual differences were discussed to illustrate why training programmes must be
tailored to both the species and the individual animal. The lecture reinforced that train-
ing should work with natural behavioural tendencies rather than attempting to override
them.

The latter part of the session focused on the design and implementation of hus-
bandry training programmes. Participants learned how to develop structured training
plans by defining behavioural goals, selecting appropriate reinforcers, breaking complex
behaviours into manageable steps, and monitoring progress throughout the training
process. Routine husbandry practices such as shifting, crate training, cooperative feed-
ing, injections, blood collection, hoof care, and voluntary medical examinations were
presented as examples of how behavioural training contributes directly to improved
animal care. The importance of consistency among trainers, facility design, protected
contact systems, and regular evaluation of training outcomes was also emphasised.

The session concluded by emphasising that husbandry training should be regarded
as an integral component of modern zoo management rather than an optional activity.
When grounded in sound behavioural science and implemented using welfare-centred
principles, training enables animals to participate voluntarily in their own care, im-
proves operational safety, facilitates veterinary procedures, and strengthens evidence-
based management across zoos.

Key takeaways

• Learning theory provides the scientific foundation for modern husbandry train-
ing.

• Positive reinforcement promotes voluntary participation, improves welfare, and
strengthens keeper–animal relationships.

• Training programmes should be designed around species biology, sensory ecol-
ogy, motivation, and individual history.

• Husbandry training supports routinemanagement, veterinary care, research, and
enrichment while reducing stress associated with restraint and handling.
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• Effective training requires structured planning, consistency among trainers, and
continual evaluation of behavioural progress.

Further reading

• Ramirez, K. (1999). Animal Training: Successful Animal ManagementThrough Pos-

itive Reinforcement. Shedd Aquarium.

• Pryor, K. (2009). Don’t Shoot the Dog! The New Art of Teaching and Training.
Bantam.

• Friedman, S. G. (2010). What’s wrong with this picture? Effectiveness is not
enough. Good Bird Magazine, 6(4), 12–18.

• Westlund, K. (2015). Training is enrichment—and beyond. In D. J. Shepherdson,
J. D. Mellen, & M. Hutchins (Eds.), Second Nature: Environmental Enrichment for

Captive Animals. Smithsonian Institution Press.

• Maple, T. L., & Perdue, B. M. (2013). Zoo Animal Welfare. Springer.

4.6.2 Abnormal behaviours in captivity

Speaker: Lakshminarasimha R

This session examined abnormal behaviours in captive animals and their significance for
animalwelfare and husbandry. Participantswere introduced to the different forms of ab-
normal repetitive behaviours (ARBs), including stereotypies, self-directed behaviours,
abnormal aggression, altered activity budgets, and species-specific behavioural disor-
ders. The discussion emphasised that ”abnormal” behaviours encompass a diverse range
of behavioural patterns with different underlying causes and should not be interpreted
as a single behavioural category.

The lecture explored the ecological and developmental factors that contribute to
the emergence of abnormal behaviours in captivity. Environmental restriction, limited
behavioural opportunities, predictable husbandry routines, inadequate foraging com-
plexity, inappropriate social environments, and adverse early-life experiences were pre-
sented as important drivers. Particular attention was given to stereotypic behaviours,
which frequently arise when animals are unable to express highly motivated natural be-
haviours such as ranging, foraging, exploration, or escape. Comparative studies demon-
strated that susceptibility varies considerably among species and is often associatedwith
ecological characteristics, such as natural home-range size and behavioural specialisa-
tion.

Participants were encouraged to interpret abnormal behaviours within their bio-
logical and environmental context rather than using them as simple indicators of poor
welfare. While stereotypies often reflect previous or current suboptimal conditions, they
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may also function as coping mechanisms and can persist even after husbandry condi-
tions improve. Consequently, successful management requires identifying and address-
ing the underlying causes of behavioural dysfunction rather than merely attempting to
suppress behavioural symptoms. Examples from carnivores, primates, birds, reptiles,
and fish illustrated how species-specific behavioural ecology should guide enclosure
design, feeding strategies, social management, and enrichment programmes.

The session concluded by emphasising that abnormal behaviours should be regarded
as valuable behavioural indicators that prompt further investigation. Careful behavioural
monitoring, supported by knowledge of species biology and individual history, allows
zoo professionals to identify welfare concerns early and implement evidence-based hus-
bandry interventions that improve both animal welfare and management outcomes.

Key takeaways

• Abnormal behaviours represent diverse behavioural responses and should not be
interpreted uniformly.

• Stereotypies often indicate behavioural needs that are not adequately met in cap-
tivity.

• Environmental, developmental, and social factors all contribute to the develop-
ment of abnormal behaviours.

