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“Little bubbles of air snapped as these voiceless animals of
the earth came to the surface [...]. | don’t know why, but this
seemed like one of the nicest things | had learned in the
woods- that earthworms, lowly, confined to the darkness of

the earth, could make just a little stir in the world.”

From My Side of the Mountain,
by Jean Craighead George
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Abstract

The African lion (Panthera leo) is a globally significant species due to its cultural, financial,
and ecological status. Unique amongst Felidae, lions are highly social and group-living
which contributes to their charisma. Despite their status, the species faces significant
conservation pressures. Many of these threats, such as human-lion conflict and prey-
base depletion, are influenced by the sociocultural landscapes within which lions’ range.
Even natural threats such as disease are exaggerated in severity and spread by

anthropogenically induced climate change and contact with domestic animals.

In this thesis | take a holistic view of lion conservation, combining methodologies from
behavioural ecology and social science, to address knowledge gaps within the complex
system of lion conservation. | evidence sex-specific patterns of social ageing in the African
lion. In females, | highlight the role of associate loss and within-individual shifts in sociality
prior to disappearance in driving social ageing patterns. Further, | show that individual-
level sociality impacts longevity across both sexes. These findings have consequences
for disease transmission and species management strategies across age-structured lion
societies. Next, | evidence identity-bias against lion conservation messengers on social
media based on their expertise, race, and gender. | demonstrate that racism and sexism
influence messengers’ perceived credibility in the public eye, and support for their
conservation recommendations. Finally, | trace conservations’ colonial history into
present-day dynamics to better understand why such discrimination exists - before

suggesting ways to create a more socially just and inclusive sphere of conservation.
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1. General Introduction

1.1. Thesis aim and objectives

The overall aim of this thesis is to improve interdisciplinary knowledge of African lion
(Panthera leo) behaviour and conservation. In a rare approach, | bring together
methodologies traditionally associated with either behavioural ecology or conservation
science to address key gaps in our knowledge. As such, this thesis was heavily shaped
by the broad spectrum of research approaches | was exposed to on the interdisciplinary
Environmental Research Doctoral Training Program. First, | explore aspects of lion
sociality related to ageing and inter-individual relations that have previously been
overlooked due to data limitations and an absence of appropriate analytical frameworks.
Second, | interrogate the ways in which decision-making based on such findings could be
influenced by inter-personal dynamics within the wider lion conservation community,
including the public sphere. Specifically, | highlight the role of conservations’ colonial

history in reinforcing ongoing injustices. | focus on the following main objectives:

i. To utilise novel spatial-social network methodologies to better understand

individual-level variation in African lion social behaviour



ii. To explore the consequences of social ageing and the social dynamics of
individual loss on an African lion population, with a view to informing future

species management

iii. To explore understudied aspects of science communication, by quantifying the

impact of identity-bias on public perceptions of lion conservation messengers

iv. To provide societal context for the thesis as a whole, by examining how colonial

histories contribute to ongoing racism in conservation science and practice

1.2. Thesis Layout

This thesis is comprised of 6 chapters. The current chapter provides a short background
to the researcher (Section 1.3. below), followed by an introductory review of the literature
relevant to the research chapters. The main research contributions are presented in
Chapters 2-5, each written as an independent and self-contained manuscript, with further
details below. Chapter 6 provides a general discussion of the main findings from each
research chapter in tandem, alongside a consideration of the research limitations and

fruitful directions for future work.



Chapter 2 applies novel spatial-social network analyses to the long-term dataset of the
wild Serengeti African lion population to investigate sex-specific social ageing patterns

and the impacts of lifetime sociality on longevity.

*This work is published as “Sex-specific social ageing in wild African lions” in Current

Biology (Rudd et al., 2024).

Chapter 3 examines pre-disappearance changes in social behaviour, and the social
impact of associate loss on African lions, using the previously established spatial-social

network analyses (following Chapter 2).

* This work is in the manuscript preparation phase.

Chapter 4 investigates bias in public perceptions of lion conservation messengers on X
(formally Twitter), using a novel vignette-based experimental method. | focus on identity-

bias along the axes of race, gender, nationality, and expertise.

*This work is in review as “How identity-bias influences public perceptions of conservation
messengers on social media” in Conservation Biology (revised and resubmitted, January

2025).



Chapter 5 outlines the past and present patterns of racism in conservation practice and
science, and makes recommendations for building a more equitable future for

conservation.

*This work is published as “Overcoming racism in the twin spheres of conservation

science and practice” in Proceedings of the Royal Society B (Rudd et al., 2021).

1.3. Positionality Statement

To reflect the increasingly interdisciplinary nature of conservation and behavioural
ecology research, there have been growing calls for researchers to issue statements of
positionality’2. Such reflective statements allow identification of potential biases the
researcher possesses that could influence the framing of their work. Subsequently, the
potential for positionality statements to cause harm® and replicate colonial research
practices* have been identified. As such, there is no consensus on best practice regarding
positionality statements. Below | briefly reflect on my individual, sociocultural and
geographic positionality as relevant in my approach to the research and data within this

thesis.

The motivation for this thesis was born out of a desire to combine my interests in applying
animal behaviour (particularly social behaviour) to species conservation, my passion for

social justice, and my commitment to diversifying perspectives in academia. Most of my



undergraduate studies at The University of Edinburgh followed traditionally “western”
theoretical frameworks in biology. However, an exchange year at the University of
Queensland in Brisbane opened my eyes to broader ways of learning, particularly in
relation to Indigenous Knowledge (IK) systems and field-based practical learning. The
exchange year also allowed me to take modules in non-core areas, such as international
development, media studies, and science communication. | believe this stoked a curiosity
about the intersections of broader societal issues within ecology and conservation that

would later be pivotal to my DPhil research.

| am a sociocultural, economic, and geographic “outsider” of the Mara and Simiyu
Regions of Tanzania where The Serengeti National Park is, and where the data used in
Chapters 2 and 3 of this thesis were collected. The decision to work with the Serengeti
Lion Project data for my DPhil thesis research was borne out of prior difficulties with field
data collection, which were worsened by the global covid-19 pandemic. The travel
restrictions imposed by doing DPhil research during this time, combined with the sunk
financial costs of work prior to the pandemic, further prohibited me from visiting the
Serengeti myself. As such, | have relied heavily on contextual information generously
shared with me about the data and Serengeti system by those who collected it. However,
| am acutely aware that none of the people | have communicated with regarding the data
are themselves locals to the system, or Tanzanian. As such, | have made a concerted
effort to enhance my knowledge of the social and ecological landscape of the Serengeti
(and neighbouring regions) by engaging with educational material from a broad diversity

of sources. | have also been careful to refrain from conducting research that would have



tangible or immediate implications for policy in the Serengeti, and instead focused on

laying the groundwork for future research to address the gaps | identified.

1.4. Background and literature review

1.4.1. Social systems and structure- a network approach

Animal social systems are inherently complex in nature, as they are governed by both
external environmental variables, and internal species characteristics®6. There are
several inter-related components of social systems. Social organisation is the most
foundational and describes the size and cohesion of units in the system, with similarity
expected across all populations of a particular species’. The mating system is a related
but distinct component, encompassing both the quantity of mating partners and frequency
of mating interactions®. Finally, the social structure describes the social interactions, and
so the relationships, between individuals within the system which are in constant flux®.
The dynamics of these interactions are dependent on the demographic characteristics
and social behaviour of each interacting individual'®. As such, interactions may vary
based on the integral characteristics of each individual (e.g., their sex or dominance rank),
their genetic relation to one another, and the individuals’ adaptive social behaviour which
can be influenced by the wider environmental or social conditions®. In this way, not only
do the nature of the interactions between individuals build the social structure of a system,

but the social structure itself also influences the pattern of interactions occurring within it.



Studying the nature of social interactions between individuals historically depended on
examinations of dyadic relationships or group-level structure in isolation. The suggestion
to apply social network theory to animal systems dates back to 1975, though its uptake
was initially limited to descriptive studies due to the frameworks’ high data and
computational demands'?-'%. A social networks approach has a multitude of benefits,
primarily in the ability it confers to examine individual, dyadic, group, and population level
sociality patterns within the same framework'®. Social networks can be broken down into
two main components. The “nodes” classically represent the individuals within the
population of interest and their phenotypic attributes (though they can be used to
represent groups of individuals, see'”), while the “edges” represent the interactions
between them. In this way interactions between nodes can be modelled as a network,
and metrics can be mathematically calculated to describe its resultant social

characteristics in different ways*8.

The flexibility of a social network approach allows interactions between individuals to be
modelled in the most suitable manner for the question at hand. Defining the relationship
the edges represent is within the researcher’s control, but most commonly in animal
behaviour, they reflect the co-occurrence of individuals (Fig. 1A). Networks constructed
in this way facilitate an understanding of the inter-connectedness of individuals in a
population and can be used to ask a vast array of biological questions'®- for example
about the spread of disease?%-22 or information?3-25. Such edges can further be “weighted”

by the proportional frequency of interactions between individuals (Fig. 1B). The collection



of more detailed interaction data, such as inter-individual affiliative interactions (e.g.,
grooming behaviour), or agonistic interactions (e.g., fighting behaviour) allows context-
specific network construction'®. Capturing such behavioural interactions further facilitates
the edges to be modelled in a directional manner (Fig. 1C). In this way more nuanced
questions can be asked; for example, whether correlations exist between the directionality

of grooming behaviour, aggressive behaviour, and dominance rank?S.

A B C

Figure 1. Methods of social network construction. Multiple ways of constructing social networks are
illustrated, with increasing levels of detail from left to right. In this example, the nodes are coloured to
indicate individual sex (red = female, blue = male). In A, individuals are connected via uniform edges, which
indicate co-occurrence in space and time. In B, the relative frequency of co-occurrence in space and time
between each of the individuals is conveyed via the thickness of the edge, with thicker lines representing
stronger connections. In C, the ability to construct a network using more detailed interaction data is shown.
Arrows denote the direction of an interactive behaviour, (e.g., grooming), hence the network shows the

relative frequency and directionality of an affiliative behaviour between individuals.

While static social networks capture the social structure of an animal system within a
given time frame (e.g., by incorporating the social interactions of interest over a 1-year

period), temporal network analyses facilitate the understanding of dynamic changes to



the social structure through time?’. There are two conventional ways of conducting
temporal network analyses. The first, known as time-ordered networks, involves
modelling edges that each have a specific start and end time. Networks made in this way
can be useful for examining ordered interactions within a system, therefore allowing the
precise flow of a socially transmitted entity (e.g., information) to be traced??. Alternatively,
time-aggregated networks are constructed in the same way as static networks, but a
unique network is built for each time-step of interest?” (Fig. 2). For example, cooccurrence
networks could be built at yearly intervals over a five-year period, and each of the five
networks would encompass all recorded interactions within a given year. This facilitates
changes in individual network metrics, and changes to the overall network structure, to

be traced and quantified through time (see 2°-3" for examples).

A B

W K-y

t1 2 3

Figure 2. Static versus time-aggregated social network construction. Comparing the static network
(A) with the time-aggregated network series (B) illustrates the value of considering temporal shifts in
sociality. In this example, time-aggregated networks (t1, t2, ts) show all interactions occurring within that time
period. The static network shows all interactions over the three time periods combined. In the time-
aggregated network series, it is possible to identify individuals that enter the system after t1 (nodes coloured

orange) and trace the resultant fragmentation of the population.



It is increasingly recognised that not only does time influence the sociality of individuals
(and so systems), but so too does space. Spatial and social behaviours are frequently
driven by similar underlying mechanisms, including fundamental processes such as
mating and foraging®?33. Individuals’ spatial and social behaviours further impact one
another in a multitude of ways. For example, an individuals’ social environment can
influence spatial behaviours such as dispersal®**-36 or home range size®, while the spatial
distribution of resources may drive social interaction patterns of both a competitive and
cooperative nature®. Despite this, studies that specifically target the spatial-social
interface are limited®®. Recent advances in social network methodologies — the fitting of
stochastic partial differential equations (SPDE) within the integrated nested Laplace
approximation (INLA) R package - have facilitated investigations of social interaction
patterns that account for the potential confounding effects of spatial behaviour. The
importance of this approach has been demonstrated across ungulates*®#!, birds*? and

carnivores®3.

1.4.2. Individual variation in sociality

Social network analyses are particularly useful in exploring individual-level variation in

social behaviour and association patterns within a social system. Given the high flexibility

and adaptability of behaviour, it follows that extensive variation in sociality would exist

between individuals, social groups, and populations of the same species®. Such variation

10



can be influenced by a suite of factors, including those intrinsic to the individuals

interacting, and their environmental context (both social and ecological)'0444%,

Sex-based differences in sociality are likely to follow the constraints imposed by a species’
mating system. For example, the social organisation imposed by monogamous systems
compared to polygamous systems will impact the availability of conspecifics in a sex-
dependent manner, and the frequency of interactions amongst them?6. The partition of
parental or alloparental care may also influence associations across the sexes*’, as will
intra-sex and inter-sex cooperative and competitive dynamics (e.g., over access to mates
or resources)*®. Social network analyses have evidenced such sex-based individual
differences in social interaction patterns across taxa and species including primates°-%,
cetaceans®', and lizards®2. Other aspects of life history, such as dispersal, frequently differ
between the sexes and have strong impacts on an individuals’ social partners and
interaction patterns®3-%5. Similarly, and with such life history events in mind, the age class
of an individual can further impact their relationships, as has been shown across several

mammalian species®6-5°

Beyond variation between age classes, understanding shifts in sociality within individuals
as they age (commonly referred to as “social ageing”) is a growing area of research within
the broader study of senescence in wild animal populations®?. Traditionally ageing studies
in animals have focused on declines in physical condition®' and reproductive success®?-
64 both of which could interact with changes in sociality. Studies have also described the

potential implications of senescence, such as reductions in foraging performance®6¢ and

11



immune system strength®-69, which could again impact sociality®”7°. Changes in sociality
with age could infer a broad range of consequences for not only the focal individual, but
also the structure and organisation of the entire social system”’. Several non-exclusive
hypotheses have been suggested to predict social ageing, broadly categorised as either
within-individual changes (e.g., competition avoidance, social exclusion, and spatial
behaviour changes), or population-level changes (e.g., selective disappearance or

demographic shifts in population composition)*:72.

One example of social ageing can be found in female red deer (Cervus elaphus), which
have been shown to alter their social and spatial behaviour in tandem. Declines in social
connectedness were evident as individuals aged, coupled with declines in home range
size and a preference for areas that were less central, less densely populated, and
contained lower-quality grazing*°. Female rhesus macaques (Macaca mulatta) were also
found to have smaller social networks with age. These declines were driven by ageing
females’ increased selectivity of partners; specifically for kin and those who they were
strongly connected to in early life. Such shifts existed despite individuals spending a
similar overall amount of time engaging in social interactions’®. As such, current
knowledge from mammalian systems indicates a strong role of within-individual changes
in driving social ageing. However, research is needed across more varied social systems
to determine the extent to which patterns of social ageing are consistent throughout

animal societies, and to further elucidate its potential causes and consequences.

12



The existence of within-individual changes in sociality with age can be considered within
the broader context of social behaviour shifts and individual loss from a population. While
age-driven mortality is one cause of loss, demographic processes such as dispersal,
eviction, and population splintering can similarly affect the social structure of a system™.
In the two years prior to a mass eviction event, female rhesus macaques that would be
evicted displayed noticeable changes in their social partner choice and became
collectively more cliquish, engaging in fewer affiliative interactions with others™.
Moreover, mass eviction events in the banded mongoose (Mungos mungo) have been
found to reduce intra-group reproductive competition, but increase inter-group conflict,
with implications for the structure of the population”>. The extent and centralisation of
agonistic interactions in yellow-bellied marmot (Marmota flaviventer) social systems has

further been found to impact dispersal decisions’®.

Perturbation events, both acute and long-term, also impact individual behaviour and the
wider social system within which they exist. In wild house mice (Mus musculus
domesticus), a dramatic decline in population numbers caused by the introduction of a
predator did not impact group-level population structure. Instead, individuals were
differentially impacted based on their prior sociality; highly social individuals reduced their
number of social partners, while less social individual gained new associates’’. Rhesus
macaques responded in a similar manner to a mass mortality event (Hurricane Maria,
2017), in that previously isolated individuals increased their affiliative social connections
and gained additional associates, rather than strengthening relationships with existing

ones’®. Furthermore, the social structure of an African elephant (Loxodonta africana)

13



population was somewhat resilient to individual loss, with daughters assuming similar
social network positions to their mothers during periods of increased mortality due to

poaching”®.

Experimentally induced disturbances through the targeted physical or simulated removal
of individuals from a system have shown similar results in birds and mammals. In wild
great tits (Parus major), there was a positive correlation between individuals’ prior
association strength to a removed individual, and subsequent increases in the quantity
and strength of their social connections, and their overall connectedness within the
network®. Comparable findings were apparent following a cull of Canada geese (Branta
canadensis); surviving individuals gained new associates to compensate for those lost,
while also strengthening their existing relationships®!. At a systems level, killer whale
(Orcinus orca) populations have been suggested to be vulnerable to becoming socially
fractured into small clusters following the computationally-simulated loss of key
individuals, such as juvenile females and those from specific matrilines®2. Additionally,
individuals were found to have a reduced number of associates and be less strongly
bonded to them during a period of high mortality. After this disturbance, individuals
increased their associations with individuals from other groups (thereby replacing their
lost associates) but the stability and strength of their new relationships were low?.
Combined, the findings from these studies of the drivers and consequences of individual
loss have illuminated the interplay between sociality, demography, and disturbance.

However, our knowledge is still limited in comparison to the vast diversity of animal social

14



systems and species, and does not extend to the social dynamics of natural, ongoing,

individual turnover in stable populations.

The increasing focus on the social dynamics of ageing and individual loss reflects an
understanding of their potential ecological consequences. Social learning is an important
mechanism through which individuals can adapt to their environment, especially under
frequently changing or risky conditions. As individuals are likely to continually build
knowledge with age®38% shifts in the sociality of ageing individuals may have
repercussions for information spread through populations®. Age-related changes in
social connectivity could further interact with immunosenescence and disease resistance
to influence the likelihood of pathogen exposure and susceptibility®”.7°. This will be
particularly key to investigate in flexible, fission-fusion systems where contact rates
between individuals are varied, and especially in species known to be at risk of lethal
disease outbreaks. Furthermore, examining the impacts of individual loss is important in
understanding the ability of populations to respond socially to increased disturbance
regimes under increasing climatic and anthropogenic pressures*S, and the fine-scale

effects this may have on individuals.

As outlined, individuals display high degrees of variation in their social behaviour, social
strategy, and social network position. This is important given that being socially well
connected has been found to correlate positively with fithness and survival in several
species®’, making fine-scale sociality a priority area of study for social species of

conservation concern. There are two leading hypotheses which have been formulated to

15



explain this phenomenon. The “main effects” hypothesis proposes that social associates,
and relationships in general, provide direct emotional and behavioural support to
encourage healthy behaviours®. Evidence to support this hypothesis is primarily linked
to human societies®®%. The “social buffering” hypothesis is more commonly considered
in studies of animal sociality. It suggests that social connectivity offers protections against
stressors and aversive experiences that would ordinarily have a negative impact on
survival®!. Evidence of the benefits inferred by social connectivity to individual health and
longevity are numerous in primates®7, and have additionally been found in cetaceans®
and ungulates®. Increasing our knowledge of species in which the nature of social
interactions and the population social structure can impact individual fitness may aid in
highlighting the mechanisms responsible. The unique ecological and evolutionary
dynamics of social carnivores make them ideal study systems for such research, and for
studying processes related to association patterns such as social ageing and the

dynamics of individual loss.

1.4.3. The Serengeti lions as a study system

One such social carnivore species that is ideal for the study of fine-scale social dynamics
is the African lion (Panthera leo), unique amongst felids for living in egalitarian, fission-
fusion social groups. Specifically, the lion population inhabiting the Serengeti National
Park, Tanzania, is a candidate system due to its long-term monitoring by the Serengeti

Lion Project'®. Research on the Serengeti lion population began in the 1960s, though

16



the consistency and frequency of data collection was highest between 1984 and 2014
when GPS collars were fitted on at least one female per pride. Since then, extensive data
on the spatial and temporal cooccurrence of known individuals has been collected
(defined as being within 200m of each other, and recognised by facial markings),
alongside individual-level demographic data, such as sex and age. This data was used
to construct the annual social networks (across the 30-year study period) for the analyses

conducted in Chapters 2 & 3 of this thesis.

The studied population inhabits a 2700km? area, approximately in the centre of the park
(on a north-south axis), which consists of an open grasslands (plains) habitat, and a more
densely vegetated woodlands habitat'®. There are two broad seasons: the dry season
spans June to October, and the wet season spans November to May'%!. Seasonal rainfall
patterns drive large annual migrations of prey species including wildebeest
(Connochaetes taurinus), zebra (Equus burchelli) and Thomson’s gazelle (Eudorcas
thomsoni) through the study area, with rainfall and prey densities higher in the woodlands
habitat year-round. Predators, including lions, track these prey movements meaning their
home range territories shift geographically across the year'%2193, These famous annual
migration patterns across the Serengeti landscape are considered one of the greatest

wildlife tourism spectacles in the world'%4.

Owing to the long-term study of the Serengeti lion population, its social organisation and

mating system are relatively well understood. Related adult females and their cubs form

prides that collectively hunt, defend a territory, and rear young'%. These prides can range
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in size from 2-20 individuals, but frequently splinter into smaller sub-groups, and
individuals commonly spend time alone. The composition of these sub-groups fluctuates
daily, and pride-mates remain within a 5-6km radius of each other, likely to maximise
communication efficiency (via roaring)'®. The majority of female offspring (~75%) are
recruited into the mother’s pride, but dispersal does occur, particularly when the optimum
pride size would otherwise be exceeded. Daughters that disperse do so in cohorts of
sisters and cousins after the age of 2 years, forming new prides with territories adjacent
to their mother’'s’00.106.107 Conversely all male offspring disperse in cohorts of brothers
and cousins between the ages of 2 to 4 years. They enter a nomadic life stage, and during
this time can form alliances with other nomads, leading to the formation of male coalitions
of up to nine individuals. These coalitions eventually outcompete a resident coalition to
take over a pride (or two neighbouring prides) of females, usually once the males have
matured and reached adult body size'0%-197-109_|ncoming males are infanticidal, and pride
takeovers can therefore trigger early dispersal of sub-adults and the splintering of prides.
Once a coalition has residence of a pride the membership of the coalition remains

constant, barring the occasional and rare recruitment of sons'®.

There is no clear dominance hierarchy, meaning female pride mates and male coalition
mates display similar reproductive rates®*11%. However, there is considerable variation in
the per capita reproductive success between prides. This can be attributed in part to
territory quality and in part to pride size, with greatest reproductive success experienced
by females in mid-sized prides'?.11". Females creche their cubs to share the caring and

nursing responsibilities, facilitating continued engagement in group and solitary hunting
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for mothers'%.112 Reproductive senescence begins at ~ 10 years old, with both cub
survival and litter size declining®. There are no obvious benefits of grandmothers to the
survival of their grand offspring, unless they are actively breeding themselves and so
sharing care of the creche'®. Outside of reproduction, lions engage in a suite of
cooperative group behaviours including hunting and territory defence9%113-115_ \While
studies have focused on explaining why lions are social, little is known about inter-

individual interaction patterns and individual-level variation in sociality.

Understanding fine-scale social structure in this population may aid in its future
conservation management. The Serengeti lion population has historically suffered high
levels of mortality because of severe and cyclical disease outbreaks- predominantly
canine distemper virus (CDV)'"6-18  Such outbreaks are worsened by climate
extremes'"”® and may be fuelled by inter-species interactions’?°, with domestic dogs a
potential reservoir'?'122, meaning future management of disease dynamics is a key
concern for this species. More broadly, the African lion faces significant threats in addition
to disease and climate change across its range (e.g., prey depletion, habitat loss, and
human conflict)'??, the management of which may be aided by deepening our
understanding of individual sociality'?4. In the previous section (1.4.2) the value of a social
networks approach in understanding the social dynamics of perturbations and individual
loss from a system were examined. Such an approach is particularly relevant and

pertinent to lions, given their complex sociality and increasing conservation concern.
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1.4.4. Colonialism in lion conservation

Due to rapid rates of population decline, the African lion is classified as vulnerable and
decreasing on the IUCN red list'?5. Threat analysis has determined that human-lion
conflict (the retaliatory killing of lions due to the real and perceived threat they pose to
human lives and livelihoods) and prey depletion (via bushmeat hunting) are the greatest
threats in terms of the number of lions, and lion populations, they threaten. Additional
pressures exist due to the expansion of cropland and livestock grazing areas, the
increasing isolation and vulnerability of small populations, unsustainable forms of trophy
hunting, and resource extraction'?®. Given many of these factors are rooted in the socio-
economic landscapes within which lions range, a holistic approach to lion conservation is
needed. Studies have increasingly sought to understand the attitudes of local
communities towards lions and examine factors that might influence perceptions in such
a way that conflict behaviours can be changed'?-2°. Efforts to reduce livestock
depredation and retaliatory killings have seen some success when communities are
properly engaged'33!. Financially compensating farmers when livestock are killed can
also be effective, though it can simultaneously create unsustainable financial

dependencies and accentuate intra-community inequities32-134,

While such efforts are important, both for the protection of lions and for addressing the
wellbeing costs faced by people living alongside wildlife, it is equally important that the
colonial histories of Euro-centric conservation models across lion range are

considered'35-138, Most lions exist in protected areas which were gazetted during colonial
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regimes for elite sports-hunting across sub-Saharan Africa’®, including the Serengeti
National Park. The process of creating these protected areas instigated mass and forced
displacement of local communities - often communities that were already marginalised 0.
Many displaced people settled around the outskirts of new “National Parks” that they
previously lived within, often in much lower quality areas for arable and livestock farming,
and in closer contact with wild predators''. As such “fortress conservation” models
(intended to protect pristine natural areas) and those who implemented them were

responsible for driving increased conflict between people and wildlife40.142,

In isolation, and without critically examining conservation’s colonial history, present-day
dynamics can position rural communities as the enemy of conservation'3. This is
particularly important to consider within the sphere of lion conservation, given the
immense cultural significance and charisma of the species globally'#4. As such, public
engagement in the discourse around lion conservation is extremely high even outside of
the species’ natural range, especially in the Global North'#5:146_ Such publics’ sentiments
regarding lion conservation management are important because they can impact the flow
of money and support to lion range countries - which are needed given the high estimated
cost of protecting African lions'#”. However, conservation decision-making is not solely
dependent on scientific evidence, and public bodies may form judgements about
conservation priorities and policy based on multiple factors'#8-150, Additional complexities
exist within the realm of lion conservation as management strategies are often ethically
controversial'®' and can be monopolised by political movements to garner support, with

trophy hunting being the classic example of this!45.152-154,
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1.4.5. The role of social media and identity-bias

Increasingly, people use social media to engage in topics of interest to them, including
lion conservation'4%152.155 \While this allows for the rapid spread of information, which
could benefit species conservation efforts, misinformation is prolific as the credibility of
science-related posts can be hard to deduce'®®'%’. In addition, divisive debates are
common on social media, regularly echoing harmful conservation narratives about
poaching and population growth that villainise local communities'8. Descent into violent,
racist, rhetoric directed towards those perceived to be harming wildlife has been
evidenced'®®. Such discourse dynamics are often neo-colonial, especially when directed
from publics in the Global North towards conservation scenarios and actors in the Global

South.

Understanding factors that contribute to such public perceptions of conservation
scenarios and actors on social media platforms remains understudied. Message framing
is a growing area of research in the conservation sphere’®°. |t is broadly understood that
the way in which an issue is communicated can impact people’s judgement of and
response to the problem, tangibly impacting behaviour and engagement'®'. Positively
framed messages have proven to garner increased support'®?-64_In addition, individuals’
characteristics have been shown to impact perceptions of the acceptability of trophy
hunting, as does the framing of the hunt regarding the focal species, economic outcome,

and use of the meat'®®. Limited evidence also suggest that the individual messenger can
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impact engagement and outcomes, particularly if the messenger is a known public figure
or researcher'®.1%7_ However, research so far has not fully investigated how conservation
messengers are perceived on social media platforms, especially in combination with other

factors known to bias social media engagement, such as identity-bias.

People inherently judge individuals based on their identity, due to societal prejudices
against the groups into which they categorise them (referred to throughout as identity-
bias)'®®. Gender and race biases are prevalent and well researched in news studies.
Typically, women and journalists of colour are underrepresented as experts or sources of
information, and particularly strong biases exist against women of colour'®®. The gender
and race of broadcasters has been found to impact their perceived objectivity on X
(formerly Twitter)'’°, The propensity to follow social media accounts has further been
shown to correlate with the profile holder’s attractiveness, perceptions of which are
influenced by the intersection of their race and gender'”°. Within a conservation context
the propensity for such identity-biases to influence public opinion in debates on social
media remains untested. However, it is plausible the societal biases could interact with
conservation’s colonial history to reproduce historic inequities'®” and influence the voices
heard, alongside the conservation strategies that receive public support. Such dynamics
are reflected in public exposure to conservation experts in popular media who are
predominantly white, western individuals'®171.172 As such, cycles of inequity are

compounded by conservation’s persistent lack of “diversity”173.174,
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The need to increase the diversity of perspectives in conservation, and related fields such
as ecology, is increasingly being recognised'”>-78, Historically, value has been placed on
scientific qualifications and academic achievements over and above Indigenous
knowledge and lived or practical experience'63179-181 psromoting parachute science'®. In
addition, the academic conservation space is exclusionary to individuals from
marginalised backgrounds, due to barriers that limit access and opportunities based on
socio-economic factors. Conservation as an industry is highly competitive, meaning entry
to degree programs and job recruitment can be dependent on unpaid labour'83184
existing social networks'®®, and broader experience or hobbies that evidence
engagement with nature. Self-promotion and networking are key to increasing
collaborative opportunities, which may aid future access to funding and so continual
professional development. Conferences and scientific publishing are important for this but
can carry huge financial costs'8-'8_ Conferences may be additionally prohibitive to

conservationists from the Global South due to inequities in visa processes'®°.

