Refining track-based surveys to support
wildlife conservation and human coexistence
in the Kalahari.

Marie-Charlotte Gielen
May 2025
A thesis submitted as part of the degree of

Doctor of Philosophy in Sciences

Earth and Life Institute

Université catholique de Louvain

. UCLOUVain
fn's =%

BOTSWANA

.cheetahconservationbotswana.org

Main supervisor: Prof. Nicolas Schtickzelle, Université catholique de Louvain

Supervisory committee:

Dr. Leanne Van der Weyde, Department of Biodiversity, Conservation and
Attractions of Government of western Australia

Dr. Derek Keeping, Okavango Research Institute

Prof. Eric Lambin, Université catholique de Louvain

Dr. Viktoriia Radchuk, Leibniz Institute for Zoo and Wildlife Research



© Marie-Charlotte Gielen, 2025

ii



Abstract

Amid the current ecological crisis, conservation efforts are expanding to
balance rangelands and species preservation with the sustainable use of
natural resources. Botswana’s Kalahari Desert hosts one of sub-Saharan
Africa’s largest unprotected areas supporting free-ranging wildlife, the
Western Kgalagadi Conservation Corridor (WKCC). Yet, its role as a habitat
and movement corridor is increasingly threatened by agricultural land-use
changes. Meanwhile, local communities lack nature-based livelihood
alternatives, despite holding rich ecological Indigenous knowledge, including
exceptional animal tracking skills.

This thesis asks: What is the current status of large wildlife species
populations within the WKCC, and can track surveys serve as a reliable
wildlife monitoring method while also promoting coexistence and
conservation? The aim is to inform future land-use strategies that support
both the WKCC’s ecological function and local communities, highlighting the
value of tracking-based livelihoods in this effort.

I first refined a century-old method of wildlife density estimation from
track surveys, the Formozov-Malyshev-Pereleshin formula. Despite areas for
further improvement, it proved to be a promising reliable wildlife monitoring
tool. Using these refinements, I generated spatial insights into wildlife
density, its spatial variation and movements across the northern WKCC. The
area still retains its ecological function, albeit unevenly, for all studied species.
However, the demonstrated impact of expanding livestock farming questions
its long-term viability.

Marie-Charlotte, born in 1992 (Belgium), earned a Master’s in Biology of
Organisms and Ecology (UCLouvain) in 2015. That year she joined Cheetah
Conservation Botswana’'s research team before starting her PhD in 2018. She spent a
decade in the Kalahari, studying animal tracking and wildlife-community dynamics,
in collaboration with the Botswana government, while also consulting for research
and conservation projects.
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Preface

This PhD thesis in conservation biology advances track survey
methodology to assess wildlife densities, their spatial variation and
movements within a key Kalahari conservation corridor. It also investigates
how environmental and anthropogenic factors, particularly livestock
farming, affect these parameters. By integrating the ancient practice of animal
tracking with modern technology, this work presents a powerful and
accessible approach to monitor and help preserving wildlife and habitats
while supporting local communities.

Chapter 1 explores the (hi)story that shaped the Kalahari into its current
state, highlighting the challenges the region faces regarding human-wildlife
dynamics and the resulting wildlife decline. It sets the stage by explaining the
relevance and context of this research within the broader conservation
landscape.

Chapter 2 outlines the track survey methodology used as the primary data
collection approach in this study —the Formozov-Malyshev-Pereleshin
(FMP) for estimating absolute wildlife population abundance. It explains why
the Kalahari’s environment is well-suited for animal tracking and describes
the practical process of counting animal tracks.

Chapter 3 addresses the probability of track detection by observers in
large-scale driven track surveys, particularly within the FMP formula
framework. Detectability has long been a critical issue in species conservation,
as unmeasured or variable detectability can introduce significant biases in
density estimates and related parameters. This chapter establishes a robust
foundation for the data analysis and interpretations presented in subsequent
chapters.

Chapter 4 expands on detectability by explaining how the probability of
an animal crossing the transect is integrated into the FMP formula. It focuses
on refining its critical parameter —the species' average daily travel distance
estimate— to enhance the accuracy of population density estimates. The
chapter demonstrates how traditional trailing techniques can effectively
support this objective.

Chapter 5 demonstrates the practical application of tracking knowledge as
a research and conservation tool. In the wildlife-livestock co-occurrence zone
of the Western Kalahari Conservation Corridor, track counts along transects



were used to estimate wildlife density, identify influencing variables, and
map higher species density areas and possible movement pathways. The
findings aim to guide wildlife conservation, enhance human-wildlife
coexistence, and inform future land-use planning in this unique region.

Chapter 6 serve as the general discussion and conclusion of this work,
structured in two parts: the first reviews the overall research findings in light
of the overarching question posed by the thesis, while the second offers a
personal reflection on the conservation of the Kalahari landscape. The latter
draws on concepts from evolutionary biology and socio-economics to propose
a way forward in addressing the ecological crisis —particularly within the
context of the Kalahari— through the concept of ‘reconnection with the rest
of nature’.

More than the scientific value of this dissertation, this journey was driven
by my passion. I was fortunate enough to set foot on the “Land of the Tswana”
nearly a decade ago in 2015 during my Master’s degree. My time working at
the research department of Cheetah Conservation Botswana in Ghanzi, within
the largest farmlands of the Kalahari, deepened my understanding of the area
and showed me its importance as one of the few remaining areas on Earth
where large mammals still prevail. But also, where an amazing Indigenous
knowledge can be still found nearly intact with some inhabitants.

From this experience arose the strong feeling of wanting to strive for what
I believe in, which is the preservation of the natural world, which gives us
what we need to survive, its beauty, and the ability to enjoy whatever that is
what we enjoy. That is nothing new, one cannot only take without also giving,
which is basically the concept of sharing. In fact, we do share common land
with all other living and non-living elements on this planet. That is precisely
how the San, the descendants of the first human lineages on Earth, originally
led their lives in the Kalahari as gatherer-hunters. They knew, and their
knowledge is one very precious legacy of humankind. Unsurprisingly
eroding, as the wind of modern society blows in.

So today I'm looking at another Kalahari sunset, after a hot day. The smell
of the warm sand, the breeze slowly travelling in between the bushes, finally
breathing. The sounds of the birds fading. Soon the geckos will start barking
in concert. The setting sun is bright red on the flat horizon, boundless harsh
savannah. That’s my favourite moment of the day, so peaceful and soothing
contrasting with the intensity, even difficult at times, of the wilderness.
Maybe it’s time for a short walk to clear out the thoughts of the day, looking
at the countless tracks of life in the sand. Tracks of life. What are they telling
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us? When you get to learn to know them, not only are they beautiful drawings,
but now they start telling you their story. Of the life which drew them. And
life is a story, with a beginning and an end just like the day, a cycle starting
again like a new chapter the next day. And this story is our best teacher about
our own character and its role.

So, let me tell you a story, the one of the great Kalahari, or at least a piece
of it, the play I was lucky enough to take part in. Because it taught me so much,
I also would like to give it something back, first by offering you to get to know
it. Then, by suggesting how to practically apply research findings into
meaningful actions on the ground now, in order to preserve the Kalahari’s
future. Finally, I will let you, track makers, write the next chapters of this
story. Make them good. “It” deserves it. You will see then, “It” will make you
happy as you give back happiness too. Share.
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