• Management should focus on addressing underlying causes rather than suppress-
ing behavioural symptoms.

• Behavioural ecology provides an essential framework for designing effective hus-
bandry and enrichment programmes.

Further reading

• Mason, G., & Rushen, J. (Eds.). (2006). Stereotypic Animal Behaviour: Fundamen-

tals and Applications to Welfare (2nd ed.). CABI.

• Mason, G. J. (1991). Stereotypies: A critical review. Animal Behaviour, 41, 1015–
1037.

• Clubb, R., & Mason, G. J. (2003). Captivity effects on wide-ranging carnivores.
Nature, 425, 473–474.

• Clubb, R., & Mason, G. (2007). Natural behavioural biology as a risk factor in
carnivore welfare: How analysing species differences could help zoos improve
enclosures. Applied Animal Behaviour Science, 102, 303–328.

• Swaisgood, R. R., & Shepherdson, D. J. (2005). Scientific approaches to enrich-
ment and stereotypies in zoo animals: What’s been done and where should we
go next? Zoo Biology, 24, 499–518.
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4.6.3 Behaviour, Welfare and Ethics in Zoo Science

Speaker: Lakshminarasimha R

This session examined the close relationship between animal behaviour, welfare sci-
ence, and ethics in modern zoo management. Building upon the preceding discussion
on abnormal behaviours, participants were introduced to contemporary approaches for
assessing animal welfare and the ethical responsibilities associated with behavioural
research and captive animal management. The session emphasised that behaviour pro-
vides the primary evidence through which welfare is assessed, while ethical princi-
ples guide how research and management interventions should be designed and imple-
mented.

The concept of animal welfare was discussed as the quality of an animal’s physi-
cal and mental state in relation to the conditions in which it lives. Participants were
introduced to multiple complementary approaches for evaluating welfare, including
behavioural observations, physiological indicators, health assessments, cognitive mea-
sures, and environmental parameters. Rather than relying on a single indicator, wel-
fare assessment was presented as an integrative process requiring consideration of the
animal’s species biology, life history, personality, developmental experience, and cur-
rent environmental conditions. The session also distinguished between homeostasis
and allostasis, illustrating that physiological or behavioural responses to environmen-
tal change are not necessarily indicative of poor welfare, but may represent adaptive
mechanisms that enable animals to cope with challenges.

The discussion further emphasised the importance of considering individual varia-
tion when interpreting behavioural and welfare data. Animals of the same species may
differ considerably in temperament, behavioural flexibility, developmental history, so-
cial status, reproductive condition, health, and previous experiences. Consequently, be-
havioural observations should be interpreted within the context of the individual rather
than solely against species averages. Participants were encouraged to adopt longitudi-
nal behavioural monitoring to detect meaningful changes in individuals over time and
to evaluate the effectiveness of husbandry interventions.

The latter part of the session focused on ethics in behavioural research and zoo
management. Ethical considerations were presented as extending beyond regulatory
compliance to encompass the responsibility of ensuring that research and management
activities contribute positively to animal welfare and conservation outcomes. Partici-
pants discussed the ethical justification for conducting behavioural studies, the need to
minimise disturbance during observations, and the importance of designing research
that addresses meaningful biological or management questions. The principles of ne-
cessity, proportionality, transparency, accountability, and refinement were highlighted
throughout the research process.

31



The session also introduced the 4Rs framework—Replacement, Reduction, Refine-
ment, and Relevance—as guiding principles for behavioural research in zoos. Partici-
pants discussed situations requiring institutional ethical approval, methods forminimis-
ing stress during data collection, and the importance of integrating welfare monitoring
into research protocols. Particular emphasis was placed on the use of non-invasive ob-
servational methods wherever possible and on ensuring that the potential benefits of
research outweigh any risks to the animals involved.

The session concluded by reinforcing that behaviour, welfare, and ethics are in-
separable components of evidence-based zoo science. Behaviour provides objective in-
formation on how animals interact with their environment, welfare science provides
the framework for interpreting those observations, and ethical principles ensure that
research and management decisions prioritise the interests of the animals while con-
tributing to conservation and scientific knowledge. Together, these principles support
a holistic approach to captive animal management that balances scientific inquiry, con-
servation objectives, and animal welfare.

Key takeaways

• Animal welfare should be evaluated using multiple complementary indicators,
including behaviour, physiology, health, and environmental context.

• Welfare assessments should account for individual variation in behaviour, life
history, personality, and social status.

• Behaviour provides one of the most sensitive and practical indicators for assess-
ing welfare in captive animals.

• Behavioural research should be scientifically rigorouswhile adhering to high eth-
ical standards that minimise disturbance andmaximise benefits to animal welfare
and conservation.