While individually colonial conservation narratives, public perceptions of conservationists,
and barriers to accessing conservation spaces are recognised as problematic, the
interconnected nature of these issues remains unaddressed. Further, conservation
scientists and practitioners lack actionable suggestions towards overcoming such cycles
of injustice. The future of the African lion will depend on the conservation community’s
ability to centre justice for local communities, incorporate local priorities for species and
land-management, remould our communication strategies, and remove barriers to access

for marginalised people.
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1.4.6. Thesis in context

This thesis brings together approaches and methodologies traditionally associated with
either behavioural ecology or conservation, to provide a more holistic view of the complex
system of lion behaviour and conservation. The research presented in Chapters 2 — 5
addresses key knowledge gaps related to lion sociality, identity-bias in science

communication, and systemic inequalities in conservation science and practice.

Behavioural ecology and conservation are inter-related fields, as understanding the way
individuals interact with each other and their environment can help to inform effective
conservation strategies'91. This is evident across a breadth of systems and areas,
including behavioural responses to environmental change'9%193, spatial behaviour'9+195,
and social behaviour'?419%.197 Sqocial ageing has significant potential in its application to
conservation, as it could provide explanations for non-linear population growth and
decline (e.g., due to survival or reproduction rates) in age-structured populations'®. In
addition, under increasing environmental and anthropogenic pressure in natural systems,
it is imperative to understand the individual and population-level consequences of
individual loss across age groups (and not only the loss of aged individuals). Such
dynamics are of particular relevance in highly social species of conservation concern,
such as the African lion. However, the applicability of behavioural research to
conservation has been criticised for being limited by small sample sizes, the use of study

species with limited conservation relevance, and a focus on individuals rather than
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population-wide dynamics'®92%, In utilising the long-term Serengti lion data set for the
behavioural research in Chapters 2 and 3 of this thesis, these barriers to conservation

management applications of the results are overcome.

Given the potential applicability of the behavioural ecology research presented in this
thesis to lion conservation management, it is important that the human-dynamics of such
lion conservation landscapes are considered within the body of work. This should include
acknowledgment of factors influencing public engagement with lion conservation, as well
as the societal context (past and present) within which all lion behavioural ecology and
conservation research is situated. There has been growing recognition of the need to
prioritise social justice, equality, and inclusion within conservation and parallel disciplines
such as ecology, particularly in academic spaces'”>'78. As such, this thesis first advances
knowledge in the emerging discipline of social ageing, before examining vital components
of the wider system (including racism, social inequity, and histories of colonialism) that

the research was conducted, and will be interpreted, within.

Figure 3 illustrates the conceptual framework that underpins this connection between
thesis chapters. It highlights the progression of research from fundamental lion
behavioural ecology relevant to species management, to factors influencing public
perceptions of lion conservation strategies, to the wider societal context that underpins
all lion behavioural ecology and conservation research. It is worth noting that although
Chapter 5 primarily focuses on racism in the conservation discipline, its relevance extends

to parallel fields (such as behavioural ecology), as well as the broader academic
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community. This is evident in the vast diversity of citations it has received (as examples,
see?01-205) Accordingly, this thesis is presented as a cohesive body of work in the hope
of encouraging continued interdisciplinary research within the sphere of lion behaviour

and conservation.

O Racism in conservation

» Explores role of conservation’s colonial
history in shaping current inequalities in
science and practice

* Highlights steps towards a more socially
just conservation sphere

Chapter 5

O Bias in conservation communication
Chapter 4 * Quantifies identity-bias against lion
conservation messengers online
* Highlights the need to understand such
inequalities (e.g., racism) within broader
conservation context

Chapter 3
O Social dynamics of conservation relevance
Jr'r ‘1/”\ ™ 4/'* « Identifies sex-specific patterns in the social
r— consequences of individual loss for an age-

~r—
_— 1l|/1' structured lion population
+ Highlights applicability of findings to
conservation management (e.g., improved
understanding of disease dynamics)

© Fundamental lion social behaviour

+ Characterises sex-specific patterns in
social ageing and the impact of lifetime
sociality on longevity

* Highlights the ecological consequences
for age-structured lion populations

Figure 3. Conceptual thesis framework and overview. Circles represent Chapters 2-5 of the thesis, with
graphics illustrating the main research themes of each. The circles are nested to highlight the way each
thesis chapter grows from the research of the prior chapter, while maintaining connection to the holistic
body of work. The larger circle of Chapter 5, encompassing all other chapters, represents the vital
contextualisation it provides for the thesis as a whole. Each circle is complemented by text which outlines

the main finding of the chapter, plus the key thematic link to the subsequent chapter and broader thesis.
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SUMMARY

There is a growing interest in social behavior change with age,’~® and the impacts of sociality on longevity,*2
but current knowledge is broadly limited to primates, societies structured by dominance hierarchies, or sin-
gle-sex studies. It is less clear how social aging patterns emerge in carnivores. The African lion (Panthera leo),
a species that lives in egalitarian fission-fusion societies, presents an exceptional opportunity to examine so-
cial aging. Across felids, lions are unique in their dependence on conspecifics for many essential pro-
cesses,” " and there is vast knowledge of lion behavioral ecology,'®'* including documented reproductive
senescence in both sexes.'*'® Applying spatial-social network analyses across 30 years of data on the wild
Serengeti lion population, we show that sex strongly modulates patterns of social aging and longevity. Group
size increased with age for both sexes, but only males experienced significant changes in associate numbers
(degree), specifically to females, which peaked in mid-life before declining. While aging females experienced
declines in intra-sex connectivity (strength) and bond strength (mean strength), they peaked in both to males
during mid-life. Male inter-sex strength also peaked in mid-life, while conversely their intra-sex strength and
mean strength significantly dipped in mid-life. Although social associations were important for survival in
both sexes, the investment diverged significantly: females’ overall network connectivity was key for
longevity, while the number of associates was important for males. These findings illustrate important poten-
tial effects of social aging in a wild carnivore and demonstrate how these diverge strongly between the sexes.

RESULTS

Understanding how individuals’ social behavior changes with
age (referred to as “social aging”) can help illuminate the role
of aging individuals in structuring societies' and in processes
such as disease transmission and information spread.”'%'” Mul-
tiple social aging hypotheses have been proposed, including
within-individual changes (e.g., competition avoidance and alter-
ation of spatial behavior) and population-level changes (e.g., se-
lective disappearance and demographic shifts).® Throughout
adulthood, inter-individual variation in social behavior is com-
mon and often emerges between the sexes.'® As such, impor-
tant between-sex differences in social aging are likely but remain
understudied. Understanding sex-based variation could provide
insights into drivers of social aging in wild populations and high-
light the underlying evolutionary and ecological mechanisms.
Additionally, inter-individual variation in social behavior across
the lifespan has been found to impact longevity variably across
species.®®'® Such phenomena are increasingly well docu-
mented, particularly in primates,*”” but are often restricted to a
single sex.> Owing to the often-divergent social strategies of
males and females,?*** lifetime sociality is likely to differentially

impact fitness and longevity between the sexes.” As such,
drawing broad inferences concerning the impact of sociality on
longevity remains difficult, with findings often limited to particular
taxa and single-sex examinations.?® Particularly lacking are con-
siderations of such processes in social carnivores. Owing to the
unique ecological and evolutionary dynamics of such species,
they may provide insights into the drivers and mechanisms of so-
cial aging that remain poorly understood.

The African lion (Panthera leo) is unique amongst felids: lions
are highly social, with individuals living in egalitarian fission-
fusion social groups.'"'* Dispersal is highly sex skewed; most
females remain with their natal pride (though some disperse to
form new prides),'® but all males disperse aged 2—-4 and spend
time in nomadic coalitions before taking residence in their first
pride.'*?% Coalitions can be resident within multiple prides at
once, with larger coalitions more successful in retaining resi-
dencies and enjoying greater reproductive success.’’ Aging
males exhibit reproductive senescence, likely due to their
increasing vulnerability to intruding infanticidal males. All
female pride-mates breed at similar rates until reproductive
senescence begins around ~10 years old,"® with cubs raised
in creche groups where caring and nursing responsibilities are

) . . .
opcnter Current Biology 34, 4039-4046, September 9, 2024 © 2024 The Author(s). Published by Elsevier Inc. 4039
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shared.'*?%?° While individuals of both sexes spend significant
time alone, essential behaviors (e.g., territorial defense, cub rear-
ing, and hunting) are regularly executed in groups,'*?° meaning
singletons struggle to successfully reproduce and survive.'*?’
Despite the vast body of lion behavior research, little is known
about intra-pride social associations, how sociality changes
across a lifetime, and the role of sex-specific aging in mediating
patterns of sociality. Given the variation in (and timing of) behav-
iors such as dispersal and reproduction between the sexes, we
predict sex-based divergence in investment in the number of as-
sociates and strength of associations across the lifetime.

Using 30 years of data from 665 adult lions of the wild Seren-
geti population, we employed spatial and social network ana-
lyses to investigate sex-specific social aging and the associa-
tion between fine-scale sociality and longevity. We compared
individuals’ (1) average group size, (2) number of associates
(degree), (3) total sum amount of weighted social associations
to others (strength), (4) social bond strength to associates
(mean strength), and (5) the connectivity of their associates to
one another (clustering) across their lifetimes within the popula-
tion. Using an integrated nested Laplace approximation (INLA)
model, we directly considered spatial autocorrelation in social
network positions, accounting for each individual’s average
location at each timepoint. In addition, to decipher the effects
of fine-scale, intra-pride social associations, we controlled for
average annual group size as well as observation frequency,
natal vs. foreign birth status, individual GPS collar status,
year, current pride, natal pride, and individual identity. We
analyzed male and female data separately to allow the compar-
ison of sex-specific social aging and the impacts of sociality on
longevity between sexes.

All models were substantially improved by considering spatial
autocorrelation, indicating that social connectedness was
spatially autocorrelated, so we report those models throughout.
All response variables except male clustering showed at least a
slight model improvement (DeltaDIC > 2), and the majority
showed marked improvements (DeltaDIC > 100; Figure S1).
However, accounting for these had little impact on other effect
estimates, showing that spatial behavioral changes were unlikely
to be driving the observed social aging trends.

Female social aging and longevity

While average group size (average number of other individuals
the focal lion was observed with per sighting) provides a simple
measure of grouping behavior within a fission-fusion society, de-
gree (number of unique individuals the focal lion was observed
with over that year) provides an indication of overall gregarious-
ness. Female lion networks were characterized by a substantial
increase in group size with age (estimate 0.081; 95% CI 0.034,
0.127; p < 0.001; Figures 1 and 2). Once an individual’s average
group size was controlled for, we found no additional relation-
ship between age and the unique number of associates females
had (Figures 1 and 2).

The females’ total sum of weighted social associations to
other females (strength—a measure of an individual’s overall so-
cial connectivity) decreased significantly with age (estimate
—0.072;95% CI —0.097, —0.048; p < 0.001; Figures 1 and 2). Ag-
ing studies commonly test for quadratic effects due to the pos-
sibility of non-linear relationships between response variables.
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A negative quadratic relationship with age was evident for fe-
males’ strength to males, with a peak in connectivity during
mid-life (estimate —0.067; 95% CI —0.091, —0.043; p < 0.001;
Figures 1 and 2).

Female-female mean strength (a measure of the tightness of
an individual’s social bonds to its associates) declined with
age (estimate —0.118; 95% CI —0.159, —0.078; p < 0.001), while
female-male mean strength peaked significantly in mid-life (esti-
mate —0.086; 95% Cl —0.118, —0.054; p < 0.001; Figure 2).

The observed social aging trends contrasted strongly with the
relationship between sociality and female longevity. Despite
decreasing with age, female intra-sex strength was associated
with greater longevity (estimate 0.039; 95% CI 0.012, 0.066;
p = 0.004; Figures 1 and 3), confirming that the longevity effects
cannot be attributed to selective disappearance. This was simi-
larly true for the relationship between female-male strength and
longevity (estimate 0.035, 95% CI 0.003, 0.068; p = 0.030; Fig-
ures 1 and 3). These results suggest that females benefit from in-
vesting in their social associations across their lifetime.

There was a small negative association between female-
female clustering and longevity (estimate —0.063, Cl —0.126,
—0.001; p = 0.047). As such, there is potentially a survival cost
to existing within tightly connected social cliques with female
pride-mates, compared with groups with more fluid member-
ship. Notably, there was no significant relationship between
the number of associates females had (degree) and longevity
(Figure 1).

Male social aging and longevity

Similarly to females, there was a positive relationship between
age and male average group size (estimate 0.172; 95% Cl
0.064, 0.279; p = 0.002; Figures 1 and 2). Even when controlling
for individuals’ average group size, males also showed a strong
and significant increase in their unique female associate
numbers (degree) with age (estimate 0.172; 95% CI 0.087,
0.258; p < 0.001; Figures 1 and 2). There was a further negative
quadratic effect of age, meaning the number of unique female
associates peaked in mid-life (estimate —0.137, 95% Cl
—0.199, —0.075; p < 0.001; Figures 1 and 2). There was no sig-
nificant change in the number of male-male associates with
age (Figures 1 and 2).

Additionally, males showed decreasing strength with age
when considering their intra-sex connections (estimate
—0.321; 95% CIl —0.399, —0.243; p < 0.001; Figure 1), but the
quadratic relationship showed peaks in early and late-life (esti-
mate 0.131; 95% CI 0.074, 0.187; p < 0.001; Figure 2). Male-
female strength showed the opposite pattern, with a peak in
mid-life (estimate —0.075; 95% CI —0.127, —0.024; p = 0.004;
Figures 1 and 2).

As was true for females, male intra-sex mean strength
decreased significantly with age (estimate —0.283; 95% CI
—0.381, —0.184; p < 0.001; Figures 1 and 2). However, when
considering the quadratic relationship, and in contrast to fe-
males, male-male mean strength peaked in early and late life (es-
timate 0.141; 95% CI 0.071, 0.211; p < 0.001; Figures 1 and 2).

Male longevity was significantly positively related to the num-
ber of male associates (estimate 0.087; 95% CI1 0.002, 0.173; p =
0.045), and the number of female associates (estimate 0.134;
95% CI 0.046, 0.222; p = 0.003; Figures 1 and 3).

49



Current Biology

Female
e
1
Age | A | »
——]
Age2 | |_
|
|
Longevity - || 3 ’
—a |

]

¢? CellPress

OPEN ACCESS

Male

Connections to

® All
A Female
B Male

Response

® Group size
Degree
Strength
Mean strength
e C(Clustering

-0.1 0.0 01 -04
Estimate

Figure 1. Associations between age, longevity, and social metrics

-0.2 0.0 0.2

Estimates taken from the SPDE single-sex model for females (left) and males (right) showing the age and longevity effects for each social metric tested. Points
represent the model estimate with error bars showing the 95% credibility intervals (estimated according to the 95% upper and lower quantiles of the posterior
density distribution for each effect). Bold points indicate a significant relationship; faded points indicate a non-significant relationship. See also Figure S1 and

Table S1.

DISCUSSION

Our findings demonstrate strong, sex-dependent, and often-
nonlinear changes in social behavior with age in a wild carnivore,
the African lion. These relationships existed even after account-
ing for individuals’ group size changes, and the metrics of fine-
scale social behavior were also related to longevity. It is plausible
that the strongly divergent patterns of sex-based social aging
relate to the profound differences in reproductive biology and
social behavior between males and females. Similar to the
orthodoxy from studies of other mammals (e.g., primates and
ungulates®®), aging females appeared to broadly lose social
connectivity while retaining a similar absolute number of associ-
ates. In contrast, males’ connectivity was highly nonlinear and
peaked in early and late life, showing that there are strongly
divergent drivers governing the expression of social behavior.
This illustrates social aging patterns should be considered

more broadly in social animals, potentially uncovering a range
of further processes governing the underlying causes and con-
sequences of ecological and behavioral processes."? As theo-
rized in primates specifically,” animals with highly divergent
sex roles in their society may exhibit similar divergence in social
aging patterns due to shifts in motivation and power; further
comparative work may help to elucidate the wider drivers and
consequences.

Group size and number of associates

Due to the fission-fusion structure of lion society, individuals’
group size and the total number of unique associates they are
observed with (degree) provide two informative yet relatively
simple social measures. There was a significant increase in fe-
male sub-group size with age but a lack of change in associate
numbers (when controlling for group size changes). This could
partly be explained by reproductive senescence,'® as mothers
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Figure 2. Social aging patterns vary between the sexes
Age related changes in (from top to bottom) group size, degree,
strength, mean strength, and clustering for females (left column) and
males (right column). Red points and lines indicate associations to
females, blue points and lines indicate associations with males, and
purple points and lines indicate associations to both sexes com-
bined. Where significant, quadratic age effects are included in the
plot, generating n- or u-shaped curves. The black lines represent
the mean of the posterior distribution for the age effect estimate; the
colored lines are 100 random draws from the posterior to represent
uncertainty. The points represent individual-by-year replicates, with
transparency to allow for visualization of overplotting. For females,
group size, strength, and mean strength plots show significant re-
lationships. For males, group size, degree (to females only), strength,
and mean strength (to males only) plots show significant relation-
ships. See also Figure S1 and Table S1.
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Figure 3. Sociality correlates with longevity differentially be-
tween the sexes

Longevity effects of (from top to bottom) group size, degree, mean
strength, and clustering for females (left column) and males (right
column). Red points indicate associations to females only, while blue
points indicate associations with males only, and purple points and
lines indicate associations to both sexes combined. The black lines
represent the mean of the posterior distribution for the age effect
estimate; the colored lines are 100 random draws from the posterior
to represent uncertainty. The points represent individual-by-year
replicates, with transparency to allow for visualization of overplotting.
For females, strength and clustering plots show significant relation-
ships. For males, the degree plot shows a significant relationship. See
also Figure S1 and Table S1.
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are highly dependent on small creche groups while cub rear-

ing.?®2° Furthermore, females frequently hunt alone or in sub-
stantially smaller groups than the maximum pride size.'*?° In
other social apex predators, declines in hunting success with
age have been observed,*° and aging female lions do show signs
of deteriorating physicality that could impair their hunting ability.
Itis plausible that aging females become increasingly dependent
on the pride for food, rather than hunting themselves, and so are
observed more frequently in bigger group sizes. Understanding
female hunting behavior across the lifespan could elucidate
this further.

Similarly, male sub-group size increased with age, which
could reflect the increasing likelihood of a male’s pride being
taken over by intruding males.'* Further research into whether
aging males spend an increasing proportion of their time with
the bulk of the pride, in recognition of their physical vulnerability,
would be useful. While female associate numbers did not change
with age, males exhibited an increase in female associate
numbers to a mid-life peak even when controlling for group
size changes. This is likely because, in the Serengeti, many co-
alitions are resident within multiple prides simultaneously. These
prides grow in size to a tipping point; however, pride residencies
can also be surrendered by coalitions as they age, particularly if
their non-dispersing daughters have reached reproductive
maturity.'*

Across the lifetime, neither yearly average group size nor
yearly number of associates held statistically significant relation-
ships with female longevity, suggesting that the extent of
grouping behavior individuals display does not directly relate to
survival. However, male longevity increased when their asso-
ciate numbers were higher, and this was true when only consid-
ering their associations to females, or to other males. This could
be partly indicative of selective disappearance® in that larger co-
alitions are more successful in maintaining pride residence, and
therefore persisting in the study area, when compared to smaller
coalitions."* Further, males resident within larger prides (or mul-
tiple prides) may simultaneously have access to better quality
territory,'® which would positively contribute to their survival.

Connectivity and bond strength

Lions demonstrated significant reductions in their overall con-
nectivity to same-sex individuals (intra-sex strength) and
average bond strength to their associates (mean strength) with
age. Sex-specific differences were again found: female lions ex-
hibited a peak in both metrics in mid-life to males only. Males ex-
hibited early- and late-life peaks in strength and mean strength
when considering their male associates only. This contrasted
with the evident mid-life peak in strength to females.

These findings may reflect the differing influence of reproduc-
tive behavior on social aging between the sexes. Females are
reliant on the creche for cub rearing and protection from infanti-
cidal males during their prime adult years.®’ As reproductive
senescence progresses, investment in creche-mate associa-
tions may decrease. Additionally, the early-life peak in mean
strength mirrors the time of highest vulnerability for females
that do disperse, ' so this could be when they are most depen-
dent on their cohort for survival. For resident males, the biggest
threat to their reproductive output is intruding male competitors.
Counteracting this threat requires early-life investment in
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coalition bonds during the natal pride and nomadic life stages.
These within-coalition bonds may once again become important
as males age and become more vulnerable to intruding males.'®
Conversely, aging males’ drop off in overall connectivity to fe-
males (male inter-sex strength) could reflect reproductive senes-
cence and perhaps even post-pride residence social behavior
when intra-sex associations will dominate.'*

Across their lifetime, lionesses that invested more in their so-
cial associations (with greater intra- and inter-sex strength) ap-
peared to live longer. The direct causal mechanisms underpin-
ning this remain unclear; however, where similar patterns exist
in primates, it has been hypothesized that females experience
fitness benefits from their associates through increased buff-
ering against stressful events® and improved cooperation in
shared behaviors.” Both could tangibly impact female lion
longevity given the threat frequently posed by infanticidal males,
and the extensive cooperation required during territorial de-
fense, hunting and cub rearing. Another possibility is that fe-
males are more likely to emigrate from the study area if they
are less strongly connected to others, generating the perception
that increased connectivity improves longevity.

Cliquishness

For females, there was a slight but significant negative relation-
ship between longevity and their embeddedness in highly clus-
tered intra-sex groups (as opposed to groups with relatively
frequently shifting membership). This may reflect the higher rate
of fission-fusion in larger prides, which hold better quality terri-
tories.'? Similarly, this suggests that a tendency for individuals
to be overly cliquish (and less integrated in the wider population)
holds relative costs, compared with being more socially transient
and having connections outside of their immediate clique.

Ecological consequences

These findings will have a range of ecological and evolutionary
implications for age-structured lion societies. For example, lion-
esses’ decrease in social connectedness could drive reduced
exposure to pathogens, while males’ tendency to gain extra
unigue associates might disproportionately predispose them to
acquiring novel parasites.'®“? Such changes in exposure rates
could interact with their reproductive investment and resulting
changes in immune resistance,*® as well as with immunosenes-
cence.'® Given that this population has previously experienced
high-mortality disease outbreaks,***>> understanding these phe-
nomena could be important for predicting the resilience of the
Serengeti lion population in the future. Similarly, there could be
important consequences for social learning, as knowledge about
the environment is likely to improve with age.*® As such older
lionesses are likely to be key resources for prides, but their ten-
dency to become less connected could reduce the ability for in-
formation to spread. Yet more research into how behaviors
spread socially in wild social networks with diverse structures
is now needed.®’

Conclusion

We found evidence of sex-differentiated patterns of social aging,
and links between lifetime sociality and longevity, in African lions.
The individual-based and long-term nature of our data, as well as
our incorporation of both age and longevity effects, confirm that
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age-related patterns of sociality likely emerge through a combi-
nation of within-individual aging and selective disappearance.
Females lived longer when they were more strongly connected
to their associates but existed in less tightly interconnected
groups. This was true despite decreases in strength and mean
strength with age. Additionally, we found that, despite interact-
ing with the same number of individuals as they age, females
are on average found in larger groups. These social aging pat-
terns may mirror declines in reproductive output and so creche
attendance,'"'*?® as well as increasing reliance on pride hunts
due to physical senescence. As males aged, their number and
strength of connections to female associates increased to a
mid-life peak. However, the strength and mean strength of their
intra-sex connections to other males were highest in early and
late life. Further, males with more associates appeared to live
longer. These findings likely reflect changes in pride size and res-
idency patterns with age, as prides grow but coalitions surrender
secondary prides containing mature daughters.’* Additionally,
as males in larger coalitions are more likely to be resident in mul-
tiple prides, they may concurrently have access to better quality
territories that will contribute positively to their fitness and sur-
vival.’® Our results demonstrate social aging in wild lions, how
this can shape individual longevity, and the role of sex in modu-
lating this relationship. Such insights add to existing knowledge
of the species’ sociality and further our understanding of social
aging across diverse mammalian systems.
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Materials availability
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Data and code availability

o Data have been deposited (see key resources table) and are available as of the date of publication.
e All original code has been deposited (see key resources table) and is available as of the date of publication.
® Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

This study did not use experimental model animals, experimental in vivo animals, human participants, plants, microbe strains, cell
lines, or primary cell cultures.

Study system

The research was carried out using data from the long-term study of African lions in the Serengeti National Park, Tanzania. The study
area comprised 2700km? of the national park, including both the grassland plains and acacia woodlands habitats. Two seasons can
be identified, with the wet season spanning November-May and the dry season spanning June-October. Year-round prey densities
are higher in the woodlands habitat (which is more heterogeneous), while in the plains habitat prey density fluctuates with seasonal
migrations (and is considerably lower in the dry season)."?

Throughout the study area, female lions generally live in fission-fusion prides composed of related female adults and their offspring.
Pride size ranges from 2 to 20 individuals, and 75% of female offspring cohorts are recruited back into the mothers’ pride, while 25%
disperse to form new prides (often in adjacent territories).'* Conversely, male offspring disperse from the natal pride and form co-
alitions of up to 9 individuals, composed of kin and non-kin. These coalitions live a nomadic life following dispersal until they are
able to take over a pride of their own, usually between age 2-4.'**" There is no clear dominance hierarchy among female pride-
mates'® or male coalition-mates.’*

Data collection
The observational data used in this study was collected between 1984 and 2013. During this time, 1 female per pride was fitted with a
GPS collar and was tracked at least once every 2 weeks. Once located, individuals within 200m of each other were considered
co-occurring, so recorded as part of the same group sighting event (GPS location, date and time). Opportunistic sightings of non-
collared individuals and groups were recorded in the same way. For each known individual (recognized by facial markings), age
(estimated from date of first sighting as a cub or adult, accurate to within 2-3 weeks and 1 year respectively), sex, natal pride (if
born in the study site) and current pride data was available.

Method details

Social metrics and networks

Only data on individuals aged 3 and above were included, giving a total of 150842 observations of 665 individuals (mean per individual
[SD] = 48.1 [85.2]) from 60 prides over 30 years. We created social networks at yearly intervals commencing in June 1984, following the
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seasonal calendar, running from the start of the dry season to the end of the wet season. Following the “gambit of the group” approach,*®
individuals observed in the same group according to the date and GPS location recorded (as described in the “Data collection” section
above) were classed as associating at that time-point. This process generated a “group-by-individual” matrix, and the Simple Ratio In-
dex (SRI) was used for deriving dyadic association matrices (i.e., social networks) between individuals, where the proportion of overall
sightings in which two individuals were observed together was calculated rather than the absolute count (see Farine and Whitehead®® for
more details). All SRI values range between 0 (individuals never seen together) and 1 (individuals always seen together).

Using the annual networks, we derived 5 commonly used metrics to characterize lion social behavior.

(1) Group size: the average number of other individuals the focal lion was observed with per sighting

(2) Degree: the number of unique individuals the focal lion was observed with over the course of the year (i.e., number of the no-
de’s network edges)

(3) Strength: the total weighted sum of the focal lion’s associations within the network over the course of the year (i.e., sum of the
node’s weighted edges, thereby quantifying overall connectivity)

(4) Mean strength: the average value of the focal lion’s weighted associations to its non-zero associates over the course of the
year (i.e., mean of the node’s weighted edges, thereby quantifying bond strength)

(5) Clustering: the propensity for a focal individual’s associates to also be associated with one another (with higher values indi-
cating greater “cliquishness”)

Statistical analysis

We fitted linear models using the Integrated Nested Laplace Approximation (INLA), which is a deterministic Bayesian modelling
framework. We fitted three broad classes of models: those examining the population as a whole, only females, or only males. We
only included individuals aged 3 and above. This analytical setup is based on an established method for differentiating within-
and between-individual age effects*® which we have used in social aging models before® : by fitting age, longevity, and individual
identity, the model controls for selective disappearance of certain individuals (i.e., of the more or less social) through mortality.
This allows us to identify whether age-related changes in social network position are resulting from within-individual behavioural ag-
ing, or whether such patterns might emerge through population-level structural changes.

As such, each model included the following fixed explanatory variables: age (continuous, in years); Age” to detect quadratic shapes
(continuous, centred around the mean value for age); Longevity (continuous, calculated as age at disappearance from study site in
years; Observations (continuous, calculated as the number of times an individual was seen that year); Group size (continuous, calcu-
lated as an annual mean from the observation data); Foreign (binary variable, representing whether or not the individual was born in
the study area); and Collared (binary variable, representing whether or not they had a GPS collar). We also included a suite of random
effect factors: Natal pride (the pride in which an individual was born); Pride (the pride in which an individual was most often seen each
year); Year; and Individual identity. We did not fit a Maximum Pride Size factor in addition to the Group Size and Pride based on the
comparable results of prior analyses (see Figure S2 for SPDE model including Max Pride Size; Figure S3 for correlation between Max
Pride Size and Group Size). In the overall models, we also fitted some effects to examine differences between sexes: first a main sex
effect, and then interactions between sex and our continuous variables (Age, Age?, Longevity, Observations, and Group size).

INLA models allow the fitting of a stochastic partial differentiation equation (SPDE) effect to account for spatiotemporal autocor-
relation. Controlling for spatial autocorrelation is potentially important because in this and other wildlife populations, older individuals
could exhibit changes in spatial behaviour that drive changes in social behaviour.®'® Further, spatial patterns of environmental struc-
ture or demography could drive social changes across the study area in a way that confounds with age structuring.’ As such, isolating
the spatial and social components of behavioural aging patterns is therefore likely to be important for ecological understanding.

To investigate spatial dependence in this way, we used each individual’s average X and Y coordinate in each year (i.e., their annual
spatial centroid); the effect modelled the expectation that individuals will have more similar response values (i.e., social network po-
sitions) when their locations were closer in space. To assess whether the models were significantly spatially autocorrelated, we first
fitted the base model, and then added the SPDE effect and compared the model fit using deviance information criterion (DIC). We
took 5 DIC to differentiate between competitive models, such that if the SPDE effect reduced DIC by more than 5 it was taken to be
significantly autocorrelated. The base model + SPDE effect estimates for each of the single sex models can be found in Table S1, and
the spatial DIC changes can be seen in Figure S1.
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Figure S1. Spatial DIC Changes, Related to Figure 1, Figure 2, Figure 3 and STAR
Methods. DIC changes associated with fitting a spatial autocorrelation effect in our INLA
models. More negative changes denote better-fitting models, and therefore more spatially
autocorrelated social networks.
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Sex Response Explanatory Estimate Lower Upper P

F Strength Age -0.044 -0.065 -0.023 <0.001
F Strength Age?2 -0.04 -0.057 -0.023 <0.001
F Strength Longevity 0.042 0.018 0.065 <0.001
F Strength.Female Age -0.072 -0.097 -0.048 <0.001
F Strength.Female Age2 -0.009 -0.029 0.01 0.354
F Strength.Female Longevity 0.039 0.012 0.066 0.004
F Strength.Male Age -0.004 -0.033 0.026 0.801
F Strength.Male Age?2 -0.067 -0.091 -0.043 <0.001
F Strength.Male Longevity 0.035 0.003 0.068 0.030
F Degree Age 0.009 -0.026 0.045 0.606
F Degree Age?2 0.005 -0.023 0.034 0.724
F Degree Longevity 0.018 -0.022 0.058 0.385
F Degree.Female Age 0.019 -0.017 0.054 0.303
F Degree.Female Age2 0.019 -0.01 0.047 0.199
F Degree.Female Longevity 0.004 -0.039 0.047 0.858
F Degree.Male Age -0.004 -0.046 0.037 0.834
F Degree.Male Age2 -0.014 -0.048 0.02 0.420
F Degree.Male Longevity 0.021 -0.02 0.063 0.313
F Clustering Age 0.042 -0.016 0.099 0.157
F Clustering Age?2 -0.028 -0.076 0.019 0.243
F Clustering Longevity -0.046 -0.106 0.014 0.130
F Clustering.Female Age 0.027 -0.035 0.089 0.393
F Clustering.Female Age2 -0.008 -0.058 0.042 0.761
F Clustering.Female Longevity -0.063 -0.126 -0.001 0.047
F Mean_Strength Age -0.077 -0.115 -0.039 <0.001
F Mean_Strength Age2 -0.056 -0.087 -0.025 <0.001
F Mean_Strength Longevity 0.048 0.005 0.091 0.029
F Mean_Strength.Female | Age -0.118 -0.159 -0.078 <0.001
F Mean_Strength.Female | Age2 -0.032 -0.065 0 0.052
F Mean_Strength.Female | Longevity 0.047 -0.001 0.095 0.054
F Mean_Strength.Male Age 0.01 -0.029 0.048 0.633
F Mean_Strength.Male Age2 -0.086 -0.118 -0.054 <0.001
F Mean_Strength.Male Longevity 0.032 -0.007 0.071 0.109
F Groupsize Age 0.081 0.034 0.127 0.001
F Groupsize Age2 -0.028 -0.065 0.009 0.142
F Groupsize Longevity -0.013 -0.062 0.036 0.604
M Strength Age -0.103 -0.167 -0.038 0.002
M Strength Age2 0.007 -0.038 0.052 0.763
M Strength Longevity 0.027 -0.034 0.088 0.385
M Strength.Female Age 0.038 -0.034 0.111 0.300
M Strength.Female Age2 -0.075 -0.127 -0.024 0.004
M Strength.Female Longevity 0.008 -0.064 0.079 0.830
M Strength.Male Age -0.321 -0.399 -0.243 <0.001
M Strength.Male Age2 0.131 0.074 0.187 <0.001
M Strength.Male Longevity 0.087 -0.001 0.178 0.054
M Degree Age 0.137 0.054 0.221 0.001
M Degree Age2 -0.119 -0.178 -0.059 <0.001
M Degree Longevity 0.148 0.069 0.227 <0.001
M Degree.Female Age 0.172 0.087 0.258 <0.001
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M Degree.Female Age2 -0.137 -0.199 -0.075 <0.001
M Degree.Female Longevity 0.134 0.046 0.222 0.003
M Degree.Male Age 0.025 -0.067 0.118 0.595
M Degree.Male Age2 -0.033 -0.097 0.031 0.314
M Degree.Male Longevity 0.087 0.002 0.173 0.045
M Clustering Age 0.003 -0.124 0.13 0.962
M Clustering Age2 0.118 0.024 0.211 0.013
M Clustering Longevity -0.17 -0.284 -0.056 0.004
M Clustering.Male Age -0.049 -0.186 0.089 0.486
M Clustering.Male Age2 0.056 -0.043 0.154 0.267
M Clustering.Male Longevity -0.055 -0.184 0.073 0.396
M Mean_Strength Age -0.185 -0.278 -0.091 <0.001
M Mean_Strength Age2 0.1 0.042 0.18 0.002
M Mean_Strength Longevity -0.01 -0.114 0.094 0.843
M Mean_Strength.Female | Age -0.031 -0.126 0.063 0.518
M Mean_Strength.Female | Age2 0.045 -0.024 0.115 0.203
M Mean_Strength.Female | Longevity -0.069 -0.174 0.035 0.191
M Mean_Strength.Male Age -0.283 -0.381 -0.184 <0.001
M Mean_Strength.Male Age2 0.141 0.071 0.211 <0.001
M Mean_Strength.Male Longevity 0.03 -0.07 0.129 0.552
M Groupsize Age 0.172 0.064 0.279 0.002
M Groupsize Age2 -0.054 -0.129 0.022 0.162
M Groupsize Longevity -0.046 -0.147 0.055 0.367

Table S1. Base model + SPDE effect estimates for both single sex models, Related to
Figure 1, Figure 2, Figure 3 and STAR Methods. Table shows the age, age?, and longevity
effects (“Explanatory” column) for each of the social metrics tested. “Focal Sex” indicates the
model (F= female, M= male), “Response” indicates the response metric and target sex (e.g.,
Strength.Female = strength of associations to females from the focal sex).
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3. The interplay between individual
loss and social behaviour Iin the

African lion

3.1. Abstract

Investigating the social predictors and consequences of individual loss for the sociality
of the remaining population is an issue of great interest. Despite this, few studies have
addressed such questions in a wild system. By applying spatial-social network
analyses to 30 years of association data from over 500 wild African lions (Panthera
leo), we assessed (at the individual-level) social network metric changes prior to
disappearance, alongside shifts in the social network metrics of remaining individuals
following the loss of their associates. Strong sex-specific patterns emerged. Female
social behaviour change was evident in both the year prior to, and year of, their
disappearance from the system. They displayed overall reductions in the quality and
quantity of their associations, but an increase in group size, in the year they were lost.
In addition, in the year prior to disappearing they displayed reduced bond strength to
other females. Conversely, we found no evidence of male social network metric shifts
prior to their disappearance. However, male lions did respond socially to the loss of
their male associates- their bond strength to females increased, but their number of

female associates and average group size decreased. Female lions also responded
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to the loss of their male associates with reduced average group size, while the loss of
female associates led to a decrease in their connectivity strength and bond strength.
The inclusion of ageing and longevity effects in the models further suggest that pre-
disappearance social shifts and associate loss may explain social ageing in females,
but not in males. Understanding such fluctuations in the social dynamics of wild lion
populations will be important in aiding conservation of the species, due to the interplay
between sociality and phenomena such as disease transmission and information
transfer via social learning. Future studies should consider the drivers of individual
disappearance, and the potential for other demographic characteristics such as age,

to influence individual-variation in response to associate loss.

3.2. Introduction

Understanding how natural populations respond to the loss or turnover of individuals
is currently of much interest to ecology and conservation biology. Wild animal social
systems are shaped by demographic processes (such as death, dispersal, and
reproduction rates), and individual-level social behaviour'. The interaction between
demography and behaviour ultimately shapes the opportunities for, and nature of,
social associations between individuals. For example, changes in group size or group
composition have been shown to relate to inter-individual affiliative interactions?3,
aggressive interactions®, and overall cohesion®. Within-individual changes in social
behaviour over time (e.g. due to ageing) also have knock-on effects on the sociality of
their associates, and the wider population®®. These effects can interact with the

demographic characteristics of both the individual and their groupmates, which may in
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turn influence social behaviour in relation to key processes such as mating and
reproduction. As such, demographically and behaviourally driven temporal changes in

sociality can alter fitness, and the social structure and stability of a population.

Recent methodological developments have facilitated structured investigation of the
causes and consequences of fine-scale sociality across animal societies, through
considering these within the framework of ‘social networks' %', Such network
methods allow temporal changes in social association patterns to be tracked and
quantified in a consistent way within and across populations. This allows social
dynamics to be understood at the level of individual differences in behaviour, while
simultaneously allowing population-wide effects to be considered. Such methods have
been applied to understanding the dynamics of phenomena including disease
transmission'213, information spread'#-'%, and the lifetime impacts of early-life
experience'’-9, Yet, the primary and most obvious change to social systems occurs

through the loss of individuals.

Most investigations of social disturbance from loss have been carried out either in
birds®2%-22 or small mammals?324. Others have focused on hierarchically structured
systems, and the impact of “catastrophic” events that sharply increase mortality. For
example, African elephant (Loxodonta africana) social systems are resilient to the loss
of older individuals due to poaching, through the transmission of social roles from
mothers to daughters?®. Conversely, at a population level killer whale (Orcinus orca)
networks are vulnerable to the simulated removal of individuals that mimic historic live-
capture mortality (based on sex and age)?. Individual killer whales were further found

to alter the quantity and quality of their social associations following an additive
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mortality event?’. Similarly, extreme weather induced mortality in an isolated
population of Rhesus macaques (Macaca mulatta) resulted in an increase in affiliative
social partners amongst remaining individuals, especially those that were previously
socially isolated?®. While such studies have been illuminating, we lack understanding
of behavioural and social responses to ongoing individual turnover in populations over

long timescales.

It is becoming increasingly recognised that the loss of individuals may have carry over
effects onto remaining individuals through reducing social connectivity. Indeed, being
socially well-connected impacts longevity and fitness across species?®34. Two general
hypotheses regarding the mechanisms behind this have been proposed. The “social
buffering” hypothesis suggests that associates offer protection against stressors such
as disease?®, while the “main effects” hypothesis suggests social relationships directly
provide aid (whether emotional or behavioural) that encourage healthy behaviours6.
Such effects are likely to be of most importance to group living species, where
solitaires are vulnerable and so the costs of isolation are inherently more profound?”.
By extension, the loss of group members may confer a cost on their prior associates.
The extent of such costs could be influenced by the characteristics (e.g. sex) and
social position of the individual lost, and the demography of the remaining population.
In addition, the prior nature of the relationship between individuals is likely to shape
the impact of one's disappearance on the other, and the broader social system

(whether that disappearance be due to death or dispersal)?’.

While the loss of individuals may affect the size and composition of social groups,

changes in within-individual social behaviour can also interact with group-level
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changes. Specifically, ‘social ageing’ (i.e. the change of individual social behaviour
with age), research across primates and ungulates has produced evidence of changes
in the sociality of individuals towards the end of their lifespan383°, There have further
been indications of differing patterns of social ageing between sexes in species with
divergent sex roles*°. However, less explored are changes in the social behaviour of
individuals prior to their disappearance. While senescence is one likely predictor of
individual mortality*'4?, there are a suite of additional drivers of individual loss from
populations including dispersal, eviction, and pre-senescent mortality due to disease
or competition. Given the interplay between sociality and many such processes*>48, it
is plausible that social indicators of imminent disappearance (such as declining social

integration) would exist for individuals of all ages.

The African lion (Panthera leo) represents a unique opportunity to investigate the
dynamics surrounding social disturbances in a group-living apex predator. Despite
knowledge that factors such as ageing*® and prey availability*® impact sociality, little is
known about the consequences of naturally occurring social perturbations to this
egalitarian, fission-fusion system®°. Using social network analyses conducted on 30
years of data from 590 lions in the wild Serengeti population (354 females, 236 males;
60121 total observations), we investigate the relationship between individual level
social behaviour and loss of associates. Specifically, we consider how individuals’ i)
average group size, ii) number of associates (degree), iii) total sum of weighted social
associations to others (strength), and iv) social bond strength to associates (mean
strength) relate to loss. We further investigate the response of individuals to the loss
of their associates by examining whether the prior strength of associations to lost

individuals predicts changes in their own social behaviour (measured as the above
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metrics i to iv) in the subsequent year. Additionally, we consider how the sex of lost
individuals differentially impacts the sociality of their remaining associates. In this way,
we analyse the relationship between loss and social behaviour in a wild population,

and conclude by discussing the significance of these findings across animal systems.

3.3. Methods

3.3.1. Study system and data collection

The research data were collected on a long-studied population of African lions
inhabiting a 2700km2 study area within the Serengeti National Park, Tanzania. This
habitat includes both a grassland plains and woodland area. There are two broad
seasons, the wet season spanning November to May, and the dry season spanning
June to October. The woodlands habitat remains relatively stable year-round, while
the grasslands habitat experiences higher fluctuations in rainfall, resulting in seasonal
migrations of prey species (with lower densities in the dry season). Lion pride territories

routinely shift geographically across the seasons with prey species migrations®’.

Female lions live in fission-fusion prides throughout the study area, composed of
related adults and their offspring. Prides range in size from 2-20 individuals, but
individuals are most often found in smaller sub-groups (and commonly spend time
alone). These subgroups vary in composition and size from day to day, but female

pride-mates usually stay within 5-6 km of each other. Approximately 75% of female
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offspring are recruited back into the mother’s pride, while 25% disperse to form new

prides (often in adjacent territories) after the age of two years®°:52,

Conversely, all male offspring disperse from the natal pride in cohorts of kin (usually
brothers and cousins) between the ages of two - four. Kin cohorts may form alliances
during this “nomadic” life stage, resulting in coalitions of up to nine males. Most
coalitions “take over” residence of their own pride by the age of four, which is when
males reach full body size%%%2. Once this happens, coalition membership does not
change (except for loss of individuals to mortality). Reproductive success is highest in
males aged 4-14 years old®3. There is no clear dominance hierarchy between female

pride mates or male coalition mates 5954,

The data used in this study were collected over 30 years between 1984 and 2013,
during which time 1 female per pride was fitted with a GPS collar. Each collared
individual was located at least once every two weeks, and individuals within 200m of
each other were considered to be co-occurring. These individuals were recorded as
part of the same sighting event using a GPS location, date and time stamp.
Opportunistic sightings of individuals within the study area were also recorded. Facial
markings and whisker spots were used to identify individuals to a high degree of
accuracy. For each individual, age (estimated from the date of first sighting as a cub
or adult), sex, natal pride (if born in the study site), and current pride data was also
available. Only data on individuals observed in the two consecutive years prior to
death/disappearance were included. For this reason, and following prior work in this
system?, individuals were only included from age 3 onwards, yielding 354 females

and 236 males.
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3.3.2. Social networks and individual metrics

We compared social networks based on seasonal and annual data aggregations and
observed that both network-level and individual-level metrics remained similar across
temporal scales. As such, to maximise the number of observations per individual in
each network, and following previous work in this system?, social networks were
created at yearly intervals following the seasonal calendar (start of dry season to end
of wet season), for 30 years from June 1984 onwards. The network “nodes” constituted
individual lions and the “edges” constituted dyadic associations between them. Using
the “gambit of the group” method®®, individuals were considered to be associating if
they were observed in the same sighting event (as described above) according to the
recorded date and GPS location. As in*® and many other animal social network
studies®®, the Simple Ratio Index (SRI) was then applied to the yearly grouping event
and used to calculate dyadic associations®’, giving the proportion of overall sightings
in which two individuals were observed together rather than the absolute count. All
SRI values range between 0 (individuals never seen together) and 1 (individuals

always seen together).

3.3.3. Predictors of loss

To investigate social predictors of individual disappearance from the population, we
used the annual networks to derive four metrics that are known to vary with age and

impact longevity in African lions*?. We examined these metrics in both the year the
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individual was last seen (referred to hereafter as the “final year”), and the year prior to
that (referred to hereafter as the “penultimate year”’). We tested the following

predictors:

a) Group size: the average number of other individuals the focal lion was observed

with per sighting

b) Degree: the number of unique individuals the focal lion was observed with over the

course of the year

c) Strength: the total weighted sum of the focal lion’s associations within the network

over the course of the year (quantifying overall connectivity)

d) Mean strength: the total sum of the focal lion’s weighted associations to its

associates over the course of the year (quantifying bond strength)

3.3.4. Response to loss

To assess the impact of losing associates on individual-level social behaviour, for
every yearly network we identified individuals that were lost in the following year (lost
individuals) and those that survived the following year (focal individuals). We then
calculated each focal individual's strength (weighted sum of their associations) to only
the identified lost individuals that year. We assigned this “strength to lost individuals”
metric to the focal individual as a trait in the following year. As such this trait was a

proxy for the social impact?' of associate loss experienced by the focal individual. We
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assessed the effect of this explanatory “social impact” factor, in combination with the
sex (male or female) of the lost associates, on the social metrics derived as described
above. The metrics were each fitted as a response variable in a separate set of

models.

3.3.5. Ageing and longevity effects

Longevity and age effects were included in the models as in%%, so that any
compounding effects of these factors on predictors of loss and response to loss could

be identified.

3.3.6. Modelling details

Across all models, we fitted linear models using the Integrated Nested Laplace
Approximation (INLA) and analysed female associations and male associations
separately (both to females only and males only). Only data on individuals age > 3
were analysed. Each model included the following fixed explanatory variables: final
year (binary variable, representing whether the individual died in the current year);
penultimate year (binary variable, representing whether the individual died in the
following year); strength to lost female (continuous, social impact of female associate
loss), strength to lost male (continuous, social impact of male associate loss), age
(continuous, in years); longevity (continuous, age at disappearance in years); number
of observations (continuous, the number of times an individual was seen that year);
group size (continuous, an annual mean from the observation data); foreign (binary

variable, representing whether or not the individual was born in the study area); and
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collared (binary variable, representing whether or not they had a GPS collar). We also
included three random effects: natal pride (the pride in which an individual was born);
pride (the pride in which an individual was most often seen in a given year); year; and

individual identity.

Using INLA models we were also able to fit a stochastic partial differentiation equation
(SPDE) effect to account for spatiotemporal autocorrelation as in previous social
network analyses using this study system*°. To investigate spatial dependence, we
used each individual’'s average X and Y coordinate in each year (i.e., their annual
spatial centroid); the effect modelled the expectation that individuals will have more
similar social network positions when their locations were closer in space. To assess
whether the models were significantly spatially autocorrelated, we first fitted the base
model, and then added the SPDE effect and compared the model fit using deviance
information criterion (DIC). We took 5 DIC to differentiate between competitive models,
such that if the SPDE effect reduced DIC by more than 5 it was taken to be significantly
autocorrelated (Figure S1). R? values for the final models and social network metric

correlation plots can be found in Figures S2 and S3 respectively.

3.4. Results

Over the 30-year study period, 60121 sightings of 354 female and 236 male lions were
used to generate annual social networks (mean sightings per individual; SE = 23.11;
0.36). A total of 92 females were lost from the population, at a mean age of 10.86 +/-

0.39 (mean +/- SE). A total of 81 males were lost from the population at a mean age
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of 7.24 +/- 0.30 (mean +/- SE). This equated to 5.97 +/- 0.713 individuals lost per year

(mean +/- SE).

3.4.1. Predictors of loss

We found significant changes in the sociality of females in both their penultimate and
final year present in the population (Figure 1, Table S1). This was evident through
reductions in their number of associates and the decreased connectivity of individuals
that were subsequently lost from the population. All such effects were present even
when controlling for the number of observations per individual each year, which would
most likely be lower in the year that they were lost from the system (the final year).
Conversely, there were no significant changes in sociality of males before they

disappeared.

Female group size was significantly higher in the final year (estimate= 0.294; Cl=
0.099, 0.489; p= 0.003). Conversely, there was a significant effect of lower intra-sex
degree (estimate= -0.147; Cl= -0.294, -0.001; p= 0.049), and inter-sex degree
(estimate=-0.194; Cl=-0.376, -0.012; p= 0.036) in the final year they were present in
the population. In addition, females had significantly lower intra-sex strength in both
the final and penultimate year (final- estimate= -0.382; Cl= -0.484, -0.279; p<0.001;
penultimate- estimate= -0.118; Cl= -0.178, -0.059; p<0.001). Female inter-sex
strength in the final year was similarly lower (estimate= -0.334; Cl= -0.465, -0.202;

p<0.001). Females also had significantly lower intra-sex mean strength (estimate= -
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0.402; Cl=-0.571, -0.234; p<0.001), and inter-sex mean strength (estimate= -0.332;

Cl=-0.503, -0.162; p<0.001) in their final year in the population (Figure 1).

3.4.2. Response to loss

The effect of associate loss on sociality varied between the sexes, and depended on
the sex of the associates they lost (Figure 1, Table S2). For both females and males,
the effects of same-sex associate loss were more profound. However, female group
size did significantly decrease with strength to lost males in the previous year
(estimate= -0.097; Cl= -0.176, -0.019; p= 0.015; Figure 2), as did male group size
(estimate= -0.184; Cl= -0.359, -0.008; p= 0.040; Figure 3). There was no effect of
associate loss on female degree. However, male intra-sex degree decreased with

strength to lost male adults (estimate= -0.314; Cl=-0.460, -0.168; p<0.001; Figure 3).

With increasing strength to lost females, female intra-sex strength significantly
decreased (estimate= -0.062; Cl= -0.105, -0.019; p= 0.004; Figure 2). Bond strength
followed similar patterns, with a significant decline in female intra-sex mean strength
with strength to lost females (estimate= -0.114; Cl= -0.185, -0.043; p= 0.002; Figure
2). Conversely, male inter-sex mean strength increased with strength to lost female

associates (estimate= 0.172; Cl= 0.015, 0.328; p= 0.032; Figure 3).
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3.4.3. Ageing and longevity effects

In combination with the effects of individual sociality change prior to disappearance
and associate loss, we continued to detect social ageing and longevity effects in both
sexes (Table S3). However, in females the only significant effect was a decline in intra-
sex mean strength with age (estimate= -0.056; Cl= -0.104, -0.008; p= 0.023; Figure

1). No significant longevity effects were found.

Male group size significantly increased with age (estimate= 0.145; Cl= 0.019, 0.270;
p=0.024), as did male inter-sex degree (estimate= 0.180; Cl= 0.071, 0.289; p= 0.001).
Further, male intra-sex strength decreased with age (estimate= -0.244; Cl=-0.338, -
0.150; p< 0.001), as did male intra-sex mean strength (estimate=-0.171; Cl= -0.282,
-0.060; p= 0.003). Males also exhibited a significant effect of intra-sex degree on

longevity (estimate= 0.119; Cl= 0.0003, 0.237; p= 0.049; Figure 1).

3.5. Discussion

By applying social network analysis to 30 years of data detailing associations amongst
wild lions, we show the interplay between individual loss and social behaviour.
Specifically, we show that individual lionesses’ sociality changes in the year prior to,
and year of, their loss from the population. Additionally, we show that individual-level
sociality is differentially vulnerable to the loss of associates dependent on the
remaining individual's sex, as well as the sex of the lost individual. These findings were

evident even when accounting for age and longevity effects in our models, suggesting
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the previously identified senescent declines in sociality*® may partially be attributed to
pre-disappearance changes in sociality and the loss of associates. Studies addressing
similar questions to date have often considered only response to or predictors of
disappearance, and relied on computer simulations or artificial experiments to induce
individual loss?'26, By incorporating multiple components of disappearance from a wild
population across a long timeframe, we gained a broader view of the dynamics

surrounding social disturbances.

Understanding social predictors of disappearance is important in bolstering our
knowledge of the social dynamics surrounding phenomena such as dispersal, eviction,
and mortality. Lionesses were less gregarious, less strongly connected, and less
strongly bonded to their associates in their final year in the Serengeti population. This
decline in the quantity and quality of female associations, despite being observed in
larger group sizes, can be characterised as an overall “shrinking” of the network, as
previously identified in ageing females*. Such patterns were only partially present in
lionesses' penultimate year in the population, when there were evident declines in the

strength of their intra-sex connections.

This could be indicative of reproductive senescence®® in older individuals. However,
not all individuals that disappeared from the population were aged. Mortality rates also
remain relatively high throughout adulthood, owing to risks of injury during hunting,
territorial fights and defence against intruding males®®. Females older than 3 (the age
of inclusion in the study) often disperse as prides splinter when infanticidal males take
over pride residency, especially if they have cubs which otherwise would have been

killed®®. Similar dynamics exist in other social mammals, with the propensity of female
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yellow-bellied marmots to disperse being linked to the extent of their embeddedness
within their social group®'. In female rhesus macaques, similar reductions in social
integration prior to eviction from the population have been observed**. However, this
only applied to sociality between those who were evicted and those who remained,
while social interactions and cliquishness amongst those that departed actually
increased. Similar dynamics may be present amongst female lions that leave their
pride as a cohort, so future studies should incorporate measures of the drivers of

disappearance (e.g. dispersal due to infanticidal males) to elucidate this further.

Highlighting the importance of considering sex-based differences in social processes
between the sexes, we found that in contrast to females, male lions did not exhibit
changes in the quality or quantity of their associations prior to disappearing. This sits
in contrast to existing knowledge (replicated in this study) that ageing male lions gain
female associates and become less connected and closely bonded to other males“.
To understand these results fully there is a need to consider the drivers of male
disappearance. There is undoubtedly a role of physical fithess and the size of the
coalition in retaining pride residency %53 which would suggest a role of senescence in
predicting male disappearance. However, pride takeovers are relatively spontaneous
events, and most males lost during adulthood will have been “ousted” or killed by
competitors. Such events could occur at any time in a male's lifespan, as their
vulnerability may be driven by other factors such as injury or disease®°, or simply the
superior strength of their competitors. As such, detecting social predictors of male
disappearance may be challenging, particularly with lower observation frequencies for
males than females in this population. There is a need for targeted data collection on

male sociality to improve our understanding of these dynamics.
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Although the large-scale drivers of population declines and consequences of shrinking
populations have been well documented, less is known about the social consequences
of associate loss for surviving individuals. We found minimal evidence of strongly
directional social behaviour change in lions following the loss of their associates from
the population. Overall individuals were most impacted by the loss of same-sex
associates. However, lion sociality remained relatively stable, particularly with regard
to the number of associates, suggesting individuals mediate the effects of changes to

associate availability within their existing networks.

Lions do not appear to compensate for losing associates by increasing the quantity of
individuals they interact with. Both females and males were found in smaller sub-
groups after the loss of adult males. Males additionally lost female associates but were
more closely bonded to their remaining female associates. This raises important
considerations in phenomena such as disease outbreaks, when periods of high-
mortality may accentuate such shifts in the social landscape. Male Serengeti lions may
be more at risk of exposure to pathogens than females due to their socio-spatial
behaviour, and propensity to be resident in multiple prides®. This could increase their
likelihood of contact with sick (intra and inter-specific) individuals®?. Disease
transmission might therefore be impacted by altered contact networks 363, with males
more closely associating with females following the death of coalition mates, and
therefore increasing exposure risk for females and cubs. Further, and as has been
observed in other species 226465 culling lions to control disease spread may have
unintended consequences through perturbation induced changes to sociality. Such

considerations are important in the Serengeti lion population which has been subject
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to severe outbreaks of canine distemper, with disease lethality exaggerated by climate

extremes %667 suggesting it will continue to pose a threat under global climate change.