• Behaviour, welfare, and ethics together provide the foundation for evidence-
based and responsible zoo management.

Further reading

• Fraser, D. (2008). Understanding Animal Welfare: The Science in Its Cultural Con-

text. Wiley-Blackwell.

• Maple, T. L., & Perdue, B. M. (2013). Zoo Animal Welfare. Springer.

• Mellor, D. J., Beausoleil, N. J., Littlewood, K. E., et al. (2020). The 2020 Five Do-
mains Model: Including human–animal interactions in assessments of animal
welfare. Animals, 10, 1870.
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• Broom, D. M. (1986). Indicators of poor welfare. British Veterinary Journal, 142,
524–526.

• Dawkins, M. S. (2021). The Science of Animal Welfare: Understanding What Ani-

mals Want. Oxford University Press.

4.7 Introduction to ZooMonitor & R for Behavioural Data
Analysis

Speaker: Lakshminarasimha R

This session introduced the participants to the R programming environment, which
was used throughout the course for behavioural data management, visualization, and
statistical analysis. Recognising that participants had varying levels of prior program-
ming experience, the session focused on establishing a common computational founda-
tion that would support subsequent practical sessions on behavioural research and data
analysis.

Participants were guided through the installation and configuration of the required
software and introduced to the basic interface, workflow, and organisation of R projects.
Fundamental concepts—including objects, vectors, data frames, functions, packages,
and working directories—were explained through practical examples. The session also
covered importing datasets, inspecting data, basic data manipulation, and the execution
of scripts, providing participants with the skills needed to work confidently within the
R environment.

The session emphasised the advantages of using open-source tools for behavioural
research, including reproducibility, transparency, flexibility, and the ability to analyse
increasingly complex behavioural datasets. By the end of the practical, participantswere
familiar with the basic analytical workflow in R and were prepared to use the software
for behavioural data analysis during subsequent sessions of the course.

4.7.1 Practical 1. Introduction to R and Data Handling

This practical established the computational foundation required for the remainder of
the course. Participants learned the basic structure of R, including objects, vectors,
data frames, functions, and packages, before progressing to data import, manipulation,
and exploratory summaries using the tidyverse. The practical familiarised partic-
ipants with script-based workflows for reproducible analysis and demonstrated how
behavioural datasets can be organised, explored, and queried efficiently. By the end of
the session, participants were able to navigate the R environment, manipulate datasets,
and perform basic exploratory analyses on zoo-related behavioural data.
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4.7.2 Practical 2. Behavioural Data Analysis using R

Building upon the introductory session, participants analysed simulated datasets rep-
resentative of behavioural observations collected in zoos. The practical introduced a
complete workflow for behavioural data management, from digital data collection to
analysis and visualisation. Participants were introduced to ZooMonitor, a behavioural
monitoring application developed by Lincoln Park Zoo, and learned how to develop
ethograms, record behavioural observations using standardized sampling protocols, or-
ganise behavioural datasets, and generate activity budgets. They also explored the ap-
plication’s spatial mapping functions to quantify enclosure utilisation and evaluate pat-
terns of space use by animals. The resulting datasets were subsequently analysed in
R, where participants calculated behavioural frequencies, durations, activity budgets,
and descriptive statistics, and visualised temporal patterns in behaviour. The practical
demonstrated how digital behavioural recording and reproducible analytical workflows
can be integrated to support welfare assessments, enclosure evaluations, enrichment
programmes, behavioural research, and evidence-based zoo management.

Participants using the ZooMonitor application to record behavioural observations and
spatial use data during a practical session at Bannerughatta Biological Park.

4.7.3 Practical 3. Advanced Behavioural Data Analysis

This practical introduced participants to the analysis ofmore complex behavioural datasets
involving multiple individuals observed across repeated sessions under different exper-
imental conditions. Using simulated datasets, participants explored methods for sum-

34



marising behaviour by individual, sex, treatment group, and observation period. The
practical demonstrated how behavioural responses to management interventions can
be compared using exploratory visualisation and statistical summaries, illustrating the
value of structured data analysis for evaluating enrichment programmes, husbandry
interventions, behavioural experiments, and other management questions.

4.7.4 Practical 4. Reliability and Observer Agreement

Reliable behavioural data depend upon consistency among observers. This practical
introduced participants to methods for assessing both within-observer and between-
observer reliability using simulated behavioural datasets. Participants explored cor-
relation analyses and Cohen’s Kappa coefficient to evaluate observer agreement and
discussed the importance of observer training, clear behavioural definitions, and cali-
bration exercises prior to formal data collection. The practical reinforced that observer
reliability should be routinely evaluated as part of behavioural study design to ensure
data quality and minimise measurement error. See Appendix C for details.