Lionesses did not replace the strength of their prior (and lost) intra-sex connections,
with significant declines in both connectivity and the closeness of their bonds. We can
hypothesise that this would impact fithess given lionesses’ high dependence on
pridemate cooperation for hunting, cub rearing and territoriality5%-68-7°_ There could be
additional consequences for social information transfer, especially if changes to social
structuring have additional implications for spatial behaviour as in other social
mammals’’72. Further investigation of such processes following disturbance to the
social landscape are now needed. It will be particularly key to understand whether
females rebuild stronger relationships over extended time periods beyond one year
post associate loss. We continued to detect a negative effect of age on mean strength,
suggesting it is unlikely that associate loss or pre-disappearance sociality changes
fully explain declines in lioness bondedness. However, declines in the quality of
relationships following the loss of close associates could be a strong contributor,
particularly if it takes a long time for females to replace such associations. It is possible
that ageing females are never fully able to do so before they die. This could have
cascading effects on pride cohesion if the age structuring of the group makes this a

vulnerability (e.g., if there are lots of old individuals).

Conversely to females, we found that males were vulnerable to the loss of their male
associates, experiencing subsequent decreases in their number of female associates
but increasing bond strength to them. This contrasts with the persistence of previously

identified age and longevity effects*?, showing increases in group size and the number

82



of female associates with age, plus a positive effect of the number of male associates
on longevity. It is likely this reflects that larger coalitions are more successful in
defending residency of prides®®, and by extension, the loss of coalition mates
increases the probability of being outcompeted by intruding coalitions. Males that are
able to retain their coalition mates live longer and perhaps this facilitates the continual
growth of their pride. Similarly, the disappearance of coalition mates could increase
the likelihood of pride fission or female dispersal*®, thereby altering the availability of

females for the remaining males.

Lion sociality is such that the individual turnover is not unusual. Not only does the
fission-fusion system itself permit fluctuation in associate presence, but so do natural
demographic phenomena such as the splintering of large prides and dispersal of sub-
adults*46:52 Additionally, infanticide by intruding males can force the emigration of
mothers with cubs or sub-adults®®. Such events all lead to alterations in the availability
of con specifics for remaining individuals to interact with. Our findings suggest several
mechanisms by which individuals maintain social resilience to this change, which are
largely dependent on the sex of the individuals involved. This is unsurprising given the
sex-based differences in reproductive and social behaviour, and so differences in

dependence on conspecifics throughout the life cycle40:45.50:52,60,

Losing associates, especially those with previously close relationships, has been
shown to alter subsequent social interaction networks across species?'27:72-75 As
such understanding social predictors of loss, and the impacts of loss on remaining
individuals, is of great ecological and evolutionary interest. For a charismatic and

threatened species such as the African lion, it is also of huge importance for
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conservation efforts. Perturbations due to climate change, disease, habitat loss and
conflict with humans will all have consequences for population social dynamics. Of
particular interest may be the varied impacts that loss of specific demographics
causes. Against a backdrop of ongoing contention surrounding the ethics and impacts
of trophy hunting”6-8, we found minimal evidence that the loss of adult males shifted
female social dynamics, but it did impact the sociality of remaining males. The
disappearance of adult females did notimpact males but caused declines in the quality
of intra-sex female relationships. Threats most pertinent to lionesses (e.g. human-
wildlife conflict®') should therefore also be considered in the context of potential effects
of social perturbations, particularly on cooperative behaviours that are key to survival,

such as hunting, territoriality, and cub rearing®8-70.82.83,

3.6. Conclusions

Our results offer novel insights into the impacts of disturbance via individual loss to
social networks, both from the perspective of the focal individual and the individuals
remaining in the population. We show that changes in the availability of associates,
and the behavioural response of others to this, creates persistent flux in the social
system. Additionally, we provide evidence to suggest that drivers of social ageing in
African lions likely vary substantially between the sexes. While within-individual
changes and associate loss appear important contributors in females, they are not for

males.
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It will be key for future studies to consider the potential drivers of disappearance and
additional individual demographic characteristics (both of lost and remaining
individuals) such as age. Further investigating the specific characteristics of spatial
behaviour changes alongside social behaviour changes would facilitate improved
predictions of the effects of social disturbance on disease spread and information
transfer, which may be important for conservation management. In all cases,
examining such phenomena is largely dependent on the availability of data from long-
term studies, particularly in species with long generation times. The availability of such
data on species with diverse social systems will be essential to expanding knowledge

of the fithess consequences of social disturbances to wild populations.
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3.7. Figures
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Figure 1. Associations between responses to loss, predictors of loss, age, longevity

and social metrics. Estimates taken from SPDE single sex model for females (left) and males

(right), showing the loss of male associates, loss of female associations, final year,

penultimate year, age and longevity effects for each social metric tested. Points represent the

model estimate with error bars showing the 95% Credibility Intervals (estimated according to

the 95% upper and lower quantiles of the posterior density distribution for each effect). Bold

points indicate a significant relationship, faded points indicate a non-significant relationship.
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Figure 2. Social response of females to the loss of their associates. Plots from left to right
show females strength to females following the loss of 0 (x axis = 0) or 1+ (x axis = 1) female
associate; females mean strength to females following the loss of 0 (x axis = 0) or 1+ (x axis
= 1) female associate; female group size following the loss of 0 (x axis = 0) or 1+ (x axis = 1)
male associate. Points show the raw data with bars representing the SPDE model predicted

means +/- the standard error.
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Figure 3. Social response of males to the loss of their associates. Plots from left to right

show male degree to females following the loss of 0 (x axis = 0) or 1+ (x axis = 1) male

associate; male mean strength to females following the loss of 0 (x axis = 0) or 1+ (x axis = 1)

male associate; male group size following the loss of 0 (x axis = 0) or 1+ (x axis = 1) male

associate. Points show the raw data with bars representing the SPDE model predicted means

+/- the standard error.
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3.9. Supplementary information

Focal Sex Response Explanatory Estimate Lower Upper P

F Strength.Female Final year -0.382 -0.484 -0.279 <0.001
F Strength.Female Penultimate year -0.118 -0.178 -0.059 <0.001
F Strength.Male Final year -0.334 -0.465 -0.202 <0.001
F Strength.Male Penultimate year -0.034 -0.112 0.043 0.385
F Degree.Female Final year -0.147 -0.294 -0.001 0.049
F Degree.Female Penultimate year -0.072 -0.157 0.013 0.095
F Degree.Male Final year -0.194 -0.376 -0.012 0.036
F Degree.Male Penultimate year -0.066 -0.174 0.042 0.228
F Mean Strength.Female Final year -0.402 -0.571 -0.234 <0.001
F Mean Strength.Female Penultimate year -0.045 -0.142 0.051 0.355
F Mean Strength.Male Final year -0.332 -0.503 -0.162 <0.001
F Mean Strength.Male Penultimate year -0.047 -0.146 0.052 0.355
F Groupsize Final year 0.294 0.099 0.489 0.003
F Groupsize Penultimate year 0.093 -0.021 0.207 0.109
M Strength.Female Final year -0.182 -0.383 0.020 0.076
M Strength.Female Penultimate year -0.127 -0.263 0.008 0.066
M Strength.Male Final year -0.195 -0.396 0.008 0.059
M Strength.Male Penultimate year 0.02 -0.11 0.150 0.766
M Degree.Female Final year 0.0M1 -0.217 0.240 0.926
M Degree.Female Penultimate year -0.106 -0.256 0.045 0.167
M Degree.Male Final year 0.016 -0.235 0.266 0.898
M Degree.Male Penultimate year 0.077 -0.088 0.242 0.361
M Mean Strength.Female Final year -0.138 -0.381 0.104 0.262
M Mean Strength.Female Penultimate year -0.08 -0.238 0.078 0.322
M Mean Strength.Male Final year -0.217 -0.455 0.021 0.073
M Mean Strength.Male Penultimate year -0.056 -0.212 0.099 0.474
M Groupsize Final year 0.032 -0.241 0.305 0.821
M Groupsize Penultimate year 0.024 -0.163 0.210 0.804

Table S1. Base model + SPDE effect estimates for the predictors of loss for both single sex

models. Table shows the penultimate and final year effects (“Explanatory” column) for each of the social
metrics tested. “Focal Sex” indicates the model (F= female, M= male), “Response” indicates the response

metric and target sex (e.g., Strength.Female = strength of associations to females from the focal sex).
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Focal Sex | Response Explanatory Estimate | Lower Upper P

F Strength.Female Strength to lost female -0.062 -0.105 -0.019 0.004
F Strength.Female Strength to lost male -0.007 -0.048 0.035 0.752
F Strength.Male Strength to lost female 0.023 -0.033 0.078 0.428
F Strength.Male Strength to lost male -0.005 -0.059 0.048 0.849
F Degree.Female Strength to lost female 0.005 -0.057 0.067 0.881
F Degree.Female Strength to lost male -0.008 -0.067 0.051 0.795
F Degree.Male Strength to lost female 0.066 -0.01 0.142 0.088
F Degree.Male Strength to lost male 0.045 -0.028 0.118 0.229
F Mean Strength.Female Strength to lost female -0.114 -0.185 -0.043 0.002
F Mean Strength.Female Strength to lost male -0.014 -0.081 0.054 0.687
F Mean Strength.Male Strength to lost female -0.015 -0.087 0.057 0.681
F Mean Strength.Male Strength to lost male -0.018 -0.087 0.051 0.605
F Groupsize Strength to lost female -0.068 -0.151 0.015 0.107
F Groupsize Strength to lost male -0.097 -0.176 -0.019 0.015
M Strength.Female Strength to lost female 0.023 -0.087 0.134 0.687
M Strength.Female Strength to lost male 0.021 -0.107 0.149 0.748
M Strength.Male Strength to lost female -0.001 -0.109 0.106 0.980
M Strength.Male Strength to lost male 0.016 -0.113 0.145 0.812
M Degree.Female Strength to lost female 0.097 -0.028 0.222 0.130
M Degree.Female Strength to lost male -0.314 -0.46 -0.168 <0.001
M Degree.Male Strength to lost female 0.035 -0.1 0.17 0.614
M Degree.Male Strength to lost male -0.002 -0.16 0.157 0.980
M Mean Strength.Female Strength to lost female -0.038 -0.17 0.094 0.571
M Mean Strength.Female Strength to lost male 0.172 0.015 0.328 0.032
M Mean Strength.Male Strength to lost female 0.029 -0.099 0.156 0.655
M Mean Strength.Male Strength to lost male -0.022 -0.178 0.134 0.778
M Groupsize Strength to lost female -0.121 -0.271 0.029 0.114
M Groupsize Strength to lost male -0.184 -0.359 -0.008 0.040

Table S2. Base model + SPDE effect estimates for the response to loss for both single sex models.
Table shows the response to associate loss effects (“Explanatory” column) for each of the social metrics
tested. “Focal Sex” indicates the model (F= female, M= male), “Response” indicates the response metric
and target sex (e.g., Strength.Female = strength of associations to females from the focal sex).
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Focal Sex | Response Explanatory Estimate | Lower Upper P

F Strength.Female Age -0.011 -0.040 0.018 0.468
F Strength.Female Longevity -0.006 -0.038 0.025 0.682
F Strength.Male Age 0.007 -0.029 0.044 0.694
F Strength.Male Longevity 0.001 -0.036 0.039 0.953
F Degree.Female Age 0.021 -0.021 0.063 0.333
F Degree.Female Longevity 0.002 -0.047 0.051 0.929
F Degree.Male Age -0.014 -0.065 0.036 0.582
F Degree.Male Longevity 0.009 -0.041 0.059 0.729
F Mean Strength.Female Age -0.056 -0.104 -0.008 0.023
F Mean Strength.Female Longevity -0.010 -0.066 0.047 0.730
F Mean Strength.Male Age 0.038 -0.009 0.086 0.116
F Mean Strength.Male Longevity -0.011 -0.062 0.040 0.674
F Groupsize Age 0.047 -0.008 0.102 0.092
F Groupsize Longevity 0.010 -0.048 0.069 0.743
M Strength.Female Age 0.049 -0.044 0.141 0.306
M Strength.Female Longevity -0.047 -0.146 0.052 0.350
M Strength.Male Age -0.244 -0.338 -0.150 <0.001
M Strength.Male Longevity 0.089 -0.026 0.205 0.129
M Degree.Female Age 0.180 0.071 0.289 0.001
M Degree.Female Longevity 0.081 -0.039 0.200 0.185
M Degree.Male Age -0.004 -0.118 0.1 0.949
M Degree.Male Longevity 0.119 0.0003 0.237 0.049
M Mean Strength.Female Age 0.027 -0.089 0.142 0.653
M Mean Strength.Female Longevity -0.116 -0.251 0.019 0.092
M Mean Strength.Male Age -0.171 -0.282 -0.06 0.003
M Mean Strength.Male Longevity -0.044 -0.184 0.095 0.533
M Groupsize Age 0.145 0.019 0.270 0.024
M Groupsize Longevity -0.057 -0.189 0.076 0.398

Table S3. Base model + SPDE effect estimates for ageing and longevity for both single sex
models. Table shows the ageing and lonegvity effects (“Explanatory” column) for each of the social

metrics tested. “Focal Sex” indicates the model (F= female, M= male), “Response” indicates the response

metric and target sex (e.g., Strength.Female = strength of associations to females from the focal sex).
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Figure S1. Spatial DIC changes. DIC changes associated with fitting a spatial autocorrelation effect in

our INLA models. More negative changes denote better-fitting models, and therefore more spatially
autocorrelated social networks. Initial letters indicate the model (F= female, M= male), followed by the
response metric and target sex (e.g., Strength.Female = strength of associations to females from the

focal sex
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Figure S2. R?values for final models. Plots show the R?values, calculated by predicting values from
the final models and correlating them with the observed values using Spearman’s rank. Initial letters
indicate the model (F= female, M= male), followed by the response metric and target sex (e.g.,
Strength.Female = strength of associations to females from the focal sex).
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Figure S3. Variabale correlation plots. Pairwise plots depicting the correlations and associations
between each of the included social network metrics. Pearson’s statistic shown for each pair.
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4. How identity-bias affects
perceptions of conservation

messages on social media

4 1. Abstract

Public support is essential for conservation, as public opinion can influence decision-
making and policy. Therefore, understanding whether identity-bias against
conservationists affects their perceived credibility and support for their recommendations
is important. We conducted a vignette-style experiment to investigate the extent to which
identity-bias influences the UK public’s perceptions of African lion (Panthera leo)
conservation messengers on X. We chose this focal species because of its global appeal
and high public engagement in lion conservation discourse on social media. We created
24 fake X profiles with a pinned post about lion conservation and presented one profile to
each of 1290 study participants (stratified to match the UK population regarding age,
gender identity, and ethnicity). We held the lion conservation post constant across all
profiles, but manipulated four experimental variables- the gender, race, expertise, and
nationality of the messenger. We evaluated the effects of these variables on three

response variables- respondents’ perception of the credibility of post content, the
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likelihood they would support implementing the lion conservation recommendation, and
the trustworthiness of the messenger as a source of lion conservation information.
Changing the experimental identity factors had varying impacts. Men were perceived to
be communicating more credible lion conservation information than women. Support for
implementing a stated lion conservation strategy was stronger when communicated by
White professors than Black professors. Explicit trust in the character as a source of lion
conservation information followed the same pattern. Additionally, there was an interaction
effect of gender and race, with Black women perceived to be the least trustworthy. As
such, our study highlights that bias against conservation messengers based on their
identity may affect their credibility and uptake of their recommendations. Such bias is
particularly concerning given the ongoing injustices and entrenched power inequalities in

global conservation efforts.

4.2. Introduction

Many species are under threat, and effective conservation requires well-informed
decision making'?. However, conservation decisions and policy are not just based on
ecological evidence: they are affected by the views of multiple publics, who may form
their judgements based on different factors3-5. Public buy-in to conservation is vital & but
can be contentious and challenging when the species of concern are highly valued and

under substantial threat’. One such example is the African lion (Panthera leo).
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The African lion is classed as vulnerable on the IUCN Red List, predominantly threatened
by habitat fragmentation, conflict with people, and prey base depletion®. As such,
strategies for conserving lion populations must balance the ecological needs of the
species alongside the socio-economic dynamics of the landscapes within their range °1°.
In particular, the success of future conservation efforts hinges on properly acknowledging
and addressing colonial histories of Euro-centric conservation across lion ranges’".
Globally the African lion holds immense cultural significance due to its high existence
value’, meaning that public engagement in the discourse around lion conservation is high
even outside of its present range'?'3. Given the complex and often controversial nature
of lion conservation strategies, heated debates between stakeholders, scientists, policy
makers and members of multiple publics - all with competing visions for how to best
conserve lions - are frequent. While disagreements between scientists and stakeholders
are often documented in academic publications'*'8, knowledge of debates within the

public sphere (of any geographic location) are less well understood.

Much public discourse about lion conservation takes place on social media platforms
such as X (formerly Twitter)'21419 where the credibility of topical scientific information
can be hard to establish?®, and the spread of misinformation is prolific?'. As a
consequence, debates can lack nuance and descend into verbal abuse directed towards
those perceived to be “harming” wildlife??, or become focused on division rather than
finding mutually beneficial ways forward?®. Often, such online public attention is

dominated by publics in the Global North towards conservation action in the Global South
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with little consideration of local perspectives, such as in recent conversations around

trophy hunting’3.

As conservation can depend on public donations and support, public opinion has real
power to influence policy relevant decision-making and outcomes??2425, It is therefore
critically important to understand whether and how, when discussing conservation
recommendations on platforms such as X, bias towards individuals due to their identity
(e.g., their race, gender; referred to from here on as “identity-bias”) impact their perceived
credibility. Evidence of identity bias impacting behavior on social media has been
observed in fields outside of conservation, where the gender and race of broadcasters
impact their perceived objectivity by the public?®. Similarly, the race and physical
attractiveness of an individual’s profile photo has been found to impact public evaluations

of trust in them, as well as the likelihood of following them?’.

The framing of a message can influence people's perceptions of environmental and
conservation issues?®, as can the person delivering the message?®3. Therefore, it is
important to understand how bias against certain voices (and their ideas) on social media
platforms such as X might impact the direction of conservation resources and decision
making. Ultimately this could influence outcomes for people, their livelihoods, and
wildlife'®31. Such effects could be particularly damaging if compounded by conservation’s
entrenched power inequalities, such as systematic prejudice against local communities
and Indigenous peoples3?33. In addition, race and gender inequity within the professional

conservation sphere34-3¢ create a lack of visible diversity. Questions have been raised
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regarding the value placed on academic or scientific qualifications comparative to
practical experience and contextual knowledge of conservation problems3’=4°. This can
often be compounded by parachute science 4!, when researchers from comparatively
“rich” countries exploit the expertise and resources from “poorer” countries, and do not
properly involve local collaborators. Taken together, these factors may create a
stereotypical image in the public eye of what a ‘conservation expert’ looks like*. In turn,
this could influence whose opinions are perceived as credible, and therefore trusted and

supported, when debating contentious conservation issues online.

Here we report results from an online questionnaire experimentally investigating the
effects of identity bias towards conservation messengers on X, amongst X users living in
the UK (at the time of the study, the platform was branded as “Twitter”). Specifically, we
examined whether the race, nationality, gender, and level of expertise of those posting
on X about lion conservation could influence i) perceived credibility of the lion
conservation strategy they endorsed, ii) support for implementing that strategy, and iii)
perceived trustworthiness of the source regarding lion conservation information. We
evaluated whether and how identity bias impacts explicit perceptions of those sharing
conservation messages, and the variation this generates in public engagement with such
messaging. By identifying and quantifying such biases, we provide evidence to help

rectify insidious problems of bias and inequity in global conservation efforts.
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4.3. Methods

4.3.1. Questionnaire development and sampling

A group (n=8) of academics with expertise in conservation, human behavior,
environmental justice, and equality, diversity and inclusion pre-tested our questionnaire,
providing feedback on its clarity and relevance to the study aims. We incorporated their
comments and suggestions into the questionnaire before data collection began. The final

version of the questionnaire can be found in the supporting information (Appendix S1).

Using Qualtrics XM we recruited 1290 participants aged 18 and over living in the UK
between Sept 6" and Nov 8" 2022 to respond to our survey, also hosted on the Qualtrics
platform. To ensure our results were indicative of the adult UK population, we stratified
our sample to match the most recently published statistics (at the time) on age, ethnicity,
and gender identity*3 (Appendix S2). All respondents were financially compensated for

their time.

4.3.2 Experimental Design

We created snapshots of fictitious Twitter profiles (now referred to as X profiles) from
cover photo down to and including a pinned tweet (now referred to as a pinned post) using
Inkscape. We manipulated the profile photo (sourced on Shutterstock), emojis and the
language within the character’s biography to indicate their gender (man or woman), race

(Black or White), nationality/location (Zimbabwe or UK), and expertise (Professor, Field
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Assistant or Enthusiast- chosen to represent varied levels of knowledge, both formal and
informal (Figure 1, see Appendix S3 for images of all profiles created). A full factorial
design (2x2x2x3) resulted in 24 experimental conditions, each represented by a unique
character embedded within the otherwise uniform image of a X profile. We took care when
selecting the four different profile photos (to indicate man and woman, White and Black)
to ensure characters appeared to be of a similar age and the photos were presenting the
person in a similar way (directly facing the camera, smiling, visible from the shoulders up,

and against a plain background). We used the name Pat Rogers for all characters.

While we expected the content of the lion conservation message to impact public
perceptions of credibility, trustworthiness, and support, evaluating the effect of different
messages was not our research objective. As such, we held the message constant. To
determine which lion conservation message to use as the pinned post (to allow us to best
interpret any effect of identity bias), we first conducted a preliminary message-selection
study (see Appendix S3). Based on these results, the pinned post read “If people are
living in conflict with lions, those people must be relocated to protect lions and their
habitats. We must keep lions safe from people at all costs.” and was held constant across
all treatments. The questions were presented to all respondents in the same order, and
they were unable to return to a previous question to change their answer. This allowed

us to ensure that any effects of priming were uniform across all vignettes*4.
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4.3.3. Procedure

Respondents first answered a block of socio-demographic questions to ensure they met
the study quotas set for age, ethnicity, and gender identity, as well as a screening
question about their X usage in the past 12 months. Any who did not fit the quotas and/or
had not used X in the previous 12 months were not invited to continue. Next, respondents
were presented with a short informative passage about lion conservation and
management strategies (see Appendix S1). This was designed to be objective, provide
context, and present an unbiased overview that ensured all respondents had sufficient
information to answer the questionnaire. It was written in consultation with lion

conservation researchers and based on published scientific information.

Each respondent was randomly assigned to one of 24 possible experimental conditions.
The image of the X profile they were assigned remained visible throughout the portions
of the questionnaire that it related to. Respondents answered three items measuring
credibility, support, and trustworthiness using a seven-point Likert-type scale ranging from
“strongly disagree” to “strongly agree”, with a midpoint of “neither agree nor disagree” and

an additional “I don’t know” option.

To measure perceived credibility, support for the recommendation, and perceived

trustworthiness, we asked:

1. To what extent do you agree that the information presented in Pat Rogers' pinned

post is credible? (measuring credibility)
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2. To what extent do you agree with Pat Rogers that we should relocate people to
address human-lion conflict? (measuring support)
3. To what extent do you agree that Pat Rogers is a trustworthy source of lion

conservation information? (measuring trustworthiness)

Participants then provided information on their level of X usage, level of formal education,
the extent to which they support human rights and animal rights, how they would prioritize
the interests of people versus the interests of wild animals when their interests clash 24,
and how much confidence they have in scientists to act in the best interests of the public.

The full questionnaire is available in Appendix S1.

The study received ethics clearance by a subcommittee of the University of Oxford
Central University Research Ethics Committee (R79948/RE001), and all respondents

provided informed consent prior to answering any questions.

4.3.4. Data Analysis

We analysed data using R version 4.2.0. A detailed breakdown describing the sample,
including demographic characteristics and covariates, can be found in Appendix S2. The
median response time was 176.5 seconds, and we removed all responses from
participants who took less than half, or more than four times the median prior to analysis,
giving n=1290). Respondents who answered “| don’t know” to one or more of the three
questionnaire items measuring credibility, support and trustworthiness were removed

prior to conducting the analysis for that question. The resultant sample sizes were, n =
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1254 responses for question 1, n = 1260 responses for question 2, and n = 1178 for

question 3. We used the likert package*° to visualize raw data.

Using the ordinal package®*®, we fitted separate ordinal logistic regression models to
quantify relationships between the experimental factors manipulated within the vignettes
(gender, race, nationality, and expertise) and credibility, support and trustworthiness. All
appropriate model assumption tests were satisfied. For each analysis, we first fitted a
global model containing all experimental factors and all possible interactions between
these factors, as well as respondents’ age, gender identity, ethnicity, extent of X usage,
how much confidence they have in scientists to act in the public’s interest, the extent to
which they support human rights and animal rights, and how they would prioritize the
interests of wild animals versus people. Owing to the low number of participants
identifying with certain ethnicities, all responses were condensed into broader ethnicity
categories of White, Asian/Asian British, Black/African/Caribbean/Black British,
Mixed/multiple ethnic groups, Other ethnic groups, and prefer not to say, in line with the
classification system used by the Office for National Statistics in the United Kingdom*3

(Appendix S2).

Using the MuMIn package*’ we compared corrected Akaike information criterion (AlCc)
values for each global model and all possible nested models within it. The top-supported
model for each response variable was identified as that with the lowest AIC.. After
removing uninformative and redundant parameters#®4%, we calculated AIC. weights for

top-supported models (Appendix S4). We report parameter estimates alongside 85%
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Confidence Intervals (Cls) (Appendix S5, S6.1, and S7.1), as is best practice for model
selection using information theory, to ensure model-selection and parameter-evaluation
criteria are congruent*®*0. We include both 85% and 95% Cls in all figures to facilitate
easy visual comparison with more commonly understood Cls °°. We conducted post-hoc
Tukey tests using the emmeans package®' to evaluate the effects of each level of our
predictor variables within the interaction terms (Appendix S6.2 and S7.2). We used
ggplot25? to visualize these interactions, and the coefficient estimates for the predictors

in each top-supported model.

4.4. Results

4.4.1. Credibility of the pinned post

Agreement with the credibility of Pat Rogers’ pinned post varied depending on the
character presented (Figure 2a). Our top-supported model of credibility (AICc weight =
0.22, Appendix S4.1) contained a main effect of one experimental factor, the gender of
Pat Rogers. Holding all other predictors constant, respondents were more likely to agree
that the pinned post was credible if it was embedded within a man’s profile than a

woman’s profile (log odds ratio [SE] = 0.157 [0.103], see Figure 2b and Appendix S5).
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The model also contained effects of the respondent’s support for animal rights, support
for human rights, beliefs about whether to prioritize people or animals, the extent of their
trust in scientists, level of X usage, their age, and ethnicity (Appendix S5). Respondents
who strongly supported animal rights were more likely to agree that the pinned post was
credible (log odds ratio [SE] = 3.636 [0.925]). Conversely, respondents were less likely to
agree that the pinned post was credible if they strongly prioritized people over animals
(log odds ratio [SE] = -1.207 [0.224]). In addition, respondents that had a great deal of
trust in scientists to act in the public interest were more likely to agree that the pinned
post was credible compared to those who had no trust at all (log odds ratio [SE] = 1.255
[0.338]). Those who used X daily were also more likely to agree that the pinned post was
credible compared to those who used it less than once a month (log odds ratio [SE] =
0.454 [0.212]). Older respondents were less likely to agree that the pinned post was

credible (log odds ratio [SE] = -0.01 [0.003]; Figure 2b, Appendix S5).

Despite being in the model, the relationship between respondents' agreement with the
credibility of the pinned post and their support for human rights was not straightforward
to interpret. This was also true of the relationship with respondents' ethnicity. In both
cases this was likely due to small numbers of respondents in some of the categories

included (Figure 2b, Appendices S2 and S5).

4.4.2. Support for position taken (relocating people)

Support for the character’s stated position (in this case relocating people to address

human-lion conflict) varied depending on the character sharing the message (Figure 3a).
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The top-supported model (AIC: weight = 0.35, Appendix S4.2) contained two
experimental factors, the race and expertise of Pat Rogers, and the interaction between
these factors. Holding all other predictors constant, respondents were more likely to
support relocating people when the message came from a Black character rather than a
White one (log odds ratio [SE] = -0.300 [0.179]). Pat Rogers’s expertise affected support
for relocating people to protect lions. Contrary to expectation, people were more likely to
support relocation when it was shared by an enthusiast when compared to a field
assistant (log odds ratio [SE] = -0.214 [0.174]) or to a professor (log odds ratio [SE] = -

0.437 [0.177]; Figure 3b and Appendix S6.1).

However, the influence of expertise depended on race. When Pat Rogers was Black,
respondents were most likely supportive of people’s relocation if they were an enthusiast
(Tukey test, estimate [SE] = 1.076 [0.127]), followed by a field assistant (Tukey test,
estimate [SE] = 0.862 [0.125]), and were least likely to support a professor (Tukey test,
estimate [SE] = 0.639, [0.127]). In contrast, when Pat Rogers was White, the order was
reversed: support for relocating people was highest when Pat was a professor (Tukey
test, estimate [SE] = 1.066, [0.126]), followed by an enthusiast (Tukey test, estimate [SE]
= 0.776, [0.132]), and lowest for a field assistant (Tukey test, estimate [SE] = 0.586,

[0.127]; see Figure 4a and Appendix S6.2).

In addition, the top-supported model contained effects of respondents’ support for animal

rights and human rights, their beliefs about the prioritization of people versus animals, the

extent of their trust in scientists, their level of X usage, their age, and their ethnicity. These
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factors were all similarly contained in the top-supported model for the perceived credibility
of the pinned post, and the relationships between the levels of these factors and support
for relocating people was near identical to those outlined in section 3.1 (all log odds ratios

and SE are available in Appendix S6.1).

4.4.3. Trustworthiness of Pat Rogers

Agreement that Pat Rogers was a trustworthy source of lion conservation information
varied depending on the character presented (Figure 5a). The top-supported model (AIC.
weight = 0.23, Appendix S4.3) contained three of the experimental factors, the race,
gender, and expertise of Pat Rogers, as well as the two-way interactions between race
and expertise, and race and gender. Holding all other predictors constant, respondents
were more likely to agree that Pat Rogers was a trustworthy source of lion conservation
information if they were Black rather than White (log odds ratio [SE] =-0.012 [0.216]), and
if they were a man rather than a woman (log odds ratio [SE] = 0.320 [0.149]). Pat Rogers’s
expertise did not increase trustworthiness. Respondents were more likely to trust Pat
Rogers when they were an enthusiast as compared to a field assistant (log odds ratio
[SE] =-0.112 [0.181]) or a professor (log odds ratio [SE] = -0.116 [0.185]; Figure 5b and

Appendix S7.1).

However, the extent of trust in Pat Rogers' expertise was dependent on their race.
Professor was the most trusted expertise level when Pat Rogers was White (Tukey test

estimates [SE] = 1.504, [0.137]), but least trusted when they were Black (Tukey test
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estimates [SE] = 1.160, [0.137]). Conversely the enthusiast was perceived as the most
trustworthy when Pat Rogers was Black (Tukey test estimates [SE] = 1.276, [0.136]), but
the least trustworthy when they were White (Tukey test estimates [SE] = 0.974, [0.137];
Figure 4b). Trust of the Black field assistant and White field assistant sat in the middle

(Tukey test estimates [SE] = 1.164, [0.132] and 1.075, [0.137] respectively)

The influence of gender on respondents' trust in Pat Rogers was further dependent on
Pat Rogers’ race. When Pat Rogers was a man, they were perceived as more trustworthy
when they were Black (Tukey test, estimate [SE] = 1.359, [0.114]) than when they were
White (Tukey test, estimate [SE] = 1.060, [0.111]). However, the opposite was true when
Pat Rogers was a woman, with respondents perceiving the White character as more
trustworthy than the Black character (Tukey test, estimates [SE] = 1.315, [0.118] and

1.038, [0.111] respectively; Figure 4c and Appendix S7.2).

The demographic and social identity factors in the top-supported model included extent
of support for animal rights, their beliefs about the prioritization of people versus animals,
their extent of trust in scientists, level of X usage, and ethnicity. The relationships between
the levels of these factors and agreement that Pat Rogers was a trustworthy source of
lion conservation information was near-identical to those in the previous models as
discussed in sections 3.1 and 3.2 (all log odds ratios and SE are available in Appendix

S7.1).
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4.5. Discussion

We evaluated whether and how identity bias impacts explicit perceptions of those
speaking about conservation, and the variation this generates in public engagement with
lion conservation messaging, on X. Across a sample stratified to approximate the UK
public, we found evidence that identity-bias influenced the perceived credibility of lion
conservation information, support for acting on that information, and the trustworthiness
of a conservation messenger. Specifically, we found bias relating to the race, gender, and
expertise of the conservation messenger, but not their nationality. This could be due to
the lack of immediate visibility of the character’s nationality in the profiles created, as it

was indicated via a small flag emoji in the profile biography, and the location tag.

Overall, men were perceived to have posted more credible lion conservation information
than women. However, gender did not explain support for implementing the conservation
strategy in the pinned post. Gender bias, its impact within the field of conservation, and
recommendations for addressing such inequities, have been well documented in the
literature34.53-56_ On X, research has found that women in other scientific fields have fewer
followers, reposts and likes compared to men®’. This relationship is also found in the
Altmetric scores of papers, with higher scores attributed to those published with lead
authors who are men versus women®®, Here, we evidenced the nuances of such gender
bias in conservation discourse on X. While the public perceived women as less credible
when discussing conservation, this bias did not significantly affect public support for their

recommendations.
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Further, when broken down by race, we found that White women were perceived as more
explicitly trusted sources of lion conservation information than White men, even though
men were perceived to have posted more credible information. This contrasted with Black
men being perceived as more trustworthy than Black women regarding lion conservation
information (see Figure 4b for more detail, but from highest to lowest perceived
trustworthiness were Black man, White woman, White man, Black woman). This
highlights the importance of using an intersectional lens when examining patterns of bias
in conservation®®%. The devaluing of Black women'’s opinions and expertise, combined
with inflated workloads comparable to their White colleagues in academia, have been well
documented®’-83, Itis possible that chronic devaluation, combined with racial stereotyping
(related to inferred nationality and presumptions of local knowledge, which is discussed

later in this section), are driving the observed gender-race interaction patterns.

Men use stronger language to promote the importance of their scientific research than do
women®. By holding the message we used constant across all treatments, the results
demonstrated that bias against women speaking about conservation exists irrespective
of the way in which they convey their opinion. Our results indicate a need to consider the
potential for additional impacts of gender bias on public perceptions of messengers on
social media, such as funding distribution and public engagement opportunities®,
including how these might interact with race and the conservation context presented. In
this study only binary gender was used, but conducting similar studies using a greater

spectrum of gender identities would further enrich our understanding.
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We found no effect of expertise, indicated by a professional title, on the perceived
credibility of conservation information shared via a post on X. While surprising, it suggests
that rejections of conventional scientific expertise are prolific on X, which aligns with the
well-documented abundant and rapid spread of science misinformation on social media
platforms?'. It could also be indicative of an increasing public acknowledgement and
recognition of multiple “ways of knowing” outside of formally qualified experts 3840,
However, we did find an effect of the interaction between the expertise and race of the
messenger on both support for relocating people to protect lions, and the character’s
perceived trustworthiness. The White professor received considerably more support and
trust than the Black professor. Furthermore, the Black professor was both the least
supported and trusted when compared to the Black field assistant and enthusiast, while
the White professor was consistently the most supported and trusted compared to the

White field assistant and enthusiast.

These findings likely stem from societal racism and stereotypical conceptions of what an
“expert” in conservation looks like amongst the UK public#?. This is particularly likely given
the low Black representation amongst senior academics, and so professors, in UK higher
education institutions®. Our results highlight potential real-world implications of this, with
the societal prestige of a White professor not afforded equally to those who are Black.
Additionally, our results may reflect public exposure to biased conservation narratives in

popular media, which often center White individuals as the “scientific experts”!3.67.68,
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Itis possible that the greater support for and trust in Black enthusiasts and field assistants,
compared to White enthusiasts and field assistants, was due to assumptions about the
superior contextual understanding that Black messengers had of lion conservation due to
their inferred nationality. We varied nationality across all the X profiles and did not detect
an effect, but this could have been because racial stereotypes superseded the way we
signaled nationality. To investigate, further research could explicitly test intersectional
identity dynamics by signaling nationality more clearly. It would further be interesting to
examine how support varies based on the inferred location of the conservation issue
being discussed, and the race of the person discussing it. Additionally, it would be
valuable to examine any impacts of racial affinity bias (in favour of individuals we perceive
to be “like us™®® between each respondent and the messenger based on shared identity.
This would require a larger sample size of respondents from minority ethnicities, rather
than a respondent pool stratified to match the ethnic demographics of the adult UK

population.

Combined, our findings warrant serious consideration given the ability for public opinion
to sway conservation policy and funding decisions2%7%71, For example, in the situation we
presented, racial bias towards conservation messengers impacted support for a
conservation action (relocating people to protect lions) that would likely have serious
human rights and livelihood consequences for local communities. As such, this study
builds on existing knowledge of racism in conservation3®7273 by highlighting the links
between public perceptions of expertise, and conservations’ history of oppression,

entrenched discrimination, and White western centered narratives.
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When considering participants' social identities, the extent of support for animal rights had
the biggest impact on responses across all three research questions. Namely, greater
support for animal rights increased the perceived credibility of information in the post,
extent of support for relocating people to protect lions, and the perceived trustworthiness
of the messenger. A similar pattern was observed across all questions for participants
who reported that they would prioritize wild animals over people if their interests clashed.
Given that the embedded message was heavily skewed towards an animal-centered as
opposed to a people-centered solution to human-wildlife conflict (Appendix S3), these
patterns were expected. The magnitude of these effects suggests orientations around
animal rights support have significant potential to influence how the public view not only
conservation strategies, but also the credibility of those discussing conservation on X.
Other research has shown comparable trends when examining the relationship between
individuals’ social identities and their perspectives on contentious conservation scenarios
247475 1t is therefore important that the potential for inherent beliefs to overshadow
objectivity are considered, especially when public opinion on conservation issues could

influence decision making and the direction of funds™®.

It is harder to interpret the pattern between participants' support for human rights, the
credibility they attached to the suggestion of relocating people to protect lions, and their
inclination to support doing so. Only a small proportion of respondents didn’t support
human rights (n=17, somewhat disagree to strongly disagree). If we only consider

participants who did support human rights, we see a trend that increasing agreement

122



(from neutral to strongly agree) resulted in a decrease in perceived credibility and support
for their recommendations (Figures 2b, 3b). This is as expected given that the post
advocates for a strategy that is likely to infringe on both human and land rights,
highlighting the importance of accounting for nuances in individuals’ beliefs when
considering their interactions with conservation information. When confronted with
complex and controversial conservation problems, social identities have been shown to
impact public opinion in multiple scenarios?*7-78  Our results add to these findings and
highlight the need to consider not only how identity-politics can influence public opinion

of conservation problems, but also those sharing conservation messages.

Participants who were less trusting of scientists to act in the best interest of the public
expressed weaker agreement across all research questions, suggesting general mistrust
of scientists can influence perceptions of conservationist messengers regardless of their
expertise. We chose to ask this question broadly, despite scientists being a non-
homogenous group, to facilitate evaluation of an overall measure of trust. The concept of
“trust” in scientists is a complex area of research’®, and our results echo others that
advocate for the consideration of these dynamics when engaging the public with science,
particularly in concert with individuals’ political ideology®%2!. Additionally, participants who
used X more frequently were more agreeable across all research questions. There is
likely a reduced skepticism of conservation information and those sharing such messages
on X that comes with increased use of the platform. It should again be noted that this
study was conducted before “Twitter” was rebranded as “X” and lost a lot of scientific

users®?, so this will not have impacted the results.
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Overall, we found subtle differences in the impact of identity on each of the metrics we
tested (Appendix S8). Men were perceived to be communicating a more credible lion
conservation strategy than women, but gender had no effect on support for implementing
that strategy. Instead, it was the interaction between the messenger’s race and expertise
that was relevant. White professors generated more support for relocating people to
protect lions than White enthusiasts or field assistants. Conversely, Black professors
generated less support than Black enthusiasts or field assistants. Finally, explicit trust in
the messenger was impacted by the interaction between the messenger's gender and
race, as well as their expertise and race. Most prominently, White professors were

perceived as more trustworthy than any other messenger.

We restricted the identity factors and levels examined to those most intuitively relevant to
the context of the study, to avoid statistically uninterpretable results. However, there are
numerous other identity biases both within conservation and more broadly in society (e.g.,
sexuality, religion, disability), which would be valuable to explore in future studies. A
deeper examination of geographic biases, particularly regarding racial stereotypes,
nationality, and the contextual location of the conservation situation presented would also
be of interest. As an example, comparing these results to a study contextualized within a
British conservation problem (e.g., strategies to reduce human-badger conflict®3) may
clarify queries around the potential effects of racial stereotyping as a proxy for perceived
local knowledge of conservation issues. Furthermore, testing identity biases of publics

outside of the UK could provide additional insights for comparison, and may influence the
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effects of the gender and race of the conservation messenger dependent on contextual
dynamics within the country. Examining these dynamics amongst those working within
conservation advocacy groups and funding bodies could also prove interesting, as we
might expect they would place more value on an individuals’ expertise than the public. In
addition, it would be valuable for future studies to consider varying the content of the
message itself. Specifically, testing controversial messages (such as permitting trophy
hunting, see Appendix S3.4) against messengers we found to generate high versus low
public trust, would facilitate an understanding of whether stances on particularly

contentious topics can sway public opinion of a conservation messenger.

While we found that respondents' social identities and beliefs had the strongest influence
on all outcomes, even when accounting for these, the identity of the messenger mattered.
Our results demonstrate that public interaction with conservation information is not
objective and is influenced by inherent biases, as has been observed in several other
fields 268485 Perhaps most alarming is the finding that in these hypothetical examples,
the voice of experts in the field (professors and field assistants in this study) are viewed
differently by virtue of their race - following long documented past and present patterns
of discrimination and oppression within conservation3°72. Not only does this suggest the
potential for real-world impacts on conservation outcomes based on identity bias, but also
raises questions about the dangers of homogenous ideas proliferating within conservation

spaces owing to the reduced diversity of voices being heard 6.
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Despite increased attention towards these issues within the field of conservation over
recent years, action is still limited and slow. Our results add further fuel to the drive
towards addressing these injustices, and specifically calls for increased communication
about such biases within conservation to wider stakeholders such as the public, decision
makers, politicians, and funders. Conservation as a field relies upon vast and varied
groups, all of whom carry their own set of biases and preconceived ideas about who a
conservation ‘expert’ is. While these results could be used to advocate for manipulating
conservationists’ identity-factors advantageously when communicating
recommendations, this would be highly unethical. Instead, we argue that it is only by
collectively taking responsibility for ensuring parity, and platforming diverse voices, that
such biases and misconceptions can be rectified. This will ultimately build a more just,
equitable and effective conservation arena (see Appendix S9 for extended results and

discussion).

4.6. Figures
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Figure 1. Diagram outlining the experimental design, with two example profiles shown. All snapshots
(X profile + pinned post) were identical apart from the specifics related to each factor we manipulated.
Expertise was demonstrated using the text in the biography and the presence/absence of Prof before the
name; race was demonstrated via the profile image and the color of the thumbs up emoji in the pinned post;
gender was demonstrated using the profile image and the pronouns in the biography; nationality was
demonstrated using the text and the flag emqji in the biography, and the location tag. 24 profiles were

created in total by combining the levels shown in a fully factorial design (Appendix S3).
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Figure 2a. Agreement that the information in Pat Rogers’ pinned tweet is credible, grouped by the
experimental profile presented as expertise/race/gender/nationality. Each bar represents the
responses to one of the 24 profiles being tested, and shows the distribution of responses, coloured from
reds (disagreement), through grays (neutrality) to blues (agreement). The percentage figures show the
number of respondents who overall disagreed (left), were neutral (middle) or agreed (right), after excluding
“I don’t know” responses.

Figure 2b. Directional associations between agreement that Pat Rogers pinned tweet is credible and
the variables in the top-supported model. Points indicate the log-odds ratios (or coefficient estimates)
for the levels of each variable (shown in the key on the right hand side) relative to the reference category
for categorical variables (gender = woman; animal rights advocate & human rights advocate = strongly
disagree; prioritise people or animals = strongly prioritise wild animals; trust in scientists = no confidence;
twitter usage = less than once a month; ethnicity = English/Welsh/Scottish/Northern Irish/British). Positive
coefficients demonstrate increased agreement comparative to the reference level, while negative
coefficients demonstrate decreased agreement. Coloured error bars show the 85% Cls, with transparent

error bar extensions indicating the 95% Cls.
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Figure 3a. Extent of agreement with Pat Rogers that we should relocate people to protect lions,
grouped by the experimental profile presented as expertise/race/gender/nationality. Each bar
represents the responses to one of the 24 profiles being tested, and shows the distribution of responses,
coloured from reds (disagreement), through greys (neutrality) to blues (agreement). The percentage figures
show the number of respondents who overall disagreed (left), were neutral (middle) or agreed (right), after
excluding “l don’t know” responses.

Figure 3b. Directional associations between agreement with Pat Rogers that we should relocate
people to protect lions, and the variables in the top-supported model. Points indicate the log-odds
ratios (or coefficient estimates) for the levels of each variable (shown in the key on the right hand side)
relative to the reference category (expertise = enthusiast; race = Black; animal rights advocate & human
rights advocate = strongly disagree; prioritise people or animals = strongly prioritise wild animals; trust in
scientists = no confidence; twitter usage = less than once a month; ethnicity =
English/Welsh/Scottish/Northern Irish/British). Positive coefficients demonstrate increased agreement
comparative to the reference level, while negative coefficients demonstrate decreased agreement.

Coloured error bars show the 85% Cls, with transparent error bar extensions indicating the 95% Cls.
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Figure 4a. Associations between factor levels of the interaction term in the top-supported model for
question 2. Points show the estimated marginal means (EMMs) for the interaction between levels of race
and expertise as present in the top-supported model for question 2- to what extent do you agree with Pat
Rogers that we should relocate people to protect lions? Increasing EMMs indicate a more positive effect of
that combination of factor levels on increasing levels of agreement. Coloured error bars show the 85% Cls,

with transparent error bar extensions indicating the 95% Cls.
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Figure 4b and 4c. Associations between factor levels of the interaction terms in the top-supported
model for question 3. 4b shows the associations between levels of race and expertise, while 4c shows
the association between levels of race and gender. Points show the estimated marginal means (EMMs) for
the interactions present in the top-supported model for question 3- to what extent do you agree that Pat
Rogers is a trustworthy source of lion conservation information? Increasing EMMs indicate a more positive
effect of that combination of factor levels on increasing levels of agreement. Coloured error bars show the

85% Cls, with transparent error bar extensions indicating the 95% Cls.
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Figure 5a. Agreement that Pat Rogers is a trustworthy source of lion conservation information,
grouped by the experimental profile presented as expertise/race/gender/nationality. Each bar
represents the responses to one of the 24 profiles being tested, and shows the distribution of responses,
coloured from reds (disagreement), through greys (neutrality) to blues (agreement). The percentage figures
show the number of respondents who overall disagreed (left), were neutral (middle) or agreed (right), after
excluding “I don’t know” responses

Figure 5b. Directional associations between agreement that Pat Rogers is a trustworthy source of
lion conservation information, and the variables in the top-supported model. Points indicate the log-
odds ratios (or coefficient estimates) for the levels of each variable (shown in the key on the right hand side)
relative to the reference category (expertise = enthusiast; gender = woman; race = Black; expertise and
race = enthusiast*white; gender and race = woman*white; animal rights advocate = strongly disagree;
prioritise people or animals = strongly prioritise wild animals; trust in scientists = no confidence; twitter
usage = less than once a month; ethnicity = English/Welsh/Scottish/Northern Irish/British). Positive
coefficients demonstrate increased agreement comparative to the reference level, while negative
coefficients demonstrate decreased agreement. Coloured error bars show the 85% Cls, with transparent

error bar extensions indicating the 95% Cls.
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4.8. Supplementary information

Appendix S1. Full Questionnaire

SECTION 1- LANDING PAGE

Please read through the information below about our study before deciding whether to participate. You may ask any questions before deciding
to take part by contacting the principal researcher (details below).

By participating in this online survey about the credibility of lion conservation recommendations (it will take approximately 5-10 minutes), you
will help us understand how people respond to information about lion conservation on Twitter. You do not need any specialist background
knowledge to participate. Our results from this study might help to inform how conservationists frame messages about lion conservation.

We will store the responses you provide in a password-protected electronic file. We will not ask you to provide any information that would
identify you and we will not store your IP address. Only researchers working directly on this study will have access to the information you
provide.

The data you provide may be transferred to, stored and/or processed at a destination outside the UK and the European Economic Area
("EEA"). By submitting data, you agree to this transfer, storing or processing. We may use the information you provide in academic
publications such as reports and journal articles, but we will only analyze and report responses in general terms.

Qualtrics LLC is the data controller with respect to your personal data and, as such, will determine how your personal data is used. Please see

their privacy notice here [www.qualtrics.com/privacy-statement/]. Qualtrics LLC will share only de-identified data with the University of Oxford,
for the purposes of research.

If you choose to participate, we will first ask some questions to determine whether you are eligible for the study.
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You can choose to withdraw for any reason at any point during the study by closing your browser tab. You will receive payment for participation
if you complete the study, which includes answering some required questions. Some parts of the questionnaire mention people and/or animals
dying, but there are no pictures or graphic descriptions.

This project has been reviewed by, and received ethics clearance through, a subcommittee of the University of Oxford Central University
Research Ethics Committee [reference number R79948/RE001].

The principal researcher is Lauren Rudd, who works in the Wildlife Conservation Research Unit in the Zoology Department at the University of
Oxford. This study is being conducted in collaboration with other researchers at the University of Oxford and Cornell University.

If you have a concern about any aspect of this study, please email Lauren Rudd (lauren.rudd@gtc.ox.ac.uk) and we will do our best to answer
your query. We will acknowledge your concern within 10 working days and give you an indication of how we will deal with it. If you remain
unhappy or wish to make a formal complaint, please contact the Chair of the Medical Sciences Interdivisional Research Ethics Committee at
the University of Oxford who will seek to resolve the matter as soon as possible: Email: ethics@medsci.ox.ac.uk; Address: Research Services,

University of Oxford, Boundary Brook House, Churchill Drive, OX3 7GB.

By confirming you are 18 or older and selecting "Yes, | agree to take part" below, you indicate that you voluntarily agree to participate in this
study.

Please note that you may only participate in this study only if you are 18 years of age or over.
O | certify that | am 18 years of age or over

If you have read the information above and agree to participate with the understanding that the data you submit will be processed accordingly,
please check the relevant box below to get started.

[l Yes, | agree to take part
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After providing consent, respondents will answer a few general questions to confirm eligibility and prevent oversampling from some
demographics. This means we collect data only from eligible respondents, so we will not waste ineligible respondents’ time.

Item number

Measuring

Item

Response options

1.1

Gender Quota

Which best describes how you
identify your gender?

Woman

Man

Non-binary

In another way
Prefer not to say

1.2

Age quota

How old are you?

18-29

30-44

45-59

60 or older
Prefer not to say
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1.3

Ethnicity Quota

Which best describes how you
identify your ethnicity?

White

English/Welsh/Scottish/Northern Irish/British

Irish

Gypsy or Irish Traveler

Any other White background
Asian/Asian British

- Indian

Pakistani

Bangladeshi

Chinese

Any other Asian background
Black/African/Caribbean/Black British

African

Caribbean

Any other Black/African/Caribbean background
Mixed/Multiple ethnic groups

White and Black Caribbean

White and Black African

White and Asian

Any other Mixed/Multiple ethnic background
Other ethnic group

Arab

Any other ethnic group

Prefer not to say

1.4

Twitter usage

Approximately how often have you
used Twitter in the past 6 months?
This could involve posting your own
content and/or reading content
posted by others

Every day

About once a week
About once a month
Less than once a month
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SECTION 2: BACKGROUND/CONTEXT PAGE

Please carefully read the information below, which describes the current situation surrounding lion conservation and management.

It is estimated that there are as few as 23,000 wild lions living in Africa today, around half as many as there were 20 years ago. Many lions live
in protected areas such as national parks. As lions require large areas, they often move into land surrounding protected areas, where people

live.

More than a quarter of the area where lions still exist is entirely outside of protected areas, alongside people. Many of the people that live
alongside lions keep livestock such as goats and cows, which are essential to their livelihoods.

Some of the biggest threats to lions today are the loss of wild habitat and prey, and human-lion conflict, for example, when people legally or
illegally Kill lions to protect themselves or their livestock.

Moving “problem lions” that prey on livestock to a different place can sometimes reduce human-lion conflict in the original area. However, doing
so can also increase human-lion conflict in the area where the lions are relocated, with risks for both people (who might suffer attacks) and

lions (who might then be killed).

Lion conservation is expensive, and in most places, photo-tourism alone cannot cover the costs of effective conservation. Legal, regulated
trophy hunting of lions can generate additional funding to incentivise conservation and may create local income and jobs.

Some people believe that trophy hunting lions is acceptable. However, others believe that killing lions, especially for recreation or trophies, is
unacceptable.

When you have read this information, please click “Next”.
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SECTION 3: MAIN STUDY- CREDIBILITY OF CONSERVATION INFORMATION ON TWITTER

Each respondent was presented with one fictitious Twitter (now X) profile image as shown below, alongside the following questions.
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On this page you will see the Twitter profile of Pat Rodgers, who works in lion conservation, and you will be asked questions about the

information their profile contains.
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Your responses will help us understand how people respond to information about lion conservation on Twitter.

Please indicate how strongly you agree or disagree with each statement. If you are indifferent, please select "neither agree nor disagree". If you

do not know whether you agree or disagree, please select "l don't know".

Item number

Question

Response options

3.1

To what extent do you agree that the information
presented in Pat Rodgers’ pinned tweet is credible?

Strongly disagree
Disagree

Somewhat disagree
Neither agree nor disagree
Somewhat agree

Agree
Strongly agree
| don’t know
3.2 To what extent do you agree with Pat Rodgers that we Strongly disagree
should relocate people to address human-lion conflict? Disagree

Somewhat disagree
Neither agree nor disagree
Somewhat agree

Agree

Strongly agree

| don’t know
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3.3

To what extent do you agree that Pat Rodgers is a
trustworthy source of lion conservation information?

Strongly disagree
Disagree

Somewhat disagree
Neither agree nor disagree
Somewhat agree

Agree

Strongly agree

| don’t know
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SECTION 4: DEMOGRAPHICS AND SOCIAL IDENTITY

On this page you will answer some general questions about your background and identity. You answered some of these questions before entering the
study, and we are asking you to answer them again now as part of the study.

By answering these questions as accurately as you can, you will help us understand how people from different backgrounds and identities interact with
information about lion conservation on Twitter. All information you provide is confidential.

Item number

Measuring

Item

Response options

4.1

Age

What is your age in years?

Whole numbers between 18 and 110 only

opportunities for everyone. Do you...

4.2 Formal education What is the highest level of formal Primary school
education you have completed? Secondary School
College or university degree
Postgraduate degree
4.3 Social identity: | think of myself as someone who Strongly disagree
social justice supports equal access, rights, and Disagree

Somewhat disagree
Neither agree nor disagree
Somewhat agree

Agree

Strongly agree

| don’t know
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44

Social identity:
human rights

| think of myself as someone who
supports human rights. Do you...

Strongly disagree
Disagree

Somewhat disagree
Neither agree nor disagree
Somewhat agree

Agree

Strongly agree

| don’t know

4.5

Social identity:
animal rights

| think of myself as someone who
supports animal rights. Do you...

Strongly disagree
Disagree

Somewhat disagree
Neither agree nor disagree
Somewhat agree

Agree

Strongly agree

| don’t know

4.6

People versus
animals orientation

If the interests of wild animals clash
with the interests of people, which do
you think should be prioritized?

Strongly prioritize wild animals

Prioritize wild animals

Prioritize neither wild animals nor people

Prioritize people
Strongly prioritize people
| don’t know
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4.7 Trust in expertise How much confidence do you have - No confidence

in each of the following to advise, - Very little confidence
make decisions and act in the best - Some confidence
interest of the public? - Alot of confidence
a) research scientists - Full confidence
b) elected - |l don’t know

officials/government
agency workers

c) NGO/private sector
workers

SECTION 5: LEAVING PAGE
Thank you very much for participating in this study. Please click "submit" to record your responses.

This project has been reviewed by, and received ethics clearance through, the University of Oxford Central University Research Ethics
Committee [reference number R79948/RE001].

The principal researcher is Lauren Rudd, who works in the Wildlife Conservation Research Unit in the Zoology Department at the University of
Oxford.

If you have a concern about any aspect of this study, please email Lauren Rudd (lauren.rudd@gtc.ox.ac.uk), and we will do our best to answer
your query. We will acknowledge your concern within 10 working days and give you an indication of how we will deal with it. If you remain
unhappy or wish to make a formal complaint, please contact the Chair of the Medical Sciences Interdivisional Research Ethics Committee at
the University of Oxford who will seek to resolve the matter as soon as possible: Email: ethics@medsci.ox.ac.uk.
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Appendix S2. Participant statistics

Descriptive statistics of participants in the final data set for the main study (n= 1290), broken down by demographic characteristics and social identities.