4.7.5 Practical 5. Statistical Power in Behavioural Studies

The final practical introduced the concept of statistical power and its importance in
behavioural research. Through simulation exercises, participants explored how sam-
ple size, effect size, and behavioural variability influence the likelihood of detecting
meaningful differences between management treatments. Using pacing behaviour as
an example, the session illustrated how underpowered studies may fail to identify bi-
ologically important effects, while adequately designed studies improve confidence in
management recommendations. The practical emphasised that statistical power should
be considered during study design to ensure that behavioural studies are capable of
detecting biologically meaningful effects while making efficient use of observational
effort.

Collectively, these practical sessions provided participants with a complete analyt-
ical workflow for behavioural research, from data organisation and visualisation to sta-
tistical analysis, observer reliability, and study design. The use of open-source software
enabled participants to develop reproducible analytical workflows that can be readily
applied to behavioural monitoring, welfare assessment, and evidence-based manage-
ment within zoological collections.
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5 Concluding remarks

5.1 Pre- and Post-course Surveys
A pre-course questionnaire was administered to establish participants’ background,
prior experience, and confidence in behavioural observation and analysis, while a post-
course questionnaire was used to evaluate learning outcomes, participant satisfaction,
and perceived applicability of the course.

Participant profile Nineteen participants completed the pre-course assessment.
Nearly half of the participants (47.4%) had two years or less of experience working in
zoos orwildlife facilities, while 31.6% had between three and five years of experience and
21.1% had between six and ten years. The participant cohort therefore represented pre-
dominantly early-career zoo professionals, consistent with the objective of strengthen-
ing foundational capacity in behavioural science and evidence-based zoo management.

Pre-course assessment Participants entered the course with varying levels of
prior experience in behavioural observation and research. While most participants re-
ported at least some confidence in identifying common animal behaviours, only 36.8%
considered themselves confident, with the majority (52.6%) describing themselves as
somewhat confident. Experience with formal behavioural research methods was lim-
ited. Most participants (73.7%) reported only limited experience with structured be-
havioural sampling methods such as focal or scan sampling, while 26.3% had never used
these methods. Behavioural observations were conducted only occasionally by 57.9% of
participants, with relatively few recording behaviour frequently (21.1%) or daily (5.3%).

Familiarity with ethograms also varied considerably. Five participants (26.3%) re-
ported being able to develop an ethogram independently, while the remainder had only
a general understanding, had merely heard of the concept, or had never encountered it
previously. Confidence in recognising signs of stress or abnormal behaviour was mod-
erate, with 52.6% reporting that they were somewhat confident, 36.8% confident, and
10.5% not confident.

Almost all participants (89.5%) considered behaviour to be essential for daily hus-
bandry and welfare assessment. However, prior experience with digital behavioural
recording tools was limited: 78.9% had never used applications such as ZooMonitor,
while only one participant (5.3%) had any practical experience. Similarly, only 36.8% re-
ported being comfortable using graphs, spreadsheets, or simple analyses in R to support
management decisions, while an equal proportion (36.8%) reported being only some-
what comfortable and 26.3% were not comfortable using these tools.
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Post-course assessment Eighteen participants completed the post-course eval-
uation. Fourteen participants (77.8%) rated the course as extremely useful, while the
remaining four (22.2%) considered it useful. With respect to clarity of instruction, eight
participants (44.4%) rated the sessions as extremely clear, another eight (44.4%) as clear,
and two participants (11.1%) as somewhat clear.

Participants also assessed their confidence across the core competencies addressed
during themodule, including behaviour identification, ethogramdevelopment, behavioural
sampling, welfare assessment, behavioural recording using ZooMonitor, and behavioural
data analysis using R. Responses indicated consistently high levels of confidence follow-
ing completion of the course, with the majority of participants rating themselves as con-
fident or extremely confident across all competencies. Only a small number of responses
remained in the somewhat confident category, while very few participants reported low
confidence in any of the assessed skills.

Seventeen of the eighteen participants (94.4%) indicated that they intended to apply
the knowledge and skills acquired during the course within their respective institutions,
while one participant (5.6%) responded Maybe.

Participant feedback Participants identified field observations and species-based
case studies, theoretical sessions, ZooMonitor training, R-based behavioural data anal-
ysis, and group discussions as the most valuable components of the module. Practical
exercises and opportunities to apply behavioural concepts to real-world zoo manage-
ment were consistently highlighted as strengths of the course.

Participants expressed a high level of satisfaction with the overall design and de-
livery of the module. Fifteen participants (83.3%) reported being very satisfied with the
course structure, while two (11.1%) were somewhat satisfied, and one participant (5.6%)
was neither satisfied nor dissatisfied. The pace of instruction was considered just right

by 16 participants (88.9%), whereas two participants (11.1%) felt that certain sessions
progressed too quickly.