Characteristic Responses Count (%)
Gender Identity Woman 659 (51.1)
Man 625 (48.4)
Non-binary 5(0.4)
Prefer not to say 1(0.1)
Age Group 18-29 244 (18.9)
30-44 324 (25.1)
45-59 322 (25.0)
60+ 400 (31.0)
Ethnicity of respondent White 1110 (86.0)
English/Welsh/Scottish/Northern Irish/British 730 (56.6)
Irish 69 (5.3)
Gypsy or Irish Traveller 5(0.4)
Any other White background 306 (23.7)
Asian/Asian British 86 (6.6)
Indian 25(1.9)
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Pakistani 4(0.3)
Bangladeshi 0(0)
Chinese 22 (1.7)
Any other Asian/Asian British background 352.7)
Black/African/Caribbean/Black British 44 (3.4)
African 28(2.2)
Caribbean 4 (0.3)
Any other Black/African/Caribbean background 12 (0.9)
Mixed/multiple ethnic groups 31 (2.3)
White and Black Caribbean 4(0.3)
White and Black African 7 (0.5)
White and Asian 7(0.5)
Any other Mixed/Multiple ethnic groups background 13 (1.0)
Other ethnic groups 10 (0.8)
Arab 1(0.1)
Any other ethnic group 9(0.7)
Prefer not to say 9(0.7)
Twitter usage Less than once a month 89 (6.9)
At least once a month 153 (11.9)
At least once a week 498 (38.6)
Every day 550 (42.6)
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Highest level of formal education Primary school 39 (3.0)
Secondary school 413 (32.0)
College or University undergraduate degree 647 (50.2)
Postgraduate degree 174 (13.5)
Prefer not to say 17 (1.3)

Self reported social identity: support for human rights Strongly disagree 10 (0.8)
Disagree 4(0.3)
Somewhat disagree 3(0.2)
Neither agree nor disagree 41 (3.2)
Somewhat agree 122 (9.5)
Agree 406 (31.5)
Strongly agree 703 (54.5)
| don't know 1(0.1)

Self reported social identity: support for animal rights Strongly disagree 10 (0.8)
Disagree 3(0.2)
Somewhat disagree 9(0.7)
Neither agree nor disagree 61 (4.7)
Somewhat agree 153 (11.9)
Agree 387 (30.0)
Strongly agree 665 (51.6)
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| don't know

2(0.2)

Prioritise people or wild animals Strongly prioritize wild animals 174 (13.5)
Prioritize wild animals 332 (25.7)
Prioritize neither wild animals nor people 260 (20.2)
Prioritize people 276 (21.4)
Strongly prioritize people 163 (12.6)
| don't know 85 (6.6)

Confidence in research scientists to act in public interest None at all 41 (3.2)
A little 122 (9.5)
A moderate amount 333 (25.8)
A lot 331 (25.7)
A great deal 440 (34.1)
| don't know 23 (1.8)
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Appendix S3. Message selection preliminary study

To determine which lion conservation message to use in the pinned post we first conducted a preliminary message-selection study.

Methods

We tested the response to four possible messages, each of which reflected tangible strategies to address existing lion conservation problems
(see Appendix S3.1). The aim was to select a message that generated responses with a neutral central tendency and that was not obviously
polarizing (i.e. with a mean value away from either extreme and with low variance). This would allow us to best interpret any effect of bias in the
main study.

All authors were involved in the process of generating these proposed messages and designing the preliminary questionnaire (Appendix S3.2).
Our study received ethics clearance through the University of Oxford Central University Research Ethics Committee (reference
R79948/RE001).

We ran the study on the Qualtrics platform between 31 May and 7 June 2022. A total of 500 participants were recruited using Prolific.
Participants were aged 18 or over and lived in the UK. All provided informed consent before starting the questionnaire and received
compensation for taking part. All respondents that completed the survey in less than half the median duration time were removed from the final
analysis (see Appendix S3.3).

Respondents were first presented with a short block of text about lion conservation and management strategies, to ensure they understood the
topic sufficiently to answer the questionnaire, irrespective of their own prior knowledge (included with the full questionnaire in Appendix S1).
Each participant was randomly presented with one of the four messages in Appendix S3.1 and was asked the extent to which they agreed with
the lion conservation recommendation, using a seven-point bipolar Likert-type scale to record responses, from strongly disagree to strongly
agree, with an additional “I don’t know” option. Prior to analysis, we converted responses to a numeric scale (strongly disagree = 1, strongly
agree = 7) and removed “l don’'t know” responses. Respondents also answered several demographic questions (gender, age, ethnicity, and
level of formal education) as well as a block of questions about their social identities (extent of support for animal rights, human rights, and trust
in scientists to act in the best interest of the public).

After the omission of those who completed the survey in less than half the median time, (163.5 seconds) to remove potentially unreliable
responses from those who did not properly engage with the questions, the total number of respondents across the survey was n=469. We
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analyzed data using the “likert” package in R (and calculated the mean and standard deviation for each message. These variables were
compared across messages, and that with the fewest “I don’t know” responses, normally distributed data with low standard deviation, and with
a mean response closest to 3 or 5 (somewhat agree or somewhat disagree) was chosen for use in the main study. We chose not to use a
message which garnered a neutral response (mean close to 4) as this could be indicative of a topic that does not generate any opinion and so
would not be influenced by identity bias.

Message selection results

The acceptability of the messages about different lion conservation strategies varied considerably (Appendix S3.4). Both messages about
trophy hunting generated highly skewed data with 88% of people strongly agreeing, agreeing, or somewhat agreeing that we should prevent
trophy hunting (M = 5.983, SD = 1.119), and 83% of people strongly disagreeing, disagreeing, or somewhat disagreeing that we should permit
trophy hunting (M= 2.244, SD= 1.562) (Appendix S3.5). As such, these messages were excluded from consideration for use in the main study.

The “Relocate lions” message generated slightly skewed data around the neutral “neither agree nor disagree” option; with 61% of people
strongly agreeing, agreeing, or somewhat agreeing, while 28% strongly disagreed, disagreed, or somewhat disagreed (M= 4.593, SD= 1.492)
(Appendix S3.5).

The “Relocate people” message generated normally distributed data around the “somewhat agree” option; with 64% strongly agreeing,
agreeing, or somewhat agreeing, while 19% strongly disagreed, disagreed, or somewhat disagreed (M = 4.917, SD = 1.498) (Appendix S3.5).

We therefore selected the “Relocate people” message for use in the main study.
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Appendix S3.1. Candidate messages

The four candidate lion conservation messages that were tested, with participants randomly assigned one message and asked the extent to
which they agreed with the statement using a 7-point Likert scale.

Message 1 We need to protect lions and keep them safe from people. Preventing trophy hunting will
help achieve this, even if some people lose their livelihoods.

Message 2 We need to protect people and their livelihoods and keep them safe from lions. Permitting
trophy hunting will help achieve this, even if some lions lose their lives.

Message 3 If people are living in conflict with lions, those people must be relocated to protect lions and
their habitats. We must keep lions safe from people at all costs.

Message 4 If lions are living in conflict with lions, those lions must be relocated to protect people’s

safety and livelihoods. We must keep people safe from lions at all costs.
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Appendix S3.2. Full message selection study questionnaire

SECTION 1: LANDING PAGE

Please read through the information below about our study before deciding whether to participate. You may ask any questions before deciding
to take part by contacting the principal researcher (details below).

By participating in this online survey about lion conservation recommendations (it will take approximately 5-10 minutes), you will help us
understand how people respond to information about lion conservation. You do not need any specialist background knowledge to participate.
Our results from this study might help to inform how conservationists frame messages about lion conservation.

We will store the responses you provide in a password-protected electronic file. We will not ask you to provide any information that would
identify you and we will not store your IP address. Only researchers working directly on this study will have access to the information you
provide.

The data you provide may be transferred to, stored and/or processed at a destination outside the UK and the European Economic Area
("EEA"). By submitting data, you agree to this transfer, storing or processing. We may use the information you provide in academic
publications such as reports and journal articles, but we will only analyze and report responses in general terms.

Qualtrics LLC is the data controller with respect to your personal data and, as such, will determine how your personal data is used. Please see

their privacy notice here [www.qualtrics.com/privacy-statement/]. Qualtrics LLC will share only de-identified data with the University of Oxford,
for the purposes of research.

If you choose to participate, we will first ask some questions to determine whether you are eligible for the study.
You can choose to withdraw for any reason at any point during the study by closing your browser tab. You will receive payment for participation

if you complete the study, which includes answering some required questions. Some parts of the questionnaire mention people and/or animals
dying, but there are no pictures or graphic descriptions.
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This project has been reviewed by, and received ethics clearance through, a subcommittee of the University of Oxford Central University
Research Ethics Committee [reference number R79948/RE001].

The principal researcher is Lauren Rudd, who works in the Wildlife Conservation Research Unit in the Zoology Department at the University of
Oxford. This study is being conducted in collaboration with other researchers at the University of Oxford and Cornell University.

If you have a concern about any aspect of this study, please email Lauren Rudd (lauren.rudd@gtc.ox.ac.uk) and we will do our best to answer
your query. We will acknowledge your concern within 10 working days and give you an indication of how we will deal with it. If you remain
unhappy or wish to make a formal complaint, please contact the Chair of the Medical Sciences Interdivisional Research Ethics Committee at
the University of Oxford who will seek to resolve the matter as soon as possible: Email: ethics@medsci.ox.ac.uk; Address: Research Services,
University of Oxford, Boundary Brook House, Churchill Drive, OX3 7GB.

By confirming you are 18 or older and selecting "Yes, | agree to take part" below, you indicate that you voluntarily agree to participate in this
study.

Please note that you may only participate in this study only if you are 18 years of age or over.
O | certify that | am 18 years of age or over

If you have read the information above and agree to participate with the understanding that the data you submit will be processed
accordingly, please check the relevant box below to get started.

[l Yes, | agree to take part
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SECTION 2: BACKGROUND/CONTEXT PAGE

Please carefully read the information below, which describes the current situation surrounding lion conservation and management.
It is estimated that there are as few as 23,000 wild lions living in Africa today, around half as many as there were 20 years ago. Many lions live
in protected areas such as national parks. As lions require large areas, they often move into land surrounding protected areas, where people

live.

More than a quarter of the area where lions still exist is entirely outside of protected areas, alongside people. Many of the people that live
alongside lions keep livestock such as goats and cows, which are essential to their livelihoods.

Some of the biggest threats to lions today are the loss of wild habitat and prey, and human-lion conflict, for example, when people legally or
illegally Kill lions to protect themselves or their livestock.

Moving “problem lions” that prey on livestock to a different place can sometimes reduce human-lion conflict in the original area. However, doing
so can also increase human-lion conflict in the area where the lions are relocated, with risks for both people (who might suffer attacks) and

lions (who might then be killed).

Lion conservation is expensive, and in most places, photo-tourism alone cannot cover the costs of effective conservation. Legal, regulated
trophy hunting of lions can generate additional funding to incentivize conservation and may create local income and jobs.

Some people believe that trophy hunting lions is acceptable. However, others believe that killing lions, especially for recreation or trophies, is
unacceptable.

When you have read this information, please click “Next”.
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SECTION 3: MESSAGE SELECTION

Each respondent was presented with the instructions below, and only one of the “item numbers” from 3.1 to 3.4.

On this page you will read a short statement about lion conservation.

Please indicate the extent to which you agree with the conservation recommendation highlighted in the statement. If you are indifferent, please

select "neither support nor oppose". If you do not know whether you support it or oppose it, please select "l don't know".

Item number

Message

Response options

3.1

We need to protect lions and keep them safe from people.
Preventing trophy hunting will help achieve this, even if
some people lose their livelihoods.

Strongly disagree
Disagree

Somewhat disagree
Neither agree nor disagree
Somewhat agree

Agree

Strongly agree

| don’t know
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3.2

We need to protect people and their livelihoods and keep
them safe from lions. Permitting trophy hunting will help
achieve this, even if some lions lose their lives.

Strongly disagree
Disagree

Somewhat disagree
Neither agree nor disagree
Somewhat agree

Agree

Strongly agree

| don’t know

3.3

If people are living in conflict with lions, those people must
be relocated to protect lions and their habitats. We must
keep lions safe from people at all costs.

Strongly disagree
Disagree

Somewhat disagree
Neither agree nor disagree
Somewhat agree

Agree

Strongly agree

| don’t know

3.4

If people are living in conflict with lions, those lions must be
relocated to protect people’s safety and livelihoods. We
must keep people safe from lions at all costs.

Strongly disagree
Disagree

Somewhat disagree
Neither agree nor disagree
Somewhat agree

Agree

Strongly agree

| don’t know
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SECTION 4: DEMOGRAPHICS AND SOCIAL IDENTITY

On this page you will answer some general questions about your background and identity.

By answering these questions as accurately as you can, you will help us understand how people from different backgrounds and identities

interact with information about lion conservation. All information you provide is confidential.

Item number

Measuring

Item

Response options

4.1

Gender

Which best describes how you
identify your gender?

Woman

Man

Non-binary

In another way
Prefer not to say

4.2

Age

How old are you?

18-29

30-44

45-59

60 or older
Prefer not to say
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43

Ethnicity

Which best describes how you
identify your ethnicity?

White

English/Welsh/Scottish/Northern Irish/British

Irish

Gypsy or Irish Traveler

Any other White background
Asian/Asian British

Indian

Pakistani

Bangladeshi

Chinese

Any other Asian background
Black/African/Caribbean/Black British

African

Caribbean

Any other Black/African/Caribbean background
Mixed/Multiple ethnic groups

White and Black Caribbean

White and Black African

White and Asian

Any other Mixed/Multiple ethnic background
Other ethnic group

Arab

Any other ethnic group

Prefer not to say

44

Formal education

What is the highest level of formal
education you have completed?

Primary school

Secondary School

College or university degree
Postgraduate degree
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4.5

Social identity:

social justice

| think of myself as someone who
supports equal access, rights, and

opportunities for everyone. Do you...

Strongly disagree
Disagree

Somewhat disagree
Neither agree nor disagree
Somewhat agree

Agree

Strongly agree

| don’t know

4.6

Social identity:

human rights

| think of myself as someone who
supports human rights. Do you...

Strongly disagree
Disagree

Somewhat disagree
Neither agree nor disagree
Somewhat agree

Agree

Strongly agree

| don’t know

4.7

Social identity:

animal rights

| think of myself as someone who
supports animal rights. Do you...

Strongly disagree
Disagree

Somewhat disagree
Neither agree nor disagree
Somewhat agree

Agree

Strongly agree

| don’t know
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4.8

Trust in expertise

How much confidence do you have
in each of the following to advise,
make decisions and act in the best
interest of the public?
a) research scientists
b) elected
officials/government
agency workers
c) NGO/private sector
workers

No confidence

Very little confidence
Some confidence

A lot of confidence
Full confidence

| don’t know

SECTION 5: LEAVING PAGE

Thank you very much for participating in this study. Please click "submit" to record your responses.

This project has been reviewed by, and received ethics clearance through, the University of Oxford Central University Research Ethics

Committee [reference number R79948/REQQ].

The principal researcher is Lauren Rudd, who works in the Wildlife Conservation Research Unit in the Zoology Department at the University of

Oxford.

If you have a concern about any aspect of this study, please email Lauren Rudd (lauren.rudd@gtc.ox.ac.uk), and we will do our best to answer

your query. We will acknowledge your concern within 10 working days and give you an indication of how we will deal with it. If you remain

unhappy or wish to make a formal complaint, please contact the Chair of the Medical Sciences Interdivisional Research Ethics Committee at

the University of Oxford who will seek to resolve the matter as soon as possible: Email: ethics@medsci.ox.ac.uk.

176



Appendix S3.3. Preliminary study participant descriptive statistics

Descriptive statistics of participants in the preliminary study data set (n= 469), broken down by demographic characteristics and social identities.

Characteristic Responses Count (%)

Gender Identity Woman 227 (48.4)
Man 238 (50.7)
Non-binary 3(0.6)
In another way 1(0.2)

Ethnicity (%) White 418 (89.1)
English/Welsh/Scottish/Northern Irish/British 372 (79.3)
Irish 2(0.4)
Any other White background 44 (9.4)
Asian/Asian British 23 (4.9)
Indian 6(1.3)
Pakistani 3(0.6)
Bangladeshi 1(0.2)
Chinese 5(1.1)
Any other Asian/Asian British background 8(1.7)
Black/African/Caribbean/Black British 12 (2.6)
African 8(1.7)
Caribbean 4(0.9)
Mixed/multiple ethnic groups 15 (3.3)
White and Black Caribbean 4(0.9)
White and Black African 4(0.9)
White and Asian 4(0.9)
Any other Mixed/Multiple ethnic groups background | 3 (0.6)
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Prefer not to say

2 (0.4)

Age Group 18-29 136 (29.0)
30-44 201 (42.9)
45-59 91 (19.4)
60+ 41 (8.7)
Highest level of formal education Primary school 2 (0.4)
Secondary school 104 (22.2)
College or University undergraduate degree 255 (54.4)
Postgraduate degree 106 (22.6)
Prefer not to say 2(0.4)
Self-reported social identity: support for human rights Strongly disagree 2(0.4)
Neither agree nor disagree 12 (2.6)
Somewhat agree 44 (9.4)
Agree 171 (36.5)
Strongly agree 240 (51.2)
Self-reported social identity: support for animal rights Strongly disagree 1(0.2)
Disagree 3(0.6)
Somewhat disagree 5(1.1)
Neither agree nor disagree 22 (4.7)
Somewhat agree 70 (14.9)
Agree 166 (35.4)
Strongly agree 202 (43.1)
Confidence in research scientists to act in public interest | None at all 11(2.3)
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A little 23(4.9)
A moderate amount 98 (20.3)
A lot 131 (27.9)
A great deal 202 (43.1)
| don't know 7 (1.5)

179



Appendix S3.4. Agreement with each of the tested lion conservation messages.

Likert plot showing responses to all four candidate messages. Bars represent one message each and show the distribution of responses, coloured from reds
(disagreement), through grays (neutrality), to blues (agreement). The percentage figures show the number of participants who overall disagreed (left), were
neutral (middle), or agreed (right) after removing “I don’t know” responses.

Prevent Trophy Hunting

Relocate People

Relocate Lions

Permit Trophy Hunting

3% 9%
|

19% 17%
|

28% 1%

83% 1%

|

100 50 0
Percentage
. Strongly disagree Somewhat disagree
Response Disagree Neither agree nor disagree

50

88%

64%

61%

16%

100

Somewhat agree - Strongly agree

Agree
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Appendix S3.5. Message selection results

Results of the message selection study showing the mean response (ranging from 1= strongly disagree to 7= strongly agree), standard
deviation, and number of respondents for each of the four options tested.

Mean SD N
Prevent Trophy Hunting 5.983 1.119 116
Permit Trophy Hunting 2.244 1.562 119
Relocate People 4.917 1.498 121
Relocate Lions 4.593 1.492 113
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Appendix S4.1. AIC weights table for question 1

Results of model selection process for question 1 after removing redundant and uninformative parameters, showing the top-supported model

and all models within A2 AIC..

scientists + twitter usage + character nationality

Model df logLik AIC, delta AIC,
age + animal rights + respondent ethnicity + character gender + human rights + people vs 38 -2032.706 | 4143.854 0 0.217
animals + trust in scientists + twitter usage

age + animal rights + respondent ethnicity + human rights + people vs animals + trust in 37 -2033.867 | 4144.047 0.193 0.197
scientists + twitter usage

age + animal rights + respondent ethnicity + character gender + people vs animals + trust in 32 -2039.228 | 4144.186 0.332 0.184
scientists + twitter usage

age + animal rights + respondent ethnicity + people vs animals + trust in scientists + twitter 31 -2040.474 | 4144.573 0.719 0.151
usage

age + animal rights + respondent ethnicity + human rights + people vs animals + trust in 38 -2033.647 | 4145.735 1.881 0.085
scientists + twitter usage + character nationality

age + animal rights + respondent ethnicity + human rights + people vs animals + trust in 39 -2032.590 | 4145.751 1.897 0.084
scientists + twitter usage + character expertise

age + animal rights + respondent ethnicity + character gender + people vs animals + trust in 33 -2038.979 | 4145.799 1.945 0.082
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Appendix S4.2. AIC weights table for question 2

Results of model selection process for question 2 after removing redundant and uninformative parameters, showing the top-supported model

and all models within A2 AIC..

character race + trust in scientists + twitter usage + character expertise * race

Model df logLik AIC, delta AIC,
Age + animal rights + respondent ethnicity + character expertise + human rights + 42 -2097.886 4282.742 0 0.350
people vs animals + character race + trust in scientists + twitter usage + character

expertise * race

Age + animal rights + respondent ethnicity + character expertise + people vs 36 -2104.528 4283.236 0.493 0.273
animals + character race + trust in scientists + twitter usage + character expertise *

race

Age + animal rights + respondent ethnicity + character expertise + people vs 37 -2103.572 4283.446 0.704 0.246
animals + character race + trust in scientists + twitter usage + character expertise *

race + character gender

Age + animal rights + character expertise + human rights + people vs animals + 37 -2104.206 4284.715 1.972 0.131
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Appendix S4.3. AIC weights table for question 3

Results of model selection process for question 3 after removing redundant and uninformative parameters, showing the top-supported model

and all models within A2 AIC..

character race + trust in scientists + twitter usage + character gender * race

Model df logLik AIC. delta | AIC,
Animal rights + respondent ethnicity + character expertise + character gender + people vs animals + 37 -1904.137 |3884.744 |0 0.234
character race + trust in scientists + twitter usage + character expertise * race + character gender * race

Animal rights + character expertise + character gender + people vs animals + character race + trust in 34 -1907.924 | 3885.935 | 1.191 | 0.129
scientists + twitter usage + character expertise * race + character gender * race + character nationality

+ character nationality * race

Animal rights + character expertise + character gender + people vs animals + character race + trust in 32 -1910.065 | 3885.979 | 1.235 | 0.126
scientists + twitter usage + character expertise * race + character gender * race

Animal rights + respondent ethnicity + character gender + people vs animals + character race + trustin | 33 -1909.032 | 3886.030 | 1.286 | 0.123
scientists + twitter usage + character gender * race

Animal rights + respondent ethnicity + character gender + people vs animals + character race + trustin | 35 -1906.964 | 3886.139 | 1.395 | 0.116
scientists + twitter usage + character gender * race + character nationality + character nationality * race

Animal rights + respondent ethnicity + character gender + people vs animals + character race + trustin | 34 -1908.178 | 3886.443 | 1.699 | 0.100
scientists + twitter usage + character gender * race + character nationality + character nationality * race

Animal rights + respondent ethnicity + people vs animals + trust in scientists + twitter usage 30 -1912.515 | 3886.655 | 1.911 | 0.090
Animal rights + respondent ethnicity + character expertise + character gender + people vs animals + 35 -1907.300 | 3886.810 | 2.066 | 0.083
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Appendix S5. Regression output for question 1

Summary of the ordinal regression results from the top-supported model for question 1 (to what extent do you agree that the information presented in Pat
Rogers’ pinned tweet is credible?) with coefficient estimates presented alongside the standard error, 85% confidence intervals, and p values. The baseline of
reference for each categorical variable is as follows- Gender, Woman; People vs animals, Strongly prioritize animals; Animal rights, Strongly disagree; Human
rights, Strongly disagree; Scientists, none at all; Twitter usage, Less than once a month; Ethnicity of respondent, White.

Variable Coefficient estimate = SE Cl (85%) p
Gender, Man 0.157 0.103 0.009, 0.305 0.128
Animal rights, Disagree 1.766 1.499 -0.439, 3.917 0.239
Animal rights, Somewhat disagree 2953 1.128 1.331, 4.599 0.009
Animal rights, Neither agree nor disagree 2.024 0.945 0.671, 3.423 0.032
Animal rights, Somewhat agree 2416 0.931 1.085, 3.796 0.009
Animal rights, Agree 2676 0.927 1.350, 4.050 0.004
Animal rights, Strongly agree 3.636 0.925 2.312, 5.005 <0.001
Human rights, Disagree -0.521 1.514 -2.814, 1.550 0.731
Human rights, Somewhat disagree 0.248 1.232 -1.578, 2.016 0.840
Human rights, Neither agree nor disagree 1.455 0.825 0.275, 2.657 0.078
Human rights, Somewhat agree 1.835 0.789 0.707, 2.986 0.020
Human rights, Agree 1.696 0.779 0.582, 2.835 0.030
Human rights, Strongly agree 1.492 0.774 0.386, 2.625 0.054
People vs animals, Prioritize animals -0.815 0.182 -1.078, -0.555 <0.001
People vs animals, Prioritize neither animals nor people -1.360 0.196 -1.643, -1.079 <0.001
People vs animals, Prioritize people -1.459 0.201 -1.748, -1.171 <0.001
People vs animals, Strongly prioritize people -1.207 0.224 -1.530, -0.885 <0.001
People vs animals, | don't know -1.556 0.257 -1.927, -1.186 <0.001
Scientists, A little 0.577 0.360 0.060, 1.099 0.109
Scientists, A moderate amount 0.521 0.336 0.039, 1.009 0.121
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Scientists, A lot

Scientists, A great deal

Scientists, | don't know

Twitter usage, At least once a month
Twitter usage, At least once a week
Twitter usage, Every day

Age

Ethnicity of respondent, Asian

Ethnicity of respondent, Black

Ethnicity of respondent, Mixed race
Ethnicity of respondent, Any other ethnic group
Ethnicity of respondent, Prefer not to say

0.964
1.255
0.734

-0.075

-0.055
0.454

-0.010
0.472
0.750

-0.226

-0.415

-0.028

0.338
0.338
0.523
0.245
0.212
0.212
0.003
0.213
0.281
0.339
0.550
0.604

0.479, 1.453
0.770, 1.746
-0.018, 1.489
-0.428, 0.278
-0.360, 0.250
0.148, 0.760
-0.015, -0.005
0.166, 0.779
0.347, 1.159
-0.715, 0.263
-1.209, 0.387
-0.902, 0.850

0.004
<0.001
0.160
0.760
0.797
0.033
0.002
0.027
0.008
0.504
0.451
0.962
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Appendix S6.1. Regression output for question 2

Summary of the ordinal regression results from the top-supported model for question 2 (to what extent do you agree with Pat Rogers that we should relocate
people to protect lions?) with coefficient estimates presented alongside the standard error, 85% confidence intervals, and p values. The baseline of reference
for each categorical variable is as follows- Race, Black; Expertise, Enthusiast; Animal rights, Strongly agree; Human rights, Strongly agree; People vs
animals, Strongly prioritize animals; Scientists, None at all; Twitter usage, Less than once a month; Ethnicity of respondent, White.

Variable Coefficient estimate SE Cl (85%) p
Race, White -0.300 0.179 -0.559, -0.042 0.094
Expertise, Field assistant -0.214 0.174 -0.465, 0.036 0.219
Expertise, Professor -0.437 0.177 -0.692, -0.183 0.013
Race, White*Expertise, Field assistant 0.024 0.251 -0.338, 0.386 0.924
Race, White*Expertise, Professor 0.727 0.251 0.367, 1.088 0.004
Animal rights, Disagree -1.395 1.421 -3.677, 0.572 0.326
Animal rights, somewhat Disagree 0.641 0.969 -0.738, 2.071 0.508
Animal rights, Neither agree nor disagree 0.762 0.826 -0.403, 2.004 0.356
Animal rights, Somewhat agree 1.563 0.81 0.425, 2.784 0.053
Animal rights, Agree 1.761 0.807 0.627, 2.978 0.029
Animal rights, Strongly agree 2.680 0.807 1.547, 3.896 0.001
Human rights, Disagree 0.216 1.104 -1.388, 1.810 0.845
Human rights, Somewhat disagree -1.263 1.380 -3.506, 0.625 0.360
Human rights, Neither agree nor disagree 1.009 0.767 -0.089, 2.131 0.188
Human rights, Somewhat agree 1.329 0.720 0.299, 2.386 0.065
Human rights, Agree 1.152 0.713 0.133, 2.199 0.106
Human rights, Strongly agree 0.928 0.708 -0.084, 1.970 0.190
People vs animals, Prioritize animals -0.996 0.181 -1.258, -0.736 <0.001
People vs animals, Prioritize neither animals nor people -1.727 0.197 -2.011, -1.445 <0.001
People vs animals, Prioritize people -2.051 0.201 -2.342, -1.763 <0.001
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People vs animals, Strongly prioritize people
People vs animals, | don't know

Scientists, A little

Scientists, A moderate amount

Scientists, A lot

Scientists, A great deal

Scientists, | don't know

Twitter usage, At least once a month

Twitter usage, At least once a week

Twitter usage, Every day

Age

Ethnicity of respondent Asian

Ethnicity of respondent Black

Ethnicity of respondent Mixed race

Ethnicity of respondent Any other ethnic group
Ethnicity of respondent Prefer not to say

-1.841
-2.071
0.257
0.294
0.729
0.928
0.953
-0.127
0.068
0.315
-0.018
0.534
0.500
0.252
-0.861
-0.226

0.230
0.263
0.377
0.354
0.355
0.355
0.525
0.248
0.218
0.218
0.003
0.209
0.287
0.340
0.519
0.586

2,173, -1.512
-2.451, -1.694
-0.283, 0.805
-0.212, 0.810
0.223, 1.246
0.421, 1.444
0.199, 1.714
-0.484, 0.229
-0.246, 0.382
0.001, 0.628
-0.023, -0.014
0.234, 0.837
0.086, 0.914
-0.238, 0.743
-1.611, -0.106
-1.086, 0.616

<0.001
<0.001
0.497
0.407
0.040
0.009
0.070
0.608
0.755
0.148
<0.001
0.011
0.082
0.459
0.097
0.700
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Appendix S6.2. Tukey test for question 2

Summary of the Tukey test results for the interaction terms in the top-supported model for question 2 (to what extent do you agree with Pat Rogers that we

should relocate people to protect lions?) with coefficient estimates presented alongside the standard error.

Race Expertise Estimate SE df Asymp.LCL Asymp.UCL
Black Enthusiast 1.076 0.128 Inf 0.689 1.464
White Enthusiast 0.776 0.132 Inf 0.376 1.176
Black Field assistant 0.862 0.125 Inf 0.483 1.241
White Field assistant 0.586 0.127 Inf 0.200 0.971
Black Professor 0.639 0.127 Inf 0.255 1.024
White Professor 1.066 0.126 Inf 0.684 1.448
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Appendix S7.1. Regression output for question 3

Summary of the ordinal regression results from the top-supported model for question 3 (to what extent do you agree that Pat Rogers is a trustworthy source
of lion conservation information?) with coefficient estimates presented alongside the standard error, 85% confidence intervals, and p values. The baseline of
reference for each categorical variable is as follows- Race, Black; Gender, Woman; Expertise, Enthusiast; Animal rights, Strongly disagree; People vs
animals, Strongly prioritize animals; Scientists, none at all; Twitter usage, Less than once a month; Ethnicity of respondent, White.