Field sessions, scheduling, and logistics were generally well received. Fifteen par-
ticipants (83.3%) indicated that these components were comfortable and well organised,
while three participants (16.7%) suggested that aspects of the field sessions and logistics
could be further improved. Common suggestions included increasing the duration of
field-based practical sessions, incorporating additional hands-on exercises and demon-
strations, allowing more time for group discussions and problem-solving activities, and
providing continued mentoring and follow-up support after completion of the course.

Overall, participant feedback indicated that themodule successfully combined theo-
retical foundations with practical application and provided participants with knowledge
and skills that they intended to apply within their respective zoological institutions.

See Appendix B for the complete pre- and post-course survey results.
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5.2 Way forward
One of the primary objectives of the Animal Behaviour Module was to encourage the
routine integration of behavioural monitoring into zoo management. Participants are
encouraged to apply the methods introduced during the course—including ethogram
development, standardized behavioural sampling, welfare assessment, and behavioural
data analysis—to species managed within their respective institutions. Establishing
long-term behavioural monitoring programmes will enable zoos to objectively evaluate
husbandry practices, enrichment programmes, enclosure modifications, social manage-
ment, and conservation breeding interventions.

The Zoo Science Course is intended to extend beyond the five-day training pro-
gramme through continued mentoring, resource sharing, and technical support. Par-
ticipants will be encouraged to undertake small behavioural studies within their insti-
tutions, with opportunities for discussion and feedback through follow-up interactions.
Training materials, R scripts, behavioural recording templates, and practical resources
developed during the module will continue to serve as reference material to support
implementation.

The Animal Behaviour Module represents the second component of the Zoo Science
Course and establishes behavioural science as a cross-cutting discipline within modern
zoo management. The concepts introduced during this module underpin subsequent
modules on Zoo Animal Nutrition, Enclosure Design andWelfare, and ZooMaster Plan-
ning, where behavioural evidence will continue to inform management decisions. To-
gether, these modules are intended to provide Indian zoo professionals with a structured
and integrated framework for evidence-based zoo management that strengthens animal
welfare, conservation, research, and institutional capacity.
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A People

Table 2: List of participants

No. Name Affiliation
1 Aghosh P Biologist, Parassinikkadavu Snake Park & Zoo, Kannur
2 Aishwarya K. S. Biologist, Bannerughatta Biological Park, Bengaluru
3 Angeline Samuel Curator, Madras Crocodile Bank Trust, Mahabalipuram
4 Anuj Kandpal Biologist, G. B. Pant High Altitude Zoo, Nainital
5 Apoorva M. P. Assistant Biologist, Bannerughatta Biological Park, Bengaluru
6 Arif Biologist, Sanjay Gandhi Biological Park, Patna
7 Dr. B. Laxmi Narayana Senior Biologist, Nehru Zoological Park, Hyderabad
8 Ganavi S Biologist, Adumalleshwara Mini Zoo, Chitradurga
9 Ilavarasan I Biologist, Kurumbapatty Zoological Park, Salem
10 Prashanth Ballullaya U Zoo Biologist, Pilikula Biological Park, Mangaluru
11 Richa Kumar Wildlife Biologist, Nandanvan Jungle Safari, Naya Raipur
12 Shylashree B. L. Biologist & Education Officer, Shri Atal Bihari Vajpayee Zoological Park, Ballari
13 Sinchana J Education Officer & Biologist, Tiger & Lion Safari, Shivamogga
14 S. Tejas Biologist, Sri Chamarajendra Zoological Gardens, Mysuru
15 Sujitha P. C. Biologist, Thrissur Zoological Park, Puthur
16 Sushmitha S Zoo Researcher, Tiger & Lion Safari, Shivamogga
17 T. Lakshmi Harika Wildlife Biologist, Sri Venkateswara Zoological Park, Tirupati
18 Valluri Lakshmi Sowjanya Wildlife Biologist, Sri Venkateswara National Park, Tirupati Forest Division

Table 3: List of speakers

No. Name Affiliation
1 Lakshminarasimha R Consultant, Zoo Science and Conservation Planning
2 Maria Thaker Professor, Centre for Ecological Sciences, IISc
3 Paul Rose Senior Researcher, University of Exeter, UK
4 Sindhu Radhakrishna Professor, National Institute of Advanced Studies, Bengaluru
5 Divya Uma Associate Professor, Azim Premji University, Bengaluru
6 Gowri Mallapur Director, GaiaMitra Collective Foundation
7 Priyanka Adhikari Teaching Assistant, GaiaMitra Collective Foundation
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B Pre- and Post-course Assessment
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Animal Behaviour Module
Zoo Science Course
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C Reliability and Observer Agreement
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Within-Observer and Between-Observer Reliability

Illustrative R Scripts for Behavioural Research

Zoo Science Course – Animal Behaviour Module

Introduction
Reliable behavioural data form the foundation of behavioural research and welfare assessment.
Before behavioural observations can be interpreted confidently, it is essential to demonstrate that
behaviours are being recorded consistently, both by the same observer over time and by different
observers working independently.

This practical introduces four commonly used approaches for assessing observer reliability:

1. Within-observer reliability using Pearson’s correlation.
2. Between-observer reliability using Pearson’s correlation.
3. Index of Concordance for simple agreement.
4. Cohen’s Kappa coefficient, which accounts for agreement expected by chance.

The examples below use simulated datasets for demonstration purposes.

library(tidyverse)

set.seed(123)

1. Within-observer Reliability
The same observer scores the same ten video clips on two independent occasions.

true_duration <- rnorm(10, mean = 20, sd = 1)

A_trial1 <- true_duration + rnorm(10, 0, 2)
A_trial2 <- true_duration + rnorm(10, 0, 2)

within_df <- tibble(
  clip = 1:10,
  trial1 = A_trial1,
  trial2 = A_trial2
)

within_df
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# A tibble: 10 × 3
    clip trial1 trial2
   <int>  <dbl>  <dbl>
 1     1   21.9   17.3
 2     2   20.5   19.3
 3     3   22.4   19.5
 4     4   20.3   18.6
 5     5   19.0   18.9
 6     6   25.3   18.3
 7     7   21.5   22.1
 8     8   14.8   19.0
 9     9   20.7   17.0
10    10   18.6   22.1

Calculate Pearson’s correlation coefficient.

within_r <- cor(within_df$trial1, within_df$trial2)
within_r

[1] -0.1832726

Visualise agreement between the two scoring sessions.

ggplot(within_df, aes(trial1, trial2)) +
  geom_point(size = 3) +
  geom_smooth(method = "lm", se = FALSE) +
  labs(
    title = paste(
      "Within-Observer Reliability (r =",
      round(within_r,2),")"
    ),
    x = "Observer A – Trial 1",
    y = "Observer A – Trial 2"
  ) +
  theme_minimal(base_size = 14)
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Interpretation

• High correlation indicates that the observer is consistent across repeated scoring sessions.
• Low correlation may indicate observer fatigue, ambiguous behavioural definitions, or inade2

quate observer training.
• Even when only one observer collects data, within2observer reliability should be evaluated.

2. Between-observer Reliability
Two observers independently score the same behavioural recordings.

true_duration <- rnorm(10, mean = 15, sd = 2)

obs_A <- true_duration + rnorm(10,0,2)
obs_B <- true_duration + rnorm(10,0,2)

between_df <- tibble(
  clip = 1:10,
  obsA = obs_A,
  obsB = obs_B
)

between_df
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# A tibble: 10 × 3
    clip  obsA  obsB
   <int> <dbl> <dbl>
 1     1  14.5  16.4
 2     2  14.0  14.4
 3     3  14.3  16.7
 4     4  21.1  19.5
 5     5  19.1  16.2
 6     6  14.1  19.4
 7     7  15.3  13.0
 8     8  13.9  16.0
 9     9  15.9  14.6
10    10  14.1  14.7

Calculate the correlation between observers.

between_r <- cor(between_df$obsA,
                 between_df$obsB)

between_r

[1] 0.3947034

Visualise observer agreement.

ggplot(between_df,
       aes(obsA,obsB))+
  geom_point(size=3,
             colour="#0072B2")+
  geom_smooth(method="lm",
              se=FALSE,
              colour="black")+
  labs(
    title=paste(
      "Between-Observer Reliability (r =",
      round(between_r,2),")"),
    x="Observer A",
    y="Observer B"
  )+
  theme_minimal(base_size=14)
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Interpretation

• High correlation indicates a shared understanding of behavioural definitions.
• Low correlation suggests differences in interpretation or an inadequately defined ethogram.
• Observer calibration should always be performed before commencing formal behavioural

observations.

3. Index of Concordance
Correlation is suitable for continuous variables such as behavioural duration. When behaviours
are scored as present (1) or absent (0), simple agreement can be quantified using the Index of
Concordance.

set.seed(123)

obsA <- sample(c(0,1),
               30,
               replace=TRUE)

obsB <- sample(c(0,1),
               30,
               replace=TRUE)

df <- tibble(
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  Observation = 1:30,
  ObserverA = obsA,
  ObserverB = obsB
)

df

# A tibble: 30 × 3
   Observation ObserverA ObserverB
         <int>     <dbl>     <dbl>
 1           1         0         0
 2           2         0         1
 3           3         0         0
 4           4         1         1
 5           5         0         1
 6           6         1         0
 7           7         1         0
 8           8         1         0
 9           9         0         0
10          10         0         1
# ℹ 20 more rows

Calculate the proportion of observations on which both observers agree.