Variable Coefficient estimate SE Cl (85%) 0]

Race, White -0.012 0.216 -0.322, 0.298 0.955

Gender, Man 0.320 0.149 0.106, 0.535 0.031

Expertise, Field assistant -0.112 0.181 -0.372, 0.148 0.537

Expertise, Professor -0.116 0.185 -0.383, 0.151 0.532

Race, White*Expertise, Field assistant 0.213 0.260 -0.161, 0.587 0.413
Race, White*Expertise, Professor 0.646 0.262 0.268, 1.024 0.014

Race, White*Gender, Man -0.575 0.213 -0.883, -0.268 0.007

Animal rights, Disagree 2.017 1.268 0.171, 3.840 0.112

Animal rights, somewhat Disagree 1.029 0.918 -0.288, 2.365 0.262
Animal rights, Neither agree nor disagree 0.949 0.746 -0.113, 2.047 0.204
Animal rights, Somewhat agree 1.891 0.723 0.864, 2.958 0.009

Animal rights, Agree 1.981 0.712 0.971, 3.033 0.005

Animal rights, Strongly agree 2.527 0.711 1.518, 3.579 <0.001

People vs animals, Prioritize animals -0.834 0.185 -1.101, -0.569 <0.001
People vs animals, Prioritize neither animals nor people -1.285 0.199 -1.572, -0.999 <0.001
People vs animals, Prioritize people -1.159 0.199 -1.446, -0.873 <0.001
People vs animals, Strongly prioritize people -0.861 0.220 -1.178, -0.545 <0.001
People vs animals, | don't know -1.103 0.279 -1.506, -0.701 <0.001

Scientists, A little 0.789 0.385 0.236, 1.346 0.041

Scientists, A moderate amount 0.970 0.36 0.454, 1.492 0.007
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Scientists, A lot

Scientists, A great deal

Scientists, | don't know

Twitter usage, At least once a month
Twitter usage, At least once a week
Twitter usage, Every day

Ethnicity of respondent Asian

Ethnicity of respondent Black

Ethnicity of respondent Mixed race
Ethnicity of respondent Any other ethnic group
Ethnicity of respondent Prefer not to say

1.297
1.493
0.635
0.336
0.405
0.829
0.445
0.587
-0.239
-0.612
-0.935

0.363
0.361
0.536
0.256
0.223
0.224
0.211
0.301
0.369
0.620
0.630

0.778, 1.823
0.976, 2.016
-0.136, 1.411
-0.033, 0.705
0.083, 0.726
0.508, 1.152
0.142, 0.749
0.156, 1.024
-0.771, 0.294
-1.526, 0.271
-1.844, -0.016

<0.001

<0.001
0.237
0.190
0.070

<0.001
0.035
0.051
0.517
0.324
0.138
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Appendix S7.2. Tukey test output for question 3

Summary of the Tukey test results for the interaction terms (race*expertise, and race*gender) in the top-supported model for question 3 (to what extent do
you agree that Pat Rogers is a trustworthy source of lion conservation information?) with coefficient estimates presented alongside the standard error.

Race Expertise Estimate SE df Asymp.LCL Asymp.UCL
Black Enthusiast 1.276 0.136 Inf 0.861 1.690
White Enthusiast 0.974 0.137 Inf 0.558 1.389
Black Field assistant 1.164 0.132 Inf 0.764 1.564
White Field assistant 1.075 0.137 Inf 0.658 1.493
Black Professor 1.160 0.137 Inf 0.744 1.575
White Professor 1.504 0.137 Inf 1.088 1.919
Race Gender Estimate SE df Asymp.LCL Asymp.UCL
Black | Woman 1.038 0.111 Inf 0.727 1.350
White | Woman 1.315 0.118 Inf 0.984 1.646
Black | Man 1.359 0.114 Inf 1.039 1.678
White | Man 1.060 0.111 Inf 0.749 1.370
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Appendix S8. Change in rank position of each “Pat Rogers” character over the three research questions.

Plot shows the ranked position of the 24 versions of Pat Rogers (based on all possible combinations of the levels of expertise, race, gender, and nationality
tested), from 1 (highest agreement) to 24 (lowest agreement) for each research question. Rankings were calculated based on overall percentage of
responses in agreement (inclusive of somewhat agree, agree, and strongly agree), with higher percentage agreement increasing the ranking of the profile.
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Appendix S9. Extended Results and Discussion

Extended results

Across all three research questions, and all 24 profiles, the greatest proportion of respondents were in overall agreement rather than
disagreement, but there was considerable variation between profiles within each research question (see Figures 3a, 4a and 6a). The relative
ranking of each version of Pat Rogers, based on the extent of respondent’s agreement across the three research questions, showed considerable
variability (Appendix S8). The only character that consistently ranked within the top 3 was the white, woman, British professor, while the only

characters to consistently rank within the bottom 3 were the white, man, British enthusiast and the white, woman, Zimbabwean enthusiast.

Credibility

The white, woman, British professor was viewed as the most credible source (81.1% of respondents either strongly agreeing, agreeing, or
somewhat agreeing with the statement provided by this character). This character also had the highest number of participants strongly agreeing
that the post was credible (32.1%). Overall, the white, woman, Zimbabwean enthusiast was perceived to be least credible (31.3% of respondents
either strongly disagreeing, disagreeing, or somewhat disagreeing with their post). However, the Black, woman, Zimbabwean field assistant

generated the highest proportion of respondents strongly disagreeing that the post was credible (9.8%; Figure 2a).

Support

The Black, man, British enthusiast generated the most support (75.4% of respondents either strongly agreeing, agreeing, or somewhat agreeing).
This character also had the highest number of participants strongly agreeing that people should be relocated to address human-lion conflict
(31.6%). Overall, the white, woman, Zimbabwean enthusiast, generated the least support (43.7% of respondents either strongly disagreeing,
disagreeing, or somewhat disagreeing). However, the white, woman, Zimbabwean, field assistant generated the biggest proportion of

respondents strongly disagreeing that people should be relocated (12.0%).
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Trustworthiness

The Black, man, Zimbabwean professor was perceived as most trustworthy (76.4% of respondents either strongly agreeing, agreeing, or
somewhat agreeing). However, the white, woman, Zimbabwean professor generated the biggest proportion of respondents strongly agreeing
that Pat Rogers was trustworthy (34.7%). Overall, the Black, man, Zimbabwean enthusiast was perceived as least trustworthy (22.9% of
respondents either strongly disagreeing, disagreeing, or somewhat disagreeing). However, the Black, woman, British professor generated the

biggest proportion of respondents strongly disagreeing that Pat Rogers was trustworthy (9.6%).

Extended discussion
We chose to explore these questions using X as the platform for conservation information dissemination, primarily because it facilitated the
seamless display of a conservation message (via the pinned post) beside the identity details we manipulated in the biography. This provided a

unique set up that would be difficult to replicate via other social media platforms or news outlets.

We further chose to contextualize the study within the field of lion conservation due to the charismatic status of the species. Recently there has
been considerable news coverage surrounding lion conservation in the UK, specifically focused on trophy hunting bans (Yeomans et al., 2022).
While we did attempt to control for discrepancies in individual knowledge of lion conservation by providing an objective statement at the start of
the survey (Appendix S1), it is possible that existing opinions will have influenced participants' responses. Overall, most respondents agreed with
the credibility of the lion conservation information, supported its implementation, and trusted the conservationist as a source of information. It
would be interesting to conduct a similar study using a less charismatic species, or using a message that generated less public support, to

investigate what effect these factors have on identity- bias.
With increasing age, both perceived credibility and support for the conservationist’'s recommendation decreased. This could be due to greater

skepticism towards scientific information on X amongst older demographics, or a skepticism towards trusting information communicated by

individuals younger than themselves.
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The ethnicity of participants influenced their response to each of our research questions. We interpret these results with caution because of the
low sample sizes within several of the ethnic groups (due to stratifying the respondent pool to match the UK population). In future it would be

helpful to sample equally across ethnic groups to facilitate a more detailed analysis of these effects.
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It is time to acknowledge and overcome conservation’s deep-seated systemic
racism, which has historically marginalized Black, Indigenous and people of
colour (BIPOC) communities and continues to do so. We describe how the
mutually reinforcing ‘twin spheres’ of conservation science and conservation
practice perpetuate this systemic racism. We trace how institutional struc-
tures in conservation science (e.g. degree programmes, support and
advancement opportunities, course syllabuses) can systematically produce
conservation graduates with partial and problematic conceptions of conser-
vation’s history and contemporary purposes. Many of these graduates go on
to work in conservation practice, reproducing conservation’s colonial history
by contributing to programmes based on outmoded conservation models
that disproportionately harm rural BIPOC communities and further restrict
access and inclusion for BIPOC conservationists. We provide practical,
actionable proposals for breaking vicious cycles of racism in the system of
conservation we have with virtuous cycles of inclusion, equality, equity
and participation in the system of conservation we want.
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It is time to acknowledge and overcome conservation’s deep-
seated systemic racism, which has historically marginalized
Black, Indigenous and people of colour (BIPOC) communities,
and continues to do so [1-5]. Given conservation’s history of
racism, exclusion and oppression [1,6], and the fundamental
role that BIPOC communities must play in biodiversity conser-
vation, conservation researchers and practitioners must lead
the way in committing to anti-racism [7]. Failing to examine,
acknowledge and act on persistent oppression in our field pro-
vides tacit support to racism, tarnishing the conservation
successes we achieve, and causing real harm to some of the
world’s most vulnerable people [8].

In this paper, we critique contemporary mainstream
conservation: formalized, evidence-based efforts to conserve
biodiversity. Despite its relatively brief history, this form of con-
servation globally dominates indigenous knowledge systems
through which people have actively and adaptively conserved
ecosystems for millennia [9]. In many places, mainstream con-
servation has replaced indigenous knowledge systems, often
to the detriment of local people and biodiversity [10].

We draw on existing literature and our interdisciplinary,
cross-sectoral, professional experiences to identify issues of
and propose solutions to systemic racism in what we term the
‘twin spheres’ of conservation: (i) ‘conservation science’: aca-
demic teaching and research, which typically takes place on
college and university campuses and (ii) ‘conservation prac-
tice’: applied conservation policies and programmes, which
typically take place outside the campus gates. We argue that
systemic racism mars our activities in these twin spheres of con-
servation science and practice, and that what we do in each
sphere affects what happens in the other (figure 1). Conserva-
tion practice’s colonial origins and racist history influence
how academia conceptualizes conservation problems and sol-
utions, what is taught, and the nature of interactions between
students, colleagues and the local people on whose land
research is conducted [1]. The racism that permeates the aca-
demic sphere is reproduced in conservation activities outside
academia, in the biases and preconceptions that conservation
graduates carry with them and apply to on-the-ground
decision making in the organizations for which they work. In
turn, these on-the-ground decisions affect conservation practice
by influencing which conservation problems are addressed,
how they are addressed and how colleagues and collaborators
are treated. Conservationists’ formal and informal practices
can, often implicitly or unintentionally, impart racist and neo-
colonialist undertones onto academic work (e.g. publications,
conference presentations, teaching) which underpins many of
the conservation programmes and policies that are studied
and taught to subsequent cohorts of students (figure 1).

This vicious cycle in the twin spheres of conservation
science and practice characterizes the conservation we have
created and inherited, but it does not characterize the conser-
vation we want. We urge fellow members of the conservation
community—academics and practitioners—to take stock of
the manner in which much of what we do in conservation
science and practice perpetuates, reinforces and deepens
racial divisions [1], and reflect honestly on how we can
change our behaviours and institutions for the better. We
are morally obliged to demolish racist structures, reform
our individual and collective actions, and construct a more
equal, inclusive and socially just field. We owe this to the

people whom conservation has harmed and continues to
harm, the communities on whose land we are privileged to
work, the students we mentor and the broader societies we
serve. We recognize and strongly welcome many recent
steps in the right direction, but we have a long way to go.

We, the authors, are a diverse team representing, other than
race, different ethnicities, levels in academia, years of experi-
ence in both conservation research and practice, primary
fields of study and specializations in conservation, organiz-
ational affiliations and regions of the world. While we do not
purport to speak for all conservationists in our different com-
munities, the varied perspectives we discuss here represent
our lived experiences and are not appropriated knowledge.

We acknowledge that the experiences of BIPOC individ-
uals in conservation will depend on political, social and
economic factors such as nationality, native language and
socio-economic status. While the extent of racism faced by
individuals and the obstacles they encounter may vary,
BIPOC individuals are, on the whole, a minority within the
conservation space. We also acknowledge that the state of
conservation varies around the world. In some previously
colonized countries, white western organizations, indivi-
dualism and ideals still largely dominate conservation, but
in other countries, local and regional efforts predominate.
Even where BIPOC individuals currently lead conservation
research and practice, these individuals often seem to come
from positions of relative privilege within society, regardless
of whether the society is BIPOC majority or BIPOC minority.
To truly reconcile the historic racial injustices within the
field of conservation, this type of privilege needs to be
acknowledged and addressed.

Without recognizing barriers to individuals such as
socio-economic background, language, access to training
and networking opportunities, simply increasing the rep-
resentation of BIPOC people in conservation will not solve
the problem, as being a BIPOC individual does not guarantee
either cultural literacy or an anti-racist outlook. Racist
hierarchies and processes operate within every society and
at multiple levels, not simply at the global scale of colonial
legacy. While much of this conversation is outwith the
scope of this paper, what we advocate for above all is foster-
ing greater inclusivity within conservation, which should go
some way towards addressing all the problems outlined.

Many dominant conservation tools, such as protected areas and
quotas for sustainable use, are rooted in colonial strategies for
optimizing resource extraction and recreational opportunities
on colonized land [11,12]. These practices came at great cost to
local people, including through forced removal, abuse, loss of
livelihoods, cultural assimilation, human rights abuses and
death [13-15]. For example, Native American people were
killed or forcibly removed from their ancestral lands to create
national parks that appealed to settler colonists’ wilderness
ideals [13,16]. Long-standing indigenous and local cultural prac-
tices, norms and taboos were replaced by extractive or
preservationist values of European colonists [9,17,18]. Contem-
porary conservation can perpetuate these values, often in spite
of strenuous opposition from Indigenous and local people [19].
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framing of conservation problems and
objectives based on outdated ideals

teaching of biased curricula which influences
how students perceive history, philosophy, and
objectives of conservation

prejudice in values and outlooks, particularly
regarding IPLC, which are adopted by scholars
and instilled in students

promotion and reward structures that do not
recognise or encourage EDI work

structural barriers to entry and progression,
affecting the people we attract, nurture,
retain, and promote

conservation science

colonial origins of conservation influence
how problems are perceived by practitioners

local communities, knowledge and values
viewed as challenges to achieving conservation
goals rather than integral to success

definitions of conservation success which
focus solely on outcomes for nature with no
consideration for local people

policies and programmes founded in western
ideals with little consideration for local context

structural barriers prevent diverse people
from participating, perpetuating the white
western image of conservation

conservation practice

Figure 1. The mutually reinforcing twin spheres of conservation science and conservation practice. Although each sphere can operate largely independently of the
other, they each perpetuate neo-colonial and racist ideologies that reinforce the other in subtle but important ways. Escaping this vicious cycle will require con-
servation scientists and practitioners to change our individual and collective behaviours (boxes 1-3). Definitions: Indigenous peoples and local communities (IPLCs);

equality, diversity and inclusion (EDI). (Online version in colour.)

While extractive approaches can be clearly neo-colonial
and racist, preservationism can be less obviously so. The
preservationist approach seeks to preserve ‘Eden’-like environ-
ments, often via protected areas [12,18]. Recognizing the extent
of ecological degradation across much of the Global North,
advocates of this approach appear to believe that conservation
can only happen elsewhere in pristine environments, typically
in the Global South. Preservationist efforts may be well-
intentioned (e.g. by seeking to protect critically endangered
populations or areas of high biodiversity) but are often blind
to the environmental injustices they impose on local people
through fortress conservation (conservation through formal,
exclusionary protected areas, that displace and marginalize
local people and prioritize the interests of wealthy, often dis-
tant, elites) [20]. In our experience, conservationists from the
Global North often lack local cultural literacy and come
equipped with the privileged legacy of colonial power, perpe-
tuating a ‘white saviour’ mentality [21]. Related tensions are
evident in ‘parachute science’, in which external conservation-
ists suddenly arrive in a new place to conduct research, using
local scientists only as field staff or data collectors under the
pretext that local capacity or expertise is lacking [22,23].
Some of the best-known examples of conservation practice,
as well as many academic conservation scientists’ field
experiences, are enmeshed in such unjust paradigms. When
academics bring these examples and experiences uncritically
into formal and informal teaching, conservation students
may internalize them as normal or desirable.

Conservation’s colonial underpinnings continue to permit
practices that subjugate local people by portraying them as
responsible for conservation problems, forcibly removing
them from their land in the name of conservation and
preventing them from accessing wildlife and protected
areas [6,8,24], often by militarized means [25,26]. Some influ-
ential researchers and advocacy groups based in the Global
North advocate for extending their preferred conservation
ideologies to vastly different socioecological and cultural

contexts, with apparently little regard for traditional practices
or ethics in those locations [15]. Such prescriptions can
endorse social hierarchies (e.g. caste in India) by privileging
certain practices (e.g. vegetarianism) without understanding
the historical and social inequities associated with them
[27]. More broadly, these practices disempower people in
the Global South by demanding they change their beha-
viours, many of which they have been practising for
millennia, to suit the preferences of distant interest groups.
Such demands are particularly distasteful when couched, see-
mingly without irony, in anti-colonial and pro-equality
rhetoric [28]. High-profile proposals to increase the amount
of land and seascapes designated as exclusionary protected
areas (e.g. [29]) show little consideration for social and cul-
tural consequences [30]. Western interests claiming or
maintaining de facto control over many conservation spaces
in the Global South is straightforward neo-colonialism [31],
a contemporary form of land grabbing permitted in the
name of environmental protection [32].

3. Exclusion from engaging with nature

The high degree of exclusion of BIPOC people across levels of
conservation science and practice reproduces conservation
practice’s colonial history. Many BIPOC people have been
excluded from environmental policymaking. The ability for
indigenous communities to effectively participate in policies
that affect them has been removed through colonial processes
in many parts of the world. For example, the Marshall Trilogy
of Supreme Court decisions (Johnson v. M'Intosh 1823, Cher-
okee Nation v. Georgia 1831, and Worcester v. Georgia 1832)
in the United States, the Treaty of Waitangi (1840) in New
Zealand, and the policy of Terra Nullius in Australia (1835),
all placed Indigenous sovereignty over land and resources
within the dominion of colonial governments.

In BIPOC minority countries, people of colour are further
excluded from conservation because they are less likely to
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Figure 2. The conservation we have (a) and the conservation we want (b). Current pathways to success systematically favour some groups over others. Each step in
the academic process represents a successive impediment to aspiring BIPOC conservationists, from the resources to pursue such a career, to the attentiveness of
supervision received, to the degree of welcome that recent graduates of different skin colours receive in the industry. Consequently, conservation practice is designed
and communicated to local people by outsiders who may fail to understand local context or are beholden to predominant western approaches to conservation. We
must strive to bring about a system that is more attractive and more accessible to BIPOC aspirants. The academic system should only represent one valid entry point
to conservation. By enabling the sharing of expertise from local conservationists and increasing career mobility between field conservation, academia and the non-
profit sector, multiple stakeholder viewpoints can be prioritized in the process of moving towards more holistic, novel models of conservation. Illustration by Barkha
Lohia. (Online version in colour.)

have access to and use outdoor spaces for recreational pur- particularly Black people, are often unsafe and unwelcome in
poses than people from predominantly white communities outdoor spaces [35,36].

[33,34]. Recent high-profile cases in the United States and Exclusion is also evident in financial hurdles to entering
United Kingdom demonstrate that people of colour, and conservation, particularly for many from BIPOC communities
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encompass this history. Recommended reading [2,59-63].

Recommended reading [64-67].

section on EDI).

of power relations shaping such narratives.

not perpetuating unjust actions.

solid foundation for future action.

Box 1. How to recognize and address the unjust history of conservation science.

1. Educate oneself on the history of racism in conservation through reading, reflecting on one’s own experiences and engaging
in dialogue with others. Recommended reading [6,11-13,16,20,31].

2. Diversify and broaden the curriculum; teach a more comprehensive representation of past and present conservation
practice, including the work and perspectives of BIPOC scholars, and ultimately produce new ‘standard’ textbooks that

3. Prioritize inclusive teaching practices in conservation courses by embracing the tenets of inclusive course design, active
learning modalities and service learning techniques, to encourage broader participation and interest in conservation sciences.

4. Conduct outreach in predominantly BIPOC schools and areas within predominantly white countries to promote
conservation careers at an early age. Potential outreach activities could include hands-on activities, ‘meet a conservation
scientist’ Q&A session, talks at school career days and hosting research events tailored for high school students.

5. Encourage professional associations to fully integrate equity, diversity and inclusion (EDI) into their policies and standards,
(for example, the Society for Conservation Biology should update their guidelines for conservation literacy to include a

6. Question dominant narratives about what works in conservation, including how success is measured, and track the history

7. Recognize that injustice is not only historic or organizational, but occurs today within each of our lives. Challenging
conversations, personal reflection and honesty are required for each of us to take personal, immediate steps to ensure we are

8. Understand that facing past wrongs is not just about rehashing the past, but to be honest about the present and to create a

with a long history of economic exclusion. As examples, activi-
ties such as birding, diving and hiking to name a few require
equipment that is often costly [37]. This financial barrier can
be further amplified in some areas of the Global South if
such equipment is not locally available or affordable, making
it difficult to source. Because experience builds passion for
the outdoors, inspiring people to pursue careers in conserva-
tion, socio-economic barriers block many BIPOC people’s
routes into conservation science and practice. Exclusion can
be concentrated in certain sub-communities: individuals of
different genders, migration experience and wealth within a
recognized ethnic minority group may vary widely in their
motivations and ability to use and interact with outdoor
spaces [38]. BIPOC members of other minority communities
may face additional barriers to safely using outdoor spaces
[39,40]—experiences which can be compounded by racism.
Further, colourism exacerbates the threat to dark-skinned
BIPOC individuals, and the discrimination they face [41].
These converging forms of discrimination illustrate the magni-
tude and diversity of obstacles that systematically divert
BIPOC people away from conservation (figure 2).

Power in conservation typically resides in governments,
corporations, large NGOs and universities [42]. Universities
are central because they provide the qualifications required
for a degree in conservation. However, BIPOC students are
disproportionately underrepresented in degree subjects that
lead to conservation careers [5,43,44], partly due to high
upfront degree costs and lack of scholarships, expensive
field trips, unpaid summer field experiences, low job security

and the predominance of low-paid or voluntary entry-level
positions [45]. Once enrolled, students are expected to
undertake conservation work during summers and academic
holidays to boost their credentials. However, field-based
educational experiences may not always be designed with
inclusivity in mind [46] and can perpetuate neo-colonial atti-
tudes when being run by institutions outside the host country
[47], making the experiences unsafe and uncomfortable for
BIPOC students. Internship opportunities in universities,
NGOs, governmental and intergovernmental agencies often
target students from wealthier countries and are typically
both expensive to enrol in and unpaid, thus carrying substan-
tial transaction and opportunity costs [48,49]. Many BIPOC
students cannot participate for financial or cultural reasons,
missing out on valuable work experience, networks and job
opportunities. Expectations that students hoping to work in
conservation should go above and beyond and not expect a
financial reward for their efforts, excludes many.

The predominant narrative of conservation taught in
academia uncritically emphasizes the Western paradigm of pris-
tine wilderness and fortress conservation, what Shanker &
Oomen [31] term ‘pristianity’” named for the religious zeal in
which preservation of wild spaces is pursued. Students in con-
servation degrees typically do not learn the colonial and deeply
racist intentions and consequences of fortress conservation.
Local knowledge is often referred to in passing as ‘indigenous
knowledge systems’, relegating it to superstition and alternative
thought while western ideas are imposed as the only way of
understanding or engaging with ecosystems. Teaching this sani-
tized history of conservation perpetuates deep inequalities in
the field and can alienate BIPOC students [50].

Advanced degrees are essential for many high-level con-
servation jobs, but funding for postgraduate study is scarce
and predominantly flows to white students. For example, in
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Box 2. How to construct better ways to conduct research and practice conservation.

1. Develop qualifying assessments for individuals to demonstrate ‘cultural literacy’ in relation to fieldwork sites (deliverables
could be to incorporate local history, expected socio-economic impact, plans for local collaboration and plans for preventing
neo-colonial relations in project proposals).

2. Ensure fair dissemination of funds and grants to BIPOC academics, conservation practitioners and BIPOC led
organizations.

3. Develop new models to ensure that BIPOC voices are heard: e.g. balancing expensive, in-person networking events with
opportunities for online networking (while being considerate of any technological barriers), to enable more participation
from diverse conservationists.

4. Avoid ‘parachute science’; meaningfully include local partners in conservation from question formulation and applied
practice all the way through to publication and beyond (this applies to academic research and work done by NGOs and
government agencies). For example, journals and funding bodies could require inclusion of local partners as co-authors or
require a report of actions implemented to ensure inclusivity and equity when conducting research abroad [68].

5. Create opportunities for community members to have real agency in conservation projects and promote conservation
management solutions that align with the communities’ culture and values, even when those might conflict with the views of
NGOs or other external stakeholders.

6. Respect the rights of Indigenous People and local communities to manage, benefit from, and sustainably use their
resources, embracing—not suppressing—diverse conservation ethics and resource management systems.

7. Recognize that BIPOC communities are diverse and heterogeneous and have different values and cultures.

8. Promote bottom-up conservation practices that decentralize management practices and decision making. To do this,
practitioners should embrace the core concepts from participatory action research, community-based research and
indigenous methodologies, all of which focus on rebalancing power dynamics [69-75].

9. Collaborate with colleagues in history, political ecology, geography and other cognate disciplines to ensure inclusion of a
broader perspective within conservation curricula, and that we consider critical perspectives throughout research design and
implementation.

Box 3. How to create an inclusive, safe conservation that welcomes BIPOC individuals and allows them to thrive in conservation science and practice.

1. Ensure that ‘essential’ work experience is incorporated into undergraduate and graduate conservation degree programmes,
is fully funded at this stage and is not used as a metric to judge candidates during admissions processes to these
programmes, as they do not represent candidates’ abilities but rather their opportunities.

2. Evaluate current harassment reporting and risk assessment procedures to ensure they protect anonymity and allow for
reporting of issues specific to BIPOC individuals.

3. Recognize and reward EDI work in the same way we would traditional academic achievements.

4. Advocate for and actively create opportunities for your BIPOC colleagues, even when this means personally stepping
aside/turning down opportunities.

5. Extend current EDI initiatives (e.g. for gender equality) to be inclusive of BIPOC individuals who also fall within the remit
[76].

6. Protect BIPOC people in your team—Ilearn through independent research and training programmes how, where and why
they may be vulnerable. Listen with humility and compassion to their expressed concerns. Further, prevent their possible
harm by, for example, creating a risk management plan for fieldwork, including mitigating strategies [39].

7. Learn the cultural histories, norms and values of the communities on whose land you conduct research, and incorporate
them into your conservation. Include local people as partners to help define, measure and evaluate success.

the 2018-2019 application cycle for postgraduate study fund-
ing in the UK, only 6% of Natural Environment Research
Council (NERC) studentships were awarded to ethnic
minorities [51]. In the UK, success for white principal investi-
gators applying to NERC for funding awards was 13%
higher than for individuals from ethnic minorities [51].
Senior positions in environmental organizations are typically
held by white people: as of 2014, people from minoritized

ethnic groups occupied less than 12% of these leadership pos-
itions in the US [52]. Insular hiring practices such as advertising
positions internally and developing unpaid internships into
paid positions or degree scholarships exacerbate the problem.

Postgraduate study can be daunting, particularly to first-
generation students, and BIPOC students disproportionately
fall into this category [53]. In the light of this, respectful, sup-
portive relationships between postgraduate students and
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their supervisors are pivotal to success. People generally
prefer to work with those that they can relate to and have a
common culture with—a concept known as ‘affinity bias’
[54], which can be compounded by colourism [55], and
further disadvantage BIPOC students in a field dominated
by white people. Costs of attending international conferences
and publishing scientific articles, which are both crucial for
career advancement, can pose prohibitive financial barriers.
Such factors are compounded by additional barriers such
as visa processes and expenses to exclude people from
BIPOC-majority countries from studying overseas [56].

This series of obstacles (figure 2) to success means BIPOC
researchers are woefully underrepresented in conservation
science and practice, and those who remain have few opportu-
nities for advancement. Lack of high-level representation
means little consideration is given to the specific problems
that BIPOC people encounter in trying to succeed within con-
servation. We have personally witnessed or experienced many
of these problems in our own workplaces. We have observed
how the unique welfare and safety challenges to BIPOC conser-
vationists, both in the field and in the workplace [39], can be
invisible to senior colleagues who are unaffected by them
and cannot relate. Racial stereotypes and derogatory language
are used too often when discussing local communities and field
staff, which alongside relentless assumptions about where one
is ‘really from’ when referring to colleagues of colour, further
alienates BIPOC people. Further, ‘old-boy” networks and low
turnover of individuals in senior positions mean that encoun-
tering racism and discrimination remains common [50]. The
burden of calling out and reporting such incidents often falls
on BIPOC people, which is especially daunting to those in
junior positions because harassment reporting procedures in
organizations with few possible BIPOC complainants cannot
guarantee anonymity.