A <- sum(df$ObserverA==df$ObserverB)
D <- sum(df$ObserverA!=df$ObserverB)

index_concordance <- A/(A+D)

index_concordance

[1] 0.4666667

Interpretation

The Index of Concordance varies between 0 and 1.

• 1 indicates complete agreement.
• 0 indicates complete disagreement.

A limitation of this index is that it does not account for agreement expected purely by chance.

4. Cohen’s Kappa Coefficient
Cohen’s Kappa adjusts observed agreement by removing agreement expected by chance.

First consider two observers with random classifications.
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set.seed(123)

obsA <- sample(c(0,1),
               30,
               replace=TRUE)

obsB <- sample(c(0,1),
               30,
               replace=TRUE)

df <- tibble(
  A=obsA,
  B=obsB
)

df

# A tibble: 30 × 2
       A     B
   <dbl> <dbl>
 1     0     0
 2     0     1
 3     0     0
 4     1     1
 5     0     1
 6     1     0
 7     1     0
 8     1     0
 9     0     0
10     0     1
# ℹ 20 more rows

Calculate Cohen’s Kappa.

O <- mean(df$A==df$B)

pA1 <- mean(df$A==1)
pA0 <- mean(df$A==0)

pB1 <- mean(df$B==1)
pB0 <- mean(df$B==0)

C <- (pA1*pB1)+(pA0*pB0)

kappa <- (O-C)/(1-C)

kappa
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[1] -0.1059908

Now simulate two observers who agree approximately 80% of the time.

set.seed(1)

obsA <- sample(c(0,1),
               30,
               replace=TRUE)

obsB <- ifelse(
  runif(30)<0.8,
  obsA,
  1-obsA
)

df <- tibble(
  A=obsA,
  B=obsB
)

df

# A tibble: 30 × 2
       A     B
   <dbl> <dbl>
 1     0     0
 2     1     1
 3     0     0
 4     0     0
 5     1     0
 6     0     0
 7     0     0
 8     0     0
 9     1     1
10     1     1
# ℹ 20 more rows

Calculate Cohen’s Kappa again.

O <- mean(df$A==df$B)

pA1 <- mean(df$A==1)
pA0 <- mean(df$A==0)

pB1 <- mean(df$B==1)
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pB0 <- mean(df$B==0)

C <- (pA1*pB1)+(pA0*pB0)

kappa <- (O-C)/(1-C)

kappa

[1] 0.7804878

Interpretation

Unlike simple agreement, Cohen’s Kappa accounts for chance agreement.

A commonly used interpretation is:

Kappa Interpretation

< 0.00 Poor

0.00–0.20 Slight

0.21–0.40 Fair

0.41–0.60 Moderate

0.61–0.80 Substantial

0.81–1.00 Almost perfect
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D Statistical Power in Behavioural Studies
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Statistical Power in Behavioural Studies

Simulation-based Power Analysis for Pacing Behaviour

Zoo Science Course – Animal Behaviour Module

Introduction
This practical demonstrates how statistical power affects behavioural research in zoos. The
example uses simulated data to compare pacing behaviour between two groups:

• a control group, with baseline pacing at 30% of observation time;
• an enrichment group, where pacing is reduced after an intervention.

For each simulation, random pacing percentages are generated for both groups, a t-test is
performed, and the result is recorded as successful if the effect is detected at 𝑏𝑒𝑔𝑖𝑛 : 𝑚𝑎𝑡ℎ : 𝑡𝑒𝑥𝑡
p < 0.05𝑒𝑛𝑑 : 𝑚𝑎𝑡ℎ : 𝑡𝑒𝑥𝑡.

library(tidyverse)

Simulation function
simulate_pacing <- function(
    n_per_group = 5,
    effect_size = -0.10,
    sd = 0.10,
    runs = 1000
) {
  results <- replicate(runs, {
    
    control <- rnorm(
      n_per_group,
      mean = 0.30,
      sd = sd
    )
    
    enrich <- rnorm(
      n_per_group,
      mean = 0.30 + effect_size,
      sd = sd
    )
    
    test <- t.test(control, enrich)
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    test$p.value < 0.05
  })
  
  mean(results)
}

1. Power curve: effect of sample size
This section examines how statistical power changes as the number of animals per group
increases.

sample_sizes <- 3:20

power_curve <- tibble(
  n = sample_sizes,
  power = map_dbl(
    sample_sizes,
    ~ simulate_pacing(n_per_group = .x)
  )
)

power_curve

# A tibble: 18 × 2
       n power
   <int> <dbl>
 1     3 0.11 
 2     4 0.214
 3     5 0.257
 4     6 0.343
 5     7 0.421
 6     8 0.445
 7     9 0.496
 8    10 0.563
 9    11 0.599
10    12 0.637
11    13 0.681
12    14 0.702
13    15 0.773
14    16 0.774
15    17 0.821
16    18 0.812
17    19 0.843
18    20 0.857
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power_curve %>%
  ggplot(aes(x = n, y = power)) +
  geom_line(linewidth = 1.2) +
  geom_point(size = 2) +
  geom_hline(
    yintercept = 0.8,
    linetype = "dashed"
  ) +
  labs(
    title = "Power Curve: Detecting Reduction in Pacing",
    subtitle = "Effect size = -10 percentage points",
    x = "Animals per group",
    y = "Statistical power"
  ) +
  theme_minimal(base_size = 14)

Interpretation

• Small sample sizes often fail to detect real behavioural effects.
• Power increases as the number of animals per group increases.
• The dashed line represents 80% power, a commonly used planning target.
• Behavioural studies with small samples should be interpreted cautiously.

2. Power sensitivity to effect size
This section examines how power changes depending on the magnitude of the behavioural effect.
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effect_sizes <- seq(-0.20, 0, by = 0.02)

power_by_effect <- tibble(
  effect = effect_sizes,
  power = map_dbl(
    effect_sizes,
    ~ simulate_pacing(effect_size = .x)
  )
)

power_by_effect

# A tibble: 11 × 2
    effect power
     <dbl> <dbl>
 1 -0.2    0.78 
 2 -0.18   0.709
 3 -0.16   0.583
 4 -0.14   0.477
 5 -0.12   0.348
 6 -0.1    0.249
 7 -0.08   0.158
 8 -0.06   0.119
 9 -0.04   0.074
10 -0.0200 0.045
11  0      0.04 

power_by_effect %>%
  ggplot(aes(x = effect, y = power)) +
  geom_line(linewidth = 1.2) +
  geom_point(size = 2) +
  labs(
    title = "Power vs Effect Size",
    subtitle = "Larger reductions in pacing are easier to detect",
    x = "Effect size: reduction in pacing",
    y = "Statistical power"
  ) +
  theme_minimal(base_size = 14)
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Interpretation

• Large behavioural changes are easier to detect statistically.
• Small improvements may be biologically meaningful but statistically difficult to detect.
• Pilot studies are useful for estimating realistic effect sizes before designing full studies.

3. Effect of behavioural variability
This section examines how variation among animals affects statistical power.

sd_values <- seq(0.05, 0.30, by = 0.05)

power_by_sd <- tibble(
  sd = sd_values,
  power = map_dbl(
    sd_values,
    ~ simulate_pacing(sd = .x)
  )
)

power_by_sd

# A tibble: 6 × 2
     sd power
  <dbl> <dbl>
1  0.05 0.76 
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2  0.1  0.289
3  0.15 0.129
4  0.2  0.108
5  0.25 0.077
6  0.3  0.064

power_by_sd %>%
  ggplot(aes(x = sd, y = power)) +
  geom_line(linewidth = 1.2) +
  geom_point(size = 2) +
  labs(
    title = "Power vs Behavioural Variability",
    subtitle = "Higher behavioural variability reduces power",
    x = "Standard deviation",
    y = "Statistical power"
  ) +
  theme_minimal(base_size = 14)

Interpretation

• As behavioural variability increases, statistical power decreases.
• Studies of highly variable behaviours require larger samples or repeated observations.
• Sources of variability may include individual differences, weather, time of day, visitors, enclo-

sure conditions, and keeper routines.
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4. Example power estimates
This section compares power for selected sample sizes.

tibble(
  animals_per_group = c(5, 10, 15, 20),
  estimated_power = c(
    simulate_pacing(n_per_group = 5),
    simulate_pacing(n_per_group = 10),
    simulate_pacing(n_per_group = 15),
    simulate_pacing(n_per_group = 20)
  )
)

# A tibble: 4 × 2
  animals_per_group estimated_power
              <dbl>           <dbl>
1                 5           0.268
2                10           0.551
3                15           0.786
4                20           0.874

Key Take-home Messages
• Statistical power is the probability that a study will detect a real effect when it exists.
• Power increases with larger sample size, larger effect size, and lower behavioural variability.
• Underpowered behavioural studies can miss meaningful welfare improvements.
• Pilot data help estimate realistic variability and effect sizes.
• Power analysis should be considered during study design, not after data collection.
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