Academia is not the only route into conservation, but it cur-
rently acts as the main gatekeeper. Other entry forms (such as
on-the-ground experience, often held by local conservation
workers) may actually equip people with many more useful
skills and fewer harmful biases. However, broadly speaking
from our collective experience, a lack of academic qualifications
(sometimes compounded by language barriers) prevents
people from being able to progress to higher level positions
in organizations where decision-making power resides.
Among development fields, conservation appears to have an
almost ‘Brahminical’ reverence for academic qualifications.
As such, and despite a greater emphasis on BIPOC people
and communities in the last two decades, conservation
narratives remain dominated by western and/or privileged
biologists and elite international and local NGOs [31,42].

Diversifying conservation has both ethical and practical conse-
quences; it is socially just and can improve the success of
conservation initiatives. It is important for conservation
scientists and practitioners to acknowledge that, historically,
BIPOC communities most impacted by environmental issues
have been the least included in decision making [10]. Continu-
ing to perpetuate these unjust power dynamics will wreak
havoc on some of the world’s most vulnerable communities
[8]. Legitimate participation of local people produces better

conservation outcomes because it builds community capacity
and provides the opportunity for members to be involved in
the definition of the problem, the development of policies
and the implementation of measures and evaluation, ultimately
increasing project sustainability [57]. Diversifying conservation
teams increases the breadth of perspectives, driving innovation
[58]—innovations that are sorely needed for developing ecologi-
cally and socio-culturally sustainable conservation strategies.
Most importantly, respecting the rights of Indigenous People
and local communities is required by international law, and as
such is an imperative, not an optional luxury [8].

It is incumbent on all members of the conservation com-
munity to recognize and address the unjust history of
conservation (box 1). For example, we must recognize that
some of the earliest proponents of environmental protection
in the Global North and South were also ardent proponents
of colonial expansion, eugenics and white supremacy. We
must acknowledge this context while dismantling it and seek-
ing solutions rooted in a system of inclusivity and equality. It
is essential that we reflect on the ways in which we have per-
sonally harmed or disadvantaged people from BIPOC
communities in our professional lives. Holding ourselves
accountable and taking steps to rectify these wrongs is a
vital first step towards creating a more inclusive and just con-
servation. This sense of individual responsibility should be
the basis for building future conservation solutions.

Many people from BIPOC communities are interested in
conservation but are often excluded and alienated from it
due to historic, unequal power and privilege structures.
These structures must fall. It is therefore essential that all
members of the conservation community play an active role
in replacing the conservation we have with the conservation
we want (figure 2). This means rethinking our individual
and collective behaviours to create more inclusive institutions
and organizations (box 2) and making conservation a field in
which BIPOC communities can be safe and thrive (box 3).

Achieving excellence in conservation practice and promoting
equity, diversity, inclusion and justice in conservation science
are not mutually exclusive. Rather, they are all crucial to creating
effective conservation practices that empower BIPOC commu-
nities by reforming our conservation institutions in both
spheres. Conservation scientists who are also conservation prac-
titioners are at the nexus of the twin spheres, and as such have
both the greatest potential and responsibility to create positive
change. We recognize that many individuals, organizations
and groups are taking meaningful steps towards modes of con-
servation that empower BIPOC communities [1-4,59,60,77,78].
Nevertheless, there is still more to be done, and we must acceler-
ate away from the exclusive and harmful institutions we have
inherited, towards more inclusive and innovative institutions
that promote conservation spaces in which people and nature
thrive (figure 2). While some individuals have more power
than others to affect change, every person can play a role in build-
ing conservation spaces that empower BIPOC communities.
We challenge all members of the conservation community,
including ourselves, to use whatever privilege we have to make
progress, however, small. We need to speak out against injus-
tices, small or large, recruit those who are less privileged,
promote them, give them a platform or step aside so they can
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have ours. We need to change our syllabus and teach the diffi-

cult, shameful, aspects of conservation. We must acknowledge

that some purported conservation successes come at an enor-
mous and unconscionable cost to BIPOC communities and
help prevent conservationists from committing similar errors
in future. We need to strive to find that one inch of progress
and then leverage it for systemic change. We must work
within our spheres of influence to foster institutional change
in research, practice, curricula, community partnerships,
recruitment and retention, mentoring, and beyond.
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6. Discussion

Central to this thesis is an exploration of African lion conservation through an
interdisciplinary lens, combining behavioural ecology and social science methods. This
approach facilitates the examination of a multifaceted conservation problem across
various scales. First, the social behaviour of individual lions across their lifetime, and inter-
individual association patterns, have been understudied to date. This thesis presents
novel evidence of sex-modulated social ageing in the species, adding to a growing field
of literature on age-structured societies. In addition, | show that losing associates impacts
individuals’ sociality, and that females demonstrate stark changes in their social
association patterns prior to disappearing from the system. Combined these findings have
varied ecological implications with relevance to the species’ conservation, particularly
regarding the management of disease. Second, | demonstrate the role that bias against
lion conservation messengers can have on their perception in the public eye, and in turn,
public support for their management recommendations. Specifically, | evidence racism
and sexism in keeping with broader societal discrimination. | then outline why such
injustice is particularly concerning against the backdrop of conservations colonial history,

before providing recommendations to overcome these systems of oppression.
In this chapter | summarise the contributions this thesis makes to knowledge through the

work presented in Chapters 2-5, before discussing its limitations and suggesting the most

pressing gaps that remain to be addressed.
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6.1. Summaries and contextualisation of key results

In Chapter 2, | examined patterns of social ageing, and social predictors of longevity, in
the wild Serengeti lion population. | created spatially explicit annual social networks using
30 years of observational data to generate a suite of individual-level social metrics.
Testing these metrics across individuals’ lifetimes produced evidence of strong
divergence in the way sex modulates social ageing and longevity in this population. Both
females and males were found in increasingly large sub-groups as they aged. However,
only males demonstrated changes in the number of associates they had, and specifically
the number of female associates they had, which peaked in mid-life before declining. The
same mid-life peak existed for males’ connectivity strength to females. Conversely, an
early- and late-life peak was evident in males’ connectivity strength and bondedness to
other males. Females showed significant declines in their connectivity strength and
bondedness to other females as they aged. In addition, they peaked in connectivity and
bondedness to males in mid-life. While female longevity increased with greater overall
connectivity and lower cliquishness amongst their associates, male longevity was
predicted by the number of associates they had. This suggest that the quantity of social
associations has a bigger impact on survival in male lions than females, who are instead
affected by the quality of their associations. There may be a range of ecological and
conservation implications of these results for age-structured lion societies due to the role

of sociality in processes such as social learning and disease spread.
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In Chapter 3 | sought to build on these findings by illuminating the drivers of the identified
social ageing patterns. | focused on two hypotheses with contextual relevance to both the
natural demography and conservation threats of the Serengeti lion population: within-
individual social behaviour shifts prior to disappearance from the population, and the
impact of associate loss on the sociality of remaining individuals. Using the same data,
method of social network construction, and metrics generated (minus clustering) as in
Chapter 2, | first investigated whether individual-level sociality differed in the year prior
to, and the year of, an individuals’ disappearance from the population. Next, | tested
whether individuals’ social response to losing an associate was dependent on their
connectivity strength to that lost individual in the previous year. Once again, sex strongly
modulated the observed patterns. Declines in the quality and quantity of lionesses’ social
associations were evident prior to their disappearance from the population, although they
were found in larger sub-groups. There were also evident declines in female intra-sex
connectivity strength and bondedness after they lost female associates, while losing male
associates resulted in declines in female sub-group size. The effects of associate loss
and pre-disappearance sociality shifts were less evident in males. However, they were
found in smaller sub-groups and with fewer females after losing male associates but were

more closely bonded to their female associates.

In Chapter 3, with pre-disappearance and post-associate loss sociality effects accounted
for in the models, most of the female social ageing and longevity effects detected in
Chapter 2 were lost (apart from senescent declines in intra-sex bond strength). This

suggests a strong role of both within-individual changes and population-level changes on
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declines in lionesses’ social connectivity with age. The ageing and longevity effects
outlined in Chapter 2 remained significant for males, which indicates an alternative driver
(i.e., not individual pre-disappearance changes or associate loss) of these patterns. It
may simply be that ageing males exist in larger and larger prides as they continue to
father cubs, many of which remain within the natal pride. This could explain the detected
increases in sub-group size and number of unique female associates. The decline in intra-
sex connectivity may result from the increasing probability of losing coalition-mates over
time, as they are rarely replaced by new males’. The lack of persistence of longevity
effects for both sexes does indicate an absence of selective disappearance in this
population?. This was to be expected, given knowledge of factors outside of individual
social behaviour that will have significant impacts on individual survival odds (e.g., pride

size, territory quality, and hunting success’-3-°).

Combined, Chapters 2 and 3 provide novel insights into social ageing in a fission-fusion
carnivore society. Our knowledge of the diagnostics of social ageing in wild populations
is still in its infancy, and even less understood are the consequences of social ageing?%-
9. Through these research chapters | highlight potential answers to each of these
questions. The uncovering of sex-specific patterns is important for understanding both
age-structured lion societies, and more broadly, the ecological and evolutionary
implications of social ageing across species®. My findings suggest plausible
consequences of social ageing for wild lions, particularly regarding social learning'®-'3
and pathogen exposure’*16. The latter is likely to be of specific interest in the context of

lion conservation given the cyclical resurgence of lethal diseases such as CDV in the
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Serengeti lion population'”-'8. As this population is considered one of the few remaining

stable lion populations™®, its persistence is crucial for the enduring success of the species.

Considering the conservation relevance of the results produced in Chapters 2 and 3, |
was interested in understanding factors that might influence human perceptions of
scientific information, especially as it relates to policy and decision-making in lion
conservation. Therefore, in Chapter 4, | looked more broadly at behaviour in the lion
conservation community, and specifically at factors influencing public opinion of
conservation messengers and the lion management strategies they communicate. |
hypothesised that the identity of a conservation messenger would bias public perceptions
of their management recommendations when communicating on X (formerly Twitter).
Using an online vignette-style experiment, and data from 1290 participants based in the
UK, | tested whether a messenger’s gender, race, nationality and expertise impacted
several variables. These were i) the perceived credibility of their lion conservation
recommendation, ii) support for implementing that recommendation, and iii) the perceived
trustworthiness of the messenger. | found that while men were perceived to be more
credible than women, it was the interaction between the messenger’s race and expertise
that influenced support for implementing the strategy and explicit trust in the messenger.
White professors’ lion conservation recommendations were more strongly supported than
those of Black professors, and the same was true of their respective trustworthiness. In
addition, explicit trust depended on the interaction between race and gender, with Black
women the least trusted. Public opinion in conservation is highly important, as it has the

power to sway politicians and conservation organisations through the direction of funds
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and support?-2. While unsurprising, finding the identity of conservation messengers
could influence the weight their voices carry in management debates has important
implications. The prevalence of discrimination in conservation could be particularly

harmful considering the ongoing injustices that are rife within the sector?*.

Reflecting on this, | widened the lens to examine past and present behaviour in the
conservation community more generally, as a means of providing broader suggestions
for altering behaviour to address these identity-based inequities. In Chapter 5, | highlight
the ways in which racism and systemic oppression continue to be upheld in conservation
because of the reinforcing cycles that exist between science and practice. | argue that
conservations’ colonial roots impact academic conceptualisations of conservation
problems and research priorities, how conservation is taught, and approaches to
collaboration (or lack thereof) with local communities. As such, graduates carry biases
that they apply in their future work, whether within the policy, NGO, corporate, or
academic spheres of conservation. This in turn influences decision-making in
conservation practice, impacting definitions of success which lack consideration of human
rights and wellbeing, in favour of nature and biodiversity-focused outcomes. As such, and
in collaboration with a global, diverse, and interdisciplinary team of experts, | produced a
suite of recommendations to guide researchers, practitioners and institutions towards
more equitable and anti-racist methods of working. These were centred around three
concepts; i) recognising and addressing the unjust history of conservation, ii) constructing
more equitable ways of conducting research and practice, and iii) fostering an inclusive,

safe, conservation space that allows BIPOC individuals to thrive.
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Until the conservation community collectively prioritises these foundational steps towards
addressing injustice, we will continue to perpetuate longstanding cycles of oppression.
This will be reflected in conservation science through a lack of retention of marginalised
individuals as they are excluded by unsupportive work environments, which will in turn
limit the diversity of perspectives in the field?°. Despite the progress that has been made
in recent years, what we still lack is committed action from those in the conservation
science community with the most power. Currently, the burden of advocacy against racism
and neo-colonial attitudes is carried by those most vulnerable in terms of job security and
(workplace, in the broadest sense) social exclusion. While conservation scientists who
are BIPOC and those who are otherwise marginalised/multiply marginalised should
instruct on the reform of conservation science, those in power must actively lend their
support. This could come in the form of speaking out against bad practice within their
workplaces, encouraging colleagues to reflect on the implications of their work, or vocally
advocating for the rights of those marginalised by conservation. Given the power of
representation, it will also be important that the conservation community publicly
acknowledge the conservation expertise held by Indigenous people, local communities,
and scholars of colour?. If not, conservation scientists will continue to facilitate the
oppression of some of the world’s most vulnerable communities at the expense of
conservation outcomes?4?7, with such dynamics exacerbated by the disproportionate

effects of the ongoing climate crisis?.
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6.2. Limitations and future directions

The limitations of the work presented in this thesis are examined separately and in detail
within the discussions of the specific research chapter in question (Chapters 2-5).
However, in this section | will contextualise the data used, address its limitations in
addressing the aims of the thesis, and propose fruitful research avenues for future work

based on my findings.

6.2.1. The Serengeti lion data and social ageing knowledge gaps

The results presented in Chapters 2 and 3 are based on the analysis of data collected
by the Serengeti Lion Project. The data were never collected with the social network
analyses | conducted in mind, meaning there were several ways in which it was non-
optimal for this purpose. This is often true across long-term study populations, with data
collected for one purpose and later adapted for novel research as new areas emerge.
Though the Serengeti Lion Project ran from the 1960s to 2014, | only used data collected
after the start of their GPS collaring program which began in 1984. Within this dataset, it
is worth noting that most collared individuals were females, so there is relatively less data
available for males. Even less data is available for males that were not actively resident
within a pride, and fewer males lived to old age. Therefore, targeted efforts to collar males
and collect data regarding their sociality during and post-pride residency would markedly
improve knowledge of the drivers of male social ageing. An unexplored area of particular
interest is whether signs of physical deterioration correlate with males spending more of

their time with the females (and cubs) in their prides. Whether due to explicit recognition
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of their vulnerability to intruders, or declining energy and so dependence on the pride,
evidence of such patterns (or lack thereof) would help illuminate the drivers of social

ageing in males.

It will also be important to consider signs of physical and cognitive senescence alongside
increasing age in both sexes. This combination of data is missing in studies of social
ageing in wild populations to date, and instead researchers correlate age with broad
senescence. We know that physical and cognitive senescence in humans do not
uniformly progress in severity and pace across individuals?®:29, so it is plausible the same
is true of other species. As such, this combined approach remains an understudied and
likely rich area for future research across species and systems. In lions, whether the onset
of changes in individuals’ social behaviour align with signs of physical ageing such as
tooth wear or reductions in body mass could help to explain between-individual variation
in social ageing. In addition, recent studies of cognitive function in captive lions have
provided evidence of individual variation in cognitive ability, in both cooperative and
solitary tasks®'-33, Examining whether senescent declines in cognition exist, and whether
these align with shifts in individual sociality, could further illuminate drivers of social ageing

in the species.

Throughout the analyses in Chapters 2 and 3, spatial autocorrelation in social network
metrics was evident. Though not the specific focus of my research, future studies should
consider why sociality is spatially arranged in this system, and in which ways. The

Serengeti landscape is highly heterogenous, particularly across the seasons3435. Given
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the importance of environmental features such as river confluences on lion fitness?, it is
likely that such heterogeneity will further influence individual-sociality. Whether lions vary
their social behaviour and associate-interaction patterns in different areas of their territory,
and whether ageing individuals alter their spatial behaviour thereby impacting their

sociality, remains to be understood.

In Chapter 3 | considered including the age of the lost individual in the models as a
predictor of the remaining individual’s social response. Unfortunately, low data availability
in the spread of ages at which individuals were lost created issues with model
convergence. In future work, an alternative could be to simulate the effects of the loss of
individuals of different ages, using a model parametrised with this data. A modelling
approach could also facilitate similar research across smaller and more data deficient lion
populations. Such modelling approaches have been successfully implemented to
investigate similar dynamics in other species®-3’. Additional characteristics could also be
worth investigating, such as the network centrality of the individual prior to their
disappearance?. In this way, it would be possible to examine the impact of losing specific
individuals from the population on phenomena such as disease spread and information
transfer. Not only will such examinations aid our understanding of the drivers of social
ageing in lions - thereby illuminating the underlying evolutionary and ecological

mechanisms - they will also be crucial to species conservation efforts.

Although the African lion is listed as vulnerable by the IUCN'®, the Serengeti population

is one of the largest, most stable, and well-studied across generations. The fact that a
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considerable proportion of individuals in this population survive to “old age” may be
unique. While this is beneficial in terms of data availability (with a large sample size),
findings from this population may therefore be limited in their applicability to smaller
systems. Studying social ageing in smaller populations, or those that face greater
anthropogenic pressures, is now of great interest. That said, there are significant threats
to the long-term stability of the Serengeti population, and of most relevance to the work

in Chapters 2 and 3 of this thesis is disease risk.

It was my initial intent to investigate changes to the sociality of the Serengeti lion
population during and post disease outbreaks. The Serengeti lion population has
experienced several disease outbreaks in recent years, but most notable is the CDV
outbreak of 1994, which caused the death of a third of the population'®. The higher-than-
expected lethality of the disease (based on previous, less severe outbreaks) was driven
by drought conditions in the year prior, which caused an uptick in the prevalence of
Babesia parasites in Cape buffalo (Syncerus caffer), a major prey source for Serengeti
lions'. Co-infection with Babesia and CDV drove lion mortality'’. Indeed, reductions in the
overall social connectivity of the population, particularly between prides, are evident from

initial mapping of the networks (Figure 1).
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Figure 1. Population-level social networks for the seasonal year (A) 1993 and (B) 1994. Social

networks for the year prior to, and year of, the high-lethality CDV outbreak in the Serengeti lion population.
Nodes denote individuals, edges denote associations derived from co-observation on the same date at the
same GPS points (following the methodology outlined in chapters 1 and 2). Letters denote sex, F = female,

M = male, U = unknown.

Despite an obvious visual reduction, such effects were difficult to detect using similar
network modelling techniques as employed in Chapters 2 and 3. With networks
generated at yearly intervals it was difficult to identify any disease-induced individual-level
changes in behaviour. This was especially true in the absence of population wide data on
individual positivity for CDV. Generating networks at shorter time intervals was not a
reliable option due to the observation frequencies of individuals. The results of Chapter
3 indicate variation in the response of individuals to associate loss, dependent on the

characteristics of both the individual lost and the individual remaining, and notable shifts
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in sociality prior to disappearing from the population in females. Our knowledge of
whether such dynamics persist during periods of high turnover, such as disease
outbreaks, is limited. Understanding the influence of high-mortality periods on the social
landscape will be important in curbing the spread, and therefore lethality, of future disease
outbreaks. To address such questions, and as suggested earlier in the discussion, it may
instead be more productive to parametrise a model and simulate social dynamics during

and after historic CDV outbreaks.

6.2.2. Limitations of behavioural ecology for lion conservation

What the data used in Chapters 2 and 3 of this thesis cannot account for are the impacts
of people on lions, and vice versa. | list this as a limitation of both the data and in
addressing the overall thesis aim (improving our holistic knowledge of lion behaviour and
conservation to improve species management), because of the history of the Serengeti
landscape, which is clouded with human-rights abuses committed in the name of
conservation®. While giving a full and comprehensive account of that history is outside
of the scope of this thesis, | will provide a brief overview to contextualise the data and the
system within which it sits. The Serengeti was initially designated a game reserve under
the German occupation of Tanzania, before being gazetted as a National Park in the
1950s by the British during their colonial regime®°. Both cases saw increasing restrictions
on land use within the boundaries by IPLCs who were violently and forcibly removed,
while land was protected for the use and enjoyment of European colonists*®. The largest

community inhabiting the region at the time were the Maasai, (but several other
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communities were resident), who were either forced to resettle around the outskirts of the
unfenced park or were relocated to the neighbouring Ngorongoro district*!. Today the
Maasai continue to face mass evictions from this district, with human-rights violations
regularly reported including the use of military force, arrests, and mass burning of
homes*243, Such actions aim to remove Maasai people from the land so that it can also
be assigned a protected conservation status. This would facilitate use of the land by
wealthy (predominantly foreign) actors for leisure, but restrict access for local

communities, echoing the situation in the Serengeti landscape over 50 years ago.

While lion conservation can be aided by improving to our knowledge of behavioural
ecology as | have done in Chapters 2 and 3, the future of the species depends on our
ability to reach, and fund, equitable land management solutions. As discussed in Chapter
5, conservation that continues to facilitate neo-colonial practices (such as land grabbing)
at the expense of human rights will not succeed?’44. Such practices are not only unjust
but impractical given the continual growth and development of human populations across
lion range countries. In addition, conservation management strategies that contradict the
will of local people have been evidenced to be less successful*®. The impact of human-
lion conflict along the borders of the Serengeti National Park is increasingly well studied,
with lions posing a real threat to the lives and livelihoods of local people, which incites
retaliation*®47. What is less understood is the impact of tourism and the prioritisation of
distant elites’ desires regarding conservation management strategies on local peoples’
attitudes towards lions. Further, we lack knowledge of the impacts of tourism inside the

park on lion populations- including the effects vehicles and infrastructure on the behaviour
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of lions and their prey, habitat degradation, and pollution (including the climate impacts of
global travel). Such factors in areas of high tourist abundance have been shown to reduce
cub recruitment in the cheetah (Acinonyx jubatus) population of the Maasai Mara National

Reserve in Kenya*, which borders the Serengeti National Park.

Vast amounts of money are required to conserve wild lions#°, and it is undeniable that
tourism is a major contributor to that. However, the ethics of continuing to perpetuate
historic cycles of injustice in the name of conservation are increasingly under scrutiny®051.
As discussed in Chapter 4, dismantling our (as a global societies) perception biases of
the most pertinent risks to wildlife, whose wellbeing should be prioritised, and whose
opinion of management strategies is heard, will be key to conserving species such as the
African lion. Doing so will require traditionally trained conservation scientists to not only
expand their research approaches to include social science methodologies, but actively
engage colleagues in disciplines such as political ecology, geography, psychology and

history.

6.2.3. Future avenues for a holistic view of lion conservation

The results presented in Chapter 4 used data that were purposefully collected to address
the aims of the research. As such, there were significantly fewer limitations of the data
itself comparative to the data used in Chapters 2 and 3. Despite this there are still several
limitations which should be noted, alongside discussing some of the key questions for

future work to consider.
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I intentionally chose not to situate the example of lion conservation given in the “X profiles”
in the Serengeti, or any specific geographic area. As already discussed, Serengeti
National Park is an iconic, well-known conservation area. It is reasonable to assume that
most people in the UK have at least heard of it (if not visited it or watched documentaries
about it) which means they are likely to carry preconceptions about issues related to lion
conservation in the park. | was further concerned that such background knowledge might
extend beyond Serengeti National Park to other systems in Tanzania and neighbouring
Kenyan national parks. The same was likely to be true of lion conservation in South Africa,
given the equally famous national parks such as Kruger. For this reason, | chose to leave
the location of the outlined lion conservation scenario ambiguous. The choice to compare
the UK and Zimbabwe in terms of the messenger’s location/nationality followed similar
logic. Zimbabwe is a lion range country that receives little media attention for
conservation-related topics in the UK. In addition, | was working with a Zimbabwean co-
author, providing the situational expertise necessary to ensure the profiles were
believable - with my own nationality providing the same situational expertise for the UK

based messengers.

As discussed extensively in Chapter 4, | was interested in understanding how the identity
of the messengers impacted public perceptions, and as such it was vital to hold the posted
lion conservation message constant. With the results of this chapter in mind, it would now
be interesting to run a similar study to investigate the effect of varying the message itself.

The preliminary study conducted to select the lion conservation strategy for use in the

223



main study showed strong public disagreement with the idea of permitting trophy hunting
to conserve habitat for lions, and strong agreement with the idea of banning trophy
hunting to protect lions. Embedding these different strategies in posts within the profiles
of conservation messengers we know generate low versus high public trust (e.g., a Black
professor and a white professor) would allow us to understand whether the controversial
nature of certain conservation strategies is enough to sway public opinion of a

conservation messenger.

Manipulating factors other than the messenger’s identity may also be of value. For
example, repeating the study and manipulating factors such as the presence of a blue
tick, and the number of followers, would demonstrate the role of societal perceptions of
expertise on individual opinion. In addition, research has shown that the perceived
charisma and worth of species is vastly different between publics in countries they inhabit
and foreign publics®2. As such, testing publics outside of the UK, and especially in
countries with wild lion populations, would provide a comparative element. Testing the
perceptions of people within the conservation community, such as policy makers and
funding bodies, might further illuminate the role bias plays in conservation prioritisation
outside of the public realm. Finally, considerable work has shown the effect that accents
can have in generating a sense of in-group belonging and trust in the information being
conveyed®-%. Understanding whether such audio-based biases have an impact on
perceptions of conservation messengers, especially regarding media such as TV

documentaries and news interviews, is now of great interest.
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The results of Chapter 4 raise interesting ethical considerations in relation to
conservation message framing, which is receiving increasing research attention%6-58
Predominantly the focus of such research is on how to leverage public biases to enact
behaviour change, or garner support for specific conservation strategies®®-62. Additional
work has prescribed methods for designing the most effective celebrity endorsed
conservation-behaviour interventions®3, which advocates for leveraging such qualities as
the “attractiveness” and “perceived expertise” of the messenger. Across these spheres of
research is a lack of critical engagement with literature on identity-bias in relation to such
qualities®*%%, and even less critical engagement with conservations’ colonial history and
enduring social injustices. The absence of such critical thought and apparent willingness
to cater to societal biases will perpetuate the continual fuelling of unjust systems in
conservation. Instead, the work presented in this thesis advocates for dismantling such
systems, which first and foremost requires acknowledging that they exist, and platforming
those whose expertise should be valued even if they would not traditionally be perceived

as experts.

Chapter 5 was perspective driven, and as such there are no direct data limitations.
However, there are several limitations in its scope, and since it was written a growing
body of work has been published on related topics. Many of these manuscripts have
focused on the need to decolonise ecology and conservation®”68 and centre equity,
justice, and inclusion®-"3 in our approaches. A great deal of attention has also been paid
to topics only briefly discussed in Chapter 5 - reducing sexuality, gender identity, ableism,

language and geography related access barriers’-83; and with specific attention paid to
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the difficulties that fieldwork can pose®-8. Where | continue to see gaps are, as
expressed throughout this discussion, in the conservation community’s willingness to
reflect on the ways our conceptualisation of conservation action continues to feed
systems of oppression and prioritise the needs of the (globally) privileged. Often, this is
done at the expense of positioning local communities as the conservation problem,
without critically and quantitatively examining the negative effects of foreign influence
(both past and present) on conservation outcomes. This prioritisation further expands to
the desires of researchers and practitioners to travel to and work in designated
conservation spaces, without engaging in the colonial history of the land®’. While this
happens with the intention of improving conservation outcomes, we must commit to
reflecting on the ethics of imposing external perspectives at the expense of respecting

the rights of local communities to manage their land and the wildlife within it.

Colonially derived methods of conservation are inherently flawed and were devised with
a power-first mentality. Over the past 50 years, conservation knowledge production
related to wildlife and landscapes in the Global South has been dominated by researchers
from the Global North*. Increasingly, the leadership that Indigenous people and local
communities will have in protecting our natural resources and ecosystems is being
recognised by the conservation community8-°°. We must treat traditional ecological
knowledge and Indigenous knowledge systems with respect if we are to successfully
tackle the mounting challenges of wildlife conservation in a changing world. Further,
recognising the value of being proactive in speaking out against ongoing environmental

destruction and land-grabbing at the expense of the lives and wellbeing of Indigenous
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people and local communities cannot be understated if the conservation community is

truly committed to preventing ongoing cycles of oppression and injustice.

6.4. Concluding remarks

Historic approaches to lion conservation were rooted in behavioural ecology, leading to a
deep understanding of the species through this lens. Recent years have seen substantial
shifts towards examining the human dimensions of lion conservation. This thesis
contributes to both approaches, by addressing important knowledge gaps within the
complex system of lion conservation. Using novel analytical methods, | contribute insights
into lion social ageing, which was previously unstudied and has multifaceted relevance to
species conservation management. In addition, | contribute knowledge of biases in lion
conservation, particularly regarding public perceptions of conservation messengers on
social media. By positioning this within the colonial history of lion conservation, | produce
recommendations for overcoming discrimination, which will aid in creating a more socially

just and effective system of conservation.